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SEMCONDUCTOR DEVICE 
MANUFACTURING METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This is a divisional application of U.S. patent appli 
cation Ser. No. 12/720,831 filed on Mar. 10, 2010, which 
claims the benefit of Japanese Patent Application No. 2009 
058056, filed on Mar. 11, 2009, the entire disclosures of 
which are incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present disclosure relates to a manufacturing 
method for a semiconductor device, and, more particularly, to 
a method for forming a dielectric film of a capacitor. 

BACKGROUND OF THE INVENTION 

0003 Conventionally, high integration and miniaturiza 
tion of a semiconductor memory device, represented by a 
DRAM (Dynamic Random Access Memory), have been 
under way. As for the DRAM, miniaturization of a capacitor 
is especially important. 
0004 If, however, the capacitor is simply miniaturized, its 
capacitor area is reduced, and, thus, its capacitance is also 
reduced. Thus, in order to obtain a Sufficient capacitance, 
many attempts have been made to increase a dielectric con 
stant of a dielectric film of the capacitor as well as to reduce 
a thickness of the dielectric film. 
0005 Recently, a material having a high dielectric con 
stant e tends to be used to form the dielectric film of the 
capacitor. For example, Ta-Os (e=about 25), Al2O (e=about 
10), BST =(Ba, Sr)TiO, (e=about 200-500), STO =Sr 
TiO (e=about 100-200), and so forth are being used instead 
of generally utilized SiO, (e=about 4.1) or SiN. (e=about 
7-8) (see, for example, Patent Documents 1 and 2). 
0006 Patent Document 1: Japanese Patent Laid-open 
Publication No. H8-195328 
0007 Patent document 2: Japanese Patent Laid-open Pub 
lication No. 2006-324363 

BRIEF SUMMARY OF THE INVENTION 

0008 Since, however, reduction of the thickness of the 
dielectric film of the capacitor results in an increase of a 
leakage current, any more reduction of the film thickness is 
getting difficult. For example, 10 nm is regarded as a lower 
limit of the film thickness even in case that SiO, which is 
deemed to be a material that can be made thinnest in current 
technology, is used. 
0009 Furthermore, in current technology, a high film 
forming temperature is required for the dielectric film mate 
rial of the capacitor. The film forming temperature is about 
900° C. to about 1000° C. for thermal oxidized SiO, by 
thermal oxidation; about 700° C. to about 900° C. for SiN 
by thermal CVD; about 400° C. to about 500° C. for TaOsby 
thermal CVD; and about 400° C. to about 450° C. for Al-O. 
by thermal CVD. Thus, application of such a dielectric film 
material to a system LSI including a combination of a 
memory device and a logic device has been difficult. 
0010 Moreover, since a multi-element oxide film such as 
BST or STO has a complicated film structure and its charac 
teristics readily change depending on its composition, control 
of its film property is difficult. Thus, it may be difficult to 
obtain a high quality film. 
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(0011. Further, in a MIM (Metal-Insulator-Metal) struc 
ture, when the dielectric film of the capacitor is formed, 
deterioration of capacitor characteristics may be caused due 
to oxidation of an underlying metal electrode. 
0012. In view of the foregoing, the present disclosure pro 
vides a semiconductor device manufacturing method for a 
capacitor having a dielectric film which can be formed into a 
thin film, can be formed at a low temperature, and has a 
readily controllable property. 
0013. In order to solve the above-mentioned problem, in 
accordance with a first embodiment of the present disclosure, 
there is provided a semiconductor device manufacturing 
method including: forming an oxide film oran oxynitride film 
on a conductor for serving as one electrode of a capacitor; 
forming, on the oxide film or the oxynitride film, a manganese 
oxide film for serving as a dielectric film of the capacitor, and 
forming, on the manganese oxide film, a conductive film for 
serving as the other electrode of the capacitor. 
0014 Further, in accordance with a second embodiment of 
the present invention, there is provided a semiconductor 
device manufacturing method including: forming, on a con 
ductor for serving as one electrode of a capacitor, a manga 
nese oxide film for serving as a dielectric film of the capacitor; 
and forming, on the manganese oxide film, a conductive film 
for serving as the other electrode of the capacitor. 
0015. In accordance with a third embodiment of the 
present disclosure, there is provided semiconductor device 
manufacturing method including: forming, on a conductor 
for serving as one electrode of a capacitor, a manganese oxide 
film for serving as a dielectric film of the capacitor; forming, 
on the manganese oxide film, a dielectric material film for 
serving as the dielectric film of the capacitor along with the 
manganese oxide film; and forming, on the dielectric material 
film, a conductive film for serving as the other electrode of the 
capacitor. 
0016. In accordance with the present disclosure, there is 
provided a semiconductor device manufacturing method for a 
capacitor having a dielectric film which can be formed into a 
thin film, can be formed at a low temperature, and has a 
readily controllable property. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017. The disclosure may best be understood by reference 
to the following description taken in conjunction with the 
following figures: 
0018 FIGS. 1A to 1D are cross sectional views illustrating 
an example semiconductor device manufacturing method in 
accordance with a first embodiment of the present disclosure; 
0019 FIG. 2 is a diagram showing a self-limiting property 
of manganese oxide; 
0020 FIG. 3 is a cross sectional view schematically illus 
trating an example manganese oxide film forming apparatus 
that can be used to perform the example semiconductor 
device manufacturing method in accordance with the first 
embodiment; 
0021 FIGS. 4A to 4F are cross sectional views illustrating 
an example semiconductor device manufacturing method in 
accordance with a second embodiment of the present disclo 
Sure; 
(0022 FIGS.5A to 5C provide cross sectional views illus 
trating an example semiconductor device manufacturing 
method in accordance with a third embodiment of the present 
disclosure; 
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0023 FIG. 6 is a cross sectional view schematically illus 
trating an example manganese oxide film forming apparatus 
that can be used to perform the example semiconductor 
device manufacturing method in accordance with the third 
embodiment; 
0024 FIGS. 7A to 7D are cross sectional views illustrating 
an example semiconductor device manufacturing method in 
accordance with a fourth embodiment of the present disclo 
Sure; 
0025 FIGS. 8A to 8C are cross sectional views illustrating 
an example semiconductor device manufacturing method in 
accordance with a fifth embodiment of the present disclosure; 
and 
0026 FIGS. 9A to 9D are cross sectional views illustrating 
an example semiconductor device manufacturing method in 
accordance with a sixth embodiment of the present disclo 
SUC. 

