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LOW TEMPERATURE DEPOSITION OF SILICON-CONTAINING FILMS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of U.S. Provisional Application No. 61/057891,

filed June 2, 2008, U.S. Provisional Application No. 61/058,374, filed June 3, 2008, and

U.S. Non-Provisional Application No. 12/476734 filed June 2, 2009. The disclosures of
5 those provisional applications are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] Thin films of silicon nitride have been widely used in various applications due to

10 their unique physical, chemical and mechanical properties. In semiconductor devices
particularly, silicon nitride films are used as gate insulations, diffusion masks, sidewall
spacers, passivation and encapsulation, etc. Typically, silicon nitride films used in the
Front End of Line (FEOL) are currently deposited by Low pressure chemical vapor
deposition (LPCVD) in a hot wall reactor at >750°C using dichlorosilane and ammonia.

15 Asthe lateral and vertical dimensions of Integrate Circuit (IC) continue to shrink,
however, there is an increasing demand for silicon nitride films to be deposited at much
lower temperatures (<550°C) in order to avoid unwanted reaction between Si and metal,
and realize ultra-high integration devices with precise doping profile control.

[0003] To grow silicon nitride films at low temperatures, recently, there have been

20  reports that the addition of small amount Ge may lead to the reduction of required
deposition temperature for silicon nitride films (U.S. 7,119,016 B2). But this may
infroduce unwanted impurity to the film, causing reliability issues for the devices that the
film is suited for, and may also increase the complexity of the deposition process and

cost.

SUBSTITUTE SHEET (RULE 26)
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[0004] Recent innovations to improve complementary metal oxide semiconductor
(CMOS) transistor performance have created an industry need for strained ceramic
layers compatible with current ultra-large scale integration (ULSI) technigues. In
particular, channel carrier mobility for negative metal oxide semiconductor (NMOS)
transistors can be increased through introduction of tensile uniaxial or biaxial strain on a
channel region of the MOS transistor. Similarly, compressively strained films can be
used to realize an enhancement in channel carrier mobility for positive metal oxide
semiconductor (PMOS) transistors. In U.S. Publication 2008/0081470A1, a method for
forming a strained SiN film and a semiconductor device containing the strained SiN film

is disclosed.

BRIEF SUMMARY OF THE INVENTION

[0005] The current invention discloses the method of depositing silicon nitride, silicon
oxynitride, silicon oxide, carbon -doped silicon nitride, carbon -doped silicon oxide and
carbon -doped oxynitride films at low deposition temperatures. The silicon containing
precursors used for the deposition are monochlorosilane (MCS) and

monochloroalkylsilanes.

[0006] In accordance with one embodiment, the present invention relates to a process
to deposit silicon nitride or carbon-doped silicon nitride on a substrate in a processing

chamber, comprising:

a. contacting the substrate with a nitrogen-containing source to absorb at
least a portion of the nitrogen-containing source on the substrate;
b. purging unabsorbed nitrogen-containing source;
¢. contacting the substrate with a silicon-containing precursor to react with
the portion of the absorbed nitrogen-containing source; and
d. purging unreacted silicon-containing source;
wherein the process is a plasma-enhanced process.
[0007] In accordance with another embodiment, the present invention relates to a
process to deposit silicon oxide or carbon-doped silicon oxide on a substrate in a

processing chamber, comprising:
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contacting the substrate with an oxygen-containing source to absorb at
least a portion of the oxygen-containing source on the substrate;

purging unabsorbed oxygen-containing source;

contacting the substrate with a silicon-containing precursor to react with
the portion of the absorbed oxygen-containing source; and

purging unreacted silicon-containing source.

[0008] In accordance with another embodiment, he present invention relates to a

process to deposit silicon oxynitride or carbon-doped silicon gxynitride on a substrate in

a processing chamber, comprising:

a.

d.

contacting the substrate with a mixture of an oxygen-containing source
and a nitrogen-containing source to absorb at least a portion of the
oxygen-containing source and at least a portion of the nitrogen-containing
source on the substrate;

purging unabsorbed oxygen-containing source and nitrogen-containing
source ;

contacting the substrate with a silicon-containing precursor to react with
the portion of the absorbed oxygen-containing source and nitrogen-
containing source; and

purging unreacted silicon-containing source.

