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A method of manufacturing a thin ?lm includes providing a 
metal organic precursor onto a substrate Where the metal 
organic precursor is heated to a temperature of about 60° C. 
to about 95° C. and has a saturated vapor pressure of about 
1 Torr to about 5 Torr. An oxidizing agent including oxygen 
for oxidizing the metal organic precursor is provided onto 
the substrate. The metal organic precursor and the oxidizing 
agent are chemically reacted to form the thin ?lm including 
metal oxide. The thin ?lm is easily available in a gate 
insulation layer of a gate structure, a dielectric layer of a 
capacitor, and similar circuit components. 
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METHOD OF FORMING A THIN FILM AND 
METHODS OF MANUFACTURING A GATE 
STRUCTURE AND A CAPACITOR USING 

SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 
[0002] Example embodiments of the present invention 
relate to a method of forming a thin ?lm utilizing a metal 
organic precursor and methods of manufacturing a gate 
structure and a capacitor using the thin ?lm method. 
[0003] This US. non-provisional patent application 
claims priority under 35 U.S.C. § 119 to Korean Patent 
Application No. 2006-0083075 ?led on Aug. 30, 2006, the 
entire contents of Which are hereby incorporated by refer 
ence. 

[0004] 2. Discussion of Related Art 
[0005] Thin ?lms having a high dielectric constant have 
been used to form gate insulation layers of a metal oxide 
semiconductor (MOS) transistor, dielectric layers of a 
capacitor in a semiconductor device and dielectric layers of 
a ?ash memory device. When the ?lm is formed using the 
material having the high dielectric constant, the ?lm may 
have a thin equivalent oxide thickness (EOT). Additionally, 
leakage current generated betWeen a gate electrode and a 
channel layer or betWeen a loWer electrode and an upper 
electrode may be suf?ciently reduced, and a coupling ratio 
of a ?ash memory device may be improved. Examples of the 
material having the high dielectric constant may include 
tantalum oxide, yttrium oxide, hafnium oxide, Zirconium 
oxide, niobium oxide, barium titanium oxide, strontium 
titanium oxide, etc. 
[0006] The hafnium oxide layer may be formed using a 
hafnium precursor and an oxidant Where the hafnium pre 
cursor may include tetrakis-ethyl-methyl-amino hafnium 
(TEMAH, Hf(NC2H5CH3)4), hafnium-tetrakis butoxide 
[HTTB, Hf(OC4H9)4], etc. When TEMAH is used as the 
hafnium precursor, it is heated in a canister to a temperature 
of about 90° C. into a gaseous state and a saturated vapor 
pressure in the canister maintains a loW value of at most 
about 1 Torr. When TEMAH has a loW saturated vapor 
pressure, delivering the hafnium precursor into a process 
chamber to form the hafnium oxide layer requires additional 
time. This additional delivery time reduces the throughput of 
a semiconductor manufacturing process. Further, TEMAH 
may deteriorate When it is heated to a temperature above 
about 90° C. Thus, raising the saturated vapor pressure of the 
hafnium precursor has its limitation. 
[0007] Accordingly, a novel metal organic precursor and a 
method of forming a metal oxide layer using the novel metal 
organic precursor are needed to manufacture a metal oxide 
layer having substantially the same dielectric characteristics 
as those of a conventional metal oxide layer and to manu 
facture a metal oxide layer more productively. In addition, 
the metal organic precursor used is required to have a 
saturated vapor pressure above about 1 Torr at a temperature 
beloW about 90° C. and to have a good reactivity With an 
oxidiZing agent. 

SUMMARY OF THE INVENTION 

[0008] Example embodiments of the present invention are 
directed to a method of forming a thin ?lm including metal 
oxide. The thin ?lm has electrical characteristics similar to 
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those of a hafnium oxide layer formed using TEMAH and 
increases the throughput of a semiconductor manufacturing 
process. The thin ?lm method includes providing a metal 
organic precursor onto a substrate. The metal organic pre 
cursor has a saturated vapor pressure of about 1 Torr to about 
5 Torr When the metal organic precursor is heated to a 
temperature of about 60° C. to about 90° C. An oxidiZing 
agent that includes oxygen is provided onto the substrate and 
is con?gured to oxidiZe the metal organic precursor. The 
metal organic precursor is chemically reacted With the 
oxidiZing agent to form the thin ?lm including a metal oxide 
on the substrate. 

[0009] According to one aspect of the present invention, 
there is provided a method of forming a thin ?lm. In the 
method of forming the thin ?lm, a metal organic precursor 
represented by a formula (1) is provided onto a substrate. 
The metal organic precursor has a saturated vapor pressure 
of about 1 Torr to about 5 Torr When the metal organic 
precursor is heated upto a temperature of about 60° C. to 
about 90° C. An oxidiZing agent including oxygen for 
oxidiZing the metal organic precursor is provided onto the 
substrate. The thin ?lm including metal oxide is formed on 
the substrate by chemically reacting the metal organic pre 
cursor With the oxidiZing agent. 

