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(57) ABSTRACT 

Atomic layers can be formed by introducing a tantalum 
amine derivative reactant onto a substrate, Wherein the 
tantalum amine derivative has a formula: Ta(NRl)(NR2R3)3, 
Wherein R1, R2 and R3 are each independently H or a C l-C6 
alkyl functional group, chemisorbing a portion of the reac 
tant on the substrate, removing non-chemisorbed reactant 
from the substrate and introducing a reacting gas onto the 
substrate to form a solid material on the substrate. Thin ?lms 
comprising tantalum nitride (TaN) are also provided. 



Patent Application Publication Nov. 9, 2006 Sheet 1 0f 11 US 2006/0251812 A1 

FIG. 1A 

,9 m 
/ /// / / ///-Vm 

FIG. 1B 

WW’ 
////////////-w10 



Patent Application Publication Nov. 9, 2006 Sheet 2 0f 11 

FIG. 1C 

US 2006/0251812 A1 

FIG. 1D 

14 

2 
7////////// - 



Patent Application Publication Nov. 9, 2006 Sheet 3 0f 11 US 2006/0251812 A1 

FIG . 2 

TEMPERATURE (‘0) 
140 120 100 80 so 40 

1 1 a l I r 

A0“ 
”‘g M TAIMATA 

% 
...-1_... E 
2 
> 

“2.... 

f f i 
2.6 2.8 3.0 

1000/1‘ (K‘l) 



Patent Application Publication Nov. 9, 2006 Sheet 4 0f 11 US 2006/0251812 A1 

FIG.3A 

FIG.3B 



Patent Application Publication Nov. 9, 2006 Sheet 5 0f 11 US 2006/0251812 A1 

FIG. 4A 

300 . T I I l 10 

E 250 
E “‘ _ 

05 s g 
m 200 - M 

R -6 2 

g 100 - 33 

E5] 50 _ ‘ 2 

0 r“ H . i | Q 

100 200 300 400 500 660 

TEMPERATURE OF STAGE Cc) 

FIG. 4B 

300 . . l : 1536 

.5 250 ~ 3 
E. E 
*5 200»- n 
E -: 1E5 E 
E 150 - - g 

g E 
5;; 100 - 5i 
U3 ‘:2 
9 g? 
g 50 " 1E4 :5: 

0 
100 200 300 4G0 500 600 

TEMPERATURE OF STAGE (6) 



Patent Application Publication Nov. 9, 2006 Sheet 6 0f 11 US 2006/0251812 A1 

FIG.5A 

6 .4. 

10 

300 

600 500 300 400 

TEEPERATURE OF STAGE (‘0) 
200 

FIG.5B 

czwmomawg Q6 
5 

E E 

600 500 400 300 100 200 

TEMPERATURE OF STAGE (‘0) 



Patent Application Publication Nov. 9, 2006 Sheet 7 0f 11 US 2006/0251812 A1 

FIG.5C 
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METHODS FOR FORMING ATOMIC LAYERS AND 
THIN FILMS INCLUDING A TANTALUM AMINE 
DERIVATIVE AND DEVICES INCLUDING THE 

SAME 

RELATED APPLICATIONS 

[0001] This application is a divisional of application Ser. 
No. 10/856,627, ?led May 28, 2004, entitled Methods for 
Forming Atomic Layers and Thin Films Including Tantalum 
Nitride and Devices Including the Same, Which application 
is a continuation-in-part of US. patent application Ser. No. 
10/196,814, ?led Jul. 17, 2002, Which claims the bene?t of 
Korean Patent Application Nos. 2001-43526, ?led Jul. 19, 
2001 and 2002-17479, ?led Mar. 29, 2002. This application 
also claims the bene?t of Korean Patent Application No. 
2003-34352, ?led May 29, 2003. The disclosures of each are 
hereby incorporated herein by reference in their entirety as 
if set forth fully herein. 

FIELD OF THE INVENTION 

[0002] The present invention relates to methods of form 
ing atomic layers and thin ?lms, and more particularly, 
methods of forming atomic layers and thin ?lms using 
metallic precursors. 

BACKGROUND OF THE INVENTION 

[0003] It is desirable for metal layers used for metal lines 
on semiconductor devices to be compatible in various struc 
tured forms. To increase the density of devices formed on a 
semiconductor substrate, a metal layer can be formed as a 
multi-layered structure. The metal layer can include, for 
example, aluminum or tungsten. HoWever, the speci?c resis 
tance of aluminum is about 2.8><10E-8 Qm and the speci?c 
resistance of tungsten is about 5.5><10 E-8 Qm. Thus, 
aluminum and tungsten are typically unsuitable for a multi 
layer structure. Consequently, copper, Which has relatively 
loW speci?c resistance and good electromigration charac 
teristics, is often used as a metal layer of a multi-layered 
structure. 

[0004] Copper can exhibit a very high mobility When 
compared to silicon and silicon oxide. HoWever, copper can 
easily be oxidiZed When it reacts With silicon and silicon 
oxide. Accordingly, it may be desirable to suppress the 
oxidiZation of copper by using a barrier metal layer. 

[0005] A titanium nitride layer has been used as a barrier 
metal layer. HoWever, the titanium nitride layer may not be 
suitable as a barrier metal layer for copper Where the 
titanium nitride layer is desired to have a thickness above 30 
nm to restrain the mobility of copper. Since the titanium 
nitride layer has a resistance proportional to the thickness 
thereof and a high reactivity, the resistance may be highly 
increased When the titanium nitride layer has a thickness 
above 30 nm. 

[0006] For at least this reason, a tantalum nitride layer is 
suggested for the barrier metal layer Where a tantalum 
nitride layer may restrain the mobility of copper even When 
the tantalum nitride layer is thin and has loW resistance. 
Additionally, the tantalum nitride layer may exhibit a suit 
able step coverage characteristic and a suitable gap-?lling 
property so that the tantalum nitride layer can also be used 
as a metal plug, a metal Wiring, a metal gate, a capacitor 
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electrode and/or the like, in addition to the barrier metal 
layer. Examples of tantalum nitride layers that can be used 
as barrier metal layers are disclosed in US. Pat. No. 6,204, 
204 (issued to Paranjpe et. al.), US. Pat. No. 6,153,519 
(issued to Jain et. al.), and US. Pat. No. 5,668,054 (issued 
to Sun et. al.). 