[0009] The process in the above embodiments is preferably a plasma enhanced

process, such as plasma enhanced atomic layer deposition(PEALD), plasma enhanced

chemical vapor deposition{PECVD), and plasma enhanced cyclic chemical vapor

deposition. The plasma is an in-situ generated plasma or a remotely generated plasma.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0010] Figure 1 provides the comparative data of wet etching rates of silicon nitride
films deposited via PEALD using Monochlorosilane(MCS) and Dichlorosilane(DCS).

[0011] Figure 2 provides the comparative data of chloride concentrations analyzed by
Secondary lon Mass Spectroscopy (SIMS) for the ALD silicon nitride films deposited at

450°C under ammonia plasma, using Monochlorosilane(MCS) and Dichlorosilane{(DCS).
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DETAILED DESCRIPTION OF THE INVENTION

[0012] This invention is to address the issue of forming silicon nitride, silicon oxynitride,
silicon oxide, carbon -doped silicon nitride, carbon -doped silicon oxide and carbon -

doped oxynitride films at low deposition temperatures.

[0013] Dichlorosilane{DCS) has been widely used in the semiconductor industries as
silicon source to deposit silicon nitride via reacting with ammonia. The typical deposition
temperatures are greater than 550°C and the by-products are two moles of HCI per DCS.
The present invention uses monochlorosilane(MCS) to reptace DCS to lower down the
deposition temperatures as well as chloride contamination in the resulting films.

Table |
DE
Reaction {kcal/mol}
H;3SiCl + NH,+ — H;3SiNH, + CI- (1 6.755
H3SiCl + NH,» — H,SiCINH, + H- (2) -16.757
H,SiCl + NH;- — H;SiNH: + HCI (3) 39.742
H3SiCl + NH,- — H,SiCINH: + H, 4 20.208
H;SiCl; + NHy' — H3SiCINH, + CI- (5) 2.05
H;SiCl, + NH,- — HSiCLNH; + H: (6) -16.498
H,SiCl; + NH,' — H;SiCINH: + HCI (7) 36.801
H,SiCl; + NH,- — HSiClL,NH: + H, (8) 20.445
H,SiCINH; + NH,- — H;Si(NH;); + Cl- (9) 7.222
H,S1CINH; + NH;* — HSICI(NH,), + H: (10) -17.077
H;SiCINH, + NH,* — H,Si(NH,)(NH-) + HCI (11) 41.821
H,SiCINH; + NH, — HSiCIINH)(NH-) + H; (12) 20.178
HSiCLNH; + NHy- — HSICI(NH,), + CI- (13) 1.471
HSiCl,NH; + NH,- — SiCl,(NH;); + H- (14) -19.099
HSiCl;NH; + NHz- — HSIiCHNH)(NH:) + HCl  (15) 36.512
HSiClLNH; + NH,+ — SiCL(NH,)}(NH-) + H, (16) 18.346
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[0014] To understand the cyclic chemical vapor deposition or atomic layer depostion
processes of the reactions for DCS and monochlorosilane under ammonia plasma,
quantum mechanical calculations were conducted using spin-polarized density functional
theory with the PW91 exchange-correlation functional. A double numerical atomic orbital
basis set augumented with polarization functions was utilized to represent the electronic
structures of the molecular species. The ground state molecular structures were
obtained upon full geometry optimization. The calculated thermochemicalenergies for
various reactions of DCS or MCS with NH;-radicals generated under ammonia plasma,

are shown in Table |.

[0015] From the calculated data shown in Table |, it is clear that for reactions with
ammonia plasma, to thermochemically break the Si-H bonds { reactions 2, 6,10), the
chemical processes are moderately exothermic. However, to break the Si-Cl bonds via
ammonia plasma, the reactions (reactions 1, 5, 9) are all endothermic. It is much easier
to break the Si-H bond than the Si-Cl bond for reactions with ammonia plasma,
suggesting that the NH;-radicals would react with the -SiH; fragments anchored on the
semi-fabricated substrate via reacting MCS with the surface of the substrate much easier
than the -SiH,Cl fragments anchored by DCS. As a result, the ALD reaction
temperatures as well as the chloride contamination can be reduced.

Working Example: Silicon Nitride Film

[0016] In this working example, a silicon oxide film has been deposited by using the

following steps.

[0017] Substrates to be deposited films on were loaded to a hot wall atomic tayer
deposition (ALD) reactor. The reactor was flashed with Ar and pumped down to low
pressure of less than 0.1Torr(T) and heated up to a temperature at which film deposition

was performed.

