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(57) ABSTRACT 

A semiconductor device is provided which has a capacitor 
insulating film made up of Zirconium aliminate being an 
amorphous film obtained by having crystalline dielectric 
contain amorphous aluminum oxide and having its compo 
sition of AlkZrix. Os (0.05sXs 0.3), hereby being capable 
of preventing, in a process of forming a capacitor of MIM 
(Metal Insulator Metal) structure, dielectric breakdown of a 
capacitor insulating film while a relative dielectric constant 
of a metal oxide film used as the capacitor insulating film is 
kept high. 
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FIG-4A 4. 
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FIG.7(PRIOR ART) 
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FIG.8A(PRIOR ART) 
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SEMCONDUCTOR DEVICE AND METHOD FOR 
MANUFACTURING SAME 

CROSS-REFERENCE 

0001. This is a continuation of application Ser. No. 
11/120,994 filed May 4, 2005, which is a Divisional of 
application Ser. No. 10/746,341 filed Dec. 29, 2003, which 
claims benefit of Japanese Application No. 2002-380063 
filed Dec. 27, 2002. The entire disclosures of the prior 
applications, are considered part of the disclosure of the 
accompanying continuation application and is hereby incor 
porated by reference. 

BACKGROUND OF THE INVENTION 

0002) 
0003. The present invention relates to a semiconductor 
device and a method for manufacturing the same and more 
particularly to the semiconductor device having a capacitor 
of MIM (Metal Insulator Metal) structure and the method for 
manufacturing the same. 
0004 2. Description of the Related Art 
0005. An LSI (Large Scale Integrated Circuit) being 
known as a typical semiconductor device is roughly classi 
fied into two, one being a memory device and another being 
a logic device and, as semiconductor manufacturing tech 
nology advances in recent years, progress of the memory 
device in particular is remarkable. Moreover, the memory 
device is also classified into two, one being a DRAM 
(Dynamic Random Access Memory) and another being an 
SRAM (Static Random Access Memory) and most of these 
memory devices are made up of a MOS (Metal Oxide 
Semiconductor)-type transistor because it is excellent in 
points of integration degree. In the case of the DRAM in 
particular, since the merit of high integration as mentioned 
above can be exploited more when compared with the 
SRAM, manufacturing costs of DRAMs can be reduced and, 
therefore, the DRAM is widely used in various kinds of 
memory devices such as information devices or a like. 
Moreover, an embedded DRAM in which the DRAM and 
logic device are integrally formed on same one chip is 
becoming widespread recently. 

0006. One memory cell of a DRAM is made up of a 
memory selecting transistor constructed of a MOS-type 
transistor to perform Switching operations and of a capacitor 
being connected to the memory selecting transistor and 
stores information depending on presence or absence of a 
charge of the capacitor. Here, as information to be stored 
increases due to progress of recent information Society, a 
limitation is imposed on an area that can be occupied by the 
capacitor formed on a semiconductor chip and, therefore, 
contrivance to increase capacity of the capacitor in each 
memory cell is needed. If the capacitor does not have 
Sufficient capacity enough to store information, charges of 
the capacitor decrease due to influences by extrinsic noise 
signals or a like, thus causing occurrence of a malfunction 
such an error as typified by a soft error. 

1. Field of the Invention 

0007 Conventionally, as a capacitor insulating film for a 
capacitor in a DRAM, a silicon oxide (SiO2) film, a silicon 
nitride (SiN) film, a silicon nitride oxide (SiON) film 
obtained by combining the above two films, or a like are 
widely used, however, in order to ensure more larger capac 
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ity, there is a recent tendency that a metal oxide film having 
a relative dielectric constant (relative permittivity) being 
higher than that of Such the insulating films as described 
above is employed. Moreover, as a lower electrode (storage 
electrode) and an upper electrode (plate electrode) which 
make up a capacitor by being combined with the capacitor 
insulating film, a polycrystalline silicon film is used which 
can be formed easily by deposition in a manufacturing 
process of a MOS-type transistor. However, in general, a 
polycrystalline silicon film is manufactured by a CVD 
(Chemical Vapor Deposition) method which includes a high 
temperature process at time of deposition and during a 
thermal process of activating impurities in films Subsequent 
to the deposition process, and there is a fear that, during the 
high temperature thermal process, a MOS transistor making 
up the memory selecting transistor or logic device or a like 
as described above already formed in a semiconductor 
substrate is thermally affected and deteriorated. Therefore, a 
capacitor of so-called MIM structure is employed in which 
a metal being able to be deposited at a temperature being so 
low that it does not exert a thermal influence on the MOS 
transistor is used as a material for the lower electrode and 
upper electrode described above. 
0008. A semiconductor device having a capacitor using 
an amorphous aluminum oxide (Al2O) film as a capacitor 
insulating film of Such the capacitor as described above is 
disclosed in, for example, Japanese Patent Application Laid 
open No. Hei11-233726. 
0009. The capacitor of the conventional semiconductor 
device, as shown in FIG. 7, includes a lower electrode 200 
made up of for example, a polycrystalline silicon film So 
formed as to be connected to an active region through a 
contact hole formed in an interlayer insulating film (inter 
layer dielectric) which covers a semi-conductor substrate 
100 having the active region, a capacitor insulating film 400 
made up of an amorphous aluminum oxide which covers the 
lower electrode 200, an upper electrode 500 made up of, for 
example, a polycrystalline silicon film which covers the 
capacitor insulating film 400, and a reaction preventing film 
300 made up of, for example, a silicon nitride film formed 
between the lower electrode 200 and capacitor insulating 
film 400 which is formed if necessary. The amorphous 
aluminum oxide film making up the capacitor insulating film 
400 is deposited by, for example, an ALD (Atomic Layer 
Deposition) method so as to have a desired thickness. It is 
conventionally reported that, by forming capacitors having 
such the configurations as described above, difficulties in 
employing capacitors having structure Such as MIM struc 
ture or MIS (Metal Insulator Semiconductor) structure can 
be solved. 