[0010] According to another aspect of the present inven 
tion, there is provided a method of forming a thin ?lm. In the 
method of forming the thin ?lm, a ?rst reactive material 
including a metal organic precursor represented by a for 
mula (l) is provided onto a substrate. The metal organic 
precursor has a saturated vapor pressure of about 1 Torr to 
about 5 Torr When the metal organic precursor is heated upto 
a temperature of about 60° C. to about 95° C. A ?rst portion 
of the ?rst reactive material is chemically adsorbed onto the 
substrate and a second portion of the ?rst reactive material 
is physically adsorbed onto the substrate. An oxidiZing agent 
including oxygen is provided onto the substrate. A ?rst solid 
material including a metal oxide is formed on the substrate 
by chemically reacting the ?rst portion of the ?rst reactive 
material With the oxidiZing agent. A second reactive material 
including an aluminum organic precursor is provided onto 
the ?rst solid material. A ?rst portion of the second reactive 
material is chemically adsorbed onto the ?rst solid material 
and a second portion of the second reactive material is 
physically absorbed onto the ?rst solid material. An oxidiZ 
ing agent is provided onto the ?rst solid material. A second 
solid material including aluminum oxide is formed on the 
?rst solid material by chemically reacting the ?rst portion of 
the second reactive material With the oxidiZing agent. As a 
result, a solid material including metal-aluminum oxide is 
completed. 

[0011] Here, R1, R2 and R3 independently represent 
hydrogen or an alkyl group having one to ?ve carbon atoms, 
and M represents Zirconium or hafnium. 

[0012] According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
gate structure of a semiconductor device. In the method of 
manufacturing a gate structure of a semiconductor device, a 
metal organic precursor represented by a formula (2) is 
provided on a substrate. The metal organic precursor has a 
saturated vapor pressure of about 1 Torr to about 5 Torr 
When the metal organic precursor is heated upto a tempera 
ture of about 60° C. to about 95° C. in a canister. An 
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oxidizing agent including oxygen for oxidizing the metal 
organic precursor is provided onto the substrate. A gate 
insulation layer including metal oxide is formed on the 
substrate by chemically reacting the metal organic precursor 
With the oxidiZing agent. Aconductive layer is formed on the 
gate insulation layer. A gate structure including and a gate 
insulation layer pattern and a gate conductive pattern is 
formed on the substrate by patterning the conductive layer 
and the gate insulation layer. 
[0013] According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
capacitor of a semiconductor device. In the method of 
manufacturing the capacitor of the semiconductor device, a 
loWer electrode is formed on a substrate. A metal organic 
precursor represented by a formula (2) is provided onto the 
substrate. The metal organic precursor is heated upto a 
temperature of about 60° C. to about 95° C., and has a 
saturated vapor pressure of about 1 Torr to about 5 Torr. An 
oxidiZing agent including oxygen for oxidiZing the metal 
organic precursor is provided onto the substrate. A dielectric 
layer including a metal oxide is formed on the loWer 
electrode by chemically reacting the metal organic precursor 
With the oxidiZing agent. An upper electrode is formed on 
the dielectric layer. As a result, a capacitor including the 
loWer electrode, a dielectric layer that includes the metal 
oxide and the upper electrode is formed on the substrate. 

[0014] Here, R1, R2 and R3 independently represent 
hydrogen or an alkyl group having one to ?ve carbon atoms, 
and M represents Zirconium or hafnium. 

[0015] In an example embodiment of the present inven 
tion, the metal organic precursor in a gaseous state may be 
formed by heating a metal organic precursor in a liquid state 
at a temperature ofabout 75° C. to about 85° C. in a canister, 
and the metal organic precursor in the gaseous state may 
have a saturated vapor pressure of about 3 Torr to about 5 
Torr. 

[0016] In an example embodiment of the present inven 
tion, the metal organic precursor may be provided onto the 
substrate With a carrier gas. Examples of the carrier gas may 
include argon gas, nitrogen gas, helium gas, etc. 

[0017] In an example embodiment of the present inven 
tion, a ?rst purge process using a purge gas may be further 
performed on the substrate after the metal organic precursor 
is provided onto the substrate, and a second purge process 
using the purge gas may be further performed on the 
substrate after the oxidiZing agent is provided onto the 
substrate. The thin ?lm may be formed at a temperature of 
about 250° C. to about 400° C. and under a pressure of about 
0.5 Torr to about 3.0 Torr. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIGS. 1 to 5 are cross-sectional vieWs illustrating 
a method of forming a thin ?lm in accordance With embodi 
ments of the present invention; 
[0019] FIG. 6 is a How chart illustrating a method of 
forming a thin ?lm in accordance With embodiments of the 
present invention; 
[0020] FIGS. 7-10 are cross-sectional vieWs illustrating 
methods of manufacturing a gate structure in accordance 
With embodiments of the present invention; 
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[0021] FIGS. 11-14 are cross-sectional vieWs illustrating 
methods of manufacturing a capacitor in accordance With 
embodiments of the present invention; 
[0022] FIG. 15 is a graph illustrating changes in saturated 
vapor pressures of hafnium precursors according to a change 
in temperature; 
[0023] FIG. 16 is a graph illustrating a change in a 
saturated vapor pressure of Zirconium precursor according to 
a change in temperature; 
[0024] FIG. 17 is a graph illustrating results of thermo 
gravimetric analysis (TGA) in TEMAH and tertiary-butyl 
imido bis-metyl-ethyl-amino Zirconium; 
[0025] FIG. 18 is a graph illustrating a leakage current of 
a capacitor having a hafnium oxide layer as a dielectric layer 
in accordance With an embodiment of the present invention; 
[0026] FIG. 19 is a graph illustrating a leakage current of 
a capacitor formed using a Zirconium-aluminum oxide layer 
in accordance With an embodiment of the present invention; 
and 
[0027] FIG. 20 is a graph illustrating step coverage of 
Zirconium oxide layers in accordance With an embodiment 
of the present invention. 