[0007] According to the disclosure in US. Pat. No. 5,668, 
054, the tantalum nitride layer is deposited through a chemi 
cal vapor deposition process by using terbutylimido-tris 
diethylamido-tantalum ((NEt2)3Ta=Nbut, hereinafter simply 
referred to as “TBTDET”) as a reactant. The process is 
carried out at a temperature above about 600° C. If the 
process is carried out at a temperature of about 5000 C., the 
speci?c resistance of the tantalum nitride layer may exceed 
10,000 Qcm. In addition, since the above process is carried 
out at a relatively high temperature, the semiconductor 
device can be thermally damaged. Further, it can be di?icult 
to achieve a tantalum nitride layer having the desired step 
coverage When a chemical vapor deposition process is used. 

[0008] Recently, an atomic layer deposition (ALD) pro 
cess has been suggested as a substitute for the chemical 
vapor deposition (CVD) process. The atomic layer deposi 
tion process can be carried out at a relatively loW tempera 
ture as compared With a conventional thin ?lm forming 
process and can achieve superior step coverage. Examples of 
the atomic layer deposition processes for depositing tanta 
lum nitride are disclosed in US. Pat. No, 6,203,613 (issued 
to Gates) and in an article by Kang et al., entitled “Plasma 
Enhanced Atomic Layer Deposition of Tantalum Nitrides 
Using, Hydrogen Radicals as a Reducing Agent,”Electr0 
chemical and Solid-State Letters, 4(4) C17-19 (2001). As 
described in the Kang et al. article, a tantalum nitride layer 
having a speci?c resistance of about 400 cm, can be formed 
by an atomic layer deposition process using TBTDET. The 
deposition is carried out at a temperature of about 260° C. 
Accordingly, a thin ?lm having a loW speci?c resistance can 
be formed at a relatively loW temperature. In addition, a 
hydrogen radical obtained by a plasma-enhanced process is 
used as a reducing agent. Therefore, a poWer source is 
applied into a chamber When the deposition is carried out. 
For this reason, the process described by Kang et al. presents 
process parameters that may be in?uenced by the poWer 
source applied to the chamber. Thus, While the Kang et al. 
process can be used to form a thin ?lm having a loW speci?c 
resistance at a relatively loW temperature, the process 
parameters, Which include control of the poWer source, are 
added. Moreover, because the Kang et al. process applies the 
poWer source directly to a predetermined portion of the 
chamber to Which a semiconductor substrate is placed, the 
semiconductor substrate can be damaged by the poWer 
source. 

[0009] AnALD process using a tantalum chloride (TaCl5) 
source in tantalum nitride (TaN) thin ?lm deposition is 
disclosed in an article by Mikko Ritala et al. entitled 
“Controlled GroWth of TaN, Ta3N5 and TaOxNy Thin Films 
by Atomic Layer Deposition,”Chem. Mater 1999, 11, pp 
1712-1218. Additionally, a CVD process using a TBTDET 
source in TaN thin ?lm deposition is disclosed in an article 
by Tsai MH et al. entitled “Metal organic chemical vapor 
deposition of Tantalum Nitride by Terbutyl-imidotris 
(Diethylamido) Tantalum for Advanced MetalliZation,”Ap 
plied Physics Letters, V. 67 N. 8, 19950821. 
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[0010] However, the conventional TaN deposition process 
can exhibit several potential problems due to the potential 
problems associated With the sources. For example, the 
TaCl5 source is generally a halogen source, and the halogen 
source is a solid state and has a high melting point. There 
fore, When the TaCl5 source is employed for the deposition 
process, particles can be generated and impurities, including 
chloride, may remain on the deposited TaN thin ?lm Which 
can induce additional problems. When a TBTDET source is 
used for the depositing process, the deposition rate can be 
too sloW because of a loW vapor pressure. 

[0011] Japanese Laid-Open Patent No. 2002-193981 dis 
closes a method of preparing tertiary amyl imido-tris-dim 
ethylamido tantalum (Ta(NC(CH3)2C2H5)(N(CH3)2)3, 
(hereinafter simply referred to as “TAIMATA”) and a metal 
organic CVD (MOCVD) process using a solution including 
TAIMATA as a precursor. According to the method dis 
closed in Japanese Laid-Open Patent No. 2002-193981, 1 
mole of TaCl5, 4 moles of LiNMe2 and 1 mole of LiNHtAm 
are reacted in an organic solvent at room temperature. The 
reaction product can be ?ltered and the solvent used can be 
removed to prepare TAIMATA. This material can be dis 
solved into an organic solvent, such as hexane, and thus, the 
solution obtained can be deposited onto a substrate in a CVD 
room to form a TaN thin ?lm. 

[0012] According to the above-described method, hoW 
ever, since the TaN thin ?lm is formed by using only 
TAIMATA, the formation of the TaN thin ?lm may be 
uncertain even though the preparation of TAIMATA may be 
advantageously carried out. When the deposition process is 
carried out onto the substrate by the CVD process using only 
TAIMATA, the vapor pressure may not be high enough and 
the process can be ineffective. 

SUMMARY OF THE INVENTION 

[0013] Embodiments of the present invention provide 
methods of forming atomic layers including introducing a 
tantalum amine derivative reactant onto a substrate, Wherein 
the tantalum amine derivative has a formula: 
Ta(NRl)(NR2R3)3, Wherein R1, R2 and R3 are each indepen 
dently H or a Cl-C6 alkyl functional group, chemisorbing a 
portion of the reactant on the substrate, removing non 
chemisorbed reactant from the substrate and introducing a 
reacting gas onto the substrate to form a solid material on the 
substrate. 

[0014] In other embodiments, the present invention pro 
vides methods of forming thin ?lms including (a) introduc 
ing a tantalum amine derivative reactant onto a substrate, 
Wherein the tantalum amine derivative has a formula: 

Ta(NRl)(NR2R3), Wherein, R1, R2 and R3 are each indepen 
dently H or a C l-C6 alkyl functional group, (b) chemisorbing 
a portion of the reactant on the substrate, (c) removing 
non-chemisorbed reactant from the substrate, (d) introduc 
ing a reacting gas onto the substrate to form a solid material 
including tantalum nitride (TaN) on the substrate and (e) 
repeating steps (a) to (d) at least once to form a tantalum 
nitride (TaN) thin ?lm including the solid material. 