0010. However, the capacitor employed in the conven 
tional semiconductor device disclosed in the above Japanese 
Patent Application Laid-open No. Hei11-233726 has a prob 
lem in that, since a relative dielectric constant of the 
amorphous aluminum oxide film making up the capacitor 
insulating film 400 is as low as about 10, sufficient capacity 
cannot be obtained. Moreover, since a heat treatment process 
at high temperatures of 800° C. to 950° C. is performed after 
the formation of the lower electrode 200 made up of for 
example, the polycrystalline silicon film in the capacitor, as 
described above, the active region already formed in the 
semiconductor substrate 100 is thermally affected during the 
heat treatment process. 
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0011. Also, another semiconductor device having a 
capacitor of MIM structure using a metal oxide film such as 
a zirconium oxide (Z.O.) film, hafnium oxide (H?O) film, 
or a like as a capacitor insulating film of its capacitor as 
described above is disclosed in Japanese Patent Application 
Laid-open No. 2002-222934. An MIM-type capacitor of the 
disclosed conventional semiconductor device, as shown in 
FIGS. 8A and 8B, includes a p-type silicon substrate 101, an 
N-type diffusion layer 102 formed in a specified region on 
the p-type silicon substrate 101, an interlayer insulating film 
103 made up of a silicon oxide film formed on the p-type 
silicon Substrate 101, a plug 104 made up of a tungsten film, 
a lower electrode 105 made up of a ruthenium dioxide 
(RuO2) film, a titanium nitride (TiN) film, a tantalum nitride 
(TaN) film, a tungsten nitride (WN) film, or a like formed in 
a manner so as to be connected to the plug 104 through a 
contact hole formed in part of the interlayer insulating film 
103, a capacitor insulating film 108 having a first dielectric 
film (barrier insulating layer) 106 made up of an alumina 
film (aluminum oxide film) and a second dielectric film 
(high relative dielectric constant film) 107 made up of a 
metal oxide film of a zirconium oxide film, a hafnium oxide 
film, a tantalum pentaoxide (TaOs) or a like, an upper 
electrode 109 made up of a tungsten (W) film, a titanium 
nitride (TiN) film, a tantalum nitride (TaN) film, a tungsten 
nitride (WN) film, or a like. The alumina film making up the 
first dielectric film 106 serves to provide a strong adherence 
between the interlayer insulating film 103 and the lower 
electrode 105, thus enabling formation of a high-quality 
capacitor. The alumina film making up the first dielectric 
film 106 in the capacitor insulating film 108 and the metal 
oxide film such as the zirconium oxide film, hafnium oxide 
film, tantalum pentaoxide film or the like are deposited by, 
for example, the ALD method so as to have a desired 
thickness. It is thus reported that, by forming a capacitor 
having Such configurations as above, high quality capacitor 
insulating film having a small dependence of a leak current 
on an operating temperature can be formed. 
0012 However, the capacitor employed in the conven 
tional semiconductor device disclosed in the above Japanese 
Patent Application Laid-open No. 2002-222934 also has a 
problem in that, when a capacitor of MIM structure is 
formed, since the metal oxide film having a high relative 
dielectric constant and making up the capacitor insulating 
film is a crystal film, dielectric breakdown easily occurs in 
the capacitor insulating film due to a grain boundary existing 
in the crystal film when a Voltage is applied to the capacitor, 
thus causing reduction in reliability of semiconductor 
devices. For example, an explanation for the above is made 
by using the case disclosed in the above Japanese Patent 
Application Laid-open No. 2002-222934 in which the Zir 
conium oxide film is used as the capacitor insulating film. 
That is, as shown in FIGS. 8A and 8B, after the lower 
electrode 105 made up of for example, a ruthenium dioxide 
(RuO2) film has been formed in a manner so as to be 
connected to the plug 104, if the zirconium oxide film is 
deposited by the ALD method subsequent to the formation 
of the first dielectric film 106 made up of an alumina film, 
since the resulting Zirconium oxide film is in a state appear 
ing immediately after the deposition and is in a polycrys 
talline film state, a grain boundary exists. Therefore, after 
the capacitor has been obtained by forming the upper 
electrode 109 on the capacitor insulating film 108 made up 
of the Zirconium oxide film, when the semiconductor is 
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operated and a Voltage is applied to the capacitor, since 
electrical continuity through the grain boundary existing in 
the Zirconium oxide film occurs between the lower electrode 
105 and the upper electrode 109, dielectric breakdown easily 
occurs in the capacitor insulating film 108. As a result, since 
probability becomes high that an operation failure occurs in 
the capacitor, which causes reduction in reliability of a 
semiconductor device being a DRAM. 

SUMMARY OF THE INVENTION 

0013 In view of the above, it is an object of the present 
invention to provide a semiconductor device which is 
capable of preventing, in a process of forming a capacitor of 
MIM structure, dielectric breakdown of a capacitor insulat 
ing film while a relative dielectric constant of a metal oxide 
film used as the capacitor insulating film is kept high and a 
method for manufacturing the semiconductor. 
0014. According to a first aspect of the present invention, 
there is provided a semiconductor device including: 
0.015 a capacitor of MIM (Metal Insulator Metal) struc 
ture including a lower electrode and an upper electrode each 
made up of a metal film, and a capacitor insulating film 
sandwiched between the lower electrode and the upper 
electrode: 
0016 wherein the capacitor insulating film is an amor 
phous metal oxide film consisting essentially of aluminum, 
a metal other than aluminum and oxygen, and a ratio “X” of 
a number of aluminum atoms to a sum of numbers of the 
aluminum atoms and the metal atoms other than the alumi 
num atom is set to be 0.05sXs O.3. 

0017. In the foregoing first aspect, a preferable mode is 
one wherein the metal other than the aluminum has a strong 
tendency to crystallize with oxygen. 
0018. Also, a preferable mode is one wherein the capaci 
tor insulating film has a film thickness of 5 nm to 20 nm. 
0019. Also, a preferable mode is one wherein the metal 
other than the aluminum is at least any one selected from a 
group of Zirconium, hafnium, or lanthanoid group element. 
0020. Also, a preferable mode is one, wherein the upper 
electrode and the lower electrode are made of titanium 
nitride, tantalum nitride, or tungsten nitride. 
0021. Also, a preferable mode is one, wherein the capaci 
tor insulating film is formed by an ALD method or a CVD 
method. 