DETAILED DESCRIPTION OF THE INVENTION 

0027. Hereinafter, embodiments of the present disclosure 
will be described with reference to the accompanying draw 
ings. Through the whole documents, same parts will be 
assigned same reference numerals. 

First Embodiment 

0028 (Manufacturing Method) 
0029 FIGS. 1A to 1D are cross sectional views illustrating 
an example semiconductor device manufacturing method in 
accordance with a first embodiment of the present disclosure. 
FIGS. 1A to 1D illustrate a manufacturing process for a 
capacitor having a MIS (Metal-Insulator-Semiconductor) 
structure. Among various structures formed on a semiconduc 
tor Substrate (e.g., a silicon wafer), only the capacitor is 
illustrated in FIGS. 1A to 1D, while the rest are omitted. 
0030 First, by cleaning the semiconductor substrate (not 
shown) with a cleaning/drying apparatus, a lower electrode 
(e.g., polysilicon) 1 is cleaned and dried (see FIG. 1A). 
0031. Then, an oxide film 2 is formed on the lower elec 
trode 1 by oxidizing the lower electrode 1 with an oxidizing 
apparatus. Alternatively, an oxynitride film 2 may be formed 
on the lower electrode 1 by oxynitiriding the lower electrode 
1 with an oxynitriding apparatus (see FIG. 1B). 
0032 Subsequently, a manganese oxide film 3 is formed 
on a surface of the oxide film 2 or the oxynitride film 2 by a 
manganese oxide CVD apparatus. In this case, a film forming 
temperature ranges from, e.g., about 100° C. to about 200° C. 
Both manganese oxide film 3 and the oxide film 2 (or the 
oxynitride film 2') serve as a dielectric film of the capacitor. 
For example, in the formation of the manganese oxide film 3. 
vapor of a manganese-containing organic compound is used, 
but an oxygen-containing gas is not used. An oxygen Source 
for the manganese oxide film 3 is the oxide film 2 or the 
oxynitride film 2 (see FIG. 1C). 
0033. Thereafter, an upper electrode 4 made of a material 
Such as copper is formed on the manganese oxide film 3 by a 
PVD apparatus. Alternatively, an upper electrode 4" made of 
polysilicon may be formed by a CVD apparatus (see FIG. 
1D). 
0034. In the semiconductor device manufacturing method 
in accordance with the first embodiment, the manganese 
oxide film3 formed by a CVD method is used as the dielectric 
film of the capacitor. The manganese oxide film 3 formed by 
the CVD method has a so-called “self-limiting property, as 
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shown in FIG. 2, and, thus, it does not grow beyond a certain 
thickness regardless of the length of film forming time. A 
thickness limit of the manganese oxide film 3 formed by the 
CVD method ranges from about 2 nm to about 6 nm, and the 
film 3 usually reaches the thickness limit within about 1 min 
of film forming time. 
0035. As stated, the film thickness limit of the manganese 
oxide film3 formed by the CVD method ranges from about 2 
nm to about 6 mm. Accordingly, if the manganese oxide film 
3 is used as the dielectric film of the capacitor, the thickness 
of the dielectric film of the capacitor can be reduced. Further, 
even if the film forming time exceeds about 1 min, the thick 
ness of the manganese oxide film 3 does not increase anymore 
but is maintained at about 2 nm to about 6 nm regardless of the 
film forming time afterwards. Thus, the film forming time 
need not be controlled precisely so as to form the thin dielec 
tric film of the capacitor, which facilitates the formation of the 
thin dielectric film of the capacitor. 
0036 Furthermore, since the manganese oxide film 3 is 
non-crystalline, reduction of a leakage current between the 
lower electrode 1 and the upper electrode 4 can be expected. 
0037. In addition, since the manganese oxide film 3 can be 
formed at a low temperature of, e.g., about 100° C. to about 
200° C., it has advantages when applied to a system LSI 
including a combination of a memory device and a logic 
device. 
0038 Moreover, the manganese oxide film 3 is composed 
of 2 elements of oxygen and manganese. Thus, a control of 
film composition becomes easier than in case of forming the 