[0018] MCS (monochlorosilane) as the Si precursor was introduced to the reactor at a
fixed flow rate. The reactor was saturated with MCS for a short fixed time (typically 10
seconds), and then pumped down to 0.1T, followed by introducing a fixed flow of NH,.
The reactor was again pumped down after NH; precursor saturation for a short fixed time
(typically 20 seconds). This cycle is repeated until desired film thickness is achieved.

5
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[0019] The plasma power was set at approximately100 W, and the temperature was
set at approximately 450° C.

[0020] The plasma can be a nitrogen plasma, a mixture of nitrogen and hydrogen
plasma, or a mixture of nitrogen and argon. The plasma can be generated in-situ plasma
or remotely. The MCS can also be plasma-excited.

[0021] Figure 1 provides the comparative data of wet etching rates of silicon nitride
films deposited via PEALD. Figure 1 shows PEALD film from Monochrosilane (MCS) is
much more etching resistant than that of DCS.

[0022] Figure 2 provides the comparative data of chloride concentrations analyzed by
SIMS for the ALD silicon nitride films deposited at 450°C under ammonia plasma. Figure
2 suggests MCS gives lower chloride content, or lower chloride contamination.

Embodiment 1 Silicon Oxide Film

[0023] In this embodiment, a method of forming silicon oxide films comprises the

following steps.

[0024] Substrates to be deposited films on are loaded to a hot wall CVD or ALD
reactor. The reactor is flashed with Ar and pumped down to low pressure of less than

2Torr(T) and heated up to a temperature at which film deposition is performed.

[0025] For CVD process, a fixed flow rate of MCS (monochlorosilane) as the Si
precursor is introduced to the reactor. A fixed flow of a fixed flow of ozone as oxygen
precursor is introduced to the reactor at the same time as MCS. The flow stops and then
the deposition process stops when a desired film thickness is reached.

[0026] For ALD or cyclic CVD process, a fixed flow rate of MCS (monochlorosilane) as
the Si precursor is introduced to the reactor. The reactor is saturated with MCS for a
short fixed time (typical less than 10 seconds), and then pumped down to 2T, followed by
introducing a fixed flow of ozone, or a plasma excited O,. The reactor is again pumped
down after N precursor saturation for a short fixed time (typical less than 10 seconds).
This cycle is repeated until desired film thickness is achieved.

[0027] The process is preferably a plasma enhanced process, such as plasma
enhanced atomic layer deposition, plasma enhanced chemical vapor deposition, and
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piasma enhanced cyclic chemical vapor deposition. The plasma is an in-situ generated

plasma or a remotely generated plasma.

[0028] The deposition process is carried out at temperature at or below 550°C .

Embodiment 2 Silicon Oxynitride Film

[0029] In this embodiment, a method of forming silicon oxynitride films comprises the

following steps.

[0030] Substrates to be deposited films on are loaded to a hot wall CVD or ALD
reactor. The reactor is flashed with Ar and pumped down to low pressure of less than 2T
and heated up to a temperature at which film deposition is performed.

[0031] For CVD process, a fixed flow rate of MCS (monochlorosilane) as the Si
precursor is introduced to the reactor. A fixed flow of nitrogen source such as NH; and a
fixed flow of O, as oxygen precursor are introduced to the reactor at the same time as
MCS. The flow stops and then the deposition process stops when a desired film
thickness is reached.

[0032] For ALD or cyclic CVD process, a fixed flow rate of MCS (monochlorosilane) as
the Si precursor is introduced to the reactor. The reactor is saturated with MCS for a
short fixed time (typical less than 10 seconds), and then pumped down to 2T, followed by
introducing a fixed flow of O, as oxygen precursor and a fixed flow of NH,. The reactor is
again pumped down after N precursor saturation for a short fixed time (typical less than

10 seconds). This cycle is repeated until desired film thickness is achieved.

[0033] The process is preferably a plasma enhanced process, such as plasma
enhanced atomic layer deposition, plasma enhanced chemical vapor deposition, and
plasma enhanced cyclic chemical vapor deposition. The plasma is an in-situ generated

plasma or a remotely generated plasma.

[0034] The deposition process is carried out at temperature at or below 550°C .

Embodiment 3 Carbon-doped Silicon Nitride Film

[0035] In this embodiment, a method of forming carbon-doped silicon nitride films

comprises the following steps.
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[0036] Substrates to be deposited films on are loaded to a hot wall CVD or ALD
reactor. The reactor is flashed with Ar and pumped down to low pressure of less than 2T
and heated up to a temperature at which film deposition is performed.

