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METHOD FOR FORMING TISIN THIN FILM 
LAYER BY USING ATOMIC LAYER 

DEPOSITION 

TECHNICAL FIELD 

[0001] Embodiments of the invention may relate to a 
method for forming a TiSiN thin layer by using atomic layer 
deposition (ALD), more particularly, to a method for forming 
a TiSiN thin layer that is a diffusion barrier layer between a 
conductive bottom layer and a top conductive layer by using 
atomic layer deposition. 

BACKGROUND 

[0002] Generally, membrane and pattern etching are 
repeatedly performed on a substrate such as a semiconductor 
wafer and a plurality of desired devices are manufactured, to 
manufacture a semiconductor integrated circuit. 
[0003] To prevent interdiffusion between a material of a 
wire for connecting devices with each other and silicon dif 
fused from a substrate such as a bottom layer or a Si-contain 
ing layer, barrier metal is typically disposed between a bottom 
layer and a wire. Such barrier metal has to be a metallic 
material having low electric resistance and high anticorro 
sion. A barrier metallic material capable of meeting such 
requirements mentioned above, such as an aluminum or tung 
sten wire that is currently used as a wire material, may be a 
high melting point metallic nitride, for example, Ti, W and 
Mo. A Ti or TiN ?lm having electric and anticorrosive char 
acteristics have been used as the barrier metallic material. 
[0004] The Ti ?lm or TiN ?lm as the barrier metal is typi 
cally formed in a high temperature range of 500° C. ~700° C. 
according to chemical vapor deposition (CVD). The Ti or TiN 
may be effectively embedded in a contact hole or via-hole 
having a high aspect ratio and it has a good character with 
respect to aluminum or tungsten that is a wire material. 
[0005] Recent demands on high integration and high 
microstructure of the integrated circuit have made the line 
width of wires get narrower. High operation ef?ciency as well 
as the high integration mentioned above is required. Under 
such situation, copper (Cu) with low resistivity and economic 
feasibility has been attracting attention as the wire material 
that can replace the aluminum. However, as mentioned above, 
the copper is vulnerable to migration with silicon like alumi 
num and to being diffused at a relatively low temperature. 
Accordingly, the copper (Cu) has an inadequate barrier 
capacity as the metal used in the Ti or TiN ?lm. 
[0006] Korea Patent No. 10-2009-0048523 discloses a 
method for using a TiSiN ?lm deposited according to plasma 
CVD or thermal CVD to solve the disadvantage of the con 
ventional Ti or TiN ?lm. However, the concentration of chlo 
rine and oxygen that are impurities contained in the TiSiN 
?lm deposited according to the chemical deposition method 
is high as shown in FIG. 1. Accordingly, a leakage current 
characteristic of a thin ?lm manufactured might be deterio 
rated by the impurities. 
[0007] As a result, there have been studied a method for 
forming a ?lm having a reduced content of impurities con 
tained in a manufactured TiSiN thin ?lm. 

DISCLOSURE 

Technical Problem 

[0008] To solve the problems, an object of the invention is 
to provide a method for forming TiSiN thin ?lm having a good 
leakage current characteristic by using atomic layer deposi 
tion (ALD). 
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Technical Solution 

[0009] To achieve these objects and other advantages and in 
accordance with the purpose of the embodiments, as embod 
ied and broadly described herein, a method for forming a 
TiSiN thin ?lm on a substrate according to ALD includes 
following processes. 
[0010] There may be a ?rst process of preheating a sub 
strate while supplying Ar or N2 containing inert gas to a 
chamber, after disposing a substrate in a chamber. 
[0011] There may be a second process of forming a TiN 
?lm on the substrate by repeating at least one time a process 
of purging over-supplied Ti containing gas after supplying Ti 
containing gas and inert gas after that and a process of purging 
residual product after supplying N containing gas and inert 
gas after that. 
[0012] There may be a third process of forming a SiN ?lm 
by repeating at least one time a process of purging oversup 
plied Si containing gas after supplying Si containing gas on 
the TiN ?lm and supplying inert gas after that and a process of 
purging residual product after supplying N containing gas 
and supplying inert gas after that. 
[0013] There may be a fourth process of forming a TiSiN 
?lm having a desired thickness by repeating the second and 
third processes at least one time. 