dielectric film of the capacitor by using a plurality of ele 
ments, e.g., more than 2 elements, such as BST or STO. 
0039. Accordingly, in accordance with the first embodi 
ment, it is possible to provide a semiconductor device manu 
facturing method for a capacitor having a dielectric film 
which can be formed into a thin film, can be formed at a low 
temperature, and has a readily controllable property. 
0040 (Configuration of an Apparatus) 
0041. Hereinafter, an example manganese oxide film 
forming apparatus (manganese oxide CVD apparatus) will be 
described. 

0042 FIG.3 is a cross-sectional view schematically show 
ing an example manganese oxide film forming apparatus 
which can be used to perform the example of the manufac 
turing method semiconductor device in accordance with the 
first embodiment. 

0043. As shown in FIG. 3, the manganese oxide CVD 
apparatus 100 includes a processing chamber 101 serving as 
a vacuum chamber. A mounting table 102 for horizontally 
mounting a wafer W thereon is installed inside the processing 
chamber 101. Aheater 102a for adjusting a temperature of the 
wafer is installed within the mounting table 102. Further, 
three elevating pins 102c (only two of them are illustrated 
here for simplicity) capable of being moved up and down by 
an elevating mechanism 102b are installed in the mounting 
table 102. The wafer W is transferred between the mounting 
table 102 and a non-illustrated wafer transfer mechanism by 
these elevating pins 102c. 
0044) Furthermore, one end of an exhaust pipe 103 is 
connected to a lower portion of the processing chamber 101 
and the other end of the exhaust pipe 103 is connected to a 
vacuum pump 104. At a side wall of the processing chamber 
101, there is provided a transfer port 105 which can be opened 
and closed by a gate valve G. 
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0045. At a ceiling portion of the processing chamber 101, 
there is installed a gas showerhead facing the mounting table 
102. The gas shower head 106 includes gas chambers 106a 
and 106b partitioned separately from each other, and gases 
supplied into the gas chambers 106a and 106b are supplied 
into the processing chamber 101 through gas Supply holes 
107a and 107b, respectively (post-mix method). Alterna 
tively, the apparatus can have a configuration in which the gas 
chambers 106a and 106b are not separated (pre-mix method). 
0046. The gas shower head 106 is connected to a Mn 
Source gas Supply line 108b that introduces a vapor of a 
manganese-containing organic compound into the gas cham 
ber 106b. The Mn source gas supply line 108b includes a 
Source gas Supply passage 109b, and a source storage 113 is 
connected to an upstream side of the source gas Supply pas 
sage 109b. 
0047. The source storage 113 stores therein the manga 
nese-containing organic compound, such as (EtCp)Mn (Bis 
(ethylcyclopentadienyl)manganese), in a liquid phase. Fur 
ther, the Source storage 113 is connected to a pressing unit 
114, and a He gas oran Argas Supplied from the pressing unit 
114 pressurizes the inside of the source storage 113, whereby 
the (EtCp)Mn can be flown toward the gas shower head 106. 
0048. Further, a flow rate controller 115 including a liquid 
mass flow controller and/or a valve, and a vaporizer 116 for 
vaporizing the (EtCp)Mn are installed at the source gas 
Supply passage 109b in this sequence from the upstream side. 
The vaporizer 116 allows the (EtOp),Mnto come into contact 
with a Higas serving as a carrier gas supplied from a carrier 
gas Supply source 117, and mixes them, vaporizes the (EtOp) 
Mn. Then, the vaporizer 116 supplies the vaporized (EtOp) 
Mn into the gas chamber 106b. 
0049. Here, although the vaporizer is used to vaporize the 
Mn source, a bubbling method may be employed instead. 
0050. Further, a reference number 118 of in FIG.3 denotes 
a flow rate controller which controls a start and a stop of the 
Supply of the vapor of the manganese-containing organic 
compound into the gas chamber 106b by controlling a flow 
rate of the carrier gas in response to a control signal from a 
controller 112 to be described below. 

