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(57) ABSTRACT 

Amethod of forming a (Ba, Sr) TiO3 high dielectric constant 
thin ?lm With suf?cient coverage is provided. 

A Ba material, an Sr material and a Ti material including bis 
(t-butoXy) bis (dipivaloylmethanate) titanium are dissolved 
in an organic solvent to obtain a solution material. The 
solution material is vaporized, so that material gas is 
obtained. A (Ba, Sr) TiO3 thin ?lm is formed on a substrate 
by CVD reaction using the material gas. 
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METHOD OF FORMING HIGH DIELECTRIC 
CONSTANT THIN FILM AND METHOD OF 

MANUFACTURING SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to methods 
of forming high dielectric constant thin ?lms, and more 
speci?cally to a method of forming a high dielectric constant 
thin ?lm used for a semiconductor memory or the like. The 
present invention also relates to a method of manufacturing 
a semiconductor device provided With such high dielectric 
constant thin ?lm. 

[0003] 2. Description of the Background Art 

[0004] Recently, semiconductor memories or devices have 
been increasingly reduced in siZe. In a dynamic random 
access memory (a DRAM), for example, the number of bits 
has quadrupled in three years. Such rapid reduction in siZe 
is intended for high integration degree of the device, reduc 
tion in poWer consumption and cost, or the like. HoWever, 
even if the integration degree increases, a capacitor of the 
DRAM must be provided With a prescribed capacitance. 
Therefore, a thickness of a ?lm of a capacitor material must 
be reduced. With SiO2 Which has conventionally been used, 
it is difficult to reduce the thickness of the ?lm. If the 
material provided With higher dielectric constant is 
employed, a suf?cient capacitance Would be ensured as in 
the case of the reduction in the thickness of the ?lm. Thus, 
many studies have been done for utiliZing a high dielectric 
constant material for the memory device. 

[0005] The most important requirement for the capacitor 
material is that it is a thin ?lm having the above mentioned 
high dielectric constant and small leakage current. Namely, 
as long as the high dielectric constant material is used, a 
thickness of the ?lm must be as small as possible and the 
leakage current must be a minimum value. Generally, it is 
preferable that the thickness of the ?lm is at most 0.5 nm of 
an equivalent SiO2 thickness and a leakage current density 
When 1V is applied is at most 2x10‘7 A/cm2. In the case of 
the thin ?lm formed on an electrode for a capacitor of the 
DRAM having a step portion, the ?lm must be formed by 
CVD (Chemical Vapor Deposition) providing high confor 
mity even in the case of a complicated shape. HoWever, there 
is no such material for CVD that has stable and suf?cient 
vaporiZation property. This is because a [3-diketone type 
dipivaloylmethanate (hereinafter abbreviated as DPM) com 
pound, Which is often used as the material for CVD, is not 
provided With suf?cient vaporiZation property by heating. 

[0006] In this conteXt, the present inventor has found that 
the effect of the vaporiZation property dramatically increases 
When a conventional solid material is dissolved in an organic 
solvent of tetrahydrofuran (hereinafter abbreviated as THF), 
and proposed that the material should be used for CVD 
(Japanese Patent Laying-Open NOS-299365). HoWever, it 
has been found that a good result cannot necessarily be 
obtained even When the material is used for formation of a 
dielectric ?lm using a CVD apparatus for a liquid material 
Which has conventionally been used for forming an SiO2 
?lm. Then, the present inventor has developed a CVD 
apparatus for a liquid material capable of sufficiently vapor 
iZing the liquid material and stably supplying it for a reaction 

Oct. 11, 2001 

chamber (Japanese Patent Laying-Open No. 6-310444 and 
No. 7-94426). HoWever, even When the dielectric ?lm is 
formed by the CVD apparatus for vaporiZing the solution, 
stable and suf?cient ?lm property (including electrical prop 
erty) is not necessarily obtained. 