DESCRIPTION OF EMBODIMENTS 

[0028] The present invention Will noW be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which preferred embodiments of the invention are 
shoWn. This invention, hoWever, may be embodied in many 
different forms and should not be construed as 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 scope of the invention 
to those skilled in the art. In the draWings, like numbers refer 
to like elements throughout. 
[0029] It Will be understood that, although the terms ?rst, 
second, third etc. may be used herein to describe various 
elements, components, regions, layers and/or sections, these 
elements, components, regions, layers and/or sections 
should not be limited by these terms. These terms are only 
used to distinguish one element, component, region, layer or 
section from another region, layer or section. Furthermore, 
spatially relative terms, such as “beneath,” “beloW,” 
“loWer,” “above,” “upper” and the like, may be used herein 
for ease of description to describe one element or feature in 
relation to another element(s) or feature(s) as illustrated in 
the ?gures. It Will be understood that the spatially relative 
terms are intended to encompass different orientations of the 
device in use or operation in addition to the orientation 
depicted in the ?gures. For example, if the device in the 
?gures is turned over, elements described as “beloW” or 
“beneath” other elements or features Would then be oriented 
“above” the other elements or features. Thus, the example 
term “beloW” can encompass both an orientation of above 
and beloW. The device may otherWise be oriented (rotated 90 
degrees or at other orientations) and the spatially relative 
descriptors used herein interpreted accordingly. 

Method of Forming a Thin Film 

[0030] FIGS. 1 to 5 are cross-sectional vieWs illustrating 
a method for forming a thin ?lm on a substrate 10 in a 
process chamber 50. When an internal temperature of the 
process chamber 50 is under about 250° C., a reactivity of 
a metal organic precursor in a gaseous state may be disad 
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vantageously loW in subsequent processes. When the inter 
nal temperature of the process chamber 50 is over about 
450° C., the thin ?lm formed on the substrate 10 may be 
disadvantageously crystallized and deposited With charac 
teristics of chemical vapor deposition (CVD). Therefore, the 
internal temperature of the process chamber 50 should be in 
the range of about 250° C. to about 450° C. and preferably 
in the range of about 250° C. to about 400° C. By Way of 
example, a thin ?lm formed in the process chamber 50 at a 
temperature of about 300° C. exhibits good characteristics of 
atomic layer deposition (ALD). 
[0031] When an internal pressure of the process chamber 
50 is under about 0.5 Torr, reactivity of the metal organic 
precursor in subsequent processes may be disadvanta 
geously loW. However, When the internal pressure of the 
process chamber 50 is over about 0.3 Torr, a process for 
forming the thin ?lm is not easily controlled. Therefore, the 
internal pressure of the process chamber 50 should be in the 
range of about 0.5 Torr to 3.0 Torr and preferably in the 
range of about 0.05 Torr to about 2.0 Torr. By Way of 
example, a thin ?lm formed under an internal pressure of the 
process chamber 50 at about 1.0 Torr exhibits good charac 
teristics of an ALD. 

[0032] A metal organic precursor represented by formula 
(1) (identi?ed beloW) is provided into the process chamber 
50 at the above-mentioned temperature and pressure. The 
metal organic precursor may be provided into the process 
chamber 50 using a canister or a liquid delivery system for 
about 0.5 seconds to 5 seconds. For example, the metal 
organic precursor is provided into the process chamber 50 
and vaporized at a temperature of about 100° C. to about 
150° C. for approximately 1 second. As a result, a ?rst 
portion 12 of the metal organic precursor may be chemically 
adsorbed (chemisorbed) onto the substrate 10, and a second 
portion 14 (i.e., a remaining portion of the metal organic 
precursor excluding the ?rst portion 12) may be physically 
adsorbed (physisorbed) onto the ?rst portion 12 to have a 
Weak bonding, or the second portion 14 may be ?oated in the 
process chamber 50. Some portions of the metal organic 
precursor chemisorbed on the substrate 10 may be decom 
posed by intemal heat of the process chamber 50. Therefore, 
a core metal of the metal organic precursor may be chemi 
sorbed on the substrate 10 and some ligands coupled With 
the core metal may be separated from the core metal. The 
metal organic precursor is represented by: 

Where R1, R2 and R3 independently represent hydrogen or 
an alkyl group having one to ?ve carbon atoms, and M 
represents titanium, zirconium or hafnium. For example, R1, 
R2 and R3 may independently include a methyl group, an 
ethyl group, a prophyl group, a tertiary butyl group, etc. The 
metal organic precursor represented by formula (1) may 
include ter‘tiary-butyl-imido bis-methyl-ethyl-amino 
hafnium [(t-BuN)Hf(N(CH3)(C2H5))2] or tertiary-butyl 
imido bis-metyl-ethyl-amino zirconium [(t-BuN)Zr(N(CH3) 
(C2H5))2]. The metal organic precursor may be in a liquid 
state at room temperature and may be vaporized into a 
gaseous state at a temperature of about 60° C. to about 95° 
C., thereby generating inert gas bubbles. When the metal 
organic precursor is vaporized in a canister, the vaporized 
precursor may have a saturated vapor pressure of about 1 
Torr to 5 Torr. In other Words, the metal organic precursor 
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may be generated until the metal organic precursor in the 
gaseous state becomes saturated. 