0051. The controller 112 includes a data processor includ 
ing a program, a memory, and a CPU. The program includes 
commands (steps) for implementing each processing step by 
sending a control signal to each component of the manganese 
oxide CVD apparatus 100 from the controller 112. Further, 
for example, the memory includes storage areas where pro 
cess parameters Such as a processing pressure, a processing 
temperature, a processing time, a gas flow rate and a power 
value are written. When the CPU executes each command of 
the program, these process parameters are read out, and con 
trol signals corresponding to the parameters are sent to the 
respective components of the manganese oxide CVD appa 
ratus 100. This program (including a program for inputting or 
displaying the process parameters) is stored in a non-illus 
trated storage unit, i.e., a computer-readable storage medium 
Such as a hard disc, a compact disc, a magneto-optical disc 
(MO), a flexible disk, and is installed in the controller 112. 
0052 With the manganese oxide CVD apparatus 100 hav 
ing the above-described configuration, by reacting the vapor 
of the manganese-containing organic compound, e.g., the 
vapor of (EtOp)Mn, with oxygen (O) contained in the oxide 
film 2 or the oxynitride film 2', the manganese oxide film 3 for 
serving as the dielectric film of the capacitor with the oxide 
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film 2 or the oxynitride film 2 can beformed on the surface of 
the oxide film 2 or the oxynitride film 2. 
0053. Further, in the manganese oxide CVD apparatus 
100, the (EtOp),Mn—Mn(CHCH) is used as the man 
ganese-containing organic compound. Instead of the (EtOp) 
Mn, however, it may be possible to use one or more organic 
compound selected from a group consisting of CpMn=Mn 
(CHs). (MeCp)Mn—Mn(CHCH), (i-PrCp)Mn 
—Mn(CH-CH), MeCpMn(CO)=(CHCH)Mn 
(CO), (t-BuCp)Mn—Mn(CH3C5H4). CHMn(CO)s. 
Mn(DPM)=Mn(CHO), Mn(DMPD)(EtOp)=Mn 
(C.H'CH-CH)), Mn(DPM)=Mn(C, H.O.),), 
Mn(acac)—Mn(C5H4O.), Mn(hfac)—Mn(CHF.O.) 

, and ((CH3)3Cp)Mn=Mn((CH3)3C5H4). 

