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METHOD FOR FABRICATING A CAPACITOR FOR 
A SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for 
fabricating a capacitor for a semiconductor device, and more 
particularly, to a method for fabricating capacitors that 
exhibit both improved electrical properties and suf?cient 
capacitance required for advanced semiconductor devices. 

[0003] 2. Description of the Background Art 

[0004] Recently, the degree of integration of memory 
products has been increased through the application of 
improved semiconductor processing techniques for produc 
ing increasingly smaller device structures. Accordingly, the 
unit cell area has decreased remarkably and the use of loWer 
operating voltages has increased. Despite the decrease in the 
siZe of the cell area, hoWever, the capacitance required to 
operate memory devices Without generating soft errors and 
reducing refresh times has remained on the order of25 fF per 
cell. As a result, DRAM capacitor designs using a nitride 
oxide (NO) structure as the dielectric ?lm it has typically 
been necessary to utiliZe a three-dimensional electrode 
structure and/or a hemispherical grain surface (HSG) to 
obtain the necessary capacitance values. The three-dimen 
sional electrode structures increase the effective surface area 
of the capacitors by increasing the height and vertical 
surface area of the electrode. 

[0005] HoWever, increasing the height of the capacitor 
electrode structures also complicates subsequent process 
steps, particularly With regard to photolithography and etch 
processes. As the height of the capacitor increases, the depth 
of focus and dimension control that can be obtained during 
subsequent photolithography processes may be insuf?cient 
to accurately reproduce the necessary patterns. This dif? 
culty is the result of the height differences betWeen cell 
regions and peripheral circuit regions, height differences that 
can adversely affect subsequent integration processes, par 
ticularly after interconnection processes and at increased 
degrees of integration. 

[0006] It is dif?cult, therefore, to construct a DRAM 
capacitor using a conventional NO dielectric ?lm that has 
sufficient capacitance to support DRAMs designs having 
256M or more cells. 

[0007] In order to overcome some of the disadvantages of 
the conventional dielectric materials, capacitors using a 
tantalum oxide ?lm as the dielectric ?lm have been devel 
oped. Tantalum oxide ?lms, hoWever, have a non-uniform 
and unstable stoichiometry that generates vacancy Ta atoms 
as a result of variations in the composition ratio betWeen 
tantalum and oxide atoms in the thin ?lm. Thus vacancy Ta 
atoms in the form of oxygen vacancies are alWays present in 
the tantalum oxide ?lm because of its unstable chemical 
composition. 

[0008] Although the number of oxygen vacancies Within 
the tantalum oxide ?lm may be varied someWhat depending 
on the actual composition and the bonding degrees of the 
incorporated elements, there is presently no technique or 
method that Will completely eliminate the oxygen vacancies. 
As a result, a special oxidation process intended to more 
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completely oxidiZe the tantalum atoms in the thin ?lm is 
required to stabiliZe the stoichiometry and thereby prevent 
generating a leakage current. Additionally, the tantalum 
oxide ?lm is highly reactive With both polysilicon (oxide 
?lm electrode) and titanium nitride (metal electrode), tWo 
materials commonly used to form the upper and loWer 
electrodes of a capacitor. As a result, oxygen present in the 
tantalum oxide thin ?lm may react With the electrode 
materials, thereby forming a loW dielectric oxide layer at the 
interface and degrading the uniformity and electrical prop 
erties of the resulting capacitor. 

[0009] In addition, during the formation of the tantalum 
oxide thin ?lm, carbon (C), carbon compounds (such as CH 4 
and C2H4) and Water vapor (H2O) are typically produced by 
the reaction betWeen the organic tantalum source, frequently 
Ta(OC2H5)5, other reaction gases such as O2 or N20. These 
impurities can, in turn, be incorporated into the resulting 
tantalum oxide ?lm. These impurities, as Well as other ions, 
free radicals, and oxygen vacancies, Will tend to increase the 
leakage current and degrade the dielectric properties of the 
resulting capacitor. 

SUMMARY OF THE INVENTION 

[0010] Accordingly, a primary object of the present inven 
tion is to provide a method for fabricating a semiconductor 
device that incorporates a dielectric ?lm having excellent 
electrical properties. 