[0014] A partial pressure range of the gas used in forming 
the TiSiN thin ?lm may be Ti containing gas: 9><10_3 Torr or 
less, Si containing gas: l><10_3~3><10_l Torr andN containing 
gas: 7><10_3~6><10_l Torr, and a pressure range ofthe gas may 
be 500 mTorr~5 Torr and the Si content of the formed TiSiN 
thin ?lm may be 20 atom % or less. 
[0015] The Ti containing gas may be TiCl4, TDMAT or 
TDEAT. 

[0016] The Si containing gas may be SiH2C12, SiHCl3, 
SiCl4, SiH4 or Si2H6. 
[0017] The N containing gas may be NH3 or MMH. 
[0018] A preheating temperature in the preheating process 
may be 400° C.~700° C. and a preheating pressure may be 0.5 
mTorr~5 Torr. 

[0019] A partial pressure of the Ti containing gas may be 
6><10_4 Torr or less. 

[0020] The temperature of a bubbler in the supply of the Ti 
containing gas is maintained at 0° C.~15° C. 

Advantageous Effects 

[0021] The embodiments have following advantageous 
effects. According to the method for forming the TiSiN, the 
TiSiN ?lm as barrier metal may be manufactured according to 
ALD effectively. The barrier metal such as TiSiN is employed 
to suppress reaction between the metallic top layer and the 
metallic bottom layer and it is important for the barrier metal 
to maintain a low resistivity, with suppressing the reaction. 
[0022] According to the method, the partial pressure of the 
Ti containing gas is controlled in an adequate range in the 
manufacturing process. Simultaneously, the Si content in the 
manufactured thin ?lm is controlled to be an adequate value 
or less. Accordingly, there may be an advantage of manufac 
turing a TiSiN ?lm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] Arrangements and embodiments may be described 
in detail with reference to the following drawings in which 
like reference numerals refer to like elements and wherein: 
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[0024] FIG. 1 is a graph showing the concentration of chlo 
ride and oxygen that are impurities contained in a TiSiN ?lm 
deposited according to a chemical deposition method; 
[0025] FIG. 2 is a block diagram schematically illustrating 
an atomic layer deposition apparatus used in a manufacturing 
process according to an embodiment of the invention; 
[0026] FIG. 3 is a block diagram schematically illustrating 
a method for supplying Ti-containing gas; 
[0027] FIG. 4 is a ?ow chart illustrating the manufacturing 
process according to the embodiment of the invention; 
[0028] FIG. 5 is a diagram illustrating a TiSiN thin ?lm 
formed in the manufacturing process; 
[0029] FIGS. 6(a) and 6(b) are graphs showing the result of 
XRD analysis according to the content of Si in the TiSiN ?lm 
manufactured according to the method; 
[0030] FIGS. 7(a) and 7(b) are photographs of TEM analy 
sis of XRD specimens analyzed in FIGS. 6(a) and 6(1)); 
[0031] FIG. 8 is a sectional view conceptually illustrating 
the TiSiN ?lm manufactured in the manufacturing process; 
[0032] FIG. 9 is a graph showing change in resistivity of the 
manufactured TiSiN thin ?lm with respect to TiCl4 partial 
pressure in the manufacturing process; and 
[0033] FIG. 10 is a graph showing change in resistivity 
values with respect to the Si content of the TiSiN ?lm manu 
factured according to the method. 

BEST MODE 

[0034] Embodiments will be described in detail to be 
embodied by those skilled in the art to which the embodi 
ments pertain to, in reference to the accompanying drawings. 
Reference may now be made in detail to speci?c embodi 
ments, examples of which may be illustrated in the accom 
panying drawings. 
[0035] Embodiments of the invention relate to a method for 
forming a TiSiN thin ?lm as a diffusion barrier layer between 
a bottom layer and a top layer that are conductors. In reference 
to the accompanying drawings, the embodiments will be 
described in detail as follows. 
[0036] FIG. 2 is a block diagram schematically illustrating 
an atomic layer deposition device used in a manufacturing 
process according to an embodiment of the invention. As 
shown in FIG. 2, the atomic deposition apparatus includes a 
susceptor 1 provided in a reactor and a heater 2 to arrange a 
semiconductor wafer thereon is embedded in the susceptor 1. 
A power source 4 is supplied to the heater and the heater 2 is 
employed to heat the semiconductor wafer to a desired tem 
perature. Also, the power source 4 is connected to a controller 
5 and the controller 5 can control output of the heater 2 based 
on a signal of a temperature sensor. 