Second Embodiment 

0054. In a MIS-structured capacitor, there is a structure 
called a HSG (HemiSpherical Grain) structure having irregu 
larities on a surface of the lower electrode 1 so as to increase 
a facing area between the lower electrode 1 and the upper 
electrode 4. The semiconductor device manufacturing 
method in accordance with the present disclosure can also be 
applied to such a HSG-structured capacitor. Below, such an 
embodiment will be explained as a semiconductor device 
manufacturing method in accordance with a second embodi 
ment of the present disclosure. 
0055 (Manufacturing Method) 
0056 FIGS. 4A to 4F are cross sectional views illustrating 
an example semiconductor device manufacturing method in 
accordance with the second embodiment of the present dis 
closure. FIGS. 4A to 4F illustrate a manufacturing process for 
a capacitor. Among various structures formed on a semicon 
ductor Substrate (e.g., a silicon wafer), only the capacitor is 
illustrated in FIGS. 4A to 4D, while the rest are omitted. 
0057 First, by cleaning the semiconductor substrate (not 
shown) with a cleaning/drying apparatus, a lower electrode 
(e.g., polysilicon) 1 is cleaned and dried (see FIG. 4A). 
0058. Then, a non-crystalline silicon layer 1a is formed on 
the lower electrode 1 by a CVD apparatus (see FIG. 4B). 
0059. Then, grain-shaped silicon layers 1b are formed on 
the non-crystalline silicon layer 1a by the CVD apparatus 
(see FIG. 4C). 
0060 Subsequently, the non-crystalline silicon layer 1a 
and the grain-shaped silicon layers 1b are oxidized by an 
oxidizing apparatus, whereby an oxide film 2 is formed on the 
non-crystalline silicon layer 1a and the grain-shaped silicon 
layers 1b (see FIG. 4D). 
0061 Then, a manganese oxide film 3 is formed on a 
surface of the oxide film 2 by a manganese oxide CVD appa 
ratus. In this case, a film forming temperature ranges from 
about 100° C. to about 200° C. Both the manganese oxide film 
3 and the oxide film 2 serve as a dielectric film of the capaci 
tor. For example, in the formation of the manganese oxide 
film3, Vapor of a manganese-containing organic compound is 
used, but an oxygen-containing gas is not used. An oxygen 
source for the manganese oxide film 3 is the oxide film 2 (See 
FIG. 4E). 
0062) Subsequently, an upper electrode 4 made of a mate 
rial Such as copper is formed on the manganese oxide film 3 
by a PVD apparatus (see FIG. 4F). 
0063. In the second embodiment as described above, since 
the manganese oxide film 3 is used as the dielectric film of the 
capacitor, it is possible to provide a semiconductor device 
manufacturing method for a capacitor having a dielectric film 
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which can be formed into a thin film, can be formed at a low 
temperature, and has a readily controllable property. 

Third Embodiment 

0064. The oxygen source of the manganese oxide film 3 is 
not limited to the oxide film or the oxynitride film. The 
manganese oxide film 3 can also be formed by adding an 
oxidizing agent during its film formation. This method can be 
applied to any of the cases that the electrode of the MIS 
capacitor is flat or it has irregularities such as the HSG struc 
ture. Hereinafter, such an embodiment will be discussed as a 
semiconductor device manufacturing method in accordance 
with a third embodiment of the present disclosure. 
0065 (Manufacturing Method) 
0066 FIGS.5A to 5C are cross sectional views illustrating 
an example semiconductor device manufacturing method in 
accordance with the third embodiment of the present disclo 
sure. FIGS. 5A to 5C illustrate a manufacturing process for a 
capacitor having a MIS structure, wherein only the capacitor 
is illustrated among various structures formed on a semicon 
ductor Substrate (e.g., a silicon wafer), while the rest are 
omitted. 
0067 First, by cleaning the semiconductor substrate (not 
shown) with a cleaning/drying apparatus, a lower electrode 
(e.g., polysilicon) 1 is cleaned and dried (see FIG. 5A). 
0068 Subsequently, a manganese oxide film 3 is formed 
on a Surface of the lower electrode 1 by a manganese oxide 
CVD apparatus. In this case, a film forming temperature 
ranges from, e.g., about 100° C. to about 200° C. The man 
ganese oxide film 3 serves as a dielectric film of the capacitor. 
For example, in the formation of the manganese oxide film 3. 
Vapor of a manganese-containing organic compound and an 
oxygen-containing gas such as water vapor (HO) are used. 
An oxygen source for the manganese oxide film 3 is the water 
vapor (HO) (see FIG. 5B). 
0069. Thereafter, an upper electrode 4 made of a material 
Such as copper is formed on the manganese oxide film 3 by a 
PVD apparatus (see FIG.5C). 
0070. In this way, the manganese oxide film 3 can be 
formed by using the vapor of the manganese-containing 
organic compound and the oxygen-containing gas such as 
HO without the oxygen source such as the oxide film 2. 
0071 (Configuration of Apparatus) 
0072 Now, an example manganese oxide film forming 
apparatus (manganese oxide CVD apparatus) that can be used 
to perform the example semiconductor device manufacturing 
method in accordance with the third embodiment will be 
explained. 
0073 FIG. 6 is a cross sectional view illustrating a cross 
sectional view schematically illustrating an example manga 
nese oxide film forming apparatus applicable to the semicon 
ductor device manufacturing method in accordance with the 
third embodiment of the present disclosure. 
0074. A manganese oxide CVD apparatus 200 shown in 
FIG. 6 is the same as the manganese oxide CVD apparatus 
100 shown in FIG.3 excepting that it further includes a water 
vapor Supply line 108a. Accordingly, same parts will be 
assigned same reference numerals, and redundant description 
thereof will be omitted. 
0075. The water vapor supply line 108a introduces the 
oxygen-containing gas for forming the manganese oxide, 
e.g., water vapor (H2O), into a gas shower head 106. The 
water vapor supply line 108a includes a water vapor supply 
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passage 109a, and a water vapor Supply source 110 is con 
nected to an upstream side of the water vapor Supply passage 
109. 
0076 Further, a reference numeral 111 denotes a flow rate 
controller that controls a start and a stop of the supply of the 
water vapor into the gas chamber 106a by controlling a flow 
rate of the wafer vapor in response to a control signal from a 
controller 112. 
0077. The above-described manganese oxide CVD appa 
ratus 100 uses the water vapor (HO) as the oxygen-contain 
ing gas for forming the manganese oxide, but it may be 
possible to use one or more gases selected from a group 
consisting of O., NO, NO, NO, O, HO, CO, CO., and 
alcohols, instead of the water vapor (H2O). 
0078 Here, alcohols may include ethyl alcohol and ethyl 
alcohol. 
0079. In accordance with the manganese oxide CVD 
apparatus 200 as described above, by reacting the vapor of the 
manganese-containing organic compound Such as (EtOp) 
Mn, with the oxygen-containing gas, the manganese oxide 