[0011] Another object of the present invention is to pro 
vide a method for fabricating a capacitor for a semiconduc 
tor device that has su?icient capacitance for the operation of 
the high integration semiconductor device, by using a 
dielectric ?lm having a high dielectric constant. 

[0012] Still another object of the present invention is to 
provide a method for fabricating a capacitor for a semicon 
ductor device that can reduce production costs by both 
decreasing the number of necessary unit process steps and 
reducing the overall unit processing time. 

[0013] In order to achieve the above-described objects, the 
present invention provides a method for fabricating a capaci 
tor for a semiconductor device comprising the steps of: 
forming a loWer electrode at the upper portion of a semi 
conductor substrate Where a predetermined structure has 
been formed; forming an amorphous (Ta2O5)1_X-(TiO2)X 
?lm on the loWer electrode; and forming an upper electrode 
on the amorphous (Ta2O5)1_X-(TiO2)X ?lm. 

[0014] There is also provided a method for fabricating a 
capacitor for a semiconductor device, comprising the steps 
of: forming a loWer electrode at the upper portion of a 
semiconductor substrate Where a predetermined structure 
has been formed; forming an amorphous (Ta2O5)1_X-(TiO2)X 
?lm on the loWer electrode; performing a thermal treatment 
on the amorphous (Ta2O5)1_X-(TiO2)X ?lm; and forming an 
upper electrode on the amorphous (Ta2O5)1_X-(TiO2)X ?lm. 

[0015] In addition, there is provided a method for fabri 
cating a capacitor for a semiconductor device, comprising 
the steps of: forming a loWer electrode at the upper portion 
of a semiconductor substrate Where a predetermined struc 
ture has been formed; forming a (Ta2O5)1_X-(TiO2)X dielec 
tric ?lm on the loWer electrode; performing a thermal 
treatment on the (Ta2O5)1_X-(TiO2)X dielectric ?lm; and 
forming an upper electrode on the (Ta2O5)1_-(TiO2)X dielec 
tric ?lm. 
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[0016] The present invention Will become better under 
stood in light of the following detailed description and the 
accompanying ?gures. The ?gures are provided by Way of 
illustration only and are not intended to limit the scope of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIGS. 1 to 3 are cross-sectional vieWs illustrating 
certain of the sequential steps in fabricating a capacitor for 
a semiconductor device in accordance With the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0018] A method for fabricating a capacitor for a semi 
conductor device in accordance With the present invention 
Will noW be described in detail and through reference to the 
accompanying ?gures. 
[0019] As shoWn in FIG. 1, an interlayer insulating ?lm 
12 is formed at the upper portion of a semiconductor 
substrate 11 Where a gate (not shoWn), a source (not shoWn), 
a drain (not shoWn) and a bit line (not shoWn) have previ 
ously been formed. A contact opening (not shoWn) is then 
formed to eXpose a predetermined loWer electrode contact 
region of the semiconductor substrate 11 by selectively 
removing a region of the interlayer insulating ?lm 12. A ?rst 
conductive ?lm (not shoWn) is then formed on the upper 
portion of the interlayer insulating ?lm 12 and in the contact 
opening. This ?rst conductive ?lm, preferably doped poly 
silicon, is then patterned and etched according to knoWn 
photolithography and etch processes to form a loWer elec 
trode 13. 

[0020] Referring to FIG. 2, a dielectric ?lm is formed by 
depositing an amorphous (Ta2O5)1_X-(TiO2)X ?lm 14 With 
0§><§05 over the entire structure using a loW pressure 
chemical vapor deposition (LPCVD) process. This LPCVD 
process preferably employs tWo organic metal compounds, 
tantalum ethylate (Ta(OC2H5)5) and titanium isopropylate 
(Ti[OCH(CH3)2]4), as the metal sources for the (Ta2O5)1_X 
(TiO2)X ?lm. In order to remove any natural oXide ?lm or 
other impurity present on the surface of the loWer electrode 
13, it is preferable to perform a Wet cleaning process using 
a HF solution, or a dry cleaning process using a HF vapor, 
either in-situ or eX-situ, before depositing the amorphous 
(Ta2O5)1_X-(TiO2)X ?lm 14. In addition to the Wet HF clean 
ing process, a solution of an addition compound such as 
Na4OH or H2SO4 may be used to improve uniformity. 