0022. According to a second aspect of the present inven 
tion, there is provided a method for manufacturing a semi 
conductor device having a capacitor of MIM (Metal Insu 
lator Metal) structure including a lower electrode and an 
upper electrode each made up of a metal film, and a 
capacitor insulating film made up of a metal oxide film and 
sandwiched between the lower electrode and the upper 
electrode, the method including: 
0023 a transistor forming process of forming a memory 
cell selecting transistor which performs Switching opera 
tions in a desired position of a semiconductor Substrate; 
0024 a plug forming process of forming, after having 
deposited interlayer insulating film on the memory cell 
selecting transistor, a contact hole on the interlayer insulat 
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ing film in a manner so as to expose part of an operation 
region of the memory cell selecting transistor and forming a 
capacitor contact plug in a manner So as to be connected 
through the contact hole to the operation region. 
0.025 a lower electrode forming process of forming the 
lower electrode made up of a metal film making up part of 
the capacitor in a manner So as to be connected to the 
capacitor contact plug; 
0026 a capacitor insulating film forming process of 
forming, on the lower electrode, an amorphous capacitor 
insulating film making up part of the capacitor having its 
composition of Al M–O (where a ratio “X” of a number 
of aluminum atoms to a Sum of numbers of the aluminum 
atoms and the metal atoms other than the aluminum atom is 
set to be 0.05s Xs O.3) by exposing the semiconductor 
substrate on which the lower electrode has been formed into 
an atmosphere including a compound containing a metal 
atom having a strong tendency to form crystalline dielectric 
with oxygen, oxidizing agent, and compound containing an 
aluminum atom; and 
0027 an upper electrode forming process of forming, on 
the capacitor insulating film, said upper electrode made up 
of a metal film which makes up part of said capacitor. 
0028. In the foregoing second aspect, a preferable mode 

is one wherein, in the lower electrode forming process, after 
a further interlayer insulating film has been formed on the 
interlayer insulating film, a further contact hole is formed in 
the further interlayer insulating film in a manner so as to 
expose the capacitor contact plug, whereby the lower elec 
trode made up of a metal film and making up part of the 
capacitor is formed in a manner So as to be connected 
through the further contact hole to the capacitor contact 
plug. 

0029. Also, a preferable mode is one wherein, in the 
capacitor insulating film forming process, the semiconductor 
Substrate is exposed in an atmosphere into which each of the 
compound containing a metal atom being able to form 
crystalline dielectric, the oxidizing agent, and the compound 
containing an aluminum atom is fed with different timing. 
0030 Also, a preferable mode is one, wherein, when a 
combination of a period during which the compound con 
taining a metal atom being able to form the crystalline 
dielectric is fed and a period during which the oxidizing 
agent is Subsequently fed is defined to be a unit operation 
cycle, by repeating the unit operation cycle, the crystalline 
dielectric is formed so as to have a desired thickness. 

0031. Also, a preferable mode is one, wherein, when the 
crystalline dielectric is formed by repeating the unit opera 
tion cycle, control is exerted so that a film thickness of the 
crystalline dielectric to be formed every the unit operation 
cycle is about 4 nm or less. 
0032. Also, a preferable mode is one, wherein, when a 
combination of a period during which the compound con 
taining an aluminum atom is fed and a period during which 
the oxidizing agent is Subsequently fed is defined to be a unit 
operation cycle, by repeating the unit operation cycle, the 
amorphous aluminum oxide film is formed so as to have a 
desired thickness. 

0033 Also, a preferable mode is one, wherein, in the 
capacitor insulating film forming process, the semiconductor 
Substrate is exposed in an atmosphere into which each of the 
compound containing a metal atom being able to form the 
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crystalline dielectric, the oxidizing agent, and the compound 
containing an aluminum atom is fed with same timing. 
0034. Also, a preferable mode is one, wherein, as a metal 
being able to form the crystalline dielectric, Zirconium, 
hafnium, or lanthanoid group element is used. 
0035) Furthermore, a preferable mode is one, wherein, as 
the upper electrode and the lower electrode, titanium nitride, 
tantalum nitride, or tungsten nitride is used. 
0036 With the above configuration, the capacitor insu 
lating film of the capacitor of the semiconductor device of 
the present invention is made up of an amorphous film 
obtained by having crystalline dielectric contain amorphous 
aluminum oxide and having its composition of Al-M-O- 
(where “M” denotes a metal that can form crystalline 
dielectric; 0.05sXs 0.3) and, therefore, a high crystallizing 
temperature can be maintained while a relative dielectric 
constant is kept high. 
0037 With another configuration as above, the capacitor 
insulating film having its composition of Al-M-O- 
(0.05s Xs O.3) is deposited by the ALD method and there 
fore it is made possible to form the capacitor insulating film 
of high quality. As a result, in a process of forming the 
capacitor of MIM structure, dielectric breakdown of the 
capacitor insulating film can be prevented while a relative 
dielectric constant of the metal oxide film making up the 
capacitor insulating film is kept high. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0038. The above and other objects, advantages, and fea 
tures of the present invention will be more apparent from the 
following description taken in conjunction with the accom 
panying drawings in which: 

0039 FIG. 1 is a cross-sectional view illustrating con 
figurations of a semiconductor device according to a first 
embodiment of the present invention; 
0040 FIG. 2 is an expanded cross-sectional view illus 
trating configurations of a capacitor serving as a main part 
of the semiconductor device according to the first embodi 
ment of the present invention; 
0041 FIG. 3 is a diagram explaining a relative dielectric 
constant of a capacitor insulating film of the capacitor of the 
semiconductor device and an optimum range of a crystal 
lizing temperature according to the first embodiment of the 
present invention; 
0042 FIGS. 4A to 4C are diagrams showing a manufac 
turing method for the semiconductor device, in order of 
processes, according to the first embodiment of the present 
invention; 
0043 FIGS. 4D to 4F are diagrams showing the manu 
facturing method for the semiconductor device, in order of 
processes, according to the first embodiment of the present 
invention; 
0044 FIGS. 4G to 4I are diagrams showing the manu 
facturing method for the semiconductor device, in order of 
processes, according to the first embodiment of the present 
invention; 

0045 FIGS. 4J and 4K are diagrams showing the manu 
facturing method for the semiconductor device, in order of 
processes, according to the first embodiment of the present 
invention; 
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0046 FIG. 5 is a diagram briefly explaining a process for 
deposition of the capacitor insulating film employed in the 
manufacturing method for the semiconductor device accord 
ing to the first embodiment of the present invention; 
0047 FIG. 6 is a diagram showing a sequence of depo 
sition of the capacitor insulating film employed in the 
manufacturing method for the semiconductor device accord 
ing to the first embodiment of the present invention; 
0.048 FIG. 7 is across-sectional view illustrating configu 
rations of a conventional semiconductor device; and 
0049 FIG. 8A is a top view illustrating configurations of 
another conventional semiconductor device and FIG. 8B is 
across-sectional view illustrating configurations, taken 
along a line A-B, of the other conventional semiconductor 
device of FIG. 8A. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0050 Best modes of carrying out the present invention 
will be described in further detail using various embodi 
ments with reference to the accompanying drawings. 

