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1. Area of technology to which the invention described in the Claims belongs
The present invention relates to the precursor compound used to deposit metal nitride thin film over a silicon substrate used as a
semiconductor substrate, a method of manufacturing this compound, and a method of depositing a metal nitride thin film over a silicon

substrate using this compound.

2. Technical task to be resolved by this invention

The objective of the present invention is to provide a compound which shows low vapor pressure in a thin film deposition process and
is advantageous in increasing deposition speed and decreasing carbon impurity.

3. Summary of the solutions of the present invention

In the present invention, the problem described above is resolved by providing a organometallic compound defined by the following

general formula (1):

M[N(CH3)C,Hs]x ---------=--=------ @8]

In the above formula, M is selected from the metallic elements belonging to the group 3, group 4 and group 5 on the periodic table,

and X is an integer between 3-5.

4. Major use of the invention

The compound of this invention is to be used to form a metal nitride thin film on a silicon substrate in the semiconductor industry.

This Facsimile Page has been artificially created from KIPO data.
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Scope of Claims

Claim 1
An organometallic compound defined by the following general formula (1):

M[N(CH3)CoH;s]X -----mmmmmmmmmmeeem (1)

In the above formula, M is selected from the metallic elements belonging to the group 3A, group 4A, group 4B and group 5B on the
periodic table, and X is an integer between 3-5.

Claim 2
The organometallic compound of the general formula (1) of the claim 1, wherein M is selected out of aluminum (Al), gallium (Ga),
silicon (Si), germanium (Ge), stannum (Sn), titanium (T1), zirconium (Zr), and tantalum (Ta).

Claim 3
The organometallic compound of the general formula (1) of the claim 2, wherein M is selected among silicon (Si), stannum (Sn),
titanium (T1), and zirconium (Zr), wherein X is 4.

Claim 4
The organometallic compound of the general formula (1) of the claim 3, wherein M is selected out of titanium (Ti) and X is 4.

Claim 5
The organometallic compound of the general formula (1) of the claim 2, wherein M is aluminum (Al) and X is 3.

Claim 6
The organometallic compound of the general formula (1) of the claim 2, wherein M is tantalum (Ta) and X is 5.

Claim 7

A method of manufacturing the organometallic compound of the general formula (1), wherein alkali metal ethyl methyl amide is
manufactured by adding ethyl methyl amine to a solution with olefin base alkali metal salt molten in the same and reacting the
solution, and is reacted by dropping a metal chloride belonging to group 3A, group 4A, group 4B and group 5B in a solution
containing alkali metal ethyl methyl amide.

Claim 8
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The method of manufacturing the organometallic compound of the general formula (1) of the claim 7, wherein the metal chloride is
aluminum chloride.

Claim 9
The method of manufacturing the organometallic compound of the general formula (1) of the claim 7, wherein the metal chloride is a
chloride selected out of silicon tetrachloride, tin chloride, titanium chloride, and zirconium chloride.

Claim 10
The method of manufacturing the organometallic compound of the general formula (1) of the claim 7, wherein the metal chloride is
tantalum chloride.

Claim 11
The method of manufacturing the organometallic compound of the general formula (1) of one of the claims 7 to 11, wherein the olefin
base metal salt is butyl butane.

Claim 12
A method of forming a metal nitride thin film by a chemical deposition method using the organometallic compound defined by the
following general formula (1):

M[N(CH;3)C,H;s]X ---nnnnnmmmmmmnnaav (1)

In the above formula, M is selected out of the metallic elements belonging to the group 3A, group 4A, group 4B and group 5B on the
periodic table, and X is an integer between 3-5.
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Registration number Patent 0156980
SPECIFICATION

[Name of invention]
Compound for the Deposition of Metal Nitride Thin Film and Deposition Method Thereof

[Detailed explanation of the invention]

The present invention relates to the provision of the precursor compound used to deposit metal nitride thin film over a silicon substrate
used as a semiconductor substrate, and a method of depositing a metal nitride thin film over a silicon substrate 2 using this precursor
compound.