[0021] The amorphous (Ta2O5)1_X-(TiO2)X ?lm 14 is the 
product of a series of chemical reactions at or near the 
surface of the Wafer in the LPCVD chamber at a temperature 
of betWeen 300 and 600° C. The LPCVD deposition is 
continued until the (Ta2O5)1_X-(TiO2)X ?lm 14 has reached 
a predetermined thickness, preferably less than 100 The 
Ta chemical vapor is obtained by supplying an organic 
tantalum precursor compound, preferably a Ta(OC2H5)5 
solution, into an evaporator or evaporation tube at predeter 
mined rate that is typically less than 300 mg/minute. The 
evaporator or evaporation tube is generally maintained at a 
temperature typically betWeen 150 and 250° C. and the feed 
rate is typically controlled With a mass ?oW controller 
(MFC). The evaporated solution is then fed into the LPCVD 
chamber. The Ti chemical vapor is obtained in a similar 
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fashion by supplying one or more organic titanium precursor 
compounds, preferably Ti[OCH(CH3)2]4, titanium tetra 
chloride (TiCl4), tetrakis-dimethylamido-Ti (TDMAT), or 
tetrakis-diethylamodo-Ti (TDEAT) to an evaporator or 
evaporation tube at a predetermined rate, typically less than 
300 mg/minute. The evaporator or evaporation tube is 
preferably maintained at a temperature above 150° C., and 
more preferably, a temperature ranging betWeen 200 and 
300° C. The Ti chemical vapor is then fed, either in 
combination With the Ta chemical vapor or via separate 
inlets, into the LPCVD chamber. 

[0022] In order to prevent condensation of the organic 
metal compound vapors, the complete supply path betWeen 
the evaporator and the LPCVD chamber, including any 
ori?ce, noZZle, or supply tube should be maintained at a 
temperature of at least 150° C., and preferably a temperature 
betWeen 150 and 300° C. 

[0023] The Ta and Ti chemical vapors and an additional 
reaction gas then react in the LPCVD chamber to form the 
amorphous (Ta2O5)1_X-(TiO2)X ?lm. The feed ratio of the Ta 
and Ti chemical vapors may be adjusted to obtain a Ti:Ta 
mole ratio betWeen 0.01 and 1.0. With feed rates of both the 
Ta and Ti chemical vapors beloW 300 mg/minute, the 
reaction gas, typically O2 or N2O gas, Will generally be fed 
into the LPCVD chamber at a rate of betWeen 5 and 500 

sccm during formation of the amorphous (Ta2O5)1_X-(TiO2)X 
?lm 14. An eXcess of the reaction gas, either O2 or N2O, also 
serves to avoid both the formation of carbon impurities and 
the presence of vacancy Ta or Ti atoms in the thin ?lm. 

[0024] In addition, to improve a quality of the amorphous 
(Ta2O5)1_X(TiO2)X ?lm 14 and remove pin holes or micro 
cracks in the ?lm, a loW temperature thermal treatment may 
be carried out at a temperature beloW 600° C. in an atmo 
sphere of O2 or N20 with a How rate of 5 to 500 sccm after 
the deposition of the amorphous (Ta2O5)1_X-(TiO2)X ?lm 14. 

[0025] On the other hand, in order to ef?ciently oXidiZe the 
minor amounts of vacancy Ta or Ti atoms and carbon 
impurities that remain in the thin ?lm, and to enhance the 
bonding force, the loW temperature thermal treatment is 
preferably performed by using UV-O3, or N20 or O2 plasma, 
at a temperature ranging from 300 to 600° C. after the 
deposition of the amorphous (Ta2O5)1_X-(TiO2)X ?lm 14. 

[0026] As shoWn in FIG. 3, a second conductive ?lm 15 
that Will be used to form an upper electrode is formed over 
the entire structure. This second conductive ?lm 15 may 
comprise a doped polysilicon ?lm, a TiN ?lm, or a metal 
substance selected from the group consisting of TaN, W, 
WN, WSi, Ru, RuO2, Ir, IrO2 and Pt. The upper electrode 
may also comprise a multilayer structure including both a 
TiN layer and a doped polysilicon layer. 