First Embodiment 

0051 FIG. 1 is a cross-sectional view for schematically 
illustrating configurations of a semiconductor device 
according to a first embodiment of the present invention. 
FIG. 2 is an expanded cross-sectional view illustrating 
configurations of a capacitor serving as a main part of the 
semiconductor device according to the first embodiment. 
FIG. 3 is a diagram explaining a relative dielectric constant 
of a capacitor insulating film of the capacitor of the semi 
conductor device and an optimum range of a crystallizing 
temperature according to the first embodiment. FIGS. 4A to 
4K are diagrams showing a manufacturing method for the 
semiconductor device, in order of processes, according to 
the first embodiment. FIG. 5 is a diagram briefly explaining 
a process for deposition of the capacitor insulating film 
employed in the manufacturing method for the semiconduc 
tor device according to the first embodiment. FIG. 6 is a 
diagram showing a sequence of deposition of the capacitor 
insulating film employed in the manufacturing method for 
the semiconductor device according to the first embodiment. 
In the first embodiment, a DRAM is taken as an example of 
the semiconductor device. The semiconductor device 10 of 
the embodiment, as shown in FIG. 1, includes a memory cell 
selecting transistor 8 mounted in a desired location of for 
example, a P-type silicon Substrate 1 made of and a capacitor 
25 formed so as to be connected to an N-type region 6 
serving as one operating region of the memory cell selecting 
transistor 8. The capacitor 25 includes a lower electrode 20 
made up of for example, a titanium nitride film, a capacitor 
insulating film 21 made of Zirconium aluminate being an 
amorphous film obtained by mixing amorphous aluminum 
oxide (Al2O) into Zirconium oxide (ZrO2) being crystalline 
dielectric, and having its composition of Al-ZrO (“X” 
denotes a ratio of the composition; 0.05s Xs O.3), and an 
upper electrode 22 made up of for example, a titanium 
nitride film. The capacitor insulating film 21 having Such the 
composition as described above is deposited by using an 
ALD method (described later) or a CVD method (described 
later). 
0.052 In the P-type silicon substrate 1 is formed an device 
isolation region 2 by a well-known LOCOS (Local Oxida 
tion of Silicon) method oran STI (Shallow Trench Isolation) 
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method and in a central portion of the active region Sur 
rounded by the device isolation region 2 are formed a gate 
insulating film 3 made up of, for example, a silicon oxide 
film and a gate electrode 4 made up of a polycrystalline 
silicon film. The gate electrode 4 is connected to word 
wirings (not shown) making up the DRAM. By a self 
alignment process using the gate electrode 4, in the above 
active region is implanted an N-type impurity Such as 
phosphorus (P) or arsenic (AS) which forms a pair of an 
N-type region 5 and an N-type region 6, one serving as a 
Source region and another serving as a drain region. When 
necessary, the pair of the N-type regions 5 and 6 are so 
formed as to be of well-known LDD (Lightly Doped Drain) 
structure and a side wall insulating film is formed on a side 
of the gate electrode 4. Thus, in a desired region, on the 
P-type silicon substrate 1 are formed the gate electrode 4 and 
the memory cell selecting transistor 8 including the pair of 
the N-type regions 5 and 6. 
0053. In a first interlayer insulating film 7 made up of for 
example, a silicon oxide film and formed on and throughout 
a present Surface of a device in process whereby the memory 
cell selecting transistor 8 is covered with the first interlayer 
insulating film 7, contact holes 9 and 11 are formed in a 
manner that the contact hole 9 exposes the N-type region 5 
and that the contact hole 11 exposes the N-type region 6. In 
the contact hole 9, a bit contact plug 12 made of, for 
example, tungsten is formed in a manner So as to be 
connected to the N-type region 5 on the one side. In the 
contact hole 11, a capacitor contact plug 13, made of for 
example, tungsten is formed in a manner so as to be 
connected to the N-type region 6 on the other side. More 
over, in the first interlayer insulating film 7, a bit wiring 14 
made of for example, tungsten is formed in a manner so as 
to be connected to the bit contact plug 12. 
0054. In a second interlayer insulating film 15 made up 
of for example, a silicon oxide film and formed on and 
throughout a present Surface of a device in process whereby 
the first interlayer insulating film 7 is covered with the 
second interlayer insulating film 15, a contact hole 16 is 
formed in a manner so as to expose the capacitor contact 
plug 13. In the contact hole 16, a second capacitor contact 
plug 17 made of for example, tungsten in a manner So as to 
be connected to the capacitor contact plug 13. Moreover, in 
a third interlayer insulating film 18 made up of for example, 
a silicon oxide film and formed on and throughout a present 
surface of a device in process whereby the second interlayer 
insulating film 15 is covered with third interlayer insulating 
film 18, a contact hole 19 is formed in a manner so as to 
expose the second capacitor contact plug 17. In the contact 
hole 19, the capacitor 25 is formed which is connected to the 
second capacitor contact plug 17. The capacitor 25, as 
described above, includes the lower electrode 20 made up of 
a titanium nitride film, the capacitor insulating film 21 made 
up of an amorphous film obtained by mixing amorphous 
aluminum oxide (Al2O) into Zirconium oxide (ZrO) and 
having its composition of Al-Zri-xO (0.05sXs 0.3), and 
the upper electrode 22 made up of a titanium nitride film. 
The lower electrode 20 is connected to the second capacitor 
contact plug 17. 
0055. In a fourth interlayer insulating film 23 made up of 
for example, a silicon oxide film and formed on and through 
out a present Surface of a device in process whereby the 
capacitor 25 is covered with the fourth interlayer insulating 
film 23, a contact hole 24 is formed in a manner so as to 
expose the upper electrode 22 in the capacitor 25. In the 
contact hole 24, an external wiring 26 made up of for 
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example, tungsten is formed in a manner So as to be 
connected to the upper electrode 22 and is connected to 
peripheral circuits. Moreover, in FIG. 1, the contact hole 24 
is formed immediately above the contact hole 19, however, 
the contact hole 24 may be formed in a flat region of the 
upper electrode 22 on the third interlayer insulating film 18. 