[0007] FIG. 5 is a schematic illustration shoWing a CVD 
apparatus for forming a high dielectric constant thin ?lm 
Which has been disclosed in Japanese Patent Laying-Open 
No. 9-219497. 

[0008] Referring to FIG. 5, a solution 14 in Which a solid 
of Ba (DPM)2 is dissolved in a solvent of THF (the solution 
is hereinafter abbreviated as Ba (DPM)2/THF), Sr (DPM)2/ 
THF 15 and Ti (t-BuO)2 (DPM)2/T HF 16 are fed to a 
vaporiZer 23 through liquid mass ?oW controllers 19 and air 
valves 22. THF 17 is fed to vaporiZer 23 through liquid mass 
?oW controllers 19 and air valves 21. N2 carrier gas 18 is fed 
to vaporiZer 23 through gas ?oW controller 20 and air valve 
21. VaporiZer 23 is provided above a reaction chamber 32. 
A susceptor 30 With a heater 31 is provided in reaction 
chamber 32. A substrate 29 is placed on susceptor 30. A gas 
noZZle 28 is provided on a ceiling of reaction chamber 32. 
The material gas Which has been fed to vaporiZer 23 is 
miXed With O2 gas 33 in a miXer 27, and supplied for 
reaction chamber 32 through gas noZZle 28. A vent is 
denoted by a reference numeral 26, and air valves on the 
sides of vent and reaction chamber are respectively denoted 
by 24 and 25. A pressure controller 34 is provided beloW 
reaction chamber 32. 

[0009] NoW, a method of manufacturing a high dielectric 
constant thin ?lm using a conventional CVD apparatus for 
forming the high dielectric constant thin ?lm Will be 
described. 

[0010] Referring to FIG. 5, a miXture of Ba (DPM)2/T HF 
14, Sr (DPM)2 THF 1, Ti (t-BuO)2 (DPM)2/THF 16, THF 17 
and N2 carrier gas 18 are fed to vent 26 from vaporiZer 23, 
so that a How of the miXture of the gas and liquid is obtained. 
O2 gas 33 is supplied for reaction chamber 32 and pressure 
controller 34 is adjusted, so that a pressure in reaction 
chamber 32 is set at a desired level (for eXample at 5 Torr). 
Air valve for vent 24 is closed and, at the same time, air 
valve for reaction chamber 25 is opened. Thus, the mixture 
of gas and liquid is supplied for reaction chamber 32, and a 
?lm of (Ba, Sr) TiO3 (hereinafter abbreviated as a BST thin 
?lm) of Stoichiometric is formed on substrate 29. 

[0011] FIG. 6 is a cross sectional vieW shoWing a semi 
conductor device thus formed. Referring to FIG. 6, a 
poly-Si plug 4 is formed in a silicon substrate 2. A barrier 
metal 3 is formed on poly-Si plug 4. An Ru storage node 1 
is formed on barrier metal 3. A BST thin ?lm 35 including 
TiO (DPM)2 is formed to cover Ru storage node 1. When 
thicknesses 6 and 7 of BST thin ?lm 35 formed on Ru 
storage node 1 are respectively drnaX and dmin, a distance 8 
betWeen adjacent Ru storage nodes 1, 1 is W (~0.13 pm) and 
a height 9 of Ru storage node 1 is D (~0.36 pm), a coverage 
dmin/d is at most 50% for an aspect ratio D/W (at least 3). max 

[0012] The conventional method of manufacturing the 
high dielectric constant thin ?lm has been performed as 
described above. 

[0013] HoWever, in the case of the DRAM of 4-Gbit class 
or the like, aspect ratio D/W is at least 3 for the semicon 
ductor device having a step portion as shoWn in FIG. 6. 
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Even on the step portion, a conformal coverage (at least 
80%) must be ensured. HoWever, When TiO (DPM)2 is used 
as a Ti material, the coverage is at most about 50% for aspect 
ratio D/W of at least 3, Whereby sufficient coverage is not 
obtained. As a result, it is dif?cult to form an upper electrode 
(a cell plate) on the BST thin ?lm. 

