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reference in their entirety. *t59159* FIELD OF THE INVENTION The present
invention relates generally to semiconductor processing, and more
particularly to a system and method for depositing thin dielectric films on
a substrate in a low 10 pressure hot-wall rapid thermal processing system.
BACKGROUND OF THE INVENTION Future generation of semiconductor devices
requires thin dielectric films for MOS transistor gate and capacitor
dielectrics. As the size of integrated circuit devices is scaled 15 down,
conventional dielectrics such as silicon dioxide (Si02), reach its physical
limitation. For instance, below the thickness of 20 Angstroms, the Si02
gate dielectric no longer functions as an insulator due to direct current
tunneling leakage. Thus, SiO2 dielectrics are rapidly becoming one of the
limiting factors in device design and manufacturing, and new dielectric
materials with high dielectric constant are actively being sought to
provide high 20 capacitance without compromising gate leakage current.
Silicon nitride (Si3N4) has been considered as one of the alternatives to
silicon oxide as a transistor gate and capacitor dielectrics. With a
dielectric constant of about 8, which is nearly twice that of silicon
oxide, silicon nitride can be fabricated with a greater thickness than a
comparable oxide layer while still achieving the same capacitance. A
thicker film is 25 easier to manufacture than a thin film and leads to
better electrical properties, such as lower leakage current, higher
breakdown, and more resistant to boron (dopant) penetration, etc. Thickness
uniformity control of sub 20A thickness nitride films is crucial as the
equivalent oxide thickness (EOT) of future gate dielectrics is required to
be less than 15A Silicon nitride films are conventionally fabricated in
batch furnaces from 30 dichlorosilane (DCS) and ammonia at low pressure.
While each batch can process a plurality of substrates at one time, the
deposition rate is quite low, e.g., about 5-101 per minute. Rapid thermal
processing (RTP) is an emerging technology in integrated circuit (IC)
fabrication and a potential substitute for conventional batch furnace
processing. RTP needs shorter process cycle time and provides better
temperature control which can assist in 3 5 achieving higher throughput and
better film uniformity. RTP has potential to be as competitive as advanced
batch process as future wafer production moves to 300 mm diameter size. The
known applications of RTP include thin gate dielectric formation, ion
implantation   anneal, polysilicon chemical vapor deposition (CVD), and
titanium or cobalt silicide formation. U.S. Patent No. 5,932,28G describes
a method of depositing silicon nitride films in a cold-wall rapid thermal
CVD (RTCVD) system where external lamps are used as heating sources. One
problem with the cold-wall RTCVD system for the use of dichlorosilane is
the formation of solid ammonium chloride (NH4Cl) as a product of the
following condensation reaction which occurs during the depositing process:
3 SiH2Clz + 10 NH3 ~ Sl3Nq + 6 NH4Cl + 6 HZ The formation of solid NH4Cl
degrades the electrical properties of the deposited films 10 and reduces
the throughput of the deposition process. To avoid this problem, prior art
coldwall RTCVD systems commonly use silane as silicon sources which do not
contain chlorine. Silane-based nitride films are generally deposited by
thermal CVD at 700-900C or by plasma enhanced CVD (PECVD) at 200-400C which
requires a high gas flow ratio of NH3 to SiH4 for stoichiometry control of
Si3N4. Moreover, capacitor applications often require 15 non-planar device
configuration where conformality of the capacitor layer is important. The
conformality of silane-based nitride films is inferior to that of
dichlorosilane (DCS) based nitride films. Further, the films deposited from
silane contain a significant amount of hydrogen, typically about 10 atomic%
or above, which degrades the electrical properties of the nitride films. In
addition, silane-based nitride films deposited on silicon substrates by 20
PECVD have a poor interface with silicon and is electronically leaky due to
a high trap density at the interface. As a result, DRAM storage capacitors
suffer uniformity and leakage limitations at about 3.5-4.0 nm when silicon
nitride films deposited by prior art methods are used for dielectrics.