0056. The capacitor 25, as shown in FIG. 2, has its 
composition of Al-ZrO (0.05sXs 0.3) in which the 
lower electrode 20 made up of a titanium nitride film having 
a thickness of 20 nm to 50 nm and the upper electrode 22 
made up of a titanium nitride film having a thickness of 20 
nm to 50 nm are formed respectively on lower and upper 
sides of the capacitor insulating film 21 made of Zirconium 
aliminate being an amorphous film having a thickness of 5 
nm to 15 nm, the capacitor insulating film 21 being sand 
wiched between the lower electrode 20 and the upper 
electrode 22. 

0057 The zirconium aluminate being an amorphous film 
having the composition described above being used as a 
material for the capacitor insulating film 21 in the capacitor 
25 is one that can prevent dielectric breakdown while its 
relative dielectric constant is kept high. Moreover, the 
Zirconium aluminate being an amorphous film can be kept in 
an amorphous state as the capacitor insulating film 21, 
without being thermally affected in various thermal treat 
ment processes performed after the formation of the capaci 
tor 25. That is, in the manufacturing of semiconductor 
devices 10, generally, various processes of thermal treatment 
at temperatures of 400° C. to 500° C. are performed even 
after the formation of the capacitor 25 and therefore it is 
essentially required that the capacitor insulating film 21 
making up the capacitor 25 can be kept in an amorphous 
state and is not crystallized even in the thermal treatment. If 
the capacitor insulating film 21 is crystallized by Such the 
thermal treatment, dielectric breakdown occurs easily as 
described above, which causes reduction in reliability of 
semiconductor devices 10. 

0.058. The inventor of the present invention found from 
an experiment that, when amorphous Zirconium aluminate is 
formed by mixing amorphous aluminum oxide into Zirco 
nium oxide being crystalline dielectric with a high relative 
dielectric constant (about 30) So as to have its composition 
of Al-Zri-xOx and when its composition ratio is changed 
so that the composition ratio X is selected to be within a 
specified range (0.05s Xs O.3) as described above, the rela 
tive dielectric constant of Zirconium aluminate can be kept 
high and a crystallizing temperature at which crystallization 
of Zirconium aluminate occurs is maintained at a high 
temperature, that is, dielectric breakdown of the capacitor 
insulating film can be prevented while the relative dielectric 
constant of Zirconium aluminate is kept high. 
0059 FIG. 3 is a diagram showing relations among the 
composition ratio X of Zirconium aluminate (horizontal 
axis), a relative dielectric constant 'e' of Zirconium alumi 
nate (vertical axis on right side), and a crystallizing tem 
perature T (vartical axis on left side) found when oxide 
obtained by mixing amorphous aluminum oxide (Al2O) 
into zirconium oxide (ZrO) so that the composition ratio of 
zirconium and aluminum is Al/Zr=X/(1-X), that is, Zirco 
nium aluminate having its composition of Al-ZrixO is 
formed. In the embodiment, an example is described in 
which a thickness of zirconium aluminate is about 50 nm. As 
is apparent from FIG. 3, the relative dielectric constant “e' 
changes linearly from about 10 obtained when 1 (one) is 
selected as the composition ratio “X” (that is, a case where 
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only Al-O is contained) to about 30 obtained when 0 (zero) 
is selected as the composition ratio “X” (that is, a case where 
only ZrO is contained). On the other hand, the crystallizing 
temperature T changes non-linearly from about 850° C. 
obtained when 1 (one) is selected as the composition ratio 
“X” to about 250° C. obtained when 0 (zero) is selected as 
the composition ratio “X”. Therefore, by selecting the range 
0.05s Xs O.3) excluding a range in which the crystallizing 
temperature T becomes extremely low, Zirconium aluminate 
can be formed which is able to maintain the crystallizing 
temperature T exceeding about 500° C. while the relative 
dielectric constant “ean be kept high so as to be about 25 
or more. That is, if amorphous aluminum oxide is mixed into 
crystalline Zirconium oxide at the rate as described above, 
lowering of the relative dielectric constant 'e' of zirconium 
aluminate can be Suppressed and a crystallizing temperature 
T of Zirconium aluminate can be significantly increased, 
when compared with a case where a large amount of 
aluminum oxide is contained in Zirconium aluminate. There 
fore, by using Zirconium aliminate having its composition of 
Al-Zri-xOy (0.05sXs 0.3) as the capacitor insulating film 
21, dielectric breakdown can be prevented while the relative 
dielectric ratio is kept high. 

0060 Thus, according to the semiconductor device 10 of 
the embodiment, the capacitor insulating film 21 in the 
capacitor 25, since it is made of Zirconium aluminate 
obtained by having Zirconium oxide being crystalline dielec 
tric contain amorphous aluminum oxide and having its 
composition of Alx Zrix Oy (0.05sXs 0.3), can maintain 
the crystallizing temperature T being as high as 500° C. to 
870° C. while maintaining the relative dielectric constant 
“e' being as high as about 25 to 28. Therefore, in various 
thermal treatment processes after the formation of the 
capacitor 25, since the capacitor insulating film 21 can be 
kept in an amorphous state, dielectric breakdown of the 
capacitor insulating film 21 can be prevented while a relative 
dielectric constant is kept high, thus enabling an operation 
failure in a semiconductor device to be avoided and reli 
ability in the semiconductor device to be improved. 

0061 Next, a method for manufacturing the semiconduc 
tor device of the embodiment will be described in order of 
processes by referring to FIGS. 4A to 4K. First, as shown in 
FIG. 4A, for example, in the P-type silicon substrate 1 is 
formed the device isolation region 2 by the well-known 
LOCOS (Local Oxidation of Silicon) method, the well 
known STI (Shallow Trench Isolation) method, or a like and 
in a central portion of the active region Surrounded by the 
device isolation region 2 are formed the gate insulating film 
3 made up of for example, silicon oxide film and the gate 
electrode 4 made up of a polycrystalline silicon film. 

0062. As shown in FIG. 4B, then, by a self alignment 
process using the gate electrode 4, in the above active region 
is implanted an N-type impurity Such as phosphorus (P) or 
arsenic (As) which forms a pair of the N-type region 5 and 
the N-type region 6, one serving as a Source region and 
another serving as a drain region. 