[0037] For CVD process, a fixed flow rate of monochloroalkylsilane having a general
formula of CISiH,R".R%,x wherein x=1, 2; m=1, 2, 3; n=0, 1, n+m =<3; R' and R? are
linear, branched or cyclic independently selected from the group consisting of alkyl,
alkenyl, alkynyl, aryl having 1-10 carbon atoms; as a Si precursor is introduced to the
reactor. A fixed flow of nitrogen source such as NHj; is introduced to the reactor at the
same time as monochloroalkylsilane. The flow stops and then the deposition process

stops when a desired film thickness is reached.

[0038] The process is preferably a plasma enhanced process, such as plasma
enhanced atomic layer deposition, plasma enhanced chemical vapor deposition, and
plasma enhanced cyclic chemical vapor deposition. The plasma is an in-situ generated

plasma or a remotely generated plasma.

[0039] For ALD or cyclic CVD process, a fixed flow rate of the Si precursor disclosed
above, is introduced to the reactor. The reactor is saturated with the Si precursor for a
short fixed time (typical less than 10 seconds), and then pumped down to 2T, followed by
introducing a fixed flow of NH,. The reactor is again pumped down after N precursor
saturation for a short fixed time (typical less than 10 seconds). This cycle is repeated

until desired film thickness is achieved.

[0040] Examples of monochloroalkylsilane are CISiMeH,, CISiEtH,, CISIELH,
CIS{CH=CH;)Hz, CISi{CH=CHz)MeH, CISi(CH=CH,)EtH, CISi(CCH)H, CISi(iso-Pr),H,
ClISi(sec-Bu).H, CISi(tert-Bu),H, CISi(iso-Pr)H,, CISi(sec-Bu)H,, CISi(tert-Bu)H,.

[0041] The deposition process is carried out at temperature at or below 550°C .

Embodiment 4 Carbon-doped Silicon Oxide Film

[0042] In this embodiment, a method of forming carbon doped silicon oxide films
comprises the following steps.
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[0043] Substrates to be deposited films on are loaded to a hot wall CVD or ALD
reactor. The reactor is flashed with Ar and pumped down to low pressure of less than 2T

and heated up to a temperature at which film deposition is performed.

[0044] For CVD process, a fixed flow rate of monochloroalkytsilane having a general
formula of CISiH,R',R?, wherein x=1, 2; m=1, 2, 3; n=0,1, n+m =<3; R and R? are
linear, branched or cyclic independently selected from the group consisting of alkyl,
alkenyl, alkynyl, aryl having 1-10 carbon atoms; as Si precursor is introduced to the
reactor. A fixed flow of oxygen source such as ozone is introduced to the reactor at the
same time as the Si precursor. The flow stops and then the deposition process stops

when a desired film thickness is reached.

[0045] The process is preferably a plasma enhanced process, such as plasma
enhanced atomic layer deposition, plasma enhanced chemical vapor deposition, and
plasma enhanced cyclic chemical vapor deposition. The plasma is an in-situ generated

plasma or a remotely generated plasma.

[0046] For ALD or cyclic CVD process, a fixed flow rate of the Si precursor disclosed
above is introduced to the reactor. The reactor is saturated with the Si precursor for a
short fixed time (typical less than 10 seconds), and then pumped down to 2T, followed by
introducing a fixed flow of ozone. The reactor is again pumped down after N precursor
saturation for a short fixed time (typical less than 10 seconds). This cycle is repeated

until desired film thickness is achieved.

[0047] Examples of monochloroalkylsilane are CISIEtH,, CISIELH, CIS(CH=CH,)H,,
CISi(CH=CH,)MeH, CISi({CH=CH_)EtH, CISI(CCH)H,, CISi(iso-Pr);H, CISi(sec-Bu)H,
CISi(tert-Bu).H, ClISi(iso-Pr)H,, CISi(sec-Bu)H,, CISi(tert-Bu)H,.

[0048] The deposition process is carried out at temperature at or below 550°C .
Embodiment 5 Carbon-doped Silicon Oxynitride Film

[0049] In this embodiment, a method of forming carbon-doped silicon oxynitride films

comprises the following steps.

[0050] Substrates to be deposited films on are loaded to a hot wall CVD or ALD
reactor. The reactor is flashed with Ar and pumped down to low pressure of less than 2T

and heated up to a temperature at which film deposition is performed.