Accordingly, improved systems and processes for the formation of dielectric
films are needed. 25 SUMMARY OF THE INVENTION Accordingly, it is an object
of the present invention to provide a system and method for depositing
dielectric films for gate, capacitor, and other IC device dielectrics. It
is another object of the present invention to provide a system and method
for 30 depositing dielectric films using chlorine containing silicon
sources to provide superior electrical properties for these films. These
and other objects of the invention are achieved by the present deposition
method using a low pressure hot-wall rapid thermal processing system. In
one embodiment of the present invention, a method of depositing a silicon
nitride film on the surface of a 35 substrate is provided. The method
comprises providing a substrate in a hot-wall rapid thermal processing
chamber, adjusting the pressure of the processing chamber to a range from
about 0.01 to 10 Torr, and reacting a chlorine containing silicon precursor
with ammonia at a temperature in a range of 550C to 900C to form a silicon
nitride film on the substrate. The chlorine containing silicon precursor
maybe selected from the group of 2  



SiHzCl2, SiH3Cl, SiHCl3, SiCl4, and SizClb. Preferably the chlorine
containing silicon precursor is dichlorosilane SiHzCl2 (DCS). The ratio of
chlorine containing silicon precursor to ammonia is preferably from about
I:3 to l:10. In another embodiment of the present invention, a method of
depositing a high 5 temperature silicon oxide (HTO) film on the surface of
a substrate is provided. The method comprises providing a substrate in a
hot-wall rapid thermal processing chamber, adjusting the pressure of the
processing chamber to a range from about 0.01 Torr to 10 Torr, and reacting
a silicon precursor with an oxygen containing precursor such as NZO, NO,
Oz, or any combination thereof, at a temperature in a range from about 550C
to l000C to form a 10 silicon oxide film on the substrate. The silicon
precursor maybe selected from the consisting of SiHzCl2, SiH3Cl, SiClH3,
SiCl4, Si2Cl6, SiH4, Si(OCzHs)4, and aminosilane. Preferably the silicon
precursor is SiHzCl2 (DCS). The ratio of the silicon precursor to the
oxygen containing gas is preferably in a range from about 1:3 to 1:10. In a
further embodiment, a method of depositing an oxynitride film on the
surface of a 15 substrate is provided. The method comprises providing a
substrate in a hot-wall rapid thermal processing chamber, adjusting the
pressure of the hot-wall deposition chamber to a range from about 0.1 Torr
to 10 Torr, and reacting a silicon precursor with a mixture of ammonia and
Nz0 at a temperature in a range from about 550 to l000C to form an
oxynitride film on the substrate. The silicon precursor may be selected
from the group of 20 SiH2Clz, SiH3Cl, SiClH3, SiCl4, Si2C16, SiH4,
Si(OC2H5)4, and aminosilane, with SiH2C12 (DCS) being preferred. The ratio
of silicon precursors to the mixture of NH3 and N20 is preferably from
about 1:3 to 1:10. In still another embodiment of the present invention,
there is provided a method of depositing a multilayer of silicon oxide and
silicon nitride film on the surface of a substrate. 25 The method comprises
providing a substrate in a hot-wall rapid thermal processing chamber,
adjusting the pressure of the processing chamber to a range from about 0.01
to 10 Torr, reacting a silicon containing precursor with an oxygen
containing precursor such as N20, NO, O2, or any combination thereof, at a
temperature in a range from about 550C to l000C to form a silicon oxide
film on the substrate, and reacting a silicon precursor with ammonia at 30
a temperature in a range from about 550C to 900C to form a silicon nitride
atop the silicon oxide film. BRIEF DESCRIPTION OF THE DRAWINGS These and
other objects of the present invention will become better understood upon
35 reading the detailed description of the invention and the appended
claims provided below, and upon reference to the drawings, in which: FIG. 1
schematically shows a low pressure hot-wall rapid thermal processing
reactor according to one embodiment of the present invention. 3   FIG. 2 is
a graph illustrating the deposition rate of silicon nitride (Si3N4) from
dichlorosilane (DCS) and ammonia (NH3) with DSC:NH3 ratio of 1:3 at
pressure of 0.5 Ton' according to one embodiment of the present invention.
FIG. 3 is a graph illustrating the repeatability test for depositing 40A
Si3N4 films on 5 10 wafers with respect to the thickness and uniformity of
the films according to one embodiment of the present invention. FIG. 4 is a
cross sectional SEM photograph showing Si3N4 films deposited on a patterned
substrate according to one embodiment of the present invention. FIG. 5 is a
graph illustrating the repeatability test for growing 20~ dry oxide films
10 with respect to the thickness and uniformity of the films according to
one embodiment of the present invention. FIG. 6 is a graph illustrating
SIMS depth profile of a 25~ dry oxide film grown in nitric oxide (NO)
followed by reoxidation at 10S0C. FIG. 7 is an AES depth profile of a 170A
high temperature oxide-silicon nitride stack 15 film (HTO/Si3N4/HTO). FIG.