Generally, titanium nitride (TiN) is widely used as the thin film of metal nitride, and this thin film is being used in semiconductor
devices as a diffusion barrier to inhibit the junction spiking occurring at the conductor between aluminum and silicon, or, as an
adhesion layer between a substrate and a tungsten thin film to be deposited in the tungsten thin film deposition process.

Until the present time, the formation of TiN thin film for such a use has been achieved by the Physical Vapor Deposition (PVD) of the
sputtering type, which is widely used in the deposition of thin film.

However, the next generation semiconductor devices which are gradually becoming miniaturized like 256 MB or above memory
devices (DRAM = Dynamic Random Access Memory) requires the development of a thin film formation process using a new method
which is right for the miniaturization. This is because TiN thin film used in contact, via a hole, or other means, requires the deposition
of a thin film of relatively even thickness regardless of the shape of a substrate but the formation of a TiN thin film of even thickness
is difficult in the event of using a physical vapor deposition method (PVD method) in the next generation semiconductor devices like
256 MB level memory devices of which the aspect ratio of these holes becomes larger than 3.

Therefore, recently emphasis has been placed on the thin film deposition process using a Chemical Vapor Deposition method (CVD)
which allows the formation of a thin film of even thickness regardless of the shape of a substrate. According to this trend, remarkable
advancement has been made in the development of the TiN thin film deposition process technology using the organometal chemical
vapor deposition (MOCVD = Metal Organic CVD) since the beginning of the 1990's.

Under the titanium nitride (TiN) thin film deposition using the chemical vapor deposition, it is widely known that the deposition is
achieved as a compound called precursor of titanium chloride (TiCl,) or titanium aminate (Ti(NR,),) is thermally decomposed in a
nitrogen or ammonia (NH;) gas atmosphere, and R refers to alkyl group herein.

The titanium nitride (TiN) thin film deposition technology using titanium chloride (TiCl,), which is an inorganic compound, as the
precursor was introduced by A. E. Van Arkel and J. H. de Boer in 1925 and has been researched and improved steadily for a long

period of time over a span of 70 years.

However, the deposition process using titanium chloride (TiCl,) as a precursor in ammonia (NH3) gas atmosphere is showing the
following problems:

First, since chlorine element included in the precursor itself infiltrates into the deposited titanium nitride (TiN) thin film sometimes
causes aluminum corrosion, it ultimately has a negative impact on the reliability of the device.

Second, because the deposition is carried out at a high temperature of about 600 °C, It is difficult to use an aluminum with a low
melting point that can be melt at [the] via.
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Third, since such reaction by-products as TiCl;:(NH;3)x and ammonium chloride (NH4+ Cl-), which are hardly volatilized, are easily
generated and they are stuck to a cold area of the reaction container, they sometimes act as the cause of impurity.

Due to this type of problem, the research on the titanium nitride (TiN) thin film deposition process using titanium aminate (Ti(NR,),)
instead of titanium chloride (TiCly) as a precursor has been conducted actively from the beginning of the 1990's.

The titanium nitride (TiN) thin film deposition process using titanium aminate (Ti(NR,),), which is an organometallic compound, as a
precursor has seen a fast development recently due to the following advantages:

Because the deposition of thin film is achieved at a low temperature of 400 °C or below in this process using titanium aminate
(Ti(NR,),) as a precursor, it can not only be applied easily to via using aluminum but also prevent the corrosion of aluminum caused
by the chlorine, which is a problem in the process using titanium chloride (TiCly) in the ammonia (NH;) gas atmosphere since titanium
aminate (Ti(NR;),) used as a precursor doesn't have chlorine element in itself and thus, it has an advantage of be able to enhance the
reliability of devices.

Titanium aminate (Ti(NR;);) compound, which is mainly used for the deposition of titanium nitride (TiN) thin film as described above,
is tetrakise diethyl amino amino titanium (Ti(NEt,)4), of which R is ethyl group, and tetrakise dimethyl amino amino titanium
(Ti(NMe,),), of which R is methyl group, and the titanium nitride (TiN) thin film deposition process using these compounds of
tetrakise diethyl amino amino titanium (Ti(NEt,),) and tetrakise dimethyl amino amino titanium (Ti(NMe,),) as precursors have been
researched by dividing it into those cases using ammonia (NHj3) acting as reaction gas and those cases which don't use reaction gas.