[0015] Further embodiments of the present invention pro 
vide methods of forming thin ?lms including (a) forming an 
insulating layer on a substrate including therein an opening 
exposing a surface portion of the substrate, (b) introducing 
a tantalum amine derivative as a reactant onto the insulating 
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layer having the opening, Wherein the tantalum amine 
derivative has a formula: Ta(NRl)(NR2R3), Wherein R1, R2 
and R3 are each independently H or a C l-C6 alkyl functional 
group, (c) chemisorbing a portion of the reactant on the 
insulating layer having the opening, (d) removing non 
chemisorbed reactant from the insulating layer having the 
opening, (e) introducing a reacting gas onto the substrate to 
form a solid material including tantalum nitride (TaN) on the 
substrate and (f) repeating steps (b) to (e) at least once to 
form a tantalum nitride (TaN) thin ?lm on the insulating 
layer having the opening. 

[0016] Embodiments of the present invention can further 
provide methods of forming thin ?lms including mixing a 
tantalum amine derivative having a formula: 
Ta(NRl)(NR2R3), Wherein R1, R2 and R3 are each indepen 
dently H or a Cl-C6 alkyl functional group, With a reacting 
gas comprising hydrogen (H2), ammonia (NH3), silane 
(SiH4), disilane (Si2H6) or a combination thereof to form a 
mixture, and depositing the mixture on a substrate. 

[0017] In other embodiments, the present invention pro 
vides methods of forming thin ?lms including forming an 
insulating layer on a substrate including therein an opening 
exposing a surface portion of the substrate and introducing 
a tantalum amine derivative as a reactant onto the insulating 
layer having the opening With a reacting gas comprising 
hydrogen (H2), ammonia (NH3), silane (SiH4), disilane 
(Si2H6) or combinations thereof to form a tantalum nitride 
(TaN) thin ?lm, Wherein the tantalum amine derivative has 
a formula Ta(NRl)(NR2R3), Wherein R1, R2 and R3 are each 
independently H or a Cl-C6 alkyl functional group. 

[0018] Additional embodiments of the present invention 
provide atomic layers and thin ?lms formed by the methods 
provided herein. Further embodiments of the present inven 
tion provide semiconductor devices including the atomic 
layers and thin ?lms provided herein 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The above objects and advantages of the present 
invention Will become more apparent by describing in detail 
embodiments of the present invention With reference to the 
attached draWings in Which: 

[0020] FIGS. 1A to 1D present cross-sectional vieWs that 
illustrate reactions occurring on a substrate in an atomic 
layer deposition (ALD) process according to some embodi 
ments of the present invention; 

[0021] FIG. 2 presents a graph shoWing vapor pressures 
according to temperature for terbutylimido-tris-diethyla 
mido-tantalum (TBTDET) and tertiary amyl imido-tris-dim 
ethylamido tantalum (TAIMATA) used as a source When 
forming a tantalum nitride (TaN) thin ?lm according to some 
embodiments of the present invention; 

[0022] FIGS. 3A and 3B present the chemical formulas of 
TBTDET and TAIMATA used as a source When forming a 
TaN thin ?lm according to some embodiments of the present 
invention; 
[0023] FIGS. 4A and 4B present graphs illustrating depo 
sition rates With respect to temperature of a stage heater 
during deposition of TAIMATA by a chemical vapor depo 
sition (CVD) process under an argon (Ar) atmosphere 
according to some embodiments of the present invention, 
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wherein FIG. 4A is illustrated With a uniformity and FIG. 
4B is illustrated With a speci?c resistance; 

[0024] FIGS. 5A and 5B present graphs illustrating depo 
sition rates With respect to temperature of a stage heater 
during deposition of a TAIMATA source by a CVD process 
While supplying an ammonia (NH3) reacting gas simulta 
neously according to some embodiments of the present 
invention, Wherein FIG. 5A is illustrated With a uniformity 
and FIG. 5B is illustrated With a speci?c resistance; 

[0025] FIG. 5C presents a graph shoWing deposition rates 
With respect to the ?oWing amount ofNH3 during deposition 
of a TAIMATA source by a CVD process While supplying a 
NH3 reacting gas simultaneously along With a speci?c resis 
tance according to some embodiments of the present inven 
tion; 
[0026] FIG. 6A presents a graph shoWing deposition rates 
according to the NH3 dosage With changing temperature 
When depositing a TAIMATA source by an ALD process 
While supplying a NH3 reacting gas simultaneously accord 
ing to some embodiments of the present invention; 

[0027] FIG. 6B presents a graph shoWing deposition rates 
according to the TAIMATA dosage When depositing a 
TAIMATA source by an ALD process While supplying a 
NH3 reacting gas simultaneously according to some embodi 
ments of the present invention; 

[0028] FIGS. 7A to 7C present cross-sectional vieWs 
illustrating a method of forming a TaN thin ?lm on an 
insulating layer having an opening according to some 
embodiments of the present invention; and 

[0029] FIG. 8 presents a scanning electron microscope 
(SEM) picture shoWing a TaN thin ?lm that is formed by an 
ALD process on an insulating layer having an opening that 
has a predetermined aspect ratio using a TAIMATA source 
With a NH3 reacting gas according to some embodiments of 
the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 
ACCORDING TO THE INVENTION 

[0030] The present invention Will noW be described more 
fully herein With reference to the accompanying draWings, in 
Which embodiments of the invention are shoWn. This inven 
tion may, hoWever, be embodied in many different forms and 
should not be construed as being limited to the embodiments 
set forth herein. Rather, these embodiments are provided so 
that this disclosure Will be thorough and complete and Will 
fully convey the concept of the invention to those skilled in 
the art. 

[0031] The terminology used in the description of the 
invention herein is for the purpose of describing particular 
embodiments only and is not intended to be limiting of the 
invention. As used in the description of the embodiments of 
the invention and the appended claims, the singular forms 
“a”, “an” and “the” are intended to include the plural forms 
as Well, unless the context clearly indicates otherWise. 

[0032] Unless otherWise de?ned, all terms, including tech 
nical and scienti?c terms used in the description of the 
invention, have the same meaning as commonly understood 
by one of ordinary skill in the art to Which this invention 
belongs. All publications, patent applications, patents, and 
other references mentioned herein are incorporated by ref 
erence in their entirety. 
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[0033] It Will be further understood that the terms “com 
prises” and/or “comprising,” When used in this speci?cation, 
specify the presence of stated features, steps, operations, 
elements, and/or components, but do not preclude the pres 
ence or addition of one or more other features, steps, 
operations, elements, components, and/or groups thereof. 