[0037] In addition, a shower head 3 is installed beyond the 
reactor and the gas necessary for deposition is supplied from 
the shower head 3. The shower head 3 has internal indepen 
dent paths to supply Ti-containing gas, Si-containing gas and 
N-containing gas independently such that each of the gases 
may meet after injected from the shower head. 
[0038] Meanwhile, FIG. 3 illustrates a method for supply 
ing the Ti-containing gas. 
[0039] As shown in FIG. 3, the Ti-containing gas may be 
supplied by a bubbler and the temperature of the bubbler may 
be kept between 0° C.~l 5° C. by using a thermostat, to enable 
the Ti-containing gas to have a desired vapor pressure. An 
inert gas supplied by a mass ?ow meter is received in a 
container having a predetermined temperature kept by the 
thermostat and the inert gas is supplied to the atomic layer 
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deposition apparatus, together with the Ti-containing gas 
generated from a liquid phase chemical. 
[0040] As shown in FIG. 4, after a substrate is disposed in 
a chamber, argon (Ar) or nitrogen (N2) containing inert gas is 
supplied to the chamber and the substrate is preheated. 
[0041] In other words, when the wafer transferred to a 
wafer transfer apparatus is disposed on the susceptor 1 having 
the heater 2 embedded therein, the wafer is preheated for a 
predetermined time period, for example, 30 seconds to 2 
minutes. Shortly, the cold wafer is preheated, with ?owing the 
inert gas such as Ar or N2 at 0.5 mTorr to 5 Torr, until it has a 
desired temperature. In this instance, the temperature of the 
susceptor 1 may be maintained in a rage of 400° C. to 700° C. 

[0042] Hence, after the Ti-containing gas is supplied on the 
substrate and the inert gas is supplied, over-supplied Ti con 
taining gas is purged. The process of purging residual prod 
ucts by using the inert gas supplied after the N-containing gas 
is supplied may be repeated one time or more, to form a TiN 
?lm on the substrate. 

[0043] In other words, the Ti containing gas is supplied on 
the substrate for a predetermined time period in a range of 
0.4~60 seconds and the inert gas is supplied for a predeter 
mined time period in a range of 0.4~60 seconds after that, 
only to purge oversupplied TiCl4 gas. After that, the N con 
taining gas is supplied for a predetermined time in a range of 
0.4~60 seconds and the inert gas is supplied for a predeter 
mined time in a range of 0.4~60 seconds, remove the residual 
products. Accordingly, the TiN thin ?lm is formed. That pro 
cess is repeated x times and a TiN thin ?lm having a desired 
thickness is formed. 

[0044] The Ti containing gas may be TiCl4, TDMAT or 
TDEAT. The N containing gas may be NH3 or MMH. The 
inert gas may be argon or nitrogen. 

[0045] According to the embodiment of the invention, after 
Si containing gas is supplied on the formed TiN ?lm and inert 
gas is supplied, oversupplied Si containing gas is purged. 
Hence, after N containing gas is supplied and inert gas is 
supplied, residual products are purged. That process is 
repeated one time or more and a TiSiN ?lm is formed accord 
ingly. 
[0046] In other words, the Si containing gas is supplied on 
the TiN thin ?lm formed in the process mentioned above and 
the inert gas is supplied for a predetermined time in a range of 
0.4~60 seconds, to purge the oversupplied Si containing gas. 
The N containing gas is supplied for a predetermined time in 
a range of 0.4~60 seconds and the inert gas is supplied for a 
predetermined time in a range of 0.4~60 seconds to purge the 
residual products to form the SiN ?lm. That process is 
repeated y times a SiN ?lm having a desired thickness is 
formed accordingly. 
[0047] In the process mentioned above, the Si containing 
gas may be SiH2C12, SiHCl3, SiCl4, SiH4 or Si2H6. The N 
containing gas is the same as mentioned above. 