8 is a graph illustrating the current density verses the equivalent oxide
thickness (EOT) of oxide/nitride films formed by the present invention and
films formed by prior art methods. FIGS. 9A and 9B are graphs illustrating
C-V and I-V curves respectively for a film 20 deposited on wafer No. 15 in
Table 3 according to one embodiment of the present invention. FIGS. 10A and
10B are graphs illustrating C-V and I-V curves respectively for a film
deposited on wafer No. 13 in Table 3 using prior art methods. FIGS. 11 A
and 11 B are graphs illustrating C-V and I-V curves respectively for a film
deposited on wafer No. 9 in Table 4 according to one embodiment of the
present invention. 25 FIG. 12 is a graph illustrating the current density
verses the EOT of the nitride or oxide films formed on wafers No. 1-13 in
Table 4 according to one embodiment of the present invention. FIG. 13 is a
graph illustrating Vfb verses anneal temperature curve for the films
deposited on wafers No 1-6 in Table 5 according to one embodiment of the
present invention. 30 FIGS. 14-19 are graphs illustrating V-C curves for
the films deposited on wafers No, 1-6 respectively in Table 5 according to
one embodiment of the present invention. DETAILED DESCRIPTION OF THE
INVENTION FIG. 1 schematically shows a low pressure hot-wall rapid thermal
processing reactor 



35 10 according to one embodiment of the present invention. The hot-wall
RTP reactor 10 comprises a chamber 14 into which a single substrate 20 is
Loaded. The wall of the chamber 14 is preferably made of quartz. A
plurality of heating elements 12 are provided adjacent to the upper end of
the chamber 14. Suitable heating elements include resistive heating
elements coupled with a power source controlled by a computer (not shown).
An isothermal 3 4   plate 13, preferably made of quartz, is disposed inside
and adjacent to the upper end of the chamber 14. The heating elements 12
and isothermal plate 13 serve as heating sources for the use of the RTP
reactor 10. The isothermal plate 13 can be placed in the chamber 14 or on
the top of chamber 14. The isothermal plate 13 receives heat rays radiated
from the heating 5 elements 12 and radiates secondary heat rays into the
chamber 14. The isothemlal plate 13 can produce a more uniform thermal
distribution on the surface of the substrate 20. The hot-wall RTP reactor
10 further comprises one or more insulation sidewalls 24 adjacent to the
sidewall of~chamber 14. Heating means (not shown) are provided between the
insulation sidewalls 24 and the sidewall of the chamber 14 to heat the
sidewall of the 10 chamber 14 to achieve a more accurate control over the
temperature within the chamber 14. The single substrate 20 is supported by
a platform 22 which is coupled with an elevator 26 for moving the substrate
20 into and out of the chamber 14. One or more gas inlets 16 are disposed
at the sidewall of the chamber 14 and connected to one or more gas
manifolds (not shown) which convey a gas or a mixture of gases into the
chamber 14. The 15 gas concentration and flow rates through each of the gas
inlets 16 are selected to produce reactant gas flows and concentration that
optimize processing uniformity. An exhaust line 18 is provided at the
sidewall of the chamber 14 opposite the gas inlets 16 and connected to a
pump 28 for exhausting the chamber 14. While one specific hot-wall RTP
reactor has been described the invention is not limited to this specific
design, and other,~hot-wall RTP reactors 20 may be employed in the present
invention. 1n one embodiment, the present invention provides a method of
depositing a silicon nitride (Si3N4) film on the surface of a substrate by
reacting a chlorine-containing silicon precursor and ammonia using the a
low pressure hot-wall RTP reactor such as but on limited to for example the
reactor shown in Fig. 1. 25 Suitable chlorine containing precursors used
for depositing nitride films include, but are not limited to: SiH2C12,
SiH3Cl, SiHCl3, SiCl4, Si2C16, SiH4, and aminosilane. Preferably, SiHzCl2
(DCS) is used as the chlorine containing precursor. The ratio of DCS to NH3
is preferably about 1:3 to 1:10, more preferably about 1:5. The process is
preferably carried out at a temperature of above about 500C, more 30
preferably in a range of about 5S0C to 900C, with a temperature of about