film 3 for serving as a dielectric film of a capacitor is directly 
formed on the surface of the lower electrode 1. 

Fourth Embodiment 

0080. There is a MIS-structured capacitor in which a sili 
con oxide film, for example, is interlayered as a base between 
a lower electrode 1 and a major dielectric film of the capacitor, 
Such as a silicon nitride film (e.g., SiN.), a tantalum oxide 
film (e.g., Ta-Os) or an aluminum oxide film (e.g., Al-O). So 
as to reduce a leakage current. Here, the major dielectric film 
may be made of another material such as ZrO2, Hf), 
HfSiON, or NbOs. The silicon oxide film can be replaced 
with a manganese oxide film3 capable of further reducing the 
leakage current. Below, such an embodiment will be dis 
cussed as a semiconductor device manufacturing method in 
accordance with a fourth embodiment of the present disclo 
SUC. 

I0081 (Manufacturing Method) 
I0082 FIGS. 7A to 7D are cross sectional views illustrating 
an example semiconductor device manufacturing method in 
accordance with the fourth embodiment of the present disclo 
sure. FIGS. 7A to 7D illustrate a manufacturing process for a 
capacitor having a MIS structure, wherein only the capacitor 
is illustrated among various structures formed on a semicon 
ductor Substrate (e.g., a silicon wafer), while the rest are 
omitted. 
I0083 First, by cleaning the semiconductor substrate (not 
shown) with a cleaning/drying apparatus, a lower electrode 
(e.g., polysilicon) 1 is cleaned and dried (see FIG. 7A). 
I0084. Then, a manganese oxide film 3 is formed on a 
surface of the lower electrode 1 by a manganese oxide CVD 
apparatus Such as the manganese oxide CVD apparatus 200 
shown in FIG. 6. In this case, a film forming temperature 
ranges from, e.g., about 100° C. to about 200° C. The man 
ganese oxide film 3 serves as a dielectric film of the capacitor, 
along with a dielectric film Such as an aluminum oxide film to 
beformed subsequently. For example, in the formation of the 
manganese oxide film 3, vapor of a manganese-containing 
organic compound and an oxygen-containing gas such as 
water vapor (HO) are used. An oxygen source for the man 
ganese oxide film 3 is the water vapor (HO) (see FIG. 7B). 
I0085. Subsequently, an aluminum oxide film (e.g., Al-O.) 
5, for example, is formed on the manganese oxide film 3 by a 
PVD apparatus or a CVD apparatus (see FIG. 7C). 
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I0086. Then, an upper electrode 4 made of a material such 
as copper is formed on the aluminum oxide film 5 by a PVD 
apparatus (see FIG. 7D). Alternatively, the upper electrode 4 
may be made of an aluminum alloy or silver (Ag). 
0087. In this way, the manganese oxide film 3 can be used 
as the base of the dielectric film of the capacitor. 