[0048] Hence, the process of forming the TiN and SiN ?lms 
is repeated one time or more and a TiSiN thin ?lm may be 
formed ?nally. In other words, when that process is repeated 
Z times, a TiSiN thin ?lm having a desired thickness may be 
formed. 

[0049] 
[0050] Meanwhile, a partial pressure range of the gas used 
for manufacturing the TiSiN thin ?lm according to the inven 
tion described above will be as follows. 

FIG. 5 is a picture illustrating those processes. 
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[0051] In other words, a partial pressure range of the Ti 
containing gas may be 9><10_3 Torr or less, preferably, 6><10_4 
Torr or less. A partial pressure range of the Si containing gas 
may be in a range of 1><10_3~3><10_l Torr and a partial pres 
sure range of the N containing gas may be in a range of 
7><10_3~6><10_l Torr. A pressure range may be 500 mTorr~5 
Torr. 

[0052] As mentioned above, the TiSiN ?lm as a barrier 
metal is required to have less impurity such as chloride and a 
relatively low resistivity that can be different based on an 
application scope of the TiSiN ?lm to suppress reaction 
between the metallic bottom layer and the metallic top layer. 

[0053] Considering that, the invention limits the partial 
pressure of the Ti containing gas to be 9><10_3 Torr or less, 
preferably, 6><10_4 Torr or less. Within such the range, the 
TiSiN ?lm having an effectively low resistivity can be gained. 

[0054] In addition, the invention requires that the Si content 
of the TiSiN thin ?lm formed in the manufacturing process 
should be 20% of the atoms or less and a low resistivity can be 
guaranteed in such the range. 

[0055] The embodiments of the invention will be described 
in detail as follows. 

First Embodiment 

[0056] In this embodiment, the Si content in the formed 
TiSiN ?lm may be adjusted and Table 1 shows four methods 
for adjusting the Si content in the TiSiN ?lm and the result of 
RBS analysis performed with respect to the Si content in the 
TiSiN ?lm deposited according to each of the fourth methods. 

TABLE 1 

DCS Partial DCS Supply Si 
TiN[X]/ Pressure Time Content 
SiN[y] [Torr] [sec.] (Atom %) 

DCS Supply 7 0.1 4 9 
Time 7 0.1 8 15 
[sec.] 7 0.1 17 16 
DCS Supply 7 0.18 s 17 
Flow 7 0.29 8 20 
TiN 10 0.1 8 12 
Frequency 12 0. 1 8 10 
[X times]/ 28 0.1 8 5 
SiN 
Frequency 
[y times] 

[0057] In Table 1, “DCS” refers to SiHZCl2 as Si containing 
gas. 

[0058] A ?rst method is a method for increasing the Si 
content in proportion to the DCS supply time. A second 
method is a method for increasing the Si content in proportion 
to the DCS supply ?ow. A third method is a method for 
increasing the Si content is in inverse proportion to the TiN 
deposition frequency (x times)/SiN deposition frequency (y 
times). 

Second Embodiment 

[0059] Table 2 shows the Cl content in a TiSiN ?lm accord 
ing to a deposition condition. 
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TABLE 2 

Susceptor 
Temperature (° C.) Si Ti N Cl 

600 17.3 28.6 53.8 <0.3 
550 12.7 32.3 55 <0.3 
500 11 32.7 56 <0.3 
450 10 36 53.7 <0.3 
600 10.5 32.5 56.7 <0.3 
600 4 48.5 47.2 <0.3 

[0060] Generally, the Cl contained in the diffusion prevent 
ing layer tends to degrade a characteristic of the diffusion 
barrier layer and a characteristic of the device having the 
diffusion barrier layer applied thereto. However, the Cl con 
tent at temperatures applied to the TiSiN ?lm deposited in the 
range of the process according to the present invention and in 
all range of the Si content may have an adequate ?lm charac 
teristic under a detection limit of RBS analysis. 