0063. Then, as shown in FIG. 4C, by forming the first 
interlayer insulating film 7 made up of for example, a 
silicon oxide film on and throughout a present Surface of a 
device in process whereby the device isolation region 2 and 
N-type regions 5, 6 are covered with the first interlayer 
insulating film 7, by using the CVD method, the memory 
cell selecting transistor 8 made up of an NMOS (N-type 
Metal Oxide Semiconductor) transistor is completed. The 
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memory cell selecting transistor 8 is made up of the pair of 
the N-type regions 5 and 6, the gate insulating film 3 and the 
gate electrode 4. 
0064. Next, as shown in FIG. 4D, after having formed the 
contact holes 9 and 11 in the first interlayer insulating film 
7, by using a lithography method, in Such a manner that the 
contact holes 9 and 11 expose a pair of the N-type region 5 
and the N-type region 6 in the memory cell selecting 
transistor 8, the bit contact plug 12 made of, for example, 
tungsten is formed in the contact hole 9 by using the CVD 
method in a manner So as to be connected to the N-type 
region 5 and the capacitor contact plug 13 made of for 
example, tungsten is formed in a manner So as to be 
embedded in the contact hole 11 and so as to be connected 
to the N-type region 6. Next, the bit wiring 14 made of, for 
example, tungsten is formed, by using the CVD method, on 
the first interlayer insulating film 7 in a manner so as to be 
connected to the bit contact plug 12. 
0065 Next, as shown in FIG. 4E, the second interlayer 
insulating film 15 made of, for example, a silicon oxide film 
is formed by using the CVD method on and throughout a 
present surface of a device in process whereby the bit wiring 
14, first interlayer insulating film 7, and capacitor contact 
plug 13 are covered with the second interlayer insulating 
film 15. Then, as shown in FIG. 4F, after the contact hole 16 
has been formed by the lithography method in the second 
interlayer insulating film 15 in a manner so as to expose the 
capacitor contact plug 13, the second contact plug 17 made 
of for example, tungsten is formed, by using the CVD 
method, in the contact hole 16 in a manner so as to be 
connected to the capacitor contact plug 13. 
0066) Next, as shown in FIG. 4G, the third interlayer 
insulating film 18 is formed, by using the CVD method, on 
and throughout a present surface of a device in process 
whereby the second interlayer insulating film 15 and the 
second contact plug 17 are covered with the third interlayer 
insulating film 18. Then, as shown in FIG. 4H, the contact 
hole 19 is formed, by the lithography, in the third interlayer 
insulating film 18 in a manner so as to expose the second 
capacitor contact plug 17. 

0067. Then, after a lower electrode film made of, for 
example, a titanium nitride (TiN) film has been formed, by 
using the CVD method, on and throughout a present Surface 
of a device in process whereby the contact hole 19 is covered 
with the lower electrode film, as shown in FIG. 4I, unwanted 
lower electrode films are removed by the lithography 
method and the lower electrode 20 is formed by the lower 
electrode film left within the contact hole 19. 

0068 Next, as shown in FIG. 4J, the capacitor insulating 
film 21 made of Zirconium aluminate being an amorphous 
film having its composition of Al-ZrO (0.5sXs 0.3) 
is formed on the lower electrode 20 according to the 
sequence for deposition as shown in FIG. 6. A method for 
deposition of the capacitor insulating film 21 by the ALD 
method is described below. 

0069. As shown in FIG. 5, with an aluminum source 31, 
a Zirconium source 32, an oxidizing agent source 33, and a 
purge gas source 34 being connected in advance, to a 
reaction furnace 35 in a manner so that each of aluminum 
Source, Zirconium Source, oxidizing agent, and purge gas can 
be fed with different timing from each other, the P-type 
silicon substrate 1 obtained immediately after the formation 
of the lower electrode 20 is put into the reaction furnace 35 
being kept in an inert atmosphere. In the embodiment, as the 
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aluminum Source 31, Zirconium source 32, oxidizing agent 
Source 33, and purge gas source 34, for example, TMA 
(Trimethyl aluminum), Zirconium tetrachloride (ZrOl), 
oZone (O), and nitrogen (N) are used respectively. 
0070 Next, a method for deposition is described accord 
ing to the deposition sequence as shown in FIG. 6. During 
time t1 to t2, TMA is fed, with pulse-like timing, into the 
reaction furnace 35 from the aluminum source 31, with the 
P-type silicon substrate 1 being heated at 200° C. to 400° C. 
(deposition temperature). By this operation, one layer (1 
mono-layer) of TMA adheres to all surfaces including a 
surface of the lower electrode 20 on the P-type silicon 
substrate 1. 

0071 Next, during time from t3 to tak, by feeding the 
nitrogen purge gas, with pulse-like timing, into the reaction 
furnace 35 from the purge gas source 34, excessive and 
unreacted TMA introduced to the reaction furnace 35 in the 
preceding process as performed during the time t1 to t2 is 
exhausted outside of the reaction furnace 35. Then, during 
time t5 to t6, ozone is fed to the reaction furnace 35 from the 
oxidizing agent Source 33 with pulse-like timing. By this 
operation, oxygen reacts with TMA to produce one layer (1 
mono-layer) of an aluminum oxide layer. 
0072) Next, during time from t7 to t8, by feeding the 
nitrogen purge gas, with pulse-like timing, into the reaction 
furnace 35 from the purge gas source 34, excessive and 
unreacted ozone introduced to the reaction furnace 35 in the 
preceding process as performed during the time t5 to t6 is 
exhausted outside of the reaction furnace 35. By a series of 
deposition processes performed during the time t1 to t3 
described above, a deposition unit cycle CA for one layer (1 
mono-layer) of the aluminum oxide layer is completed. 
0073) Next, during time t9 to t10, zirconium tetrachloride 
is fed from the zirconium source 32 into the reaction furnace 
35 with pulse-like timing. By this operation, one layer (1 
mono-layer) of zirconium tetrachloride adheres to all sur 
faces of the aluminum oxide layer on the P-type silicon 
substrate 1. 