600-800C being most preferred. The pressure of the chamber 14 of the
hot-wall reactor 10 is preferably adjusted to a range of about 0.01 to 10
Torr, more preferably about 0.1 to 5 Torr. The deposition rate of nitride
film on the substrate is preferably from about 15A/min to 150~/min. The
thickness uniformity of the nitride films can be achieved below 0.8% ( 1
Q). 35 In another embodiment, the present invention provides a method of
depositing a high temperature silicon oxide film on the surface of a
substrate by reacting a silicon precursor and nitrous oxide (Nz0) and/or
nitric oxide (NO) and/or Oz using a low pressure hot-wall RTP reactor, such
as but not limited to that shown in Fig. 1. Suitable silicon precursors
used for depositing oxide films include, but are not limited 40 to:
SiHzCl2, SiH3Cl, SiClH3, SiCl4, Si2C16, SiH4, Si(OCZHS)4, (TEOS) and
aminosilane.   Preferably SiH2C12 (DCS) is used as silicon precursor. The
ratio of DCS to N20 and/or NO and/or OZ is preferably about 1:3 to 1:10,
more preferably about 1:5. The process is preferably car-ied out at a
temperature in a range from about 550 to l000C, more preferably from about
600C to 900C, most preferably from about 700 to 5 900C. The pressure of the
chamber 14 of the hot-wall RTP reactor 10 is preferably adjusted to a range
from about 0.01 to 10 Torr, more preferably from 0.1 to 5 Torr. The
inventors have found that nitrogen can be incorporated in the thin oxides
to improve the gate oxide properties. In particular, and of significant
advantage, one embodiment of the present invention provides for
incorporation of nitrogen into the film 10 which the inventors have found
to enhance the suppression of boron penetration from the polysilicon gate
and enhances the device reliability. However, the amount of nitrogen
incorporated into oxide films should be carefully controlled since
excessive amount of nitrogen at the interface between the oxide film and
the silicon substrate may degrade device performance. Preferably the
nitrogen is incorporated in an amount from about 1 to 10 peak 15 atomic%.
In another embodiment, the present invention provides a method of
depositing oxynitride films on the surface of a substrate by reacting a
silicon precursor with a mixture of NH3 and Nz0 using a hot-wall RTP
reactor such as but not limited to the reactor 10 shown in Fig. 1. 20
Suitable silicon precursors used in the present method include SiHzCl2,
SiH3Cl, SiClH3, SiCl4, Si2C16, SiH4, Si(OCZHS)4, and aminosilane.
Preferably SiHzClz (DCS) is used as silicon precursor. The ratio of DCS to
the mixture of NH3 and NZO is preferably firom about 1:3 to 1:10, more
preferably about 1:5. The process is preferably carned out at a temperature
in a range of from about 550 to 25 1000C, more preferably from about 700 to
800C. The pressure of the chamber 14 of the hot-wall RTP reactor 10 is
preferably adjusted to a range of about 0.01 to 10 Torn, more preferably
from 0.1 to 5.0 Torr. Tn another embodiment, the present invention provides
a method of depositing a multilayer dielectric film on the surface of a
substrate using the low pressure hot-wall RTP 30 reactor 10. The method
comprises firstly depositing an oxide layer on the surface of a substrate
by reacting a silicon precursor with an oxygen containing precursor such as
N20, NO, O2, or any combination thereof, and then depositing a nitride or
oxynitride layer atop the oxide layer by reacting a silicon precursor with
NH3 or a mixture of NH3 and N20. In this embodiment, the method may further
comprise depositing a third oxide layer atop the nitride 3 5 layer by
reacting a silicon precursor with an oxygen containing precursor. The
dielectric films made by the present invention have good electrical
properties such as high breakdown voltage and low leakage current, which
are required for thin insulator applications in DRAM and non-volatile
memory devices. In deposition of nitride films, the hot-wall RTP reactor
suppresses the formation of solid NH4C1 and thus enhance the 40 electrical
properties of the films formed. 6 



The following examples are provided to illustrate the system and method of
the present invention, and are not intended to limit the scope of the
invention in any way. In the experiments, the film thickness, uniformity,
and refractive index were measured by Ellipsometry (49 points, 3mm edge