[0033] When the metal organic precursor in the liquid 
state represented by formula (1) is heated to a temperature 
of about 65° C. to about 75° C. in the canister, a vaporized 
metal organic precursor may have a saturated vapor pres sure 
of about 1 to about 3 Torr. The metal organic precursor may 
include, for example, a hafnium precursor or a zirconium 
precursor. When the metal organic precursor in the liquid 
state is heated to about 85° C. to about 95° C., it is vaporized 
and has a saturated vapor pressure of about 3 to about 5 Torr. 
Thus, the metal organic precursor represented by formula (1) 
has a higher saturated vapor pressure than that of a conven 
tional hafnium precursor such as TEMAH, and the metal 
organic precursor may have good reactivity With an oxidiz 
ing agent. The time required for providing the metal organic 
precursor into a process chamber to form a thin ?lm may be 
reduced. Additionally, less of a carrier gas provided along 
With the vaporized metal organic precursor may be con 
sumed and the amount of metal organic precursor provided 
into the process chamber may also be reduced. In this 
manner, When the metal organic precursor represented by 
formula (1) is employed in a thin ?lm, a thin ?lm having a 
relatively higher dielectric constant and a relatively loWer 
leakage current than conventional thin ?lms may be manu 
factured. Consequently, the throughput of a semiconductor 
manufacturing process may be increased. 
[0034] Referring to FIG. 2 Where a zirconium precursor is 
used as the metal organic precursor, an inert gas is used as 
a purge gas and provided into process chamber 50 for about 
1 to about 30 seconds. In this example, the inert gas is 
included in the chamber for about 30 seconds and the inert 
gas may include argon gas, nitrogen gas, etc. By providing 
the purge gas into the process chamber 50, the second 
portion 14 Which is physisorbed on the ?rst portion 12 of the 
metal organic precursor or ?oated in the chamber 50 may be 
removed. As a result, zirconium precursor molecules 12a 
remain as the ?rst portion 12 on the substrate 10. 

[0035] Instead of providing the purge gas and maintaining 
the process chamber 50 in a vacuum condition for about 1 
to about 30 seconds, the second portion 14 physisorbed on 
the ?rst portion 12 of metal organic precursor or ?oated in 
the process chamber 50 may be removed. Alternatively, by 
providing the purge gas into process chamber 50 and main 
taining the chamber in a vacuum condition, the second 
portion 14 physisorbed to the ?rst portion 12 of the metal 
organic precursor or ?oated in the process chamber 50 may 
be removed. 

[0036] Referring to FIG. 3, an oxidizing agent 16 includ 
ing oxygen is provided into the chamber 50. Examples of the 
oxidizing agent 16 may include ozone (03), oxygen (02), 
Water (H20), plasma oxygen, remote plasma oxygen, etc., 
Which may be used alone or in combination. The oxidizing 
agent 16 is provided into the process chamber 50 for about 
0.5 to about 5.0 seconds. By Way of example, ozone (03) 
may be used as the oxidizing agent 16 and is provided into 
the process chamber 50 for about 2.0 seconds. The oxidizing 
agent 16 chemically reacts With the zirconium precursor 
molecules 1211 Which is the ?rst portion 12 of a reactant 
chemisorbed on substrate 10 to oxidize the zirconium pre 
cursor molecules 12a. 

[0037] Referring to FIG. 4, a purge gas is provided into the 
process chamber 50 Where the type of purge gas and time in 
the chamber 50 is substantially the same as described With 
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reference to FIG. 2. By providing the purge gas into the 
process chamber 50, the oxidizing agent 16 that remains 
chemically unreacted may be removed. In this manner, a 
solid material 18 including Zirconium oxide may be formed 
on the substrate 10. 

[0038] FIG. 5 illustrates a substrate 10 on Which the 
processes described With reference to FIGS. 1 to 4 are 
performed at least once. As a result, a thin ?lm 20 having a 
multi-layer structure of a solid material 18 may be formed on 
the substrate 10 Where the thin ?lm 20 includes Zirconium 
oxide. A thickness of the thin ?lm 20 may be controlled 
according to repetition times of the processes. The thin ?lm 
20 may include Zirconium oxide or hafnium oxide formed 
using a Zirconium precursor or a hafnium precursor on the 
substrate 10. The Zirconium precursor or the hafnium pre 
cursor has a saturated vapor pressure higher than that of a 
conventional precursor so that the thin ?lm 20 may have a 
relatively higher dielectric constant and a loWer leakage 
current. In an alternative embodiment, instead of an ALD 
process in Which the Zirconium precursor and the oxidiZing 
agent are used, the thin ?lm 20 may be formed by a CVD 
process in Which the Zirconium precursor and the oxidiZing 
agent are simultaneously provided into the process chamber 
50. 