[0034] Moreover, it Will be understood that steps compris 
ing the methods provided herein can be performed indepen 
dently or at least tWo steps can be combined. Additionally, 
steps comprising the methods provided herein, When per 
formed independently or combined, can be performed at the 
same temperature or at different temperatures Without 
departing from the teachings of the present invention. 

[0035] In the draWings, the thickness of layers and regions 
are exaggerated for clarity. It Will also be understood that 
When a layer is referred to as being “on” another layer or 
substrate or a reactant is referred to as being introduced, 
exposed or feed “onto” another layer or substrate, it can be 
directly on the other layer or substrate, or intervening layers 
can also be present. HoWever, When a layer, region or 
reactant is described as being “directly on” or introduced, 
exposed or feed “directly onto” another layer or region, no 
intervening layers or regions are present. Additionally, like 
numbers refer to like compositions or elements throughout. 

[0036] As Will be appreciated by one of skill in the art, the 
present invention may be embodied as compositions and 
devices as Well as methods of making and using such 
compositions and devices. 

[0037] A method of forming an atomic layer and a thin 
?lm by using an organic metal precursor or a tantalum halide 
precursor as a reacting material has been disclosed. Accord 
ing to methods disclosed in Korean Laid-Open Patent No. 
2003-0009093 published on J an. 29, 2003 (corresponding to 
US. patent application Ser. No. 10/196,814, ?led Jul. 17, 
2002), a gaseous phase reacting material is introduced into 
a chamber in Which a substrate is placed. The introduced 
material is deposited by an atomic layer unit. An atomic 
layer including a metal element that has a loW speci?c 
resistance at a relatively loW temperature can be advanta 
geously formed. HoWever, there continues to be a desire for 
improved methods that require less complex process param 
eters. 

[0038] In some embodiments of the present invention, 
methods of forming atomic layers according to the present 
invention comprise, consist essentially of or consist of 
introducing a tantalum amine derivative reactant onto a 
substrate, Wherein the tantalum amine derivative has a 
formula: Ta(NRl)(NR2R3)3, Wherein R1, R2 and R3 are each 
independently H or a C l-C6 alkyl functional group, and thus, 
may be the same or different from each other, chemisorbing 
a portion of the reactant on the substrate, removing non 
chemisorbed reactant from the substrate and introducing a 
reacting gas onto the substrate to form a solid material on the 
substrate. In some embodiments, the methods are carried out 
by a thermal atomic layer deposition (ALD) process or a 
radical assisted atomic layer deposition (RAALD) process 
using remote plasma. In farther embodiments, the reactant 
can be provided in a liquid state. In particular embodiments, 
the reactant excludes a halogen component. In still other 
embodiments, the tantalum amine derivative can comprise 
tertiary amyl imido-tris-dimethylamido tantalum 
(Ta(NC(CH3)2C2H5(N(CH3)2)3). In still other embodi 
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ments, a portion of the reactant is chemisorbed on the 
substrate and the remaining part of the reactant is phys 
isorbed on the substrate. The physisorbed reactant that is the 
non-chemisorbed reactant can be removed using an inert 
gas. The inert gas can comprise argon (Ar), helium (He), 
nitrogen (N2) or a combination thereof. In some embodi 
ments, the reacting gas can comprise hydrogen (H2), ammo 
nia (NH3), silane (SiH4) disilane (Si2H6) or a combination 
thereof. The reacting gas can further comprise activated 
hydrogen (H2), activated ammonia (NH3), activated silane 
(SiH4) or activated disilane (Si2H6). Additionally, the acti 
vated reacting gas can be obtained by a remote plasma 
process. In some embodiments, the solid material formed 
can comprise tantalum nitride (TaN). In other embodiments, 
a solid comprising TaN can be formed on the substrate by 
introducing a reacting gas to remove a ligand-bonded ele 
ment from the chemisorbed reactant. The ligand-bonded 
element can be removed using a compound that comprises 
H2, NH3, SiH4 or Si2H6 or a combination thereof In some 
embodiments, the compound can be activated by a remote 
plasma process. Activation by a remote plasma process may 
prevent damage to the substrate. In some embodiments, the 
methods can be carried out at a constant pressure in a range 
of about 0.3 Torr to about 30 Torr. In still other embodi 
ments, the methods can be carried out at a constant pressure 
in a range of about 0.01 Torr to about 10 Torr. In further 
embodiments, the methods can be carried out at a constant 
pressure in a range of about 0.01 Torr to about 5 Torr. 
Additionally, in some embodiments, the methods can be 
carried out at a temperature in a range of about 100° C. to 
about 550° C. In other embodiments, the methods can be 
carried out at a temperature in a range of about 1000 C. to 
about 4500 C. In still other embodiments, the methods can 
be carried out at a temperature in a range of about 1000 C. 
to about 3500 C. 

[0039] Methods for depositing atomic layers Will be 
described With reference to the accompanying draWings. In 
particular, FIGS. 1A to 1D present cross sectional vieWs 
illustrating methods of forming an atomic layer. Referring 
speci?cally to FIG. 1A, a substrate 10, such as monocrys 
talline silicon, is placed in a process chamber 5. The 
chamber 5 is then maintained at an appropriate pressure 
range and temperature range. Reactants 12 are introduced 
onto the substrate 10 placed Within the chamber. As a result, 
the reactants 12 are chemisorbed on the substrate 10. 

[0040] Referring to FIG. 1B, an inert gas is introduced 
onto the substrate to facilitate purging. As a result, the 
non-chemisorbed reactants 12 are removed from the sub 
strate 10. 

[0041] Referring to FIG. 1C, a reacting gas that comprises 
H2, NH3, SiH4, Si2H6, or a combination thereof is intro 
duced onto the substrate 10. In some embodiments, the 
reacting gas is introduced after activating the reacting as 
using a remote plasma process. 

[0042] Referring to FIG. ID, at least some of the ligand 
bonded elements 1211 included in the bonding elements of 
the chemisorbed reactants on the substrate 10 are removed 
by the reacting gas. The removal of the ligand-bonded 
elements 1211 may be carried out by a ligand exchange 
betWeen the ligand-bonded elements 12. The ligand-bonded 
elements are removed by the reacting gas because the 
reactive force of the reacting gas With respect to the ligand 
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bonded elements is greater than the bonding force of the 
ligand-bonded elements With respect to the chemisorbed 
reactants. Additionally, since Ta=N is a double-bonded 
structure, the bonding betWeen Ta and N may not be affected 
by the reacting gas. Therefore, by removing the ligand 
bonded elements, the atomic layer including Ta=N can be 
formed on the substrate. Thus, an atomic layer 14 compris 
ing TaN is formed on the substrate 10. 