exclusion). The chemical composition of the films were analyzed using
Rutherford Backscattering Spectroscopy (RBS) and Hydrogen Forward
Scattering (HFS) spectroscopy. Depth profiles of the oxide/nitride/oxide
stack films were analyzed by Auger Electron Spectroscopy (AES). Step
coverage of the nitride films deposited on Si02 coated silicon wafers was
evaluated using cross section scanning electron microscopy (SEM). 10
Example 1 This example illustrates low pressure chemical vapor deposition
(LPCVD) of silicon nitride films from dichlorosilane (DCS) and ammonia. 40~
silicon nitride films were deposited at a wafer temperature in a range of
about 695C to 800C with DCS:NH3 ratios of 1:3 (25-75 sccm) at a pressure
range below 0.5 Torr. 15 The ten wafer continuous depositions at 735C
achieved an average thickness of 40.7k within-wafer uniformity of 0.S5%
(1Q) and wafer-to-wafer uniformity of 0.50% (1Q) as shown in Figure 3. 20A
silicon nitride films were deposited with thickness uniformity below 0.8%
(1 Q) at 700C for thin gate dielectric applications. 20 Thicker nitride
films were also grown for better accuracy in the refractive index
measurement. Extended depositions up to 30 min under the above conditions
provided nitride film thickness ranging from 400 to 1 OOO~r and refractive
indexes of 1.99 to 2.01, which were consistent with the literature value of
2.00 ~ 0.01 for stoichiometric Si3N4. The RBS analysis revealed that the
N:Si ratios in the films were approximately 1.3. 25 Table 1 shows the
composition analysis results by Rutherford Backscattering Spectroscopy
(RBS) (for Si, N, and Cl) and Hydrogen-Forward Scattering (HFS) (for H)
Spectroscopies. For comparison, DCS:NH3 ratio was varied from 1:3 to 1:5,
the deposition temperature was varied from 730C to 780C, but the refractive
index and N to Si ratio remained constant at or near l .33. No significant
difference in composition was observed in 30 these films. Oxygen level in
the film was below the detection limit (<1 atom.%). The level of Cl
incorporation in the films decreased as the deposition temperature
increased. The hydrogen incorporation in the as-deposited films was lower
than that of the films deposited from silane under given conditions. 7
Table 1. DCS-Based Nitride Film Composition Analysis by RBS and HFS
Temperature (C)DCS:NH3 RatioThickness (~)Refractive IndexN/Si RatioC1
(atom.%)H
(atom.%)7301:54482.00l.330.303.77351:3539l.991.340.223.07801:34652.011.33<0
.13.4 FIG. 2 is a Arrhenius plot that illustrates the nitride deposition
rate in a range from 15~/min at 695C to 891~/min at 800C. An activation
energy (Ea) of this CVD process was derived as 1.49 eV firom the Arrhenius
plot of the deposition rates against the reciprocal of deposition
temperatures. This activation energy is comparable with the prior art value
calculated from batch furnace processes, and indicates that the deposition
conditions are in the surface reaction limited regime. 10 FIG.4 is a
cross-sectional SEM of the nitride films deposited on a patterned substrate
(SiOz on Si) under the condition as the above 40~ deposition at 740C. The
SEM demonstrates a conformal coverage over less than 0.1 mm wide trenches
with aspect ratios up to 6. Example 2 15 This example illustrates
atmospheric thermal oxidation process. 20~ dry oxides films were grown at
950C with a 30 second oxidation step. Oxide films with an average thickness
of 19.5k within-wafer uniformity average 0.64% (1Q), and wafer-to-wafer
uniformity 0.47% (1Q) were obtained. FIG. 5 is a graph illustrating the
repeatability test for 20~ dry oxide films on ten wafers. 20 A dry
oxidation in nitric oxide (NO) atmosphere was conducted at 1050C for 20
seconds followed by an in-situ reoxidation for 85 seconds at the same
temperature. This twostep process provided 25~ oxide film with thickness
uniformity 0.5-0.7% (1 Q). FIG. 6 is a graph illustrating SIMS depth
profile of a 25~ dry oxide film grown in NO followed by reoxidation at
1050C. The peak amount of 3.8 % nitrogen is incorporated in the 25 film. It
shows that the nitrogen peak is located at about 20A depth, slightly above
the Si02/Si interface. Example 3 This example illustrates in situ
sequential low pressure chemical vapor deposition (LPCVD) of multilayer
films (oxide/nitride/oxide) on a substrate using a hot-wall RTP 30 reactor
of the type illustrated in Fig. 1. 