Fifth Embodiment 

I0088. There is a MIM (Metal-Insulator-Metal) capacitor 
in which both a lower electrode and an upper electrode are 
made of a metal Such as copper. 
0089. A material for the upper electrode and the lower 
electrode of the MIM capacitor may be, e.g., Cu, Al, Ru, Ag, 
Ir, Pt, TaN, or TiN. Adielectric film of the MIM capacitor may 
be, e.g., Ta-Os, SiN. Al-O, Hf), HfSiON, or NbOs. 
0090. In the MIM structure, if a silicon nitride film (e.g., 
SiNa) or a tantalum oxide film (e.g., Ta-Os) is used as the 
dielectric film of the capacitor, the metal lower electrode 
would be oxidized, resulting in deterioration of the capacitor 
characteristics. 
0091. As a solution to the above-mentioned problem, a 
manganese oxide film 3 may be used as the dielectric film of 
the capacitor having the MIM structure. Below, such an 
embodiment will be described as a semiconductor device 
manufacturing method in accordance with a fifth embodi 
ment of the present disclosure. 
0092 (Manufacturing Method) 
0093 FIGS. 8A to 8C are cross sectional views illustrating 
an example semiconductor device manufacturing method in 
accordance with the fifth embodiment of the present disclo 
sure. FIGS. 8A to 8C illustrate a manufacturing process for a 
capacitor, wherein only the capacitor is illustrated among 
various structures formed on a semiconductor Substrate (e.g., 
a silicon wafer), while the rest are omitted. 
0094. As shown in FIG. 8A, a lower electrode 6 is a metal. 
In the present embodiment, the metal is copper. First, a non 
illustrated Substrate having the copper-made metal lower 
electrode 6 formed thereon is loaded into a dry-type thermal 
treatment apparatus. In there, a reducing agent, e.g., vapor of 
an organic carbonic acid such as formic acid (HCOOH) is 
supplied to the substrate, whereby copper oxide formed on a 
surface of the metal lower electrode 6 is reduced. As a result 
of reduction of the copper oxide by this reducing process as 
indicated by a reaction formula below, or as a result of chemi 
cal etching by the formic acid, the metal copper is exposed on 
the surface of the metal lower electrode 6. 

0095 Subsequently, the substrate is loaded into the man 
ganese oxide CVD apparatus 200 as shown in FIG. 6 while a 
vacuum atmosphere is maintained, and a manganese oxide 
film 3 is formed on the surface of the metallower electrode 6 
on which the metal copper is exposed. In this case, a film 
forming temperature ranges from, e.g., about 100°C. to about 
200° C. The manganese oxide film 3 serves as a dielectric 
film. For example, in the formation of the manganese oxide 
film 3, vapor of a manganese-containing organic compound 
and an oxygen-containing gas such as water vapor (H2O) are 
used. When the manganese-containing organic compound 
comes into contact with oxygen while it is being heated, it is 
decomposed. Further, manganese tends to be strongly bonded 
with oxygen. Thus, as illustrated in FIG. 8B, the manganese 
oxide film 3 can beformed on the metal copperexposed on the 

(Reaction Formula) 
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surface of the metal lower electrode 6 while aformation of an 
oxide on the metal lower electrode 6 is still suppressed or 
prevented. 
0096. Subsequently, an upper electrode 4 made of a mate 
rial Such as copper is formed on the manganese oxide film 3 
by a PVD apparatus (see FIG. 8C). 
0097. As described, by using the manganese oxide film 3 
as the dielectric film of the capacitor, the dielectric film of the 
capacitor can be formed while a formation of an oxide on the 
metallower electrode 6 is suppressed or prevented even when 
the metal lower electrode 6 is made of a readily oxidizing 
metal such as copper. 
0098. Accordingly, in accordance with the semiconductor 
device manufacturing method of the fifth embodiment, dete 
rioration of the capacitor characteristics due to the oxidation 
of the metal lower electrode can be avoided. 

Sixth Embodiment 

(0099. There is a MIM-structured capacitor in which an 
aluminum oxide film (e.g., Al-O.) is interlayered as a base 
between a metallower electrode 6 and a major dielectric film, 
such as a tantalum oxide film (e.g., Ta-Os) so as to suppress 
oxidation of the metallower electrode 6. The aluminum oxide 
film can be replaced with a manganese oxide film 3 that is 
hardly oxidizable. Such an embodiment will be discussed 
below as a semiconductor device manufacturing method in 
accordance with a sixth embodiment of the present disclo 
SUC. 