SUMMARY OF THE INVENTION 

[0014] The present invention is made to solve the afore 
mentioned problem. An object of the present invention is to 
provide a method of manufacturing a high dielectric con 
stant thin ?lm ensuring suf?cient coverage. 

[0015] Another object of the present invention is to pro 
vide a method of forming a high dielectric constant thin ?lm 
Which has been improved to ensure a sufficient capacitance 
as in the case of a reduction in a thickness of the ?lm. 

[0016] Another object of the present invention is to pro 
vide a method of forming a high dielectric constant thin ?lm 
Which has been improved to reduce a material used and a 
cost. 

[0017] Another object of the present invention is to pro 
vide a method of forming a high dielectric constant thin ?lm 
Which has been improved to make the formation of the high 
dielectric constant thin ?lm considerably stable for a long 
period of time. 

[0018] Still another object of the present invention is to 
provide a method of manufacturing a semiconductor device 
provided With a high dielectric constant BST thin ?lm 
having a conformal coverage. 

[0019] In a method of forming a high dielectric constant 
thin ?lm according to a ?rst aspect of the present invention, 
?rst, a Ba material including a dipivaloylmethanate type 
organic barium compound, an Sr material including a dipiv 
aloylmethanate type organic strontium compound and a Ti 
material including a bis (t-butoxy) bis (dipivaloylmethanate) 
titanium Ti(t-BuO)2 (DPM)2 compound are dissolved in an 
organic solvent, so that a solution material is obtained. The 
solution material is vaporiZed, so that material gas is 
obtained. A (Ba, Sr) TiO3 thin ?lm is formed on a substrate 
by CVD reaction using the above mentioned material gas. 

[0020] According to the present invention, as the Ti mate 
rial including Ti(t-BuO)2 (DPM)2 is used, it becomes 
unlikely that molecules adhere to the substrate as compared 
With the case Where the conventional TiO (DPM)2 is used, so 
that suf?cient coverage is ensured. 

[0021] In a method of forming a high dielectric constant 
thin ?lm according to a second aspect of the present inven 
tion, the above mentioned Ti material includes bis (t-bu 
toxyl) bis (dipivaloylmethanate) titanium mixed With 
another Ti-[3-diketone complex. 

[0022] According to the present invention, as another 
Ti-[3-diketone complex is mixed, a ?lm formation speed is 
increased and a material used and a cost are reduced. 

[0023] According to a third aspect of the present inven 
tion, the above mentioned another Ti-[3-diketone complex is 
Ti (OH) (t-BuO) (DPM)2 derived from Ti (t-BuO)2 (DPM)2. 
[0024] According to the present invention, if the propor 
tion of Ti (OH) (t-BuO) (DPM)2 in the mixture is increased, 
a ?lm formation speed is increased and a material used is 
reduced. 
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[0025] According to a fourth aspect of the present inven 
tion, the above mentioned another Ti-[3-diketone complex is 
oxo-bis (dipivaloylmethanate) titanium. 

[0026] The use of oxo-bis (dipivaloylmethanate) titanium 
also enables increase in a ?lm formation speed and reduction 
in the material used. 

[0027] In a method of forming a high dielectric constant 
thin ?lm according to a ?fth aspect of the present invention, 
the above mentioned another Ti-[3-diketone complex is bis 
(isopropoxy) his (dipivaloylmethanate) titanium. 
[0028] According to the present invention, if the propor 
tion of bis (isopropoxy) bis (dipivaloylmethanate) titanium 
is increased, increase in a ?lm formation speed and reduc 
tion in a material used can be achieved. 