Third Embodiment 

[0061] FIGS. 6(a) and 6(b) show the result of XRD analysis 
according to the Si content in the TiSiN ?lm manufactured 
according to the invention. Speci?cally, FIG. 6(a) shows the 
result of XRD analysis performed with respect to the TiSiN 
?lm having 4% of the Si content. FIG. 6(a) shows a crystalline 
TiSiN ?lm having a TiN (111), TiN (200) and TiN (220) 
direction crystallinity. FIG. 6(b) shows an amorphous TiSiN 
?lm as the result of XRD analysis performed with respect to 
a TiSiN ?lm having 20% of the Si content. Accordingly, as the 
Si content is increasing in the TiSiN ?lm, the crystalline 
TiSiN ?lm is changed into the amorphous TiSiN ?lm. 
[0062] Meanwhile, FIGS. 7(a) and 7(b) show the results of 
TEM analysis of XRD specimens analyzed in FIGS. 6(a) and 
6(b) and they support the XRD result related to the crystal 
linity of the TiSiN ?lm according to the Si content. 

Fourth Embodiment 

[0063] The TiSiN ?lm according to the invention may be 
deposited to have the same Si content according to the thick 
ness or to have a different Si content. Following Table 3 to 5 
are process conditions showing a method for differentiating 
the content. FIG. 8 is a sectional view illustrating a TiSiN ?lm 
manufactured based on such process conditions. 

TABLE 3 

DCS DCS Partial Si 
TiN[X]/ pls Pressure Content 
SiN[y] [sec.] [Torr] [%] 

TiSiNil 10 8 0.1 12 
TiSiNi2 7 8 0.1 15 
TiSiNi3 28 8 0.1 5 

TABLE 4 

DCS DCS Partial Si 
TiN[X]/ pls Pressure Content 
SiN[y] [sec.] [Torr] [%] 

TiSiNil 10 8 0.1 12 
TiSiNi2 10 8 0.1 12 
TiSiNi3 28 8 0.1 5 
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TABLE 5 

DCS DCS Partial Si 
TiN[X]/ pls Pressure Content 
SiN[y] [sec.] [Torr] [%] 

TiSiNil 2.5 8 0.1 18 
TiSiNiZ 28 8 0.1 5 
TiSiNi3 28 8 0.1 5 

[0064] As shown in Table 3 to 5, in the method for depos 
iting the TiSiN ?lm to have the same Si content, the three 
conditions required to adjust the Si content in the TiSiN ?lm 
such as the TiN deposition frequency(x times)/SiN deposition 
frequency(y times) and the DCS supply ?ow may be ?xed 
when the TiSiN ?lm is deposited. In the method for deposit 
ing the TiSiN ?lm to have the different Si content, the three 
conditions are differentiated to have the different Si content 
based on the TiSiN thickness. 
[0065] The combinations of the Si content based on the 
TiSiN thickness will be as follows: 

TiSiNil :TiSiNiZ :TiSiNi3; 

TiSiNi1:TiSiNi2==TiSiNi3; 

TiSiNil :TiSiNi2:TiSiNi3; and 

TiSiNi1==TiSiNi2==TiSiNi3. 

[0066] The thicknesses of the TiSiNil, TiSiNi2 and 
TiSiNi3 may be adjustable between 2 A and 100 A. 

Fifth Embodiment 

[0067] Different amounts of TiCl4, Ar, NH3 and Ar are 
sequentially supplied on a preheated substrate for 10 seconds, 
40 seconds, 60 seconds and 40 seconds, respectively. That 
process is repeated 14 times and a TiN thin ?lm is formed. 
DCS, Ar, NH3, Ar are sequentially supplied on the formed 
TiN thin ?lm for 8 seconds, 40 seconds, 60 seconds and 40 
seconds, respectively. That process is repeated two times and 
a TiSiN thin ?lm is ?nally formed. The process is repeated 
?ve times and the TiSiN thin ?lm is deposited. 
[0068] In this instance, the temperature of the susceptor is 
670° C. and the deposition pressure is 2 Torr. The partial 
pressure of the gas used in forming the TiSiN thin ?lm is 
DCS: 0.1 Torr and NH3:0.58 Torr. 
[0069] FIG. 9 shows measured change in resistivity of the 
?lm with respect to the TiCl4 supply amount to manufacture 
the TiSiN ?lm mentioned above. As shown in FIG. 9, when 
the TiCl4 partial pressure is over 6><10_4 Torr, the increase of 
the resistivity is aggravated. Accordingly, it is sure that the 
TiCl4 partial pressure is managed to be under 6><10_4 Torr. 
However, the TiCl4 partial pressure may be up to 9><10_3 Torr 
based on the application range of the TiSiN thin ?lm. 