[0043] Embodiments of the present invention further pro 
vide methods of forming thin ?lms comprising, consisting 
essentially of or consisting of introducing a tantalum amine 
derivative reactant onto a substrate, Wherein the tantalum 
amine derivative has a formula; Ta(NRl)(NR2R3), Wherein, 
R1, R2 and R3 are each independently H or a Cl-C6 alkyl 
functional group and thus, may be the same or different from 
each other, chemisorbing a portion of the reactant on the 
substrate, removing non-chemisorbed reactant from the sub 
strate, introducing a reacting gas onto the substrate to form 
a solid material including tantalum nitride (TaN) on the 
substrate and repeating steps (a) to (d) at least once to form 
a tantalum nitride (TaN) thin ?lm including the solid mate 
rial. In some embodiments, the steps can be repeated in 
sequence. In particular embodiments, the reactant excludes 
a halogen component. In other embodiments, the tantalum 
amine derivative can comprise tertiary amyl imido-tris 
dimethylamido tantalum (Ta(NC(CH3)2C2H5(N(CH3)2)3) 
(TAIMATA). The reacting gas can comprise hydrogen (H2), 
ammonia (NH3), silane (8H4), disilane (Si2H6) or a combi 
nation thereof. The reacting gas can be introduced With an 
inert gas that comprises Ar, He, N2 or combinations thereof 
Thus, the non-chemisorbed reactant can be removed using 
an inert gas comprising Ar, He, N2 or a combination thereof. 
Further, the reacting gas comprising H2, NH3, SiH4, Si2H6 
or a combination thereof can be activated using a remote 

plasma process. Moreover, forming layers in the methods of 
forming thin ?lms can be carried out by a chemical vapor 
deposition (CVD) process, a thermal CVD process or a 
plasma enhanced CVD process. Additionally, the methods 
can be carried out at a constant pressure in a range of about 
0.3 Torr to about 30 Torr. In still other embodiments, the 
methods can be carried out at a constant pressure in a range 

of about 0.01 Torr to about 10 Torr. In further embodiments, 
the methods can be carried out at a constant pressure in a 
range of about 0.01 Torr to about 5 Torr. Additionally, in 
some embodiments, the methods can be carried out at a 
temperature in a range of about 1000 C. to about 5500 C. In 
other embodiments, the methods can be carried out at a 
temperature in a range of about 1000 C. to about 4500 C. In 
still other embodiments, the methods can be carried out at a 
temperature in a range of about 1000 C. to about 3500 C. 

[0044] As described in more detail With reference to the 
accompanying ?gures, methods of forming thin ?lms 
according to the present invention employing an atomic 
layer deposition process can provide thin ?lms having a 
relatively loW speci?c resistance While being formed at a 
relatively loW temperature. In particular, When the reacting 
gas is activated by a remote plasma process, a process 
parameter may be excluded due to the generation of plasma. 
Thus, the process may be carried out at a loW temperature. 
Additionally, a TaN thin ?lm can be advantageously formed 
by repeating the above-described atomic layer deposition 
process. Moreover, experiments Were performed to compare 
tantalum amine derivatives comprising TAIMATA and con 
ventionally knoWn tantalum amine derivatives to con?rm 
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the suitability of TAIMATA. Such experiments were imple 
mented with and without a reacting gas. 

[0045] FIG. 2 presents a graph showing vapor pressures 
of the source for forming the TaN thin ?lm, TBEDET and 
TAIMATA, according to temperature. In FIG. 2, the hori 
Zontal axis represents the temperature and the vertical axis 
represents the vapor pressure. FIG. 2 demonstrates that the 
vapor pressure of TAIMATA was higher than that of TBT 
DET at the same temperature. 

[0046] FIGS. 3A and 3B present the chemical formulae 
representing TBTDET and TAIMATA, which can be sources 
of forming a TaN thin ?lm. FIG. 3A corresponds to TBT 
DET and FIG. 3B corresponds to TAIMATA. Both com 
pounds can exclude any halogen elements such as chlorine, 
?uorine, bromine, and the like. However, the vapor pressure 
(Vp) of TBTDET is about 0.01 Torr at a temperature of 
about 60° C. and the phase thereof is a liquid state at room 
temperature. Alternatively, the vapor pressure (Vp) of 
TAIMATA is about 0.1 Torr at a temperature of about 60° C. 
Therefore, the vapor pressure of TAIMATA is about 10 times 
greater than that of TBTDET. In addition, the phase of 
TAIMATA is a solid state at room temperature. However, the 
melting point of TAIMATA is about 34° C., which is below 
40° C. Therefore, when TAIMATA is heated to about 40° C., 
the phase of TAIMATA can be changed into a liquid state. 
Therefore, when TAIMATA is used in a deposition process, 
the problem of particle generation may be solved through 
slight heating. To deposit TaN using TAIMATA, various 
processes including CVD, PECVD, ALD, RAALD and the 
like are applicable. Reacting gases for forming TaN can 
comprise NH3, H2, SiH4, Si2H6, and the like. 

[0047] To examine the depositing characteristic of 
TAIMATA, a TaN deposition experiment was implemented 
by a CVD process under an Ar gas atmosphere. FIGS. 4A 
and 4B present graphs illustrating deposition rates accord 
ing to the temperature of a stage heater during deposition of 
TAIMATA by a CVD process under the Ar gas atmosphere. 
FIG. 4A presents a graph showing a deposition rate accord 
ing to the temperature of the stage heater along with uni 
formity and FIG. 4B presents a graph showing a deposition 
rate according to the temperature of the stage heater along 
with a speci?c resistance. 

[0048] Referring to FIG. 4A, curved line ‘a’ represents 
deposition rate and curved line ‘b’ represents uniformity. 
TaN was deposited by the CVD process under the Ar 
atmosphere while the temperature of the stage heater was 
increased from about 100° C. to about 550° C. The depo 
sition was started when the temperature of the substrate was 
about 300° C. or More. The deposition rate is directly 
proportional to an increase in temperature of the substrate. 
The decomposition temperature of TAIMATA con?rmed by 
the experiment was about 300° C. According to experiments 
performed at a temperature range between about 300° C. to 
about 550° C., the deposition rate increased along with an 
increase of the deposition temperature. However, TAIMATA 
was not saturated. Therefore, the results suggest that the 
deposition rate was dependent on a surface reaction in the 
entire temperature range. In addition, the uniformity of the 
formed layer was improved as the deposition temperature 
increased. 