[0027] As discussed earlier, the method for fabricating the 
capacitor for the semiconductor device in accordance With 
the present invention has the folloWing advantages. 

[0028] UtiliZing the amorphous (Ta2O5)1_X-(TiO2)X ?lm 
(With a dielectric constant e of betWeen approximately 30 
and 50) as the dielectric ?lm for the capacitor provides a 
signi?cantly higher dielectric constant than that available 
from a conventional NO ?lm (e=4~5). Further, the titanium 
oXide ?lm, With its tetragonal system structure, is more 
stable than the conventional tantalum oXide ?lm (e=25~27) 
and is covalently bound in the structure of the amorphous 



US 2001/0006833 A1 

(Ta2O5)1_X-(TiO2)X ?lm, thereby providing enhanced 
mechanical and electrical strength. The capacitor of the 
present invention also exhibits improved resistance to elec 
trostatic discharge (ESD) induced damage and thus provides 
superior electrical properties When compared With conven 
tional capacitors. Moreover, the present invention prevents 
the oxygen vacancy and leakage current resulting from the 
unstable stoichiometry (TaXOy) and carbon impurities in the 
conventional capacitor relying on only a tantalum oxide ?lm 
as the dielectric. 

[0029] As a result, a capacitor constructed in accordance 
With the present invention provides a controlled dielectric 
that is equivalent to a oxide ?lm of less than 20 A 
capacitor according to the present invention thus provides a 
capacitance of over 25 fF per cell and improved electrical 
properties even at the level of integration necessary to 
support DRAMs of over 256M. 

[0030] Therefore, the present invention does not require a 
complicated capacitor module having complex three-dimen 
sional structures such as a step, cylinder, or ?n electrode for 
increasing the effective electrode area. Especially, When the 
capacitor is fabricated using the amorphous (Ta2O5)1_ 
(TiO2)X ?lm as the dielectric ?lm rather than the conven 
tional tantalum oxide dielectric ?lm, the ex-situ RTN pro 
cess before the deposition of the tantalum oxide ?lm, as Well 
as the subsequent loW temperature oxidation process and 
high temperature thermal treatment, may be eliminated. As 
a result, as compared With the conventional method, the 
number of unit processes is decreased and the corresponding 
unit processing time is reduced, thereby reducing production 
costs by as much as 30% or more. 

[0031] Because the present invention may be practiced in 
several forms Without departing from the spirit or essential 
characteristics thereof, it should also be understood that the 
invention is not, unless otherWise indicated, limited to the 
speci?c details of the foregoing descriptions. The present 
invention should be construed broadly Within the spirit and 
scope as de?ned in the appended claims. 

What is claimed is: 
1. A method for fabricating a capacitor for a semiconduc 

tor device, comprising the steps of: 

forming a loWer electrode on a predetermined location of 
a semiconductor substrate; 

forming an amorphous (Ta2O5)1_X-(TiO2)X ?lm on the 
loWer electrode, the value of x being less than 0.5; and 

forming an upper electrode on the 

(Ta2O5)1_X-(TiO2)X ?lm. 
2. The method according to claim 1, Wherein the loWer 

electrode further comprises a layer of doped polysilicon. 
3. The method according to claim 1, further comprising 

the step of performing a Wet cleaning process, the Wet 
cleaning process comprising use of a HF acid solution, 
Wherein the Wet cleaning process is completed before the 
step of forming the amorphous (Ta2O5)1_X-(TiO2)X ?lm. 

4. The method according to claim 3, the Wet cleaning 
process further comprising use of a Na4OH or HZSO4 
solution. 

5. The method according to claim 1, further comprising 
the step of performing a dry cleaning process, the dry 
cleaning process comprising use of a HF vapor, the step of 

amorphous 
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performing the dry cleaning process being completed before 
the step of forming the amorphous (Ta2O5)1_X-(TiO2)X ?lm. 