A multilayer film of 501 oxide (top)/80~r nitride (middle) /40r oxide
(bottom) was deposited at 800C by switching the reactant gases from DCS/Nz0
to DCS/NH3, then to 8   DCS/N20 in sequence. FIG. 7 shows an AES depth
profile of the 170 multilayer (oxide/nitride/oxide) film. Example 4 This
example illustrates multilayer dielectric films formed according to the
method 5 the present invention. FIG. 8 is a graph illustrating current
density versus the EOT of oxide/nitride films formed by the present
invention and films formed by prior art methods. Table 2 lists the
electrical properties of the multilayer films. FIG. 8 and Table 2 show that
the DCS-based nitride films fabricated for thin gate oxide-nitride (ON)
stack applications according to the 10 method of the present invention have
superior electrical properties when compared to the silane-based nitride
films. Table 2. Electrical Properties of the Oxide/nitride Stack Films #
O1Bottom Oxide Dry Oxide 11ACVD Nitride Silane 20ANH3 anneal 0N20 anneal
30CET (A) @Vg=- 2V 34.764EOT (A) 29.203Jg(A/cm2) @Vg=- 1.5V 2.33E-05Vfb (V)
-0.93803dry Oxide 11Asilane 20A203036.07430.3318.72E-06-0.93109NO Oxide
15Asilane 20A03032.95227.4562.77E-04-0.91811NO Oxide 15Asilane
20A203035.26829.6372.37E-05-0.91715NO Oxide 17Asilane
20A03035.56629.8432.92E-05-0.91717dry Oxide 15ADCS
20A203031.96726.6486.67E-06-0.89719dry Oxide 15ADCS
20A203034.21728.7459.11E-07-0.88623dry Oxide 15ADCS
20A203034.15728.6781.05E-06-0.87925NO Oxide 15ADCS
20A03036.13430.5443.07E-07-0.86827NO Oxide 15ADCS
20A203036.83831.2081.91E-07-0.86531NO Oxide 17ADCS
20A203036.79331.1431.18E-07-0.881 The following Table 3 summarizes another
set of experiments using the method of the 15 present invention for
depositing multilayer films on a substrate. Nitride films with thickness of
20~ were grown from DCS and SiH4 on silicon substrates. 9   Table 3.
Electrical Properties of the Oxide/nitride Stack and Nitride Films #HF
etchOxideN~tr~deNH3 annealN~0 annealCET (A)EOTJg (A/cm2)Vfb
(V)~Vg=-2.5V(A)GVg=-1 SVIHF24A dry ox at 850Cnonono29 G9125 G330-0 8732no
HF24A dry ox at 850Cnonono29.93G25.77G0-0.90G3no HF24A dry ox at
850Cnonono31.0G926.9550-0 844HF24A dry ox at 850Cnonono31 21327.0730-0
8775HFI GA dry ox at 850C20A S~H4nono28.81124 6G30 00189-0.949nitrideGHFI
GA dry ox at 850C20A S~H4NH3 20secN20
20sec31.0G826.8G50-0.9l3n~tr~de900C900C7HF16A dry ox at 850C20A
SiH2Cl2nono25 8332I .9020 00372-0 913nitride8HF1 GA dry ox at 850C20A
S~H2C12NH3 20secN20 20sec31 34827 1130-0.904nitride900C900C9HFNO ox (800C
20sec)20A SiH4nono3G.8nitride10HFNO ox (800C 20sec)20A SiH4NH3 20secN20
20sec30.2752G 0920-0 942nitride900c900C11HFNO ox (800C 20sec)20A
SiH2C12nono9 58nitride12HFNO ox (800C 20sec)20A S~H2CI2NH3 20secN20
20sec29.80325 7310-0.907nitride900C900C13 ~HFno20A
SiH4nono8.12nitride14HFno20A SiH4NH3 20secN20 20sec28 3G924 1 IS0.00018-I
093nitride900C900C15HFno20A
S~H2C12nono27.322.8740.0005-I.183nitride1GHFno20A SiH2C12NH3
20secN2020sec29.73925.4580-1.048nitride850C850C17HFno20A S~H4NH3
20secN2020sec2G 23421.9970.00074-I.159nitride850C850C18HFno20A SiH2Cl2NH3
20secN20 20sec29.95925.8190.0001-0.9G2nitride900C900C19HF20A dry
oxnonono25.58221 7390.00299-0 87920HF20A dry oxnonono25.68121.8G40
002G6-0.859 



10   FIGS. 9A and 9B are graphs illustrating C-V and I-V curves
respectively for a film deposited on wafer No. 15 in Table 3 according to
one embodiment of the present invention. An EOT of 22~ was derived from the
C-V measurement (FIG. 9A) of the 20~. DCS-based nitride (wafer No. 15). The
current density of this film was 5.02 x 10-4 A/cm2 at -1.5V (FIG. 5 10B).