[0049] FIG. 4B illustrates the speci?c resistance of the 
formed TaN layer measured by the above-described experi 
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ment. Curved line ‘a’ represents deposition rate and curved 
line ‘c’ represents speci?c resistance. Speci?cally referring 
to FIG. 4B, the speci?c resistance of the TaN layer formed 
by the CVD process without adding a reacting gas, was 
400,0000 Qcm at a temperature of about 500° C., and 
100,000 Qcm at a temperature of about 550° C. The results 
suggest that the speci?c resistance decreased according to 
the increase of the deposition temperature. 

[0050] A deposition experiment was performed with a 
TAIMATA source along with a reacting gas. The TaN layer 
was formed by the CVD process while adding NH3 as the 
reacting gas. The results are presented in FIGS. 5A to SC. 
More speci?cally, FIGS. 5A and 5B present graphs illus 
trating deposition rates according to the temperature of a 
stage heater during deposition by the CVD process while 
applying a TAIMATA source along with NH3 reacting gas. 
FIG. 5A presents a graph showing the deposition rate along 
with uniformity and FIG. 5B presents a graph showing the 
deposition rate along with a speci?c resistance. 

[0051] FIG. 5C presents graphs showing a deposition rate 
with a speci?c resistance according to the ?owing amount of 
NH3 during deposition of a TAIMATA source with NH3 
reacting as by a CVD process. 

[0052] Referring to FIG. 5A, the graph presenting the 
deposition rate as a function of temperature is illustrated. 
Curved line ‘a’ represents the deposition rate and curved line 
‘b’ represents the uniformity. When TaN was deposited 
while increasing the temperature of the stage heater from 
about 100° C. to about 550° C., the deposition started at 
about 150° C. The deposition started at a lower temperature 
below about 300° C., which was the starting temperature of 
the deposition of TAIMATA without adding the reacting gas. 
The deposition rate increased within the temperature range 
of from about 150° C. to about 300° C. and the deposition 
rate was constant at the temperature range of from about 
300° C. to about 550° C. This constant range is a mass 
transport regime. Based on the above-described experiment, 
a window region of an ALD temperature by the reaction of 
TAIMATA and NH3 can be obtained in the region of from 
about 150° C. to about 300° C. 

[0053] Referring to FIGS. 4A and 5A, the deposition rate 
at a temperature of about 300° C. was about 8.0 A/min when 
using only TAIMATA, however, the deposition rate at a 
temperature of about 300° C. was about 270 A/min when 
using TAIMATA with NH3. Thus, the deposition rate 
increased by about 30 times when NH3 was added as the 
reacting gas. 

[0054] FIG. 5B presents results obtained after measuring 
the speci?c resistance of the TaN layer formed by the 
above-described experiment. Curved line ‘a’ represents the 
depositing rate and curved line ‘c’ represents the speci?c 
resistance. 

[0055] Referring to FIG. 5B, the speci?c resistance of the 
TaN thin ?lm formed by the CVD process using TAIMATA 
and NH3 was 300,000 Qcm at a temperature of about 400° 
C. The speci?c resistance rapidly decreased at a temperature 
of above about 450° C. and reached about 8,000 Qcm at a 
temperature of about 550° C. The results indicate that the 
speci?c resistance was greatly decreased as the depositing 
temperature increased. 

[0056] FIG. 5C presents results obtained after measuring 
the deposition rate and the speci?c resistance according to 
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the ?owing amount of NH3 by the CVD process at about 
500° C. In FIG. 5C, curved line ‘e’ represents the deposition 
rate and curved line ‘f’ represents the speci?c resistance. The 
results indicate that the speci?c resistance decreased from 
about 400,000 Qcm to about 20,000 Qcm as the ?owing 
amount of NH3 increased. 

[0057] A test of CVD-TaN deposition Was performed 
using TAIMATA. The decomposition temperature of 
TAIMATA Was at least about 300° C. and the ALD WindoW 
region Was in the temperature range of about 150° C. to 
about 300° C. The deposition characteristic of the ALD-TaN 
using TAIMATA and the reacting gas in the ALD WindoW 
region Was measured, and the behavior of the TaN deposi 
tion rate according to a dosage of NH3 and TAIMATA Was 
examined. The results are depicted in FIGS. 6A and 6B. 
More speci?cally, FIG. 6A presents graphs shoWing depo 
sition rates according to dosage of NH3 When deposition Was 
performed by an ALD method While supplying a TAIMATA 
source With NH3 reacting gas for several different tempera 
tures. 

[0058] FIG. 6B presents graphs shoWing deposition rate 
according to dosage of TAIMATA When deposition Was 
performed by an ALD method While supplying a TAIMATA 
source With NH3 reacting gas. The dosage is obtained by 
multiplying the partial pressure of the source and the pulsing 
time. A unit of the dosage is Langmuir (1 Langmuir=1E-6 
Torr-sec). The applied TaN-ALD process is as folloWs. First, 
the gaseous phase TAIMATA precursor Was introduced onto 
a substrate as the reactants. Through the introduction of the 
precursor, a portion of the reactants Was chemisorbed on the 
substrate. An inert gas Was then introduced onto the sub 
strate to remove non-chemisorbed reactants from the sub 

strate. One of H2, NH3, SiH4, Si2H6 or a combination thereof 
Was introduced onto the substrate to remove ligand-bonded 
elements included in the chemisorbed reactants to form a 
solid material including TaN. Through repeating the above 
described steps at least once, and in some embodiments, in 
sequence, a TaN thin ?lm Was formed from the solid 
material. 

[0059] Referring to FIG. 6A, the graphs illustrate the 
deposition rates according to the dosage of NH3. Curved line 
‘a’ corresponds to the temperature of the stage heater of 200° 
C., curved line ‘b’ corresponds to the temperature of the 
stage heater of 250° C. and curved line ‘c’ corresponds to the 
temperature of the stage heater of 300° C. The dosage of 
NH3 Was increased to about 8><106 by increasing the pulsing 
time of NH3 at a temperature of about 200° C. The deposi 
tion rate increased When the dosage Was beloW about 4x106, 
hoWever, the deposition rate rapidly decreased When the 
dosage Was above about 4x106. When the temperature of the 
stage heater increased to about 250° C., the deposition rate 
increased compared to the deposition rate at about 200° C. 
With the same dosage of NH3. When additional experiments 
Were performed by increasing the temperature of the stage 
heater to about 300° C., the deposition rate also increased by 
the same manner. 