[0039] When the thin ?lm 20 including the solid material 
18 is formed on the substrate 10, the Zirconium precursor in 
the gaseous state and the oxidiZing agent are introduced 
simultaneously to the substrate 10 in the process chamber 
50. The Zirconium precursor and the oxidizing agent chemi 
cally react With each other over the substrate 10 to form 
Zirconium oxide. The Zirconium oxide is chemisorbed onto 
the surface of the substrate 10 to form the solid material 18. 
The Zirconium oxide is successively chemisorbed onto the 
solid material 18 to form the thin ?lm 20 Where the thickness 
of the thin ?lm 20 is controlled by the CVD duration. 
[0040] FIG. 6 is a How chart illustrating a method of 
forming a thin ?lm in accordance With the present invention 
Where a substrate is disposed in a chamber in step S110. The 
internal temperature of the chamber is in the range of about 
250° C. to about 450° C. and preferably at 300° C. A ?rst 
reactive material is provided onto the substrate in step S120 
Where the ?rst reactive material is a metal organic precursor 
including a hafnium precursor and a Zirconium precursor. 
For example, the hafnium precursor includes tertiary-butyl 
imido bis-methyl-ethyl-amino hafnium [(t-BuN)Hf(N(CH3) 
(C2H5))2], and the Zirconium precursor includes tertiary 
butyl-imido bis-metyl-ethyl-amino Zirconium [(t-BuN)Zr(N 
(CH3)(C2H5))2]. Preferably, the ?rst reactive material is 
provided onto the substrate for about 0.5 to about 3 seconds 
and speci?cally for about 1 second by a liquid delivery 
system. When ter‘tiary-butyl-imido bis-metyl-ethyl-amino 
Zirconium is provided onto the substrate, a ?rst portion of 
the ter‘tiary-butyl-imido bis-metyl-ethyl-amino Zirconium 
may be chemisorbed onto the substrate and a second portion 
of the ter‘tiary-butyl-imido bis-metyl-ethyl-amino Zirconium 
may be physisorbed onto the substrate. 

[0041] In step S130, argon gas is provided onto the 
substrate to perform a ?rst purge process on the substrate. 
Preferably, argon gas is provided onto the substrate for about 
0.5 to about 3 seconds and speci?cally for 1 second. When 
argon gas is provided onto the substrate, the second portion 
of the ter‘tiary-butyl-imido bis-metyl-ethyl-amino Zirconium 
may be removed. That is, When argon gas is provided onto 
the substrate, a hydrocarbon radical contained in the tertiary 
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butyl-imido bis-metyl-ethyl-amino Zirconium may be taken 
from the substrate. Although argon gas is provided onto the 
substrate, Zirconium contained in the ter‘tiary-butyl-imido 
bis-metyl-ethyl-amino Zirconium may still remain chemi 
sorbed on the substrate. By maintaining the chamber in a 
vacuum condition for about 2 to about 3 seconds, the 
hydrocarbon radical may be taken-o?f from the substrate. 
[0042] An oxidiZing agent including oxygen is provided 
onto the substrate in step S140. Examples of an oxidiZing 
agent include oZone (03), Water vapor (H20), hydrogen 
peroxide (H202), methyl alcohol (CH3OH), ethyl alcohol 
(C2H5OH), etc. Which may be used alone or in combination. 
In an example embodiment of the present invention, oZone 
is used as the oxidiZing agent. Preferably, oZone is provided 
onto the substrate for about 1 to about 5 seconds and 
speci?cally for about 3 seconds. When the oxidiZing agent 
is provided onto the substrate, Zirconium chemisorbed on 
the substrate may be oxidiZed. As a result, a ?rst solid 
material containing Zirconium oxide is formed on the sub 
strate. 

[0043] In step S150, a second purge process using argon 
gas is performed on the substrate. Preferably, argon gas is 
provided onto the substrate for about 1 to about 5 seconds 
and speci?cally for about 3 seconds. When argon gas is 
provided onto the substrate, an oxidiZing agent remaining in 
the chamber is removed. In this manner, the ?rst solid 
material including Zirconium oxide is formed on the sub 
strate. By repeatedly providing ter‘tiary-butyl-imido bis 
metyl-ethyl-amino Zirconium, argon gas, an oxidiZing agent 
and argon gas, a Zirconium oxide layer including the ?rst 
solid material may be formed having a predetermined thick 
ness. 

[0044] In step S160, a second reactive material is provided 
onto the ?rst solid material formed in step S140. The second 
reactive material includes an aluminum precursor. Examples 
of the aluminum precursor may include tri-methyl-alumi 
num (TMA), tri-ethy-aluminum (TEA), tri-isobuthyl-alumi 
num, etc. Preferably, the second reactive material is pro 
vided onto the ?rst solid material for about 1 second. By 
providing TEA as the second reactive material onto the ?rst 
solid material, a ?rst portion of the TEA may be chemi 
sorbed onto the ?rst solid material and a second portion of 
the TEA may be physisorbed onto the ?rst solid material. 