In case of the former using ammonia (NHj3) as a reaction gas, titanium nitride (TiN) thin film is deposited from the trans amination
reaction route, whereas in case of the latter that doesn't use the reaction gas, titanium nitride (TiN) thin film is deposited from the
thermolysis reaction of the compound itself.

The titanium nitride (TiN) thin film deposition which doesn't use ammonia gas like the latter has an advantage of the simplified
deposition process and equipment design compared to the former using ammonia (NHj3) as a reaction gas since it doesn't use a reaction
gas, and it also provides an advantage in terms of process reproducibility compared to the former which uses ammonia (NHj;) as the
reaction gas. Therefore, the electronic industrial is showing more interest in the latter process which doesn't use the reaction gas as the
titanium nitride (TiN) deposition process.

As an example of the latter which doesn't use the reaction gas as described above, a titanium nitride (TiN) deposition process using
tetrakise dimethyl amino amino titanium as a single precursor was developed and announced by Applied Materials, which is an
equipment manufacturer, in 1992 and since then, the interest in the titanium nitride (TiN) thin film deposition using a single
compound has been increase rapidly.

The titanium nitride (TiN) thin film of Applied Materials deposited a single precursor of tetrakise dimethyl amino amino titanium is
known to have carbon impurity of about 27-30% within the thin film. Because a high carbon content within the thin film like this
increases the electric resistance of the titanium nitride (TiN) thin film and thus, have a bad impact including the delay in the signal
transmission speed of the device, various research organizations including businesses and universities are making efforts to decrease
the content of carbon impurity and deposit a titanium nitride (TiN) thin film effective in its application to semiconductor devices.
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As a part of the research to resolve the problems described above, the research to develop a single precursor which can substitute
tetrakise dimethyl amino amino titanium is being conducted actively. For example, Tri Chemical and NTT in Japan disclosed biscyclo
pentadiene-1 titanium diazide [Cp,Ti(N3), ; Cp=Cyclopentadiene] compound, and AT&T in the United States is introducing such
compounds as tri [azide dimethyl amino (p’-dimethyl amino) titanium] di (i*-azide) {[Ti(NMe,)(N3)(u-NMe2)]s(1*-N3),} as a single
precursor for the deposition of titanium nitride (TiN) thin film.

However, even the titanium nitride (TiN) thin film deposited using these compounds as a single precursor contains a large amount of
carbon impurity as in the case of using only tetrakise dimethyl amino amino titanium as a single precursor, and especially, it has an
inherent problem of very slow deposition because the vapor pressure of the compounds is very low, and has a shortcoming of the
difficulty in the reproducible delivery of a compound because the compound exists in a solid state.

This research team and Professor Jae Kap Lee at the Kookmin University jointly conducted a research using as a single precursor the
tetrakise diethyl amino amino titanium (Ti(NEt,),) compound which is expected to act favorably in increasing the speed of deposition
and decreasing carbon impurity from a different deposition reaction route even though it shows a little lower vapor pressure compared
to tetrakise dimethyl amino amino titanium (Ti(NMe,),), and as a result of this research, it was found that the thin film deposited from
a single precursor of tetrakise diethyl amino amino titanium (Ti(NEt,)s) showed a decrease of 15-25% in the content of carbon
impurity and an increase in the speed of deposition as well, but in terms of depositing the thin film in an even thickness, it was found
to be inferior to the use of tetrakise dimethyl amino amino titanium (Ti(NMe,),).

When tetrakise diethyl amino amino titanium (Ti(NEt,),) is used as a single precursor for the deposition of titanium nitride (TiN) thin
film as described above, the reason why a faster speed of deposition and a lower content of carbon impurity are shown is deemed to be
because of the effect on the deposition reaction route from the existence of B-hydrogen within the amide ligand of tetrakise diethyl
amino amino titanium (Ti(NEt,),).

