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(57) ABSTRACT 

Disclosed is a method of manufacturing a semiconductor 
device, which comprises the steps of forming a hydrogen 
diffusion preventing insulating film covering capacitors; 
forming a capacitor protecting insulating film on the hydro 
gen diffusion preventing insulating film; and forming a first 
insulating film on the capacitor protecting insulating film by 
a plasma CVD method where, while a high-frequency bias 
electric power is applied toward the semiconductor Sub 
strate, a plasma-generating high frequency electric power is 
applied to first deposition gas containing oxygen and silicon 
compound gas. In the method, a condition by which mois 
ture content in the capacitor protecting insulating film 
becomes less than that in the first insulating film is adopted 
as a film deposition condition for the capacitor protecting 
insulating film. 
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SEMCONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based on and claims priority of 
Japanese Patent Application No. 2006-017702 filed on Jan. 
26, 2006, the entire contents of which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a semiconductor 
device and a method of manufacturing the same. 
0004 2. Description of the Related Art 
0005. As nonvolatile memories capable of storing infor 
mation even after the power therefor is turned off, a flash 
memory and a ferroelectric memory are known. 
0006 Among these memories, the flash memory contains 
a floating gate buried in a gate insulating film of an insulated 
gate field-effect transistor (IGFET), and stores information 
by accumulating electric charges indicating memory infor 
mation in the floating gate. However, this type of the flash 
memory has a drawback of requiring relatively high Volt 
ages, since tunnel currents should flow through the gate 
insulating film in writing and deleting of the information. 
0007 On the other hand, the ferroelectric memory, which 

is also called FeRAM (Ferroelectric Random Access 
Memory), stores the information by utilizing a hysteresis 
property of a ferroelectric film provided in a ferroelectric 
capacitor. The ferroelectric film causes polarization in accor 
dance with an electric voltage applied between a lower 
electrode and an upper electrode of the capacitor, and 
spontaneous polarization remains even after the applied 
electric voltage is removed. If polarity of the applied electric 
Voltage is reversed, this spontaneous polarization is also 
reversed. Subsequently by setting directions of the sponta 
neous polarization corresponding to “1” and “0, the infor 
mation is written into the ferroelectric film. The FeRAM has 
advantages that an electric Voltage required for writing 
information is lower than that of the flash memory, and that 
writing can be performed at a higher speed than that of the 
flash memory. 
0008. In the FeRAM, spaces between wirings and those 
between adjacent capacitors have been becoming narrower 
and narrower in response to miniaturization of semiconduc 
tor devices in recent years. 
0009 While the spaces between wirings and between 
capacitors in the FeRAM have to be filled with an insulating 
film Such as silicon oxide film, there is a risk of causing 
Voids in the insulating film in the aforementioned narrow 
spaces if a gap-filling property of the insulating film is 
inadequate. 

0010. In response, a silicon oxide film having an excel 
lent gap-filling property, which is formed by an HDP (High 
Density Plasma) CVD method, has been used as the insu 
lating film for the FeRAM in recent years. 
0011 FIG. 1 is a schematic diagram for explaining a 
reason why the gap-filling property are enhanced in the 
HDPCVD method. 
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0012. In an example shown in FIG. 1, a silicon oxide film 
113 is formed on metal wirings 112 by using SiH (silane), 
O (oxygen) and Ar (argon) as a film deposition gas in the 
HDPCVD method. In the HDPCVD method, while a high 
frequency plasma-generating electric power, which makes 
the film deposition gas into plasma, is applied from above a 
silicon Substrate 111, a high-frequency bias electric power is 
applied from under the silicon substrate 111. 
0013 The high-frequency bias electric power serves to 
pull oxygen radicals and argon ions toward the Substrate in 
a film deposition atmosphere. Therefore, a process of film 
deposition and a process of Sputter-etching by the radicals 
and ions are simultaneously performed in the HDPCVD 
method. As such, the silicon oxide film 113 on shoulders 
112b of the metal wirings 112 is scraped off by the sputter 
etching, which thereby makes possible to prevent the for 
mation of overhanging portions 113a of the silicon oxide 
film 3 in the vicinities of the shoulders 112b. As a result, it 
becomes possible to preferably embed the silicon oxide film 
113 in the narrow spaces between each of the metal wiring 
112 while inhibiting the voids from occurring in these 
Spaces. 