0074 Then, during time from t11 to t12, by feeding the 
nitrogen purge gas, with pulse-like timing, into the reaction 
furnace 35 from the purge gas source 34, excessive and 
unreacted zirconium tetrachloride introduced to the reaction 
furnace 35 in the preceding process as preformed during the 
time t9 to t10 is exhausted outside of the reaction furnace 35. 
Then, during time t13 to t14, ozone is fed from the oxidizing 
agent source 33 into the reaction furnace 35 with pulse-like 
timing. By this operation, oxygen reacts with Zirconium 
tetrachloride to produce one layer (1 mono-layer) of a 
Zirconium oxide layer. 
0075) Then, during time from t15 to t16, by feeding the 
nitrogen purge gas from the purge gas source 34, with 
pulse-like timing, into the reaction furnace 35, excessive and 
unreacted ozone introduced to the reaction furnace 35 in the 
preceding process as performed during the time t13 to t14 is 
exhausted outside of the reaction furnace 35. By a series of 
deposition processes during the time t9 to t16 described 
above, a deposition unit cycle CZ for one layer (1 mono 
layer) of the Zirconium oxide layer is terminated. 
0076. In FIG. 6, an example of a process is shown in 
which one layer (1 mono-layer) of the aluminum oxide layer 
and one layer (1 mono-layer) of the Zirconium oxide layer 
are formed. To produce the amorphous Zirconium aliminate 
having its specified composition, a combination of the 
process in which the deposition unit cycle CA for the 
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formation of one layer (1 mono-layer) of the aluminum 
oxide layer is performed arbitrary “n” times and the process 
in which the deposition unit cycle C for the formation of 
one layer (1 mono-layer) of the Zirconium oxide layer is 
performed arbitrary “m' times, is repeated the required 
number of times. By using the produced amorphous Zirco 
nium aluminate having deposition as described above, the 
capacitor insulating film 21 having a specified thickness is 
obtained. Moreover, if, in one unit formation cycle, the 
Zirconium oxide layer is formed so as to have a thickness 
exceeding about 4 nm, crystallization of the Zirconium oxide 
film occurs and, therefore, consideration must be given to 
making the film thickness to be produced in one unit 
formation cycle not to exceed the value. Thus, according to 
the deposition method for the capacitor insulating film 21 
using the ALD method, excessive and unreacted material 
components are exhausted in the course of the deposition, 
which enables formation of the capacitor insulating film of 
high quality. 
0077 Next, after the upper electrode film made of, for 
example, a titanium nitride film has been formed, by using 
the CVD method, on and throughout a present surface of a 
device in process whereby the capacitor insulating film 21 is 
covered with the upper electrode film, as shown in FIG. 4K, 
unwanted upper electrode films are removed, by the lithog 
raphy, to form the upper electrode 22. Thus, the capacitor 25 
made up of the lower electrode 20, the capacitor insulating 
film 21, and the upper electrode 22 is formed. 
0078. Then, the semiconductor device 10 is obtained, as 
shown in FIG. 1, after having formed the fourth interlayer 
insulating film 23 using the CVD method, on an entire 
Surface of the upper electrode 22 and capacitor insulating 
film 21, by forming, by the lithography, the contact hole 24 
in the fourth interlayer insulating film 23 so as to expose the 
upper electrode 22 of the capacitor 25, and by drawing out 
the external wiring 26 made of for example, tungsten from 
the contact hole 24 in a manner so as to be connected to the 
upper electrode 22. 
0079 Thus, according to the semiconductor device 10 of 
the embodiment, the capacitor insulating film 21 in the 
capacitor 25, since it is made of Zirconium aluminate 
obtained by mixing amorphous aluminum oxide (Al2O) 
into Zirconium oxide (ZrO2) being crystalline dielectric and 
having its composition of Al-Zri-xO (0.05sXs 0.3), can 
maintain the crystallizing temperature T being as high as 
500° C. to 870° C. while being able to keep the relative 
dielectric constant “e” as high as about 25 to 28. 
0080 Moreover, according to the method for manufac 
turing the semiconductor device 10 of the embodiment, 
since the capacitor insulating film 21 made of Zirconium 
aluminate having the composition of AlxzraxOy 
(0.05s Xs O.3) is manufactured by the ALD method, it is 
made possible to form the capacitor insulating film of high 
quality. Therefore, in the process of forming the MIM 
structured capacitor, dielectric breakdown of the capacitor 
insulating film can be prevented while the relative dielectric 
constant of the metal oxide film making up the capacitor 
insulating film is kept high. 

Second Embodiment 

0081. A method for manufacturing semiconductor 
devices of a second embodiment differs greatly from that of 
the first embodiment in that, as a metal which can be used 
for forming crystalline dielectric, hafnium (Hf), instead of 
Zirconium (Zr), is employed. 
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0082 In the semiconductor device of the second embodi 
ment, a capacitor insulating film is made of amorphous 
hafnium aluminate obtained by mixing amorphous alumi 
num oxide into hafnium oxide being crystalline dielectric, 
and having its composition of Alx HfixOy 
(0.05s Xs O.3). That is, though, in a capacitor of a semi 
conductor device of the second embodiment, instead of 
amorphous Zirconium aluminate used in the first embodi 
ment, amorphous hafnium aluminate is used, relations 
among a composition ratio X of hafnium aluminate, relative 
dielectric constant 'e' of hafnium aluminate, and crystal 
lizing temperature T are almost the same as those shown in 
FIG. 3 in the first embodiment, except that a dielectric 
constant (about 20) of hafnium oxide is different from that 
of the zirconium oxide. 

0083. Thus, also in the second embodiment, almost the 
same effect as obtained in the first embodiment can be 
achieved. 

Third Embodiment 

0084. A method for manufacturing semiconductor 
devices of a third embodiment differs greatly from that of the 
first embodiment in that, as a metal which can be used for 
forming crystalline dielectric, a lanthanoid group element, 
instead of Zirconium, is employed. 
0085. A capacitor insulating film of a capacitor in a 
semiconductor device of the third embodiment is made of 
amorphous lanthanoid aluminate obtained by having amor 
phous dielectric made of a lanthanoid group element contain 
amorphous aluminum oxide and having its composition of 
Al Felix ("Re' denotes a lanthanoid group element, 
0.65s Xe 0.3). The lanthanoide group element includes lan 
thanum (La), cerium (Ce), praseodymium (Pr), neodymium 
(Nd), promethium (Pm),Samarium (Sm), europium (Eu), 
gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium 
(Ho), erbium (Er), thulium (Tm), ytterbium (Yb), and lute 
tium (Lu). 
0086 That is, though, in the capacitor of the semicon 
ductor device of the third embodiment, instead of amor 
phous Zirconium aluminate, amorphous lanthanoid alumi 
nate is used, relations among a composition ratio X of 
lanthanoid aluminate, relative dielectric constant 'e' of 
lanthanoid aluminate, and crystallizing temperature T are 
almost the same as those shown in FIG. 3 in the first 
embodiment, except that a dielectric constant (about 20 to 
30) of lanthnoid oxide is different from that of the Zirconium 
oxide. 