[0029] In a method of forming a high dielectric constant 
thin ?lm according to a sixth aspect of the present invention, 
?rst, a Ba material including a dipivaloylmethanate type 
organic barium compound, an Sr material including a dipiv 
aloylmethanate type organic strontium compound and a Ti 
material including a dipivaloylmethanate type organic tita 
nium compound are dissolved in tetrahydrofuran, so that a 
solution material is obtained. Antioxidant is added to the 
solution material. The solution material is vaporiZed, so that 
material gas is obtained. A (Ba, Sr) TiO3 thin ?lm is formed 
on a substrate by CVD reaction using the material gas. 

[0030] According to the present invention, as the antioxi 
dant is added to the solution material, oxidation of a solvent 
of THF is prevented, Whereby formation of the high dielec 
tric constant ?lm remains considerably stable for a long 
period of time. 

[0031] In a method of forming a high dielectric constant 
thin ?lm according to a seventh aspect of the present 
invention, butylhydroxytoluene is used as antioxidant. The 
use of butylhydroxytoluene prevents oxidation of the solvent 
of THE. 

[0032] In a method of forming a high dielectric constant 
thin ?lm according to an eighth aspect of the present 
invention, phenol is used as antioxidant. If phenol is added 
to a solution material, oxidation of the solvent of THF is 
prevented. 
[0033] In a method of forming a high dielectric constant 
thin ?lm according to a ninth aspect of the present invention, 
a Ba material including a dipivaloylmethanate type organic 
barium compound, an Sr material including a dipivaloyl 
methanate type organic strontium compound and a Ti mate 
rial including a dipivaloylmethanate type organic titanium 
compound are dissolved in tetrahydrofuran, so that a solu 
tion material is obtained. A moisture content in the solution 
material is reduced. The material solution is vaporiZed, so 
that material gas is obtained. A (Ba, Sr) TiO3 thin ?lm is 
formed on a substrate by CVD reaction using the material 
gas. 

[0034] According to the present invention, as the solution 
material With reduced moisture content is used, a pressure in 
the vaporiZer is stabiliZed over a long period of time and 
formation of the high dielectric constant thin ?lm remains 
considerably stable for a long period of time. 

[0035] In a method of forming a high dielectric constant 
thin ?lm according to a tenth aspect of the present invention, 
a moisture content of the solution material is at most 100 



US 2001/0029090 A1 

[0036] According to the present invention, as the solution 
material With the moisture content of at most 100 ppm is 
used, a pressure in the vaporizer is stabilized for a long 
period of time, so that formation of high dielectric constant 
thin ?lm remains stable for a long period of time. 

[0037] In a method of manufacturing a semiconductor 
device according to an eleventh aspect of the present inven 
tion, a ?rst electrode layer is formed on a semiconductor 
substrate. A dielectric layer is formed on the ?rst electrode 
layer. A second electrode layer is formed on the ?rst elec 
trode layer With the dielectric layer interposed. In a step of 
forming the dielectric layer, ?rst, a Ba material including a 
dipivaloylmethanate type organic barium compound, an Sr 
material including a dipivaloylmethanate type organic stron 
tium compound and a Ti material including his (t-butoxy) 
bis (dipivaloylmethanate) titanium Ti (t-BuO)2 (DPM)2 are 
dissolved in an organic solvent, so that a solution material is 
obtained. The solution material is vaporiZed, so that material 
gas is obtained. A (Ba, Sr) TiO3 thin ?lm is formed on a 
semiconductor substrate by CVD reaction using the material 
gas. 

[0038] According to the present invention, as Ti (t-BuO)2 
(DPM)2 is used, it becomes unlikely that molecules adhere 
to the substrate, so that the semiconductor device provided 
With the high dielectric constant thin ?lm having suf?cient 
coverage is provided. 

[0039] In a method of manufacturing a semiconductor 
device according to a tWelfth aspect of the present invention, 
the above mentioned Ti material includes bis (t-butoxy) bis 
(dipivaloylmethanate) titanium mixed With another Ti-[3 
diketone complex. 

[0040] According to the present invention, if the propor 
tion of another Ti-[3-diketone complex is increased, increase 
in a ?lm formation speed and reduction in a material used 
can be achieved. 