0014 Patent Literature 1 discloses a silicon oxide film 
formed by the above-described HDPCVD method for an 
insulating film of filling spaces between adjacent ferroelec 
tric capacitors. 
0015. In addition to the Patent Literature 1, technologies 
related to the present application is disclosed in Patent 
Literatures 2 to 4. 

0016 Among these literatures, Patent Literature 2 dis 
closes a film deposition method including two steps, in 
which a substrate position is changed in an ECR (electron 
cyclotron resonance) plasma CVD apparatus 
0017 Additionally, Patent Literature 3 discloses that 
three insulating films are laminated by changing their depo 
sition condition in the ECR plasma CVD apparatus. 
0018 Furthermore, Patent Literature 4 discloses that 
void-free thin film is formed on a stepped substrate by 
alternately repeating a sputter-etching and film deposition 
utilizing a capacitively coupled discharge in the plasma 
CVD apparatus 
Patent Literature 1 Japanese Patent No. 3482199 Specifi 
cation 

Patent Literature 2 Japanese Patent No. 2913672 Specifi 
cation 

Patent Literature 3 Japanese Patent No. 2819774 Specifi 
cation 

Patent Literature 4 Japanese Patent No. 3080843 Specifi 
cation 

0019. Incidentally, a capacitor dielectric film constituting 
the ferroelectric capacitor of the FeRAM is formed of a 
metal oxide or the like. Therefore, the capacitor dielectric 
film is easily deoxidized and brought into an oxygen defi 
cient state when it is exposed to a reducing atmosphere 
which contains hydrogen, moisture, and the like. The capaci 
tor dielectric film in the oxygen deficient state exhibits poor 
ferroelectric property. Accordingly, it is important how to 
prevent the capacitor dielectric film from being reduced in 
the manufacturing processes of the FeRAM. This is also the 
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case where the HDPCVD method is employed in the manu 
facturing processes of the FeRAM. 

SUMMARY OF THE INVENTION 

0020. According to one aspect of the present invention, 
there is provided a method of manufacturing a semiconduc 
tor device, comprising the steps of forming a base insulating 
film on a semiconductor Substrate; forming a capacitor on 
the base insulating film, the capacitor being constructed by 
laminating a lower electrode, a capacitor dielectric film 
formed of a ferroelectric material, and an upper electrode: 
forming a hydrogen diffusion preventing insulating film 
covering the capacitor; forming a capacitor protecting insu 
lating film on the hydrogen diffusion preventing insulating 
film; and forming a first insulating film on the capacitor 
protecting insulating film by a plasma CVD method where, 
while a high-frequency bias electric power is applied toward 
the semiconductor Substrate, a plasma-generating high fre 
quency electric power is applied to first deposition gas 
containing oxygen and silicon compound gas, wherein a 
condition by which moisture content in the capacitor pro 
tecting insulating film becomes less than that in the first 
insulating film is employed as a deposition condition for the 
capacitor protecting insulating film. 
0021. In the case where the first insulating film is formed 
by the plasma CVD method using a high frequency bias 
electric power as in the present invention, if moisture 
content in the capacitor protecting insulting film under the 
first insulating film is high, ferroelectric property of the 
capacitor dielectric film is notably deteriorated due to mois 
ture. 

0022. In consideration of this problem, moisture content 
in the capacitor protecting insulating film is made less than 
that in the first insulating film, whereby deterioration of the 
capacitor protecting insulating film due to moisture can be 
prevented in the present invention. 
0023. When the first insulating film is deposited, the 
high-frequency bias electric power causes sputter-etching in 
parallel with the film deposition. However, the abovemen 
tioned capacitor protecting insulating film functions so as to 
protect the hydrogen diffusion preventing insulating film 
from the sputter-etching. Therefore, the hydrogen diffusion 
preventing insulating film can be prevented from being 
etched, whereby it becomes easier to block intrusion of 
reductant such as hydrogen into the capacitor dielectric film 
by means of the hydrogen diffusion preventing insulting 
film. 