6. The method according to claim 5, further comprising 
the step of performing a Wet cleaning process, the Wet 
cleaning process comprising use of a Na4OH or HZSO4 
solution, the step of performing the Wet cleaning process 
being performed after the step of performing the dry clean 
ing process. 

7. The method according to claim 1, Wherein the amor 
phous (Ta2O5)1_X-(TiO2)X ?lm is formed by using a Ta 
chemical vapor and a Ti chemical vapor. 

8. The method according to claim 1, Wherein the amor 
phous (Tat?_O5)1_X-(TiO2)X ?lm has a thickness of betWeen 10 
and 100 A. 

9. The method according to claim 1, Wherein the amor 
phous (Ta2O5)1_X-(TiO2)X ?lm is formed by injecting the Ta 
chemical vapor, Ti chemical vapor, and 02 or N20 gas into 
a loW pressure chemical vapor deposition (LPCVD) cham 
ber of 300 to 600° C. 

10. The method according to claim 7, Wherein the Ti 
chemical vapor is obtained by feeding Ti[OCH(CH3)2]4 into 
an evaporator at a rate of less than 300 mg/minute, the 
evaporator maintaining a temperature of betWeen 200 and 
300° C. 

11. The method according to claim 7, Wherein the Ti 
chemical vapor is obtained by feeding titanium tetrachlo 
ride, tetrakis-dimethylamido-Ti or tetrakis-diethylamodo-Ti 
into an evaporator at a rate of less than 300 mg/minute, the 
evaporator being maintaining at a temperature of at least 
150° C. 

12. The method according to claim 7, Wherein the Ta 
chemical vapor and the Ti chemical vapor are fed into the 
LPCVD chamber in amounts suf?cient to produce a mole 
ratio of Ti:Ta of betWeen 0.01 and 1.0 

13. The method according to claim 1, further comprising 
the step of performing a loW temperature thermal treatment 
by using 02 or N20, UV-O3, or N20 or 02 plasma at a 
temperature ranging from 300 to 600° C., Wherein the step 
of performing a loW temperature thermal anneal is per 
formed after the step of depositing the amorphous 
(Ta2O5)1_X(TiO2)X ?lm. 

14. The method according to claim 1, Wherein the upper 
electrode comprises a doped polysilicon ?lm, a TiN 10 ?lm 
or a metal substance. 

15. The method according to claim 14, Wherein the metal 
substance is selected from the group consisting of TaN, W, 
WN, WSi, Ru, RuO2, Ir, IrO2 and Pt. 

16. The method according to claim 1, Wherein the upper 
electrode has a stacked structure comprising a TiN layer and 
a doped polysilicon layer. 

17. A method for fabricating a capacitor for a semicon 
ductor device, comprising the steps of: 

forming a loWer electrode at the upper portion of a 
semiconductor substrate Where a predetermined struc 
ture has been formed; 

forming an amorphous (Ta2O5)1_X-(TiO2)X ?lm on the 
loWer electrode; 

performing a thermal treatment on the amorphous 

(Ta2O5)1_X-(TiO2)X ?lm; and 
forming an upper electrode on the 

(Ta2O5)1_X-(TiO2)X ?lm. 
amorphous 
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18. The method according to claim 17, wherein the 
thermal treatment is performed in an 02 or N20, or UV-O3 
or O3 atmosphere by using N20 or 02 plasma at a tempera 
ture ranging from 300 to 600° C. 

19. A method for fabricating a capacitor for a semicon 
ductor device, comprising the steps of: 

forming a loWer electrode at the upper portion of a 
semiconductor substrate Where a predetermined struc 
ture has been formed; 

forming a (Ta2O5)1_X-(TiO2)X dielectric ?lm on the loWer 
electrode; 
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performing a thermal treatment on the (Ta2O5)1_X-(TiO2)X 
dielectric ?lm; and 

forming an upper electrode on the (Ta2O5)1_X-(TiO2)X 
dielectric ?lm. 

20. The method according to claim 19, Wherein the 
thermal treatment is performed in an 02 or N20, or UV-O3 
or O3 atmosphere by using N20 or 02 plasma at a tempera 
ture ranging from 300 to 600° C. 