FIGS. 10A and 10B are graphs illustrating C-V and I-V curves respectively
for a film deposited on wafer No. 13 in Table 3 using prior art methods.
For the 20~ silane-based nitride (wafer No.l3), no capacitance accumulation
was observed (FIG. 10A) and the current density was 8.12 A/cm2 at -1.SV
(FIG. 10B). The comparison of the electrical properties of the films on
wafer No. 15 and 13 in Table 3 and FIGs 9A-9B and FIGs 10A-10B clearly 10
reveal that the DCS-based nitride films of the present invention exhibit
better electrical properties than the silane-based nitride film. The
superior electrical properties of DCS-based nitride over silane-based
nitride films may be attributed at least in part to the ease of
stoichiometry control of Si3N4 and less hydrogen incorporation in the
deposited films achieved by the system and method of the present invention.
15 Table 4 summarizes another set of experiments using the method according
to one embodiment of the present invention for depositing nitride and oxide
films on p-type substrates. Nitride films and dry oxide films with
thickness of 15r were grown from DCS on 8" p-type prime wafers to form
NMOS. 11   Table 4 Process Conditions and Electrical Properties of Films
for NMOS Slot# nmosFilmsAiuieal Temp. (C)NH3 anneal (s)N20 anneal (s)Jg @ -
1.5V (A/cm2)EO T (A)Vfb (V)Na (#/cm3)1DCS nitride
15A085020209.47E-0422.5-0,9I4.90E+152DCS nitrrde
15A-++80030303.21E-0321.7-0.95.26E+153DCS nitride
15A-+-80030109.14E-0320.6-0.95.40E+154DCS nitride
15A-++-90030102.25E-0423.4-0.935.40E+155DCS nitrtde
15A+-+90010302.51E-0423.6-0.895.58E+156DCS nitride
15A+--90010108.13E-0422.9-0.96 05E+157DCS nitride
15A+++90030307.09E-OS25.1-0 892.58E+158DCS nitride 15A- -
+80010307.24E-0320.8-0.894.70E+1 S9DCS nitride 15A- - -80010102.84E-0219
5-0.916.82E+1510DCS mtnde 15AOxx850003.93E+O111DCS nitride
15A90020202.00E-0423.7-0.94.63E+1512Dry Ox
15A2.18E+O122.5-0.874.20E+1S13Dry Ox 15A2.99E-03 FIGS 11 A and 11 B are
graphs illustrating C-V and I-V curves respectively for a film deposited on
wafer No. 9 in Table 4. FIG 12 is a graph illustrating the current density
versus 5 the EOT of the nitride or oxide films formed on wafer No. 1-13 in
Table 4. Table 4 and FIGS. 11A-11B and FIG. 12 clearly demonstrate the
superior electrical properties of the dielectric films deposited according
to the method of the present invention. Example 5 This example illustrates
another set of multilayer dielectric films formed according to 10 the
method of the present invention and boron blocking effect of these films.