9
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[0051] For CVD process, a fixed flow rate of monochloroalkylsilane having a general
formula of CISiH,R',R?.« wherein x=1, 2; m=1, 2, 3: n=0,1, n+m =<3: R' and R? are
linear, branched or cyclic independently selected from the group consisting of alkyl,
alkenyl, alkynyl, aryl having 1-10 carbon atoms; as Si precursor is introduced to the
reactor. A fixed flow of nitrogen source such as NH; and a fixed flow of O, as oxygen
precursor are introduced to the reactor at the same time as the Si precursor. The flow
stops and then the deposition process stops when a desired film thickness is reached.

[0052] For ALD or cyclic CVD process, a fixed flow rate of the Si precursor disclosed
above is introduced to the reactor. The reactor is saturated with the Si precursor for a
short fixed time (typical less than 10 seconds), and then pumped down to 2T, followed by
introducing a fixed flow of ozone. The reactor is again pumped down after N precursor
saturation for a short fixed time (typical less than 10 seconds). This cycle is repeated

until desired film thickness is achieved.

[0053] The process is preferably a plasma enhanced process, such as plasma
enhanced atomic layer deposition, plasma enhanced chemical vapor deposition, and
plasma enhanced cyclic chemical vapor deposition. The plasma is an in-situ generated

plasma or a remotely generated plasma.

[0054] Examples of monochloroalkylsilane are CISIEtH,, CISiEt,H, CISI(CH=CH,)H,,
CISi(CH=CH,)MeH, CISi{{CH=CH,)EtH, CISi(CCH)H_, CISi{iso-Pr),H, CISi(sec-Bu),H,
ClSi(tert-Bu),H, CISi(iso-Pr)H,, CISi(sec-Bu)H;, CISi(tert-Bu)H,.

[0055] The deposition process is carried out at temperature at or below 550°C .

[0056] The working example and embodiments of this invention listed above, are
exemplary of numerous embodiments that may be made of this invention. It is
contemplated that numerous other configurations of the process may be used, and the
materials used in the process may be elected from numerous materials other than those

specifically disclosed.

10
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CLAIMS

. A process to deposit silicon nitride or carbon-doped silicon nitride on a substrate

in a processing chamber, comprising:
a. contacting the substrate with a nitrogen-containing source to absorb at
least a portion of the nitrogen-containing source on the substrate;

=4

purging unabsorbed nitrogen-containing source;

o

contacting the substrate with a silicon-containing precursor to react with
the portion of the absorbed nitrogen-containing source; and
d. purging unreacted silicon-containing source;

wherein the process is a plasma-enhanced process.

. The process to deposit silicon nitride of Claim 1 wherein the silicon-containing

source is monochlorosilane.

. The process to deposit carbon-doped silicon nitride of Claim 1 wherein the

silicon-containing source is monochloroalkylsilane having a general formula of
CISiHR",R%x wherein x=1, 2; m=1, 2, 3; n=0,1, n+m =<3: R" and R? are linear,
branched or cyclic independently selected from the group consisting of alkyl,
alkenyl, alkynyl, and aryl having 1-10 carbon atoms.

. The silicon-containing source in Claim 3 is selected from the group consisting of

CISIiEtH,, CISiEt;H, CISi(CH=CH,)H,, CISi(CH=CH,)MeH, CISi({CH=CH,)EtH,
CISi{CCH)H,, CISi(iso-Pr),H, CISi(sec-Bu).H, CISi(tert-Bu);H, CISi(iso-Pr)H,,
CiSi(sec-Bu)H,, CISi(tert-Bu)H,, and mixtures thereof.

. The process of Claim 1 is selected from the group consisting of plasma enhanced

atomic layer deposition, and plasma enhanced cyclic chemical vapor deposition;
wherein the plasma is selected from the group consisting of an ammonia plasma,
a nitrogen plasma, a mixture of nitrogen and hydrogen plasma, and a mixture of

nitrogen and argon plasma; plasma- excited silicon precursor is optional.

. The process of Claim 5, wherein the plasma is an in-situ generated plasma or a

remotely generated plasma.

11
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9.

The process of Claim 1 wherein the nitrogen-containing source for depositing
silicon nitride is selected from the group consisting of nitrogen, ammonia,
hydrazine, monoalkyihydrozine, dialkylhydrozine, and mixture thereof; and the
nitrogen-containing source for depositing carbon-doped silicon nitride is selected
from the group consisting of nitrogen, ammonia, hydrazine, monoalkylhydrozine,
dialkylhydrozine, hydroxylamine (NH,OH), tert-butylamine (NH,C(CHa)s),
allylamine (NH,CH,CHCH,), hydroxylamine hydrochloride, methylamine,

diethylamine, triethylamine and mixture thereof.