When viewed on the basic of the above information, it is keenly required to develop the development of a precursor which can
supplementation the shortcomings of the existing single precursor in order to perform the development of titanium nitride (TiN) thin
film deposition process using a chemical vapor deposition successfully, and the basic characteristics of the precursor to be developed
are as follows:

First, in order that a titanium compound is to be used as a single precursor in the deposition of titanium nitride (TiN) thin film, it
should be a stabilized compound in which nitrogen element forms a covalent bond with titanium;

Second, it should have characteristics at a level comparable to tetrakise dimethyl amino amino titanium tetrakise diethyl amino amino
titanium, which are widely known existing precursors;

Third, the compound should facilitate the control of the delivered amount of precursor as it exists as liquid or gas with thermal
stability for a reproducible deposition process; and

Fourth, it should be a compound designed to ensure that fast speed of deposition is provided and a deposition reaction route favorable
in minimizing the penetration of impurity within the film is available.

As a result of conducting researches repeatedly for the development of a compound carrying the characteristics of a precursor
described above, we have gotten to complete the present invention.

In the present invention, the following general formula (1) defines a precursor compound for the deposition of a new titanium
compound and a number of metal nitride thin films which can satisfy the requirements of a single precursor for the deposition of
titanium nitride (TiN) metal thin film described above to the maximum, incorporate the advantages of tetrakise dimethyl amino amino
titanium and tetrakise diethyl amino amino titanium which have been used most widely so far.
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Formula 1
M[N(CH;3)C,Hs] X - (1)

In the above formula, M refers to a metallic elements belonging to the group 3A, group 4A, group 4B and group 5B on the periodic
table, and X is an integer of 3 to 5.

Out of the compounds of the above general formula (1), it is desirable to use those compounds containing the metallic elements
belonging to group 3A such as aluminum (Al) and gallium (Ga), the metallic elements belonging to group 4A such as silicon (Si),
germanium (Ge) and tin (Sn), and those belonging to group 4B such as titanium (Ti) and zirconium (Zr), and tantalum (Ta) belonging
to group 5B as a precursor for the deposition of metal nitride thin film, and especially, titanium (Ti), which is an metallic element
belonging to group 4B, is suitable to be used as a single precursor for this.

Therefore, we intend to describe the present invention mainly focusing on the compounds of the following general formula (2) which
are the precursors for the deposition of titanium nitride (TiN) thin film mainly used as a diffusion barrier or an adhesion layer in
semiconductor devices:

Formula 2

Ti[N(CH3)CoHs ]y ---mmmmmmmmmmmmeee (2)

The compound of the above general formula (2) according to the present invention is named as tetrakise ethyl methyl amino titanium,
and when the compound of the above general formula (2) is used as a precursor for the deposition of titanium nitride (TiN) thin film,
the following effects are provided:

First, since it exhibits the intermediate characteristics of tetrakise dimethyl amino amino titanium and tetrakise diethyl amino amino
titanium which have been widely used as the precursors for the deposition of titanium nitride (TiN) thin film, the problems caused by
the two compounds can be neutralized more or less, and

Second, the development of new processes will be made possible as the scope of the choices of precursors is becoming wider.

The new compounds of the above general formula (1) according to the present invention can be manufactured through the following
manufacturing process, and since the degeneration caused by the contact with air should be prevented throughout the entire process, it
should be conducted under the flow of such inert gas as nitrogen or argon gas.

The compound of the general formula (1) can be made easily by manufacturing the alkali metal ethyl methyl amide by adding ethyl
methyl amine to a solution with an olefin base alkali metal salt such as butyllithium molten in it and reacting the solution, and by
dropping a metal chloride belonging to group 3 - group 5 in a solution containing alkali metal ethyl methyl amide as defined in the
above general formula (1) and reacting the solution.

Formula 3

M'C4,Hy+ HN(CH;3)C,Hs------------ M'N(CH;3)C,Hs+ C4Hyg
Formula 4

x M'N(CH3)C,Hs+ MCly------------ M[N(CH;)C,H;]x + xM'Cl

M and X in the above reaction formula are the same as in the above general formula (1) and M' refers to alkali metal.

With regard to the method of manufacturing the compound of the present invention, more detailed explanations are provided with
embodiments.