[0041] In a method of manufacturing a semiconductor 
device according to a thirteenth aspect of the present inven 
tion, the above mentioned another Ti-[3-diketone complex is 
Ti (OH) (t-BuO) (DPM)2 derived from Ti (t-BuO)2 (DPM)2. 

[0042] As the [3-diketone complex is mixed, increase in a 
?lm formation speed and reduction in a material used and 
cost can be achieved. 

[0043] In a method of manufacturing a semiconductor 
device according to a fourteenth aspect of the present 
invention, the above mentioned another Ti-[3-diketone com 
plex is oxo-bis (dipivaloylmethanate) titanium. 

[0044] The use of such another Ti-[3-diketone complex 
also enables increase in a ?lm formation speed and reduction 
in a material used and cost. 

[0045] In a method of manufacturing a semiconductor 
device according to a ?fteenth aspect of the present inven 
tion, the above mentioned another Ti-[3-diketone complex is 
bis (isopropoxy) bis (dipivaloylmethanate) titanium. The use 
of another Ti-[3-diketone complex also enables increase in a 
?lm formation speed and reduction in a material used and 
cost. 

[0046] The foregoing and other objects, features, aspects 
and advantages of the present invention Will become more 
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apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] FIG. 1 is a cross sectional vieW shoWing a semi 
conductor device including a high dielectric constant thin 
?lm formed by a method of forming the high dielectric 
constant thin ?lm according to a ?rst embodiment. 

[0048] FIG. 2 is a graph shoWing a relation betWeen the 
proportion of Ti (OH) (t-BuO) (DPM)2 in a mixture and a 
?lm formation speed. 

[0049] FIG. 3 is a graph shoWing a relation betWeen the 
number of Wafers processed and the ?lm formation speed. 

[0050] FIG. 4 is a graph shoWing a relation betWeen the 
number of Wafers processed and a vaporiZer pressure. 

[0051] FIG. 5 is a schematic illustration shoWing a con 
ventional CVD apparatus for forming a high dielectric 
constant thin ?lm. 

[0052] FIG. 6 is a cross sectional vieW shoWing a semi 
conductor device having a high dielectric constant thin ?lm 
formed by conventional CVD reaction. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0053] In a method of forming a high dielectric constant 
thin ?lm by CVD according to the present invention, Ti 
(t-BuO)2 (DPM)2 or a mixture of Ti solid material including 
Ti (t-BuO)2 (DPM)2 With another Ti-[3-diketone is used as a 
Ti material. Thus, for example, for an aspect ratio required 
for 4-Gbit class (D/W is at least 3, as Will later be described), 
conformal coverage of about 80% is ensured. In addition, an 
upper electrode (a cell plate) can readily be formed on a BST 
thin ?lm, thereby satisfying a speci?cation for 4-Gbit class. 
The method Will noW be described With reference to the 
draWings. 

[0054] First Embodiment 

[0055] FIG. 1 is a cross sectional vieW shoWing a semi 
conductor device formed by a method of forming a high 
dielectric constant thin ?lm according to a ?rst embodiment. 
Unlike the conventional case Where TiO (DPM)2 is used, a 
BST thin ?lm 5 is formed by CVD using Ti (t-BuO)2 
(DPM)2 Which prevents molecules from adhering to a sub 
strate and provides suf?cient coverage. The high dielectric 
constant thin ?lm is formed on a cell structure of a DRAM 
for 4-Gbit scale. 

[0056] Referring to FIG. 1, a poly-Si plug 4 is formed in 
a silicon substrate 2. An Ru storage node 1 is connected to 
polySi plug 4 With a barrier metal 3 interposed. High 
dielectric constant BST thin ?lm 5 is formed to cover Ru 

storage node 1 using Ti (t-BuO)2 (DPM)2. 