0087 Thus, also in the third embodiment, almost the 
same effect as obtained in the first embodiment can be 
achieved. 

0088. It is apparent that the present invention is not 
limited to the above embodiments but may be changed and 
modified without departing from the scope and spirit of the 
invention. For example, in the above embodiments, the ALD 
method is used for the deposition of the capacitor insulating 
film, however, not only the ALD method but also the CVD 
method may be used for the formation of the capacitor 
insulating film. In the case of the deposition by the CVD 
method, unlike in the case of using the ALD method, a 
compound containing a metal atom that can form the crys 
talline dielectric, oxidizing agent, and a compound contain 
ing an aluminum atom are fed at the same time. Moreover, 
in the above embodiments, Zirconium tetrachloride being an 
inorganic material is used as the Zirconium Source, however, 
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the present invention is not limited to this, that is, organic 
materials such as Zr (NMe) (tetrakis (dimethylamino) 
Zirconium), Zr (NEt) (tetrakis (diethlyamino) Zirconium), 
and Zr (NMeEt) (tetrakis (methylethylamino) zirconium) 
may be used. Also, in the above embodiments, as the lower 
electrode and upper electrode, the titanium nitride film is 
used, however, other metal films such as a tantalum nitride 
(TaN) film, tungsten nitride (WN) film, or a like may be 
employed. In the above embodiments, oZone is used as the 
oxidizing agent, however, other materials such as oxygen 
(O), water (H2O), or a like may be used. Also, the example 
is shown in which the present invention is applied to a 
semiconductor of COB (Capacitor Over Bitline) structure in 
which the capacitor is placed in an upper position of the bit 
wiring, however, the present invention may be applied to a 
semiconductor of CUB (Capacitor Under Bitline) structure 
in which the capacitor is placed in a lower position of the bit 
wiring. 
0089. As a gate insulating film of a transistor making up 
a DRAM, a nitride film may be used or two-layered film 
made up of an oxide film and nitride film maybe used. That 
is, so long as a transistor making up a DRAM is of MIS 
structure, not only a MOS (Metal Oxide Semiconductor)- 
type transistor but also a MNS (Metal Nitride Semiconduc 
tor)-type or MNOS (Metal Nitride Oxide Semiconductor)- 
type transistor may be used. Also, in each semiconductor 
region of the present invention, a P-type region and an 
N-type region may be used in a reversed manner. 
0090. As the interlayer insulating film, not only a silicon 
oxide film but also other insulating films such as a silicon 
nitride film, BSG (Boron-Silicate Glass) film, PSG (Phos 
pho-Silicate Glass) film, or BPSG (Boron-Phospho-Silicate 
Glass) film may be used. 
What is claimed is: 

1. A method for manufacturing a semiconductor device 
comprising a capacitor of a MIM (Metal Insulator Metal) 
structure comprising a lower electrode and an upper elec 
trode each made up of a metal film, and a capacitor insu 
lating film sandwiched between said lower electrode and 
said upper electrode, the method comprising: 

forming said lower electrode: 
forming said capacitor insulating film on said lower 

electrode, said capacitor insulating film comprising an 
amorphous dielectric film having a composition of 
Al Mix.O. (where Al denotes an aluminum atom, M 
is denote a metal atom other than aluminum atom, and 
O denotes an oxygen atom), by a first compound 
containing metal atoms having a tendency to form a 
crystalline dielectric, an oxidizing agent, and a second 
compound containing aluminum atoms; and 

forming said upper electrode on said capacitor insulating 
film, thereby forming said capacitor of said MIM 
Structure. 
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2. The method for manufacturing the semiconductor 
device according to claim 1, wherein, in the composition of 
said Al-M-O-, a range of “X” is set to be 0.05sXs O.3. 

3. The method for manufacturing the semiconductor 
device according to claim 1, wherein, in the capacitor 
insulating film forming process, said semiconductor Sub 
strate is exposed in atmosphere into which each of said first 
compound containing metal atoms being able to form said 
crystalline dielectric, said oxidizing agent, and said second 
compound containing aluminum atoms is fed with different 
timing. 

4. The method for manufacturing the semiconductor 
device according to claim 3, wherein, when a combination 
of a period during which said first compound containing 
metal atoms being able to form said crystalline dielectric is 
fed and a period during which said oxidizing agent is 
Subsequently fed is defined to be a unit operation cycle, by 
repeating said unit operation cycle, said crystalline dielectric 
is formed so as to have a desired thickness. 

5. The method for manufacturing the semiconductor 
device according to claim 4, wherein, when said crystalline 
dielectric is formed by repeating said unit operation cycle, 
control is exerted so that a film thickness of said crystalline 
dielectric to be formed every unit operation cycle is about 4 
nm or less. 

6. The method for manufacturing the semiconductor 
device according to claim 3, when a combination of a period 
during which said second compound containing aluminum 
atoms is fed and a period during which said oxidizing agent 
is Subsequently fed is defined to be a unit operation cycle, by 
repeating said unit operation cycle, said amorphous alumi 
num oxide film is formed so as to have a desired thickness. 

7. The method for manufacturing the semiconductor 
device according to claim 1, wherein, in the capacitor 
insulating film forming process, said semiconductor Sub 
strate is exposed in atmosphere into which each of said first 
compound containing metal atoms being able to form said 
crystalline dielectric, said oxidizing agent, and said second 
compound containing aluminum atoms is fed with same 
timing. 

8. The method for manufacturing the semiconductor 
device according to claim 1, wherein, as a metal being able 
to form said crystalline dielectric, Zirconium, hafnium, or a 
lanthanoid group element is used. 

9. The method for manufacturing the semiconductor 
device according to claim 1, wherein, as said upper electrode 
and said lower electrode, titanium nitride, tantalum nitride, 
or tungsten nitride is used. 