Table 5 summarizes the experiments according to one embodiment of the
present inventive method for depositing nitride films and nitride/oxide
films on n-type substrates. Nitride films and dry oxide films were grown
from DCS and SiH4 on 8" n-type prime wafers to form PMOS. 15 12   Table 5
Process Conditions and Electrical Properties of Films for PMOS #SplrtWafer
ID#HFBottomNitrideNHSNz0900C950C1000CEtchOxideAnnealAnnea30sec30sec30sec1N2
N2N2AnnealAnnealAnnealVfh (V)Vfb (V)Vfb
(V)11NKF00287HFN.O.20~NH3)N20,0.790.793AlastoxideSiH420sec,20sec,(800C,nitr
ide900C900ClOsec)22NKF00258HFno20~NH3,NZO,0.740.76117AlastSiH420sec,20sec)n
itride900C900C33NKF00064HFno15~.NH3,NiO,0.730.741.75AlastSiH420sec,20sec,,n
itride900C900C44NKF00563HFN.O.20.iNH3,NzO,0.730.740.95AlastoxideSiHZCi220se
c,20sec,(800C,nitride900C900Cl
Osec)55NKF00488HFno20.iNH3,NZO,0.690.660.67AlastSlF-IZCIZ20sec,20sec,nitrid
e900C900C66NKF00404HFno15~NH3,N20,0
740.781.77AlastSiH2CIz20sec,20sec,nitride900C900C FIG 13 is a graph
illustrating Vfb versus anneal temperature curve for the films 



deposited on wafers No.l-6 in Table 5 according to one embodiment of the
present invention. FIGS. 14-19 are graphs illustrating V-C curves for the
films deposited on wafers No.l-6 respectively in Table 5. FIGS 14-19 and
Table 5 clearly demonstrate the superior electrical properties of the films
deposited according to the present invention. The foregoing description of
specific embodiments and examples of the invention have been presented for
the purpose of illustration and description, and although the 10 invention
has been illustrated by certain of the preceding examples, it is not to be
construed as being limited thereby. They are not intended to be exhaustive
or to limit the invention to the precise forms disclosed, and obviously
many modifications, embodiments, and variations are possible in light of
the above teaching. It is intended that the scope of the invention
encompass the generic area as herein disclosed, and by the claims appended
hereto and their 15 equivalents. 13   CLAIMS What is claimed is: 1. A
method of depositing a dielectric film on the surface of a substrate,
comprising: 5 providing a substrate in a hot-wall rapid thermal processing
chamber; and reacting a chlorine containing silicon precursor with ammonia
and/or an oxygen containing precursor to form a dielectric film on the
surface of the substrate. 2. The method according to claim 1 wherein the
processing chamber is maintained at a pressure from about 0.01 to 10 Torr,
and the chlorine containing silicon precursor is reacted 10 with ammonia at
a ratio of chlorine containing silicon precursor to ammonia from about 1:3
to about 1: l0.at a temperature from about 550 to about 900C to fornl a
silicon nitride film on the substrate. 3. The method according to claim 2
wherein the processing chamber is maintained at a 1 S pressure from about
0.1 to about 5 Torr, and the chlorine containing silicon precursor is
reacted with ammonia at a temperature in a range from about 600C to 800C.
4. The method according to any of claims 1 to 3 wherein the chlorine
containing silicon precursor is selected from the group consisting of
SiH2C12, SiH3Cl, SiHCl3, SiC)4, and Si2Ch. 5. The method according to claim
1 wherein the processing chamber is maintained at a 20 pressure from about
0.01 Torr to about 10 Torr, and the silicon precursor is reacted with an
oxygen containing precursor at a ratio of the silicon precursor to the
oxygen containing precursor from about 1:3 to about 1:10 at a temperature
from about 550C to about l000C to form a silicon oxide film on the
substrate. 6. The method according to claim 5 wherein the processing
chamber is maintained at a 25 pressure from about 0.1 to about 5 Torr and
the silicon precursor is reacted with the oxygen containing precursor at a
temperature from about 700C to about 900C. 7. The method according to claim
5 or 6 wherein the silicon precursor is selected from the group consisting
of SiH2C12, SiH3Cl, SiClH3, SiCl4, Si2Cl6, SiH4, Si(OCZHS)4, and
aminosilane, and the oxygen containing precursor is selected from the group
consisting of 30 NzO, NO, OZ, and any combination thereof. 8. The method
according to claim 1 wherein the process chamber is maintained at a
pressure from about 0.01 Torr to 10 Torr, and the silicon precursor is
reacted with ammonia and N20 at a ratio of silicon precursor to NH3 and N20
from about 1:3 to about 1:10 at a temperature from about 550C to about
1000C to form an oxynitride film on the substrate. 14   9. The method
according to claim 8 wherein the processing chamber is maintained at a
pressure from about 0.1 to about 5 Torr, and the silicon precursor is
reacted with ammonia and Nz0 at a temperature from about 600 to about 900C.
10. The method according to claim 9 wherein the silicon precursor is
selected from the 5 g~.-oup consisting of SiHZCI2, SiH3Cl, SiCIH3, SiCh,
Si2Cl~, SiH4, Si(OCZHS)4, and aminosilane. 15
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