[0057] A thickness 6 of BST thin ?lm 5 formed on an 
upper surface of Ru storage node 1 is represented by dmaX. 
A thickness 7 of BST thin ?lm 5 formed on a sideWall of Ru 
storage node 1 is represented by dmin. A distance 8 betWeen 
adjacent Ru storage nodes is represented by W (~0.13 pm). 
A height 9 of Ru storage node 1 is represented by D (~0.36 
pm). Solid Ti (t-BuO)2 (DPM)2 includes a Ti ion surrounded 
by four large organic ligands. Therefore, it is unlikely that a 
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precursor for ?lm formation adheres to the substrate. As a 
result, actually, for aspect ratio D/W (at least 3), the high 
dielectric constant BST thin ?lm having a conformal cov 
erage of about at least 80% can be formed. Thus, the 
speci?cation for 4-Gbit class is satis?ed. An upper electrode 
is formed on BST thin ?lm 5 to complete a capacitor. 

[0058] Second Embodiment 

[0059] In the present embodiment, as a Ti material, a 
mixture of Ti (t-BuO)2 (DPM)2 With another Ti-[3-diketone 
complex such as Ti (OH) (t-BuO) (DPM)2 derived from Ti 
(t-BuO)2 (DPM)2 is used. 

[0060] FIG. 2 is a graph shoWing a relation betWeen the 
proportion of Ti (OH) (t-BuO) (DPM)2 added to Ti (t-BuO)2 
(DPM)2 and a ?lm formation speed. Referring to FIG. 2, if 
the proportion of Ti (OH) (t-BuO) (DPM)2 is increased, the 
?lm formation speed increases. In addition, a material used 
and a cost can be reduced. 

[0061] TiO( DPM)2 or Ti (O-iPr)2 (DPM)2 may be used as 
another Ti-[3-diketone complex to be added to Ti (t-BuO)2 
(DPM)2 to provide a similar effect. 

[0062] Third Embodiment 

[0063] In the present embodiment, antioxidant is added to 
a solution material, and a high dielectric constant BST thin 
?lm is formed. FIG. 3 is a graph shoWing a relation betWeen 
the number of Wafers processed and a ?lm formation speed. 
In FIG. 3, a straight line 10 represents a change over time 
in a ?lm formation speed for the high dielectric constant thin 
?lm When a solution material to Which antioxidant is added 
is used. Acurve 11 represents a change over a time in a ?lm 
formation speed for the high dielectric constant thin ?lm 
When a solution material to Which antioxidant is not added 
is used. When antioxidant such as butyl-hydroxytoluene 
(BHT), phenol or the like is added to the solution material, 
oxidation of solvent tetrahydrofuran (THF) is prevented. At 
least 10 ppm of antioxidant is required to provide the effect, 
and the effect further increases at 100 ppm or higher. As a 
result, degradation of Ba, Sr and Ti solid materials are 
prevented. 

[0064] Deposition conditions are shoWn in the folloWing 
Table 1. 

TABLE 1 

Typical deposition conditions 

Ba, Sr, Ti Ba (DPM)2/I'HF (0.1 mol/L)0.04 cm3/min 
Sr (DPM)2/I‘HF (0.1 mol/L)0.03 cm3/min 
Ti(t—BuO)2(DPM)2/I‘HF (0.1 mol/L)0.5 cm3/min 
Carrier N2 flow 200 sccm 

Antioxidant O2 flow 1 slm 
Reactor Substrate temperature 4200 C. 

Pressure 1.5 Torr 
Substrate Ru/Si having line and space 

structure 

(Aspect ratio D/W E 3) 

[0065] The antioxidant is added and a BST thin ?lm is 
formed under the conditions shoWn in the above Table 1. 
Even When BST thin ?lms of a thickness of 30 nm are 
successively formed on 300 Wafers, a ?lm formation speed 
remains constant. On the other hand, When the solution 
material Without antioxidant is used, THF is oxidiZed and, as 
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a result, Ba, Sr and Ti solid materials are degraded. When 
BST thin ?lms of a thickness of 30 nm are successively 
formed on about 300 Wafers under the conditions shoWn in 
the above Table 1, an amount of residue acceleratingly 
increases in a vaporiZer or in a tube betWeen the vaporiZer 
and a reaction chamber, and the ?lm formation speed 
gradually decreases. Therefore, When antioxidant such as 
BHT, phenol or the like is added to the solution material, 
oxidation of THF is prevented and stability in the ?lm 
formation of the high dielectric constant thin ?lm can be 
ensured for a long period of time. 