[0045] A third purge process using argon gas is performed 
on the substrate in step S170. Preferably, argon gas is 
provided onto the ?rst solid material for about 1 second as 
a purge gas and the second portion of the TEA physisorbed 
on the ?rst solid material may be removed. An oxidiZing 
agent is provided onto the ?rst solid material in step S180. 
The oxidiZing agent may be substantially the same as that 
described in step S140. OZone (O3) as the oxidiZing agent 
may be provided onto the ?rst solid material for about 3 
seconds. When the oxidiZing agent is provided onto the ?rst 
solid material, aluminum chemisorbed on the ?rst solid 
material is oxidiZed. As a result, a second solid material 
including aluminum oxide may be formed on the ?rst solid 
material. 

[0046] In step S190, a fourth purge process using argon 
gas is performed on the substrate. Preferably, argon gas as a 
purge gas is provided onto the second solid material for 
about 3 seconds and the oxidiZing agent remaining in the 
chamber may be removed. Accordingly, the second solid 
material including aluminum oxide is formed on the ?rst 
solid material. By repeatedly providing TEA, argon gas, an 
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oxidizing agent and argon gas, an aluminum oxide layer 
including the second solid material having a predetermined 
thickness may be formed. Here, a cycle is de?ned by the 
number of processes performed that provide a precursor, 
argon gas, an oxidiZing agent and argon gas to form a metal 
oxide layer. By controlling the number of cycles for forming 
the ?rst solid material that includes Zirconium oxide using 
the Zirconium precursor and cycles for forming the second 
solid material that includes aluminum oxide using the alu 
minum precursor, a composite metal oxide layer including 
Zirconium-aluminum oxide that has a desired composition 
ratio of Zirconium and aluminum may be formed in step 
S200. Alternatively, instead of the Zirconium precursor, a 
hafnium precursor may be used. By controlling the number 
of cycles for forming the ?rst solid material that includes 
hafnium oxide using the hafnium precursor and the number 
of cycles for forming the second solid material that includes 
aluminum oxide using the aluminum precursor, a composite 
metal oxide layer including hafnium-aluminum oxide that 
has a desired composition ratio of hafnium and aluminum 
may be formed. 

Method of Manufacturing a Gate Structure 

[0047] FIGS. 7-10 are cross-sectional vieWs illustrating 
methods of manufacturing a gate structure in accordance 
With example embodiments of the present invention. Refer 
ring to FIG. 7, a conventional isolation process is performed 
to de?ne an active region and a ?eld region 102 in a substrate 
100. Here, examples of the substrate 100 may include silicon 
substrate, silicon-on-insulator (SOI) substrate, etc. A gate 
insulation layer 104 including, for example, a metal oxide is 
formed on the substrate 100 Which has a relatively loW EOT 
and sufficiently reduces a leakage current betWeen a gate 
electrode and a channel region. In particular, the gate 
insulation layer 104 may include hafnium oxide or Zirco 
nium oxide, and may be formed by an ALD process that is 
substantially the same as that shoWn for forming the thin 
?lm in FIGS. 1 to 5. Alternatively, the gate insulation layer 
104 may include Zirconium-aluminum oxide and may be 
formed by an ALD process that is substantially the same as 
that for forming the thin ?lm as shoWn in FIG. 6. A metal 
organic precursor used in the ALD process may be repre 
sented by: 

Where R1, R2 and R3 independently represent hydrogen or 
an alkyl group having one to ?ve carbon atoms, and M 
represents titanium, Zirconium or hafnium. R1, R2 and R3 
may, for example, independently include a methyl group, an 
ethyl group, a prophyl group, and a tertiary butyl group, etc. 
The metal organic precursor represented by formula (2) may 
include ter‘tiary-butyl-imido bis-methyl-ethyl-amino 
hafnium [(t-BuN)Hf(N(CH3)(C2H5))2] or tertiary-butyl 
imido bis-metyl-ethyl-amino Zirconium [(t-BuN)Zr(N(CH3) 
(C2H5))2]. The metal organic precursor may be in a liquid 
state at room temperature and may be vaporiZed into a 
gaseous state at a temperature of about 60° C. to about 95° 
C. When the metal organic precursor is vaporized in a 
canister, the vaporiZed metal organic precursor may have a 
saturated vapor pressure of about 1 Torr to 5 Torr. Methods 
for forming the gate insulation layer 104 are substantially 
the same as those illustrated With reference to FIGS. 1 to 5. 

[0048] In an example embodiment of the present inven 
tion, the gate insulation layer 104 including Zirconium oxide 
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may be formed on the substrate 100 by performing an ALD 
process using a hafnium precursor or a Zirconium precursor. 
A silicon oxide layer having a thickness of about 5 A may 
also be formed on the gate insulation layer 104. The silicon 
oxide layer may be formed in-situ after the gate insulation 
layer 104 including Zirconium oxide is formed. 
[0049] Referring to FIG. 8, a gate conductive layer 110 is 
formed on the gate insulation layer 104. The gate conductive 
layer 110 may be formed to have a multi-layered structure, 
i.e., a poly-crystalline silicon layer 106 and a metal silicide 
layer such as a tungsten silicide are sequentially stacked. A 
capping insulation layer 112 including silicon oxide may be 
formed on the gate conductive layer 110. 