[0060] Referring to FIG. 6B, the graphs present the depo 
sition rate according to the dosage of TAIMATA. Curved 
line ‘a’ represents the depositing rate and curved line ‘b’ 
represents the uniformity. From FIG. 6B, it can be noted that 
the deposition rate increased according to the increase of the 
amount of TAIMATA. It can further be noted that saturation 
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Was accomplished When the dosage of TAIMATA Was at 
least about 2x104, While saturation is accomplished When 
the dosage of NH3 is at least about 4x106. 

[0061] Embodiments of the present invention further pro 
vide methods of forming thin ?lms comprising, consisting 
essentially of or consisting of (a) forming an insulating layer 
on a substrate including therein an opening exposing a 
surface portion of the substrate, (b) introducing a tantalum 
amine derivative reactant onto the insulating layer having 
the opening, Wherein the tantalum amine derivative has a 
formula; Ta(NRl)(NR2R3), Wherein R1, R2 and R3 are each 
independently H or a C l-C6 alkyl functional group and thus, 
may be the same or different from each other, (c) chemi 
sorbing a portion of the reactant on the insulating layer 
having the opening, (d) removing non-chemisorbed reactant 
from the insulating layer having the opening, (e) introducing 
a reacting gas onto the substrate to form a solid material 
including tantalum nitride (TaN) on the substrate and (g) 
repeating steps (b) to (e) at least once to form a tantalum 
nitride (TaN) thin ?lm on the insulating layer having the 
opening. In some embodiments, the steps are repeated in 
sequence. In other embodiments, the tantalum amine deriva 
tive can comprise tertiary amyl imido-tris-dimethylamido 
tantalum (Ta(NC(CH3)2C2H5(N(CH3)2)3). In particular 
embodiments, the reactant excludes a halogen component. 
In still other embodiments, the reacting gas can remove a 
ligand-bonded element from the chemisorbed reactant. The 
reacting gas can comprise H2, NH3, SiH4, Si2H6 or a 
combination thereof. In some embodiments, the non-chemi 
sorbed reactant is removed using an inert gas comprising Ar, 
He, N2 or a combination thereof. In other embodiments, the 
opening has a large aspect ratio. An aspect ratio of the 
opening can be at least about 10:1. According to further 
embodiments of the present invention, these methods can be 
carried out at a temperature of about 100° C. to about 350° 
C. Repeatedly carrying out the above-described integration 
process, a TaN thin ?lm having a predetermined thickness 
can be formed. The thickness of the thin ?lm can vary 
according to the number of times the steps are repeated. 
Therefore, the thickness of the thin ?lm may be controlled 
by adjusting the number of repetitions of the steps. Where 
the atomic layer integration method is utiliZed, a thin ?lm 
having a desirable step coverage can be formed. Further, the 
TaN thin ?lm can be advantageously formed on a multi 
layered structure formed on a substrate as Well as the 
insulating layer pattern having the opening. 

[0062] Embodiments of the present invention further pro 
vide methods of forming thin ?lms comprising, consisting 
essentially of or consisting of mixing a tantalum amine 
derivative having a formula: Ta(NRl)(NR2R3), Wherein R1, 
R2 and R3 are each independently H or a Cl-C6 alkyl 
functional group and thus, may be the same or different from 
each other, With a reacting gas comprising H2, NH3, SiH4, 
Si2H6 or a combination thereof to form a mixture, and 
depositing the mixture on a substrate. In some embodiments, 
the tantalum amine derivative can comprise tertiary amyl 
imido-tris-dimethylamido tantalum 
(Ta(NC(CH3)2C2H5(N(CH3)2)3). In particular embodi 
ments, the reactant excludes a halogen component. 

[0063] In other embodiments, depositing the mixture is 
performed by a chemical vapor deposition (CVD) process, 
a thermal chemical vapor deposition (CVD) process or a 
plasma enhanced chemical vapor deposition (PECVD) pro 
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cess. In still other embodiments, an inert gas can be mixed 
With the tantalum amine derivative. The inert gas can 
comprise Ar, He, N2 or a combination thereof. In some 
embodiments, the reacting gas can comprise activated H2, 
NH3, SiH4, Si2H6 or a combination thereof. The activated 
reacting gas can be obtained by a remote plasma process. In 
other embodiments, depositing the mixture can be carried 
out at a temperature of about 100° C. to about 550° C. In still 
other embodiments, depositing the mixture can be carried 
out at a temperature of about 150° C. to about 300° C. In 
particular embodiments, the thin ?lm can comprise tantalum 
nitride (TaN). 

[0064] Embodiments of the present invention further pro 
vide methods of forming thin ?lms comprising, consisting 
essentially of or consisting of forming an insulating layer on 
a substrate including therein an opening exposing a surface 
portion of the substrate and introducing a tantalum amine 
derivative as a reactant onto the insulating layer having the 
opening With a reacting gas comprising H2, NH3, SiH4, 
SiZH6 or combinations thereof to form a tantalum nitride 
(TaN) thin ?lm, Wherein the tantalum amine derivative has 
a formula Ta(NRl)(NR2R3), Wherein R1, R2 and R3 are each 
independently H or a C l-C6 alkyl functional group and thus, 
may be the same or different from each other. In particular 
embodiments, the reactant excludes a halogen component. 

[0065] In some embodiments, an inert gas comprising Ar, 
He, N2 or a combination thereof can be additionally mixed 
With the reactant. In other embodiments, an aspect ratio of 
the opening is at least about 10:1. In further embodiments, 
the methods are performed at a temperature of about 100° C. 
to about 350° C. 

[0066] Methods of forming TaN thin ?lms according to 
some embodiments of the present invention are described in 
more detail With reference to the accompanying ?gures. 
More speci?cally, FIGS. 7A to 7C present cross-sectional 
vieWs illustrating methods of forming TaN thin ?lms on an 
insulating layer having an opening portion and on a sub 
strate. Referring to FIG. 7A, an insulating layer 52 including 
oxide can be formed on a substrate 50 such as a silicon 
substrate used in a semiconductor process. Referring to FIG. 
7B, a portion of the insulating layer 52 is etched by a 
photolithography process to form an insulating layer pattern 
52a including an opening having a predetermined aspect 
ratio. Referring to FIG. 7C, a TaN thin ?lm 54 is formed on 
the insulating layer pattern 5211 including the opening by an 
ALD-TaN process or a CVD-TaN process. 