0024. According to another aspect of the present inven 
tion, there is provided a method of manufacturing a semi 
conductor device, comprising the steps of forming a base 
insulating film on a semiconductor Substrate; forming 
capacitor on the base insulating film, the capacitor being 
constructed by laminating a lower electrode, a capacitor 
dielectric film composed of a ferroelectric material, and an 
upper electrode; forming a first insulating film covering the 
capacitors; forming a metal wiring on the first insulating 
film; forming a wiring protection insulating film on the 
metal wiring and on the first insulating film; and forming a 
second insulating film on the wiring protection insulating 
film by a plasma CVD method where, while a high-fre 
quency bias electric power is applied toward the semicon 
ductor Substrate, a plasma-generating high-frequency elec 
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tric power is applied to a first deposition gas containing 
oxygen and silicon compound gas, wherein a condition by 
which moisture content in the wiring protection insulating 
film becomes less than that in the second insulating film is 
employed as a deposition condition for the wiring protection 
insulating film. 
0025. According to the present invention, moisture con 
tent in the wiring protection insulating film is made less than 
that in the second insulating film. Therefore, deterioration of 
the capacitor dielectric film due to moisture can be pre 
vented when the second insulating film is deposited. 
0026. Additionally, when the second insulating film is 
deposited by using the high-frequency bias electric power, 
the wiring protection insulating film serves to protect the 
metal wiring from Sputter-etching, which progresses in 
parallel with the film deposition, and thereby preventing the 
metal wiring from being etched. 
0027 Particularly, in the case of using a metal laminated 
film made by laminating at least an aluminum alloy film and 
a reflection preventing metal film in this order as the metal 
wiring, if the aforementioned wiring protection insulating 
film is absent, the reflection preventing metal film is etched, 
so that the thickness of the reflection preventing metal film 
on the shoulder of the metal wiring notably reduces. In this 
case, if a hole formed in the second insulating film is 
displaced to be formed on the shoulder of the metal wiring, 
thin reflection preventing metal film is etched in an etching 
step for forming the hole, and thus the aluminum alloy film 
is exposed through a bottom of the hole. In this situation, a 
conductive plug formed in the hole comes to in contact with 
the aluminum alloy film, and consequently, there arises a 
disadvantage that contact resistance between the conductive 
plug and the metal wiring increases. 
0028. On the other hand, in the present invention, the 
wiring protection insulating film protects the reflection pre 
venting metal film against Sputter-etching at the time of 
forming the second insulating film. Therefore, it is possible 
to prevent the reflection preventing metal film from being 
etched in forming the hole in the second insulating film. 
Accordingly, the aluminum alloy film is prevented from 
exposing through the bottom of the hole, whereby it 
becomes possible to suppress an increase in the contact 
resistance due to direct contact between the aluminum alloy 
film and the conductive plug. 
0029. According to still another aspect of the present 
invention, there is provided a semiconductor device com 
prising: a semiconductor Substrate; a base insulating film 
formed on the semiconductor Substrate; a capacitor formed 
on the base insulating film, the capacitor being constructed 
by laminating a lower electrode, a capacitor dielectric film 
composed of a ferroelectric material, and an upper electrode: 
a hydrogen diffusion preventing insulating film covering the 
capacitor, a capacitor protecting insulating film formed on 
the hydrogen diffusion preventing insulating film; and a first 
insulating film formed on the capacitor protecting insulating 
film, wherein moisture content in the capacitor protecting 
insulating film is less than that in the first insulating film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030 FIG. 1 is a schematic diagram for explaining a 
reason why the gap-filling property is enhanced through an 
HDPCVD method. 
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0031 FIG. 2 is a configuration diagram of an HDPCVD 
chamber used in embodiments of the present invention. 

0032 FIGS. 3A to 3Z, and FIG. 4 are cross-sectional 
views of a semiconductor device in progress of manufac 
turing processes during a first embodiment of the present 
invention. 

0033 FIG. 5 is a graph obtained by examining in a TDS 
method, moisture content in a silicon oxide film formed by 
applying a bias electric power, and moisture content in a 
silicon oxide film formed without applying a bias electric 
power. 

0034 FIGS. 6A and 6B are illustrations drawn based on 
cross-sectional SEM images of a silicon oxide film formed 
by changing O flow rates in reactant gas. 
0035 FIG. 7 is a cross-sectional view for explaining 
disadvantages caused by having a base film shaved off in a 
CVD method where a bias electric power is applied. 