[0050] Referring to FIG. 9, the capping insulation layer 
112, the gate conductive layer 110 and the gate insulation 
layer 104 on the substrate 100 are sequentially patterned by 
a photolithography process. As a result, a gate structure 115 
including a gate insulation layer pattern 10411, a gate con 
ductive pattern 110a and a capping insulation layer pattern 
11211 is formed on the substrate 100. FIG. 10 illustrates a 
source/drain region 120 formed at an upper portion of the 
substrate 100 adjacent to gate structure 115. The source/ 
drain region 120 may be formed before forming the gate 
insulation layer 104 or after forming a spacer 114 on the gate 
structure 115. The gate insulation layer pattern 104a includ 
ing hafnium oxide or Zirconium oxide that has a high 
dielectric constant may have a relatively loW EOT Which 
sufficiently reduces a leakage current betWeen a gate con 
ductive pattern 106a and the substrate 100. When the gate 
insulation layer 104 is formed using a metal organic pre 
cursor represented by formula (2), a process time for manu 
facturing the gate insulation layer 104 may be reduced so 
that the gate structure 115 formed faster. 

Method of Manufacturing a Capacitor 

[0051] FIGS. 11 to 14 are cross-sectional vieWs illustrat 
ing methods of manufacturing a capacitor in accordance 
With example embodiments of the present invention. FIG. 11 
illustrates a substrate 100 having an insulating interlayer 124 
including a contact hole 126 that exposes a contact plug 122. 
A conductive layer 132 for a loWer electrode is continuously 
formed on an inner sideWall and a bottom portion of a 
contact hole 126 through the insulating interlayer 124 to 
form an electrical connection With a contact plug 122. When 
a semiconductor device such as a dynamic random access 

memory (DRAM) is formed on the substrate 100, a semi 
conductor structure including a gate 115 having a spacer 
114, a bit line (not shoWn), the contact plug 122, etc., may 
be formed on the substrate 100. The conductive layer 132 
may be formed using a material such as polycrystalline 
silicon, titanium nitride, tantalum nitride, tungsten nitride, 
ruthenium, etc. Which may be used alone or in a combina 
tion. 

[0052] FIG. 12 illustrates a loWer electrode 140 formed to 
electrically connect to the contact plug 122. After a sacri? 
cial layer (not shoWn) is formed on the conductive layer 132, 
the sacri?cial layer is removed until an upper face of the 
conductive layer 132 is exposed. The conductive layer 132 
on the insulating interlayer 124 is removed to form a loWer 
electrode 140 on the inner sideWall and bottom of the contact 
hole 126. The sacri?cial layer remaining in the contact hole 
126 and the insulating interlayer 124 is removed to complete 
the loWer electrode 140. The loWer electrode 140 may have 
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a cylindrical shape in Which a Width of an upper portion is 
Wider than that of a lower portion of the loWer electrode 140. 

[0053] Referring to FIG. 13, a dielectric layer 150 is 
formed on the loWer electrode 140 having a relatively thin 
EOT and a relatively high dielectric constant Which may 
su?iciently reduce a leakage current betWeen the loWer 
electrode 140 and an upper electrode. In an example 
embodiment, the dielectric layer 15011 is formed using a thin 
?lm including a metal oxide. For example, the thin ?lm may 
include hafnium oxide or Zirconium oxide and may be 
formed by an ALD process that is substantially the same as 
that for forming the thin ?lm as shoWn in FIGS. 1 to 5. 
Alternatively, the thin ?lm may include Zirconium-alumi 
num oxide, and may be formed by an ALD process that is 
substantially the same as that for forming the thin ?lm as 
referenced in FIG. 6. A metal organic precursor may include 
tertiary-butyl-imido bis-methyl-ethyl-amino hafnium [(t 
BuN)Hf(N(CH3)(C2H5))2] or tertiary-butyl-imido bis 
metyl-ethyl-amino Zirconium [(t-BuN)Zr(N(CH3)(C2H5)) 
2]. The dielectric layer 150 including hafnium oxide may be 
formed on the loWer electrode 140 by an ALD process using 
the metal organic precursor. 
[0054] Referring to FIG. 14, after the dielectric layer 150 
is formed, it is thermally treated to remove a contaminant 
and restore oxygen vacancies. The heat treatment process 
may include an ultraviolet oZone (UV-O3) treatment, a 
plasma treatment, etc. An upper electrode 160 may be 
formed on the dielectric layer 150 using polycrystalline 
silicon, titanium nitride, tantalum nitride, tungsten nitride, 
ruthenium, etc. Which may be used alone or in combination. 
Thus, a capacitor that includes the loWer electrode 140, the 
dielectric layer 150 having hafnium oxide, and the upper 
electrode 160 is formed on the substrate 100. In another 
embodiment, a thin solid ?lm including hafnium oxide that 
has a high dielectric constant is formed as dielectric layer 
150 having a relatively loW EOT 