[Embodiment 1]
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Synthesis of Ti[N(CH3)C,Hs]4

White lithium ethyl methyl amide suspension is generated by slowly dropping 72 g (1.2 mole) of ethyl methyl amine in nucleic acid
solution of -78 °C with 77 g (1.2 mole) of butyllithium molten in it under the flow of nitrogen gas and stirring the solution and it keeps
being stirred at room temperature until butane gas is not generated any more If butane gas is not generated any more, a dark brown
mixture including tetrakise ethyl methyl amino titanium is generated by slowly dropping 57 g (0.3 mole) of titanium chloride at -78 °C
and it keeps being stirred at room temperature for five hours from the point of time at which no further increase in temperature does
not occur for the completion of reaction.

In order to separate tetrakise ethyl methyl amino titanium from the mixture containing tetrakise ethyl methyl amino titanium of the
present invention which has been done with the reaction, the mixture is left still for 24 hours and subsequently, dark brown
supernatant is separated carefully from the deposit and is filtered under the flow of nitrogen, from which brown filtrate is obtained.

Nucleic acid of a volume sufficient for rinsing is added again to the deposit left after removing supernatant and the solution is stirred
for an hour and the floating matters are deposited for a day. Supernatant is separated and filtered as before and the filtrate is added to
the initial filtrate.

When all volatile materials are removed from the filtrate using 30 °C vacuum, dark brown liquid is obtained.

When the dried dark brown filtrate is distilled using vacuum (107 torr) at 90 °C, orange colored distillate is collected in a container
cooled down by liquid nitrogen and if the orange colored first refined solution is refined at 60 °C using the same method, 45 g of
yellow tetrakise ethyl methyl amino titanium solution is obtained.

As a result of checking the synthesized tetrakise ethyl methyl amino titanium by a hydrogen nuclear magnetic resonance analysis, the
analysis data and observed physical properties are as shown in the following Table 1 and it was found that the material generated was
tetrakise ethyl methyl amino titanium.

When this embodiment is expressed in a reaction formula, it is by the following reaction path:

Reaction Formula 1

Nucleic acid

LiCHs + HN(CHz)CoHls ——~———m oo L LINGCHC
I8C/0C. st N CHICHS + Catlo

Reaction Formula 2

TiCL ALiN(CHs) Nucleic acid
a 5 T T — Ti[N(CH3)C .
78C/200 Siming. L INCH)Calss + ALICLH

[Embodiment 2]
Synthesis of Zr[N(CH;)C,Hs]4

White lithium ethyl methyl amide suspension buffer is produced using the same method with that of Embodiment 1 above, and the

suspension suspended with the produced lithium ethyl methyl amide is added to the nucleic acid suspension suspended with 70.2 g of
zirconium chloride slowly using a Teflon tube and the reaction is conducted using the same method with that of Embodiment 1.
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The mixture was changed into a yellow solution when zirconium chloride was added, and when the dark yellow dried filtrate was
distilled for the first time as in Embodiment 1, 79.8 g of yellow tetrakise ethyl methyl amino zirconium solution could be obtained.

As a result of checking the obtained compound by a hydrogen nuclear magnetic resonance analysis, the analysis data and observed
physical properties are as shown in the following Table 1 and it was found that the material generated was tetrakise ethyl methyl
amino zirconium.

Reaction Formula 3

Nucleic acid

ZrCly + 4LIN(CH3)C;Hs — -~ — Zr[N(CH3)C + 4L
~18T/20C, Stirring Ho)CoEsle + 4LICIY

[Embodiment 3]

Synthesis of Sn[N(CH3)C,Hs]4

1.2 mole of white lithium ethyl methyl amide was produced using the same method with that of the above Embodiment 1, and the
process was conducted using the same method with that of Embodiment 1 while using 78.3 g (0.3 mole) of tin chloride (SnCly).

When tin chloride was added, the mixture was changed into light ivory and was changed into yellow after the completion of the
reaction following the stirring for 10 hours, and 78.6 g of yellow liquid could be obtained after drying the filtrate.

As a result of checking the obtained liquid by a hydrogen nuclear magnetic resonance analysis, the analysis data and observed
physical properties are as shown in the following Table 1 and it was found that the material generated was tetrakise ethyl methyl
amino tin.