0036 FIGS. 8A to 8E are cross-sectional views of a 
semiconductor device in progress of manufacturing pro 
cesses during a second embodiment of the present invention. 
0037 FIG. 9 is a cross-sectional view for explaining 
advantages obtained in the second embodiment of the 
present invention. 

0038 FIGS. 10A to 10I are cross-sectional views of the 
semiconductor device in progress of manufacturing pro 
cesses during a third embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0039 Hereinafter, a detailed description of the preferred 
embodiments of the present invention will be provided in 
referring to the accompanying figures. 

(1) First Embodiment 
0040 FIG. 2 is a configuration diagram of a HDPCVD 
chamber 100 used in embodiments of the present invention. 
0041. In this chamber 100, gas inlets 101 a for introduc 
ing film deposition gas are provided in a chamber wall 101 
formed of aluminum. Additionally, a stage 102 for mounting 
a silicon substrate 1 thereon is provided on a lower portion 
of the chamber 100, and an electrostatic chuck 103 for 
adsorbing the silicon substrate 1 thereto by an electrostatic 
force is placed on the stage 102. Note that the stage 102 is 
made movable both upward and downward, so that the 
silicon substrate 1 can be held at a height which is the most 
suitable for film deposition. Moreover, a gas outlet 101b for 
exhausting reactant gas from inside the chamber 100 is 
provided in the lower portion of the chamber 100. 
0042. On the other hand, a RF (Radio Frequency) win 
dow 104 formed of alumina is provided at an upper portion 
of the chamber 100, and coils 105 are placed over the RF 
window 104. 

0043. A first high-frequency power supply 106, for Sup 
plying a high-frequency plasma-generating electric power, 
is connected to the coils 105. A frequency of this first 
high-frequency power Supply 106 is not particularly limited, 
but in this embodiment it is 13.56 MHZ. 
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0044 Additionally, a second high-frequency power Sup 
ply 107 is connected to the electrostatic chuck 103, for the 
purpose of Supplying a high-frequency bias electric power. 
A frequency of this second high frequency power supply 107 
is 4 MHz, which is lower than that of the first high-frequency 
power supply 106. 

0045. In this HDPCVD chamber 100, normally, the film 
deposition is carried out by applying the high-frequency bias 
electric power to a film deposition atmosphere by turning on 
not only the first high-frequency power supply 106 but also 
the second high-frequency power supply 107. 

0046) Next, a method of manufacturing a semiconductor 
device by using this HDPCVD chamber will be described. 
0047 FIGS. 3A to 3Z, and FIG. 4 are cross-sectional 
views of a semiconductor device in progress of manufac 
turing processes in a first embodiment of the present inven 
tion. 

0048. This semiconductor device is called as a stacked 
FeRAM, in which a conductive plug is formed directly 
underneath a ferroelectric capacitor, and is advantageous for 
miniaturization. 

0049 Firstly, processes performed until a cross-sectional 
structure shown in FIG. 3A is obtained will be described. 

0050 First, a trench of shallow trench isolation (STI) 
defining active regions of transistors is formed in a Surface 
of the n-type or p-type silicon (semiconductor) substrate 1, 
and then an insulating film formed of silicon oxide or the 
like is buried in the trench as a device isolation insulating 
film 3. Note that a device isolation structure is not limited to 
STI, and the device isolation insulating film 3 may be 
formed by a LOCOS (Local Oxidation of Silicon) method. 
0051 Next, after a p-well 2 is formed by introducing a 
p-type impurity in an active region of the silicon Substrate 1, 
a thermal oxide film is formed as a gate insulating film 4 by 
thermally oxidizing a Surface of that active region. 
0052 Thereafter, after an amorphous or polycrystalline 
silicon film and a tungsten silicide film are sequentially 
formed on an entire upper side of the silicon substrate 1, two 
gate electrodes 5 are formed by patterning these films by a 
photolithography. 

0053. On the p-well 2, two gate electrodes 5 are arranged 
in almost parallel with each other with a space interposed 
therebetween, and the gate electrodes 5 constitute a part of 
a word line. 

0054 Then, by ion implantation using the gate electrodes 
5 as masks, an n-type impurity is introduced into the silicon 
substrate 1 beside the gate electrodes 5, and thereby first 
Source/drain extensions 6a, and a second