[0066] Fourth Embodiment 

[0067] In the present embodiment, a moisture content of a 
solution material is reduced to form a high dielectric con 
stant thin ?lm. 

[0068] FIG. 4 is a graph shoWing a relation betWeen the 
number of Wafers processed and a pressure in the vaporiZer. 
In FIG. 4, straight line 12 represents a change over time in 
the pressure in the vaporiZer When a solution material having 
a moisture content of at most 40 ppm is used, Whereas a 
curve 13 shoWs a relation betWeen the number of Wafers 
processed and the pressure in the vaporiZer When a solution 
material Whose moisture content has not been reduced (a 
solution including a moisture content of at least 100 ppm). 
When BST thin ?lms having a thickness of 30 nm are 
successively formed on 300 Wafers under the conditions 
shoWn in the above Table 1 using the solution material 
having the moisture content of at most 40 ppm, a change in 
the pressure in the vaporiZer stably remains at about 10 Torr. 
On the other hand, When the moisture content is not reduced 
(a solution material having the moisture content of at least 
100 ppm is used), if BST thin ?lms of a thickness of 30 nm 
are successively formed on 100 Wafers under the conditions 
shoWn in the above Table 1, the pressure in the vaporiZer 
gradually increases. This is because the included moisture 
degrades Ba, Sr and Ti solid materials, so that suf?cient 
vaporiZation is not performed. Therefore, a tube betWeen the 
vaporiZer and the reaction chamber, particularly an air valve 
for reaction chamber 25 (FIG. 5), is closed. With a moisture 
content of 40 ppm to 100 ppm, a pressure in the vaporiZer 
may increase. To stabiliZe the pressure in the vaporiZer, 
preferably, the moisture content is kept at most 40 ppm. A 
?lm formation speed for the BST thin ?lm When the solution 
material having a moisture content of at most 40 ppm is used 
is similar to that When antioxidant is added as shoWn in FIG. 
3, since Ba, Sr and Ti solid materials are not degraded. In 
addition, a ?lm formation speed When a moisture content is 
not reduced is similar to that When the antioxidant is not 
added. Therefore, if the solution material having the mois 
ture content of at most 40 ppm is used, the pressure in the 
vaporiZer is stabiliZed for a long period of time. Accordingly, 
?lm formation of the high dielectric constant thin ?lm can be 
stabiliZed for a long period of time. 

[0069] Although the present invention has been described 
and illustrated in detail, it is clearly understood that the same 
is by Way of illustration and example only and is not to be 
taken by Way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 
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What is claimed is: 
1. A method of forming a high dielectric constant thin 

?lm, comprising the steps of: 

dissolving a Ba material including a dipivaloylmethanate 
type organic barium compound (Ba (DPM) 2), an Sr 
material including a dipivaloylmethanate type organic 
strontium compound (Sr (DPM)2) and a Ti material 
including a bis (t-butoxy) bis (dipivaloylmethanate) 
titaniun (Ti (t-BuO)2 (DPM)2) in an organic solvent to 
obtain a solution material; 

vaporiZing said solution material to obtain material gas; 
and 

forming a (Ba, Sr) TiO3 thin ?lm on a substrate by CVD 
reaction using said material gas. 

2. The method of forming the high dielectric constant thin 
?lm according to claim 1, Wherein said Ti material including 
said bis (t-butoxy) bis (dipivaloylmethanate) titanium mixed 
With another Ti-[3-diketone complex. 