Reaction Formula 4
Nucleic acid

SnCly + 4LIN(CH3)Co:Hs ————————————- —> Sn[N(CH3)CsHsls + 4LiCl }
-78C/207C, Stirring

[Embodiment 4]

Synthesis of Si[N(CHs)C,Hs]s

White lithium ethyl methyl amide was produced using the same method with that of Embodiment 1 above, and yellow filtrate was
obtained by adding 50.9 g of silicon tetrachloride (SiCl) slowly as drops while sufficiently cooling down the produced lithium ethyl
methyl amide suspension with ice, heating it for reflux for 48 hours and filtering it under the flow of nitrogen. When it was distilled at
100 °C vacuum after removing all volatile materials from the filtrate using vacuum (107 torr) at 40 °C, 68.5 g of colorless liquid
Si[N(CHj3)C,Hs] was obtained. As a result of checking the synthesized compound by a hydrogen nuclear magnetic resonance analysis,
the analysis data and observed physical properties are as shown in the following Table 1a and it was found that the material generated
was tetrakise ethyl methyl amino silicon.

Reaction Formula 5

. ) Nucleic acid
SiICh + ALIN(CH3)CoHs ———=—-~—n=-=mm — SiIN(CH3)CoHs)y + 4LiCl .
0C/807TC ,Reflux, stirring

[Embodiment 5]
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Synthesis of Ta[N(CH3)C,Hs],y

White lithium ethyl methyl amide solution is produced using the same method with that of Embodiment 1 above, and the suspension
suspended with the produced lithium ethyl methyl amide was added to the nucleic acid suspension suspended with 80 g of tantalum
chloride (TaCls) slowly using a teflon tube and the reaction was conducted using the same method with that of Embodiment 1, which
produced orange filtrate. When all volatile materials were removed from the filtrate using vacuum (107 torr) at room temperature,
reddish brown viscous liquid was obtained, and 72 g of reddish brown solid was obtained by adding an appropriate amount of nucleic
acid to that again and drying the filtrate using vacuum after filtering it.

As a result of conducting a hydrogen nuclear magnetic resonance analysis for the synthesized compound, it was found that the
synthesized material was pentakise ethyl methyl amino tantalum and the analysis data and observed physical properties are as shown
in the following Table 1.

Reaction Formula 6

TaCls ) 5 'N(Cf{a)c Nucleic acid
alls + ol gHs —=———m—mmee TafN ‘
~78°C/20°C, Stirring a[N(CH3)Colls)s + 5LiC1 |

[Embodiment 6]

White lithium ethyl methyl amide suspension buffer was produced using the same method with that of Embodiment 1 above, and 70 g
of beige viscous liquid was obtained by proceeding with the reaction using the same method with that of Embodiment 1, while
dropping it slowly in nucleic acid solution suspended with 50 mg of aluminum chloride (AICl;), and drying the filtrate.

As a result of conducting a hydrogen nuclear magnetic resonance analysis for the synthesized compound, it was found that the
synthesized material was trise ethyl methyl amino aluminum and the analysis data and observed physical properties are as shown in
the following Table 1.

Reaction Formula 7 . .
Nucleic acid

AlClz + 3LIN(CH3)CoHs  —--—-~=~——=—~ -— Al{N(CH3)C iCT
5 B0, S [N(CHs)CzHs]3 + 3LiCI
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Compound Phase (18 °C) Color Nuclear magnetic resonance

"H CeDs 51.10(t, 3H);

Embodiment 1 TiIN(CH3)C2Hsls | Liquid Yellow 53.11(s, 3H);
! 53.44(q, 2H)

'H CeDs 51.17(t, 3H);

Embodiment 2 Zr{N(CHs)C2zH5)y | Liquid Yellow 83.00(s, 3H):
53.25(q, 2H)

"H CeDs 50.99(t, 3H);

Embodiment 3 SnIN({CH3)C-Hs]4 | Liquid Colorless 52.44(s, 3H);
82.80(q, 2H)

H CeDs 81.13(t, 3H);