A process to deposit silicon oxide or carbon-doped silicon oxide on a substrate in
a processing chamber, comprising:
a. contacting the substrate with an oxygen-containing source to absorb at
least a portion of the oxygen-containing source on the substrate;
b. purging unabsorbed oxygen-containing source;
c. contacting the substrate with a silicon-containing precursor to react with
the portion of the absorbed oxygen-containing source; and

d. purging unreacted silicon-containing source.

The process to deposit silicon oxide of Claim 8 wherein the silicon-containing

source is monochlorosilane.

10. The process to deposit carbon-doped silicon oxide of Claim 8 wherein the silicon-

11.

containing source is monochloroalkylsilane having a general formula of
CISiHR' R« wherein x=1, 2; m=1, 2, 3; n=0,1, n+m =<3; R' and R? are linear,
branched or cyclic independently selected from the group consisting of alkyl,

atkenyl, alkynyl, and aryl having 1-10 carbon atoms.

The silicon-containing source in Claim 10 is selected from the group consisting of
CISIEtH,, CISiEt;H, CISi(CH=CH,)H,, CISi(CH=CH,}MeH, CISi{CH=CH,)EtH,
CIS{CCH)H,, CISi(iso-Pr),H, ClISi(sec-Bu),H, CISi(tert-Bu),H, CISi(iso-Pr)H,,
ClSi(sec-Bu)H,, CISi(tert-Bu)H,, and mixtures thereof.

12
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12.

13.

14.

15.

16.

17.

18.

The process of Claim 8 is selected from the group consisting of plasma enhanced
atomic layer deposition, plasma enhanced chemical vapor deposition and plasma

enhanced cyclic chemical vapor deposition.

The process of Claim 12, wherein the plasma is an in-situ generated plasma or a

remotely generated plasma.

The process of Claim 8 wherein the oxygen-containing source is selected from
the group consisting of oxygen, water, nitrous oxide, ozone, and mixture thereof.

A process to deposit silicon oxynitride or carbon-doped silicon oxynitride on a
substrate in a processing chamber, comprising:

a. contacting the substrate with a mixture of an oxygen-containing source
and a nitrogen-containing source to absorb at least a portion of the
oxygen-containing source and at least a portion of the nitrogen-containing
source on the substrate;

b. purging unabsorbed oxygen-containing source and nitrogen-containing
source;

c. contacting the substrate with a silicon-containing precursor fo react with
the portion of the absorbed oxygen-containing source and nitrogen-
containing source; and

d. purging unreacted silicon-containing source.

The process deposit silicon oxynitride of Claim 15 wherein the silicon-containing

source is monochlorosilane.

The process deposit carbon-doped silicon oxynitride of Claim 15 wherein the
silicon-containing source is monochloroalkylsilane having a general formuta of
CISiHR",R? .« wherein x=1, 2; m=1, 2, 3; n=0,1, n+m =<3; R" and R? are linear,
branched or cyclic independently selected from the group consisting of alkyl,
alkenyl, alkynyl, and aryl having 1-10 carbon atoms.

The silicon-containing source in Claim 17 is selected from the group consisting of

CISIEtH,, CISiEt;H, CISi(CH=CH_)H;, CISi(CH=CH,)MeH, CISHCH=CH,)EtH,
13
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19.

20.

21.

22.

CISi(CCH)H,, CISi(iso-Pr),H, CISi(sec-Bu),H, CiSi(tert-Bu);H, CISi{iso-Pr)H,,
CISi(sec-Bu)H,, CISi(tert-Bu)H;, and mixtures thereof.

The process of Claim 15 is selected from the group consisting of plasma
enhanced atomic layer deposition, plasma enhanced chemical vapor deposition

and plasma enhanced cyclic chemical vapor deposition.

The process of Claim 19, wherein the plasma is an in-situ generated plasma or a

remotely generated plasma.

The process of Claim 15 wherein the oxygen-containing source is selected from
the group consisting of oxygen, water, nitrous oxide, ozone, and mixture thereof.

The process of Claim 15 wherein the nitrogen-containing source is selected from
the group consisting of nitrogen, ammonia, hydrazine, monoaikylhydrozine,
dialkylhydrozine, hydroxylamine (NH,OH), tert-butylamine (NH,C(CHz)a),
allylamine (NH,CH,CHCH3,), hydroxylamine hydrochloride, methylamine,
diethylamine, triethylamine and mixture thereof.

14
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