3. The method of forming the high dielectric constant thin 
?lm according to claim 2, Wherein said another Ti-[3-dike 
tone complex is Ti (OH) (t-BuO) (DPM)2 derived from said 
Ti (t-BuO)2 (DPM)2. 

4. The method of forming the high dielectric constant thin 
?lm according to claim 2, Wherein said another Ti-[3-dike 
tone complex is oxo-bis (dipivaloylmethanate) titanium 
(TiO (DPM)2). 

5. The method of forming the high dielectric constant thin 
?lm according to claim 2, Wherein said another Ti-[3-dike 
tone complex is bis (isopropoxy) bis (dipivaloylmethanate) 
titanium (Ti (O-iPr)2 (DPM)2). 

6. A method of forming a high dielectric constant thin 
?lm, comprising the steps of: 

dissolving a Ba material including a dipivaloylmethanate 
type organic barium compound, an Sr material includ 
ing a dipivaloylmethanate type organic strontium com 
pound and a Ti material including a dipivaloylmetha 
nate type organic titanium compound in 
tetrahydrofuran to obtain a solution material; 

adding antioxidant to said solution material; 

vaporiZing said solution material to obtain material gas; 
and 

applying (Ba, Sr) TiO3 on a substrate by CVD reaction 
using said material gas. 

7. The method of forming the high dielectric constant thin 
?lm according to claim 6, Wherein butylhydroxytoluene 
(BHT) is used as said antioxidant. 

8. The method of forming the high dielectric constant thin 
?lm according to claim 6, Wherein phenol is used as said 
antioxidant. 
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9. A method of forming a high dielectric constant thin 
?lm, comprising the steps of: 

dissolving a Ba material including a dipivaloylmethanate 
type organic barium compound, an Sr material includ 
ing a dipivaloylmethanate type organic strontium com 
pound and a Ti material including a dipivaloylmetha 
nate type organic titanium compound in 
tetrahydrofuran to obtain a solution material; 

reducing a moisture content in said solution material; 

vaporiZing said solution material to obtain material gas; 
and 

forming a (Ba, Sr) TiO3 thin ?lm on a substrate by CVD 
reaction using said material gas. 

10. The method of forming the high dielectric constant 
thin ?lm according to claim 9, Wherein said method is 
performed With the moisture content in said solution mate 
rial at most 100 ppm. 

11. A method of manufacturing a semiconductor device, 
comprising the steps of: 

forming a ?rst electrode layer on a semiconductor sub 

strate; 
forming a dielectric layer on said ?rst electrode layer; and 

forming a second electrode layer on said ?rst electrode 
layer With said dielectric layer interposed, 

said step of forming said dielectric layer including: 
dissolving a Ba material including a dipivaloylmetha 

nate type organic barium compound, an Sr material 
including a dipivaloylmethanate type organic stron 
tium compound and a Ti material including bis 
(t-butoxy) bis (dipivaloylmethanate) titanium (Ti 
(t-BuO)2 (DPM)2)in an organic solvent to obtain a 
solution material; 

vaporiZing said solution material to obtain material gas; 
and 

forming a (Ba, Sr) TiO3 thin ?lm on a semiconductor 
substrate by CVD reaction using said material gas. 

12. The method of manufacturing the semiconductor 
device according to claim 11, Wherein said Ti material 
includes said bis (t-butoxy) bis (dipivaloylmethanate) tita 
nium mixed With another Ti-[3-diketone complex. 

13. The method of manufacturing the semiconductor 
device according to claim 12, Wherein said another Ti-[3 
diketone complex is Ti (OH) (t-BuO) (DPM)2 derived from 
said Ti (t-BuO)2 (DPM)2. 

14. The method of manufacturing the semiconductor 
device according to claim 12, Wherein said another Ti-[3 
diketone complex is oxo-bis (dipivaloylmethanate) titanium. 

15. The method of manufacturing the semiconductor 
device according to claim 12, Wherein said another Ti-[3 
diketone complex is bis (isopropoxy) bis (dipivaloylmetha 
nate) titanium. 