Embodiment 4 SiIN(CHs)C2H5la | Liquid Yellow 82.79(s, 3H);
83.06(q, 2H)

— 'H CeDs 51.13(t, 3ID);

Embodiment 5 TalN{CH3)C2Hsls | Solid Yellowish brown 83.25(s, 3H);
83.56(q, 2H)

"H CsDes 81.25(t, 3H);
82.76(s, 3H)

Embodiment 6 AIN(CHz)C2Hs); | Sticky liquid Gold and white
83.10(g, 2H)

The deposition test of titanium nitride (TiN) thin film was conducted using the tetrakise ethyl methyl amino titanium produced from
Embodiment 1 from the compounds that were produced by the manufacturing method of the present invention.

[Experimental example 1]

The tetrakise ethyl methyl amino titanium (Ti{N(CH)CH]) synthesized from Embodiment 1 was used as the precursor, argon (Ar) with
the flow velocity of 100 to 600 sccm as the delivery gas, and ammonia (NH) as the reaction gas, the substrate used was a silicon
substrate with the temperature of 250 °C - 400 °C, tetrakise ethyl methyl amino titanium which was the precursor was heated to 55 °C
- 80 °C and supplied to control the inflow volume of precursor delivered into the reactor, and the delivery tube of the precursor and the
reactor wall were heated at 80°C - 85°C in order to prevent the condensation of evaporated precursor.

[Experimental example 2]
Titanium nitride (TiN) thin film was deposited under the same condition as in the Experimental Example 1, but reaction gas was not

used.

AES (Auger Electron Spectroscopy) was used to analyze the composition of deposited thin film, and SEM (Scanning Electron
Microscopy) was used for surface analysis.

The thin film deposited using ammonia as the reaction gas was golden colored, however, it was green when reaction gas was not used
and there was a single precursor. It was found that when ammonia (NH) gas was used as the reaction gas, the thin film contained less
than 1% of carbon, and less than 3% of oxygen.
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The green thin film, which was deposited by a single precursor without using reaction gas, was a thin film with a pillar structure which
had about 15 - 20% of carbon (C), and about 5 - 10% of oxygen (O).

As indicated by the above results, the contents of carbon and oxygen within titanium nitride (TiN) thin film are decreased when the

compound of the present invention, tetrakise ethyl methyl amino titanium, is used, as compared to when the existing compound of
tetrakise diethyl amino amino titanium or tetrakise dimethyl amino amino titanium is used.
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S CRL
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st719 A1) 2 Ao+ 77155 AFE

M[N(CH3)CoH5Ix --------mmm-mmmmmm- (1)

A7) Ao A Me 718749 3A%, 4A%, 4B%, 5B &3t S5 94FA AdgEn, XE 3
=] 59 A olth

%2

A1gel gloj A, Mo] &Fug(Al), ZE(Ga), +x(S1), A =2vhx(Ge), F4(Sn), B eF(Ti), A=
F5(Zr), @25(Ta) oA d8E = SALE st du(1)9 #2538 =.

A28l 51014, Mo] F4(Si), 4 (Sn), ¥ ek (Ti), A = 313(Zr) FolA A5 3, X7t 49 212
ERoz s Y1) §71F4IHTE.

A7 4

A3F oI A, Mo] Elebs(Ti) Fol A Aes) 7 X7k 49 2 Sqor st A1) §712
S3h3E.

4735

A28 gloiA, Mo] 42 r5(A)o] 3, X7} 39 A& B0 st AMA1) #7134 3TE.

A% 6

A2l 1ol 4, Me] B2 (Ta)ol i, X759 212 540 she A1) #7134 Q2.
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2 g2 e A 7o g AR EE AT agd A3FE kg S22 7w AR E = At

Al BgES AT 2 AFA IFES o &3t a7 2011 AstF < vhahg ST = Wy o
3t Zlo]th.