[0055] Saturated vapor pressures of tertiary-butyl-imido 
bis-methyl-ethyl-amino hafnium [(t-BuN)Hf(N(CH3) 
(C2H5))2] and tetrakis-ethyl-methyl-amino hafnium 
[TEMAH, Hf(NC2H5CH3)4] that are hafnium precursors of 
a thin ?lm including hafnium oxide Were respectively mea 
sured. The measurement Was performed by measuring 
changes in saturated vapor pressures according to different 
temperatures after the hafnium precursors Were contained in 
a 10 L canister and the hafnium precursors Were heated into 
a gaseous phase. Results of measured changes in an inner 
pressure of the canister at a temperature of about 20° C. to 
about 90° C. are illustrated in the graph of FIG. 15. Here, the 
saturated vapor pressures of the hafnium precursors are 
substantially the same as the inner pressure of the canister. 
As shoWn in the graph, tertiary-butyl-imido bis-methyl 
ethyl-amino hafnium has a vapor pressure of about 1 Torr 
When the tertiary-butyl-imido bis-methyl-ethyl-amino 
hafnium is heated to a temperature of about 72° C., thus, the 
inner pressure of the canister is about 1 Torr. Additionally, 
tertiary-butyl-imido bis-methyl-ethyl-amino hafnium has a 
vapor pressure of about 3 Torr When the tertiary-butyl-imido 
bis-methyl-ethyl-amino hafnium is heated to a temperature 
of about 90° C., thus the inner pressure of the canister is 
about 3 Torr. HoWever, TEMAH (i.e., a conventional 
hafnium precursor) has a vapor pressure of about 0.4 Torr 
When the TEMAH is heated to a temperature of about 72° 
C., thus the inner pressure of the canister is about 0.4 Torr. 
Additionally, TEMAH has a vapor pressure of about 1 Torr 
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When the TEMAH is heated to a temperature of about 90° C. 
and the inner pressure of the canister is about 1 Torr. As a 
result, When the thin ?lm including hafnium oxide is formed, 
tertiary-butyl-imido bis-methyl-ethyl-amino hafnium has a 
vapor pressure that is about tWice as high as that of TEMAH. 
Therefore, When the thin ?lm is formed using tertiary-butyl 
imido bis-methyl-ethyl-amino hafnium, a process time for 
forming the thin ?lm may be reduced and consequently the 
throughput of a semiconductor manufacturing process may 
be increased. 

[0056] A change in the saturated vapor pressure of ter 
tiary-butyl-imido bis-metyl-ethyl-amino Zirconium as a Zir 
conium precursor Was measured according to different tem 
peratures by substantially the same method as that illustrated 
With reference to FIG. 15, the results of Which are illustrated 
in FIG. 16. A saturated vapor pressure of the Zirconium 
precursor is substantially the same as an inner pressure of a 
canister. As shoWn in the graph, tertiary-butyl-imido bis 
metyl-ethyl-amino Zirconium as a Zirconium precursor has a 
vapor pressure of about 1 Torr When the tertiary-butyl-imido 
bis-metyl-ethyl-amino Zirconium is heated to a temperature 
of about 72° C., thus, the inner pressure of the canister is 
about 1 Torr. Additionally, tertiary-butyl-imido bis-metyl 
ethyl-amino Zirconium has a vapor pressure of about 2.7 
Torr When the tertiary-butyl-imido bis-metyl-ethyl-amino 
Zirconium is heated to a temperature of about 90° C., thus 
the inner pressure of the canister is about 3 Torr. Therefore, 
When the thin ?lm is formed using tertiary-butyl-imido 
bis-metyl-ethyl-amino Zirconium, a process time for form 
ing the thin ?lm may be reduced and consequently the 
throughput of a semiconductor manufacturing process may 
be increased. 

[0057] FIG. 17 is a graph illustrating results of a thermo 
gravimetric analysis (TGA) in TEMAH and tertiary-butyl 
imido bis-metyl-ethyl-amino Zirconium. The TGA is an 
analysis that registers a Weight change in a sample according 
to time and temperature While increasing a temperature of 
the sample at a constant speed or isotherrnally maintaining 
the temperature of the sample. As a result, a Weight increase 
or a Weight decrease according to pyrolysis, sublimation, 
vaporiZation and oxidation may be analyZed by a thermo 
gram. While heating tertiary-butyl-imido bis-methyl-ethyl 
amino hafnium and tertiary-butyl-imido bis-metyl-ethyl 
amino Zirconium that Were metal organic precursors from a 
room temperature to about 400° C. by 5° C./min, Weight loss 
of each precursor Was measured. At a temperature in a range 
ofabout 130° C. to about 220° C., the Weight loss ofthe each 
precursor abruptly occurred. That is, tertiary-butyl-imido 
bis-methyl-ethyl-amino hafnium, tertiary-butyl-imido bis 
metyl-ethyl-amino Zirconium and TEMAH Were vaporiZed 
from a liquid phase to a gaseous phase. Based on the above 
analysis, tertiary-butyl-imido bis-methyl-ethyl-amino 
hafnium and tertiary-butyl-imido bis-metyl-ethyl-amino Zir 
conium Were con?rmed as proper metal organic precursors 
for an ALD process like TEMAH. 

[0058] FIG. 18 is a graph illustrating a leakage current of 
a capacitor having the hafnium oxide layer as a dielectric 
layer in accordance With an embodiment of the present 
invention. A leakage current of a cell capacitor including a 
hafnium oxide Was measured after a hafnium oxide layer 
employed in the cell capacitor Was formed by an ALD 
process using tertiary-butyl-imido bis-methyl-ethyl-amino 
hafnium. The hafnium oxide layer had a thickness of about 
13.7 A. The cell capacitor including the hafnium oxide layer 