01.00 (Manufacturing Method) 
0101 FIGS. 9A to 9D are cross sectional views illustrating 
an example semiconductor device manufacturing method in 
accordance with the sixth embodiment of the present disclo 
sure. FIGS. 9A to 9D illustrate a manufacturing process for a 
capacitor, wherein only the capacitor is illustrated among 
various structures formed on a semiconductor Substrate (e.g., 
a silicon wafer), while the rest are omitted. 
0102. As shown in FIG.9A, a metal lower electrode 7 is 
copper. First, copper oxide formed on a Surface of the metal 
lower electrode 6 made of the copper is reduced by Supplying 
vapor of an organic carbonic acid such as formic acid 
(HCOOH). By this reducing process, the metal copper is 
exposed on the surface of the metal lower electrode 6. 
0103) Then, the substrate is loaded into the manganese 
oxide CVD apparatus 200 as shown in FIG. 6 while a vacuum 
atmosphere is maintained, and a manganese oxide film 3 is 
formed on the surface of the metallower electrode 6 on which 
the metal copper is exposed. In this case, a film forming 
temperature ranges from, e.g., about 100° C. to about 200° C. 
The manganese oxide film 3 serves as a dielectric film, along 
with a dielectric film, such as a tantalum oxide film, to be 
formed subsequently. For example, in the formation of the 
manganese oxide film 3, vapor of a manganese-containing 
organic compound and an oxygen-containing gas such as 
water vapor (H2O) are used. Accordingly, the manganese 
oxide film 3 can beformed on the metal copperexposed on the 
surface of the metal lower electrode 6 while aformation of an 
oxide on the metal lower electrode 6 is still suppressed or 
prevented (see FIG.9B). 
0104. Thereafter, a tantalum oxide film (e.g., Ta-Os) 7 is 
formed on the manganese oxide film 3 by a PVD apparatus 
(see FIG. 9C). 
0105. Afterwards, an upper electrode made of a material 
such as copper is formed on the tantalum oxide film 7 by the 
PVD apparatus (see FIG.9D). 
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0106. As described, the manganese oxide film 3 can be 
used as a base of the dielectric film of the MIM-structured 
capacitor. 
0107. In the above, while the invention has been described 
with respect to the embodiments, it is clear that the above 
described embodiments are illustrative in all aspects and do 
not limit the present disclosure. Thus, it would be understood 
by those skilled in the art that various changes and modifica 
tions may be made without changing technical conception 
and essential features of the present disclosure. 
0108 For example, in the above-described embodiments, 
although the manganese oxide film 3 is formed by a thermal 
CVD method in which the wafer is heated while vapor of a 
manganese-containing organic compound and an oxygen gas 
are supplied onto the lower electrode 1 or the metal lower 
electrode 6, the manganese oxide film can be formed by 
another method, such as a plasma CVD method or a photo 
CVD method. 

0109 Moreover, as a modification of these CVD methods, 
it may be also possible to form the manganese oxide film 3 by 
way of depositing ultra-thin films by an ALD (Atomic Layer 
Deposition) method in which vapor of a manganese-contain 
ing organic compound and an oxygen-containing gas (O2. 
H2O, or the like) are supplied onto the lower electrode 1 or the 
metal lower electrode 6 intermittently. 
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What is claimed is: 
1. A semiconductor device manufacturing method com 

pr1S1ng: 
forming, on a conductor for serving as one electrode of a 

capacitor, a manganese oxide film for serving as a 
dielectric film of the capacitor; and 

forming, on the manganese oxide film, a conductive film 
for serving as the other electrode of the capacitor. 

2. A semiconductor device manufacturing method com 
pr1S1ng: 

forming, on a conductor for serving as one electrode of a 
capacitor, a manganese oxide film for serving as a 
dielectric film of the capacitor; 

forming, on the manganese oxide film, a dielectric material 
film for serving as the dielectric film of the capacitor 
along with the manganese oxide film; and 

forming, on the dielectric material film, a conductive film 
for serving as the other electrode of the capacitor. 

3. The manufacturing method of claim 1, wherein the con 
ductive film for serving as the one electrode of the capacitor 
is a metal. 

4. The manufacturing method of claim3, whereina Surface 
of the metal for serving as the one electrode of the capacitor 
is reduced prior to forming the manganese oxide film. 

5. The manufacturing method of claim 1, wherein an oxy 
gen-containing gas is used in the formation of the manganese 
oxide film. 