Aslg&e] ahto g = dubx o g A3t gho|(TiN)o] g@o] o]-&% 1 glom, o3t Jhupe &=
g AEE JESHoA HAE = dF2sho] A (junction spiking)-& A 817 9 s Fat W) dt
(diffusion barrier) © 2 4] ®+ ®2dl whut 2 F A A] 7] M (substrate)y} 52w = § 2] #hit

Aol o] A #=(adhesion layer) 0 2 A BF= X 2 7pol] AM2E 2 Q)T

o
H

22§59 TiN g9hat PA2 AR 712 = dhet S 2e) g 2] ARS-5 1 9l 25 ¥ ¥ (sputtering)
o] B = %Z‘(PVD Phys1cal Vapor Deposition)oi] 23} o] Fo]# £t}

O

Jzﬁ

2} 256 H| 7hF o] Ake] 7] 9 A ZHDRAM=Dynamic Random Access Memory)2} ZHo] A x| 1
2} Fo] 7 AT WA el A v A skl Agek e e w34 37 o] A
LT Yot 2 o] fZE FH=(contact)o]} v oHvia) E(hole) 5ol AH25 = TiN ‘i}‘—’}ﬁ 7
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h
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o)oll Wl 2250 7)wke] Welo] TAGo) w5 F19) whuk § o) e BhakA Z2(CVD ;
Z

Chemical Vapor Deposition)& AH&-aH= 3t 22 24 ) 7]ko] 225 1 9k 0|9 2L 3
of wa} 1990 dth ol Eol WA {7 F% 33 5 2HMOCVD=Metal Organic CVD) 2 A& 3

TiN ¥} 32 34 7] A0S FEA0e $202 25 o gt

815 3202 A-83 P2 HTIN) 93 32 74 (precursor)el 229+ 8
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ghotu ] o] E(Ti(NR2)4) ZM] o daga7t EA8A 7] wEol] YR oHNH3)7 7t &9 7] 38}
A AR HTICly) = AFAZA ALE3te 4NA 247 He 94z d3 €5 v 4
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o Fobu e B HTINE)4) S 2 5 E £ 28 e e Bo2e| Yupo] 15~25%2 4TS &
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3hshA 1
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SES
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HEg-A 2
LR
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i — i 3)Cz2Hsly + 4LiCl1 |
[ A4 2]
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=
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Ta[N(CH3)CoH5129 A

79 Anello] et FA% PPz WAel e g oD wd ofu = §92 A x5, FoTg
(TaCls) 80ge] 548 84 Aetofo] Azd 26 ol d wQ oju| =7} 548 Astole Hl=z
B2 Aol AN 8 7ok AN el 1o A9 Qe Bo Wee Aasto] 2BAo) o Tjoio]
Agit). o Tf o2 HE o] Fbsd BE EAL Ao A F(107 torr) 2 o] §ato] A A5
FEA 24| AAE A3, ol7]o] thAl AP WL Aol FI ol F AT o §3H]
ofzbel g Azl 7299 FEA TAE Ach

HA3E IFEN Y3 T4 YA 3 B4 AAESREH A4 Q0] HET| A o  fE opu|
geg JdS 2y EA s 2 #5H Byy 542 oy & 13 A
LS )
TaCls + A
aCls + SLIN(CH3)CoHs --~————~—=———- — Ta[N(C :
Py (CH3)CaHs)s + 5LiCl1 |
[ 2] 6]
3718 Ao 1o Ae}t 5Lt I oz WA gEg o g WE opn= RF§HS Axea, 50g
9] d3LgFnE(AICI3) o] Ffdt= A g Hol HAs] Bojme] AAjof 1o|Ae} 5L HH o= 1t
=2 A3ste] oA S ARt o] XA FA A 7092 AUt
FAE FFE i 4 AU FH BN AERE FAEH EZo] Ea oA wA ol &
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] 34t
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B3E 24(18T) Al A7) 2w
'H CeDs 51.10(t, 3H);
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83.25(q, 2H)
'H CeDs 50.99(t, 3H);
AAle] 3 | SnIN(CH3)CHsls| ) ) 4 82.44(s, 3H);
82.80(q, 2H)
'H CeDs 51.13(t, 3H);
dAe] 4 | SiIN(CH)CoHsls | 9 &) | = 3 82.79(s, 3H);
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Awo] 142 £A3 2 A0 2 A3HE RHTIN) =)
o},

29 wuvte] 249 FAENL

T, EmEE
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=
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