Sixth Embodiment 

[0070] On the preheated substrate are sequentially supplied 
TiCl4 for 10 seconds, Ar for 40 seconds, NH3 for 60 seconds 
and Ar for 40 seconds. That process is repeated 14 times and 
a TiN thin ?lm is formed. On the formed TiN thin ?lm are 
sequentially supplied DCS for X seconds (0.4<X<30 sec 
onds), Ar for 40 seconds, NH3 for 60 seconds and Ar for 40 
seconds. The process is repeated 2 times and a TiSiN thin ?lm 
is ?nally formed. That process is repeated 5 times and the 
TiSiN thin ?lm is deposited. 
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[0071] In this instance, the temperature of the susceptor is 
6700 C. and the deposition pressure is 1 Torr. Also, the partial 
pressure of the gas used in forming the TiSiN thin ?lm is 
TiCl4:5><10_4 Torr, DCS: 0.1 Torr and NH3:0.58 Torr. 
[0072] FIG. 10 shows measured change in a resistivity with 
respect to the Si content of the TiSiN ?lm. As shown in FIG. 
10, when the Si content of the TiSiN ?lm is 20 atom % is less, 
a resistivity may be enhanced. 

1. A method for forming a TiSiN thin ?lm on a substrate 
according to ALD comprising: 

a ?rst process of preheating a substrate while supplying Ar 
or N2 containing inert gas to a chamber, after disposing 
a substrate in a chamber; 

a second process of forming a TiN ?lm on the substrate 
comprising ?rst steps: 
supplying Ti containing gas for a predetermined time, 
purging oversupplied Ti containing gas by supplying an 

inert gas for a predetermined time after that, 
supplying N containing gas for predetermined time after 

that, 
purging oversupplied residual products with an inert gas 

for predetermined time after that; 
a third process of forming a SiN ?lm comprising second 

steps: 
supplying Si containing gas on the thin ?lm for a prede 

termined time, 
purging oversupplied Si containing gas by supplying an 

inert gas for a predetermined time after that, 
supplying N containing gas for a predetermined time 

after that, 
purging residual products with an inert gas after that; and 

a fourth process of forming a TiSiN ?lm having a desired 
thickness by repeating the second and third processes at 
least one time, 

a partial pressure range of the gas used in forming the 
TiSiN thin ?lm is Ti containing gas 9><10_3 or less, Si 
containing gas: 1><10_3~3><10_l and N containing gas: 
7><10_3~6><10_l Torr, and a pressure range of the gas is 
500 mTorr~5 Torr and the Si content of the formed TiSiN 
thin ?lm is 20 atom % or less, 

characterized in that in the second proves the ?rst steps are 
repeated at least one time prior to the third process and 

that in the third process the second steps are repeated at 
least one time prior to the fourth process. 

2. The method for forming the TiSiN thin ?lm on the 
substrate according to ALD according to claim 1, wherein the 
Ti containing gas is TiCl4, TDMAT or TDEAT. 

3. The method for forming the TiSiN thin ?lm on the 
substrate according to ALD according to ALD according to 
claim 1 or 2, wherein the Si containing gas is SiH2C12, 
SiHCl3, SiCl4, SiH4 or Si2H6. 

4. The method for forming the TiSiN thin ?lm on the 
substrate according to ALD according to ALD according to 
one of the claims 1 to 3, wherein the N containing gas is NH3 
or MMH. 

5. The method for forming the TiSiN thin ?lm on the 
substrate according to ALD according to one of the claims 1 
to 4, wherein a preheating temperature in the preheating 
process is 400° C.~700o C. and a preheating pressure is 0.5 
mTorr~5 Torr. 

6. The method for forming the TiSiN thin ?lm on the 
substrate according to ALD according to one of the claims 1 
to 5, wherein a partial pressure of the Ti containing gas is 
6><10_4 Torr or less. 
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7. The method for forming the TiSiN thin ?lm on the 
substrate according to ALD according to one of the claims 1 
to 6, Wherein the temperature of a bubbler in the supply of the 
Ti containing gas is maintained at 0° C.~15° C. 

* * * * * 