[0067] FIG. 8 presents a scanning electron microscope 
(SEM) picture illustrating step coverage of the TaN thin ?lm 
formed by depositing a TAIMATA source With an NH3 
reacting gas on an insulating layer having an opening With 
a predetermined aspect ratio by an ALD process. As a 
purging gas, a gas mixed of 1000 standard cubic centimeters 
per second (sccm) of hydrogen and 500 sccm of Ar Was used 
and 100 sccm of Ar gas Was used as a carrier gas of 
TAIMATA. The reacting gas, for example, NH3, Was 
injected at a How rate of about 600 sccm. Athickness of both 
a top portion and a bottom portion of a contact hole Was 250 
A, critical dimension (CD) of the top portion of the contact 
hole Was about 250 nm, and the height of step Was about 
25,000 A. Therefore, the aspect ratio of the contact hole Was 
about 10. The draWing suggests that the thin ?lm exhibited 
a step coverage characteristic of near 100%. 
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[0068] A photograph illustrated in FIG. 8 corresponds to 
a photograph of the thin ?lm formed by the ALD process. In 
order to compare characteristics of the thin ?lms formed by 
the ALD-TaN process and the CVD-TaN process, thin ?lms 
having a substantially same thickness Were formed on the 
same target. Components of the thin ?lms Were analyZed. 
The results are provided in Table 1. 

TABLE 1 

CVD-TaN ALD-TaN 

Ta(%) 31.9 36.2 
N(%) 36.5 54.7 
o(%) 24.8 5.6 
c(%) 6.8 3.5 
N/Ta 1.144 1.511 

[0069] Table 1 shoWs that the impurity content of the thin 
?lm formed by the ALD process Was loW. When a deposition 
process Was implemented using a TAIMATA source as 
described above, a TaN thin ?lm having a desirable step 
coverage Without particles could be formed With a high 
deposition rate. 

[0070] Thin ?lms may be formed by a process such as the 
CVD process or the ALD process. HoWever, the thin ?lm 
formed by the ALD process can exhibit superior character 
istics. 

[0071] Formation of thin ?lms having desirable step cov 
erage and a suitable gap-?lling property can be accom 
plished by deposition processes according to embodiments 
of the present invention. In addition, the tantalum precursor 
used in some embodiments of the present invention can 
exclude halogen impurities and can be used in a liquid state. 
Therefore, the generation of particles in implementing the 
process may be reduced or prevented. Further, since vapor 
pressure of the precursor is high even at a loW temperature, 
the deposition rate can remain acceptable. Consequently, 
improvement of the productivity and/or increase of the yield 
can be provided. 

[0072] While the present invention is described in detail 
herein and further described With reference to the exemplary 
embodiments, it Will be understood by those of ordinary skill 
in the art that various modi?cations, alternate constructions 
and equivalents may be employed Without departing from 
the true spirit and scope of the present invention as de?ned 
by the folloWing claims. 

What is claimed is: 
1. A method of forming a thin ?lm comprising: 

mixing a tantalum amine derivative having a formula: 
Ta(NRl)(NR2R3), Wherein R1, R2 and R3 are each 
independently H or a Cl-C6 alkyl functional group, 
With a reacting gas comprising hydrogen (H2), ammo 
nia (NH3), silane (SiH4), disilane (Si2H6) or a combi 
nation thereof to form a mixture; and 

depositing the mixture on a substrate. 
2. The method of claim 1, Wherein the tantalum amine 

derivative comprises tertiary amyl imido-tris-dimethyla 
mido tantalum (Ta(NC(CH3)2C2H5(N(CH3)2)3). 

3. The method of claim 1, Wherein the reactant excludes 
a halogen component. 
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4. The method of claim 1, wherein depositing the mixture 
is performed by a chemical vapor deposition (CVD) process. 

5. The method of claim 1, Wherein depositing the mixture 
is performed by a thermal chemical vapor deposition (CVD) 
process or a plasma enhanced chemical vapor deposition 
(PECVD) process. 

6. The method of claim 1, Wherein the method further 
comprises mixing an inert gas With the tantalum amine 
derivative. 

7. The method of claim 6, Wherein the inert gas comprises 
argon (Ar), helium (He), nitrogen (N2) or a combination 
thereof: 

8. The method of claim 1, Wherein the reacting gas 
comprises activated hydrogen (H2), activated ammonia 
(NH3), activated silane (SiH4), activated disilane (Si2H6) or 
a combination thereof 

9. The method of claim 8, Wherein the activated reacting 
gas is obtained by a remote plasma process. 

10. The method of claim 1, Wherein the thin ?lm com 
prises a tantalum nitride (TaN). 

11. The method of claim 1, Wherein depositing the mix 
ture is carried out at a temperature of about 100° C. to about 
550° C. 

12. The method of claim 1, Wherein depositing the mix 
ture is carried out at a temperature of about 1500 C. to about 
3000 C. 

13. A method of forming a thin ?lm comprising 

forming an insulating layer on a substrate including 
therein an opening exposing a surface portion of the 
substrate; and 
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introducing a tantalum amine derivative as a reactant onto 

the insulating layer having the opening With a reacting 
gas comprising hydrogen (H2), ammonia (NH3), silane 
(SiH4), disilane (Si2H6) or combinations thereof to 
form a tantalum nitride (TaN) thin ?lm, Wherein the 
tantalum amine derivative has a formula 

Ta(NRl)(NR2R3), Wherein R1, R2 and R3 are each 
independently H or a Cl-C6 alkyl functional group. 

14. The method of claim 13, Wherein the reactant excludes 
a halogen component. 

15. The method of claim 13, Wherein the method is 
performed at a temperature of about 1000 C. to about 350° 
C. 

16. The method of claim 13, Wherein an inert gas com 
prising argon (Ar), helium (He), nitrogen (N 2) or a combi 
nation thereof is additionally mixed With the reactant. 

17. The method of claim 13, Wherein an aspect ratio of the 
opening is above about 10:1. 

18. An atomic layer formed by the method of claim 1. 

19. A thin ?lm formed by the method of claim 1. 

20. An atomic layer thin ?lm formed by the method of 
claim 13. 

21. A thin ?lm formed by the method of claim 13. 

22. A semiconductor device comprising the thin ?lm 
formed by the method of claim 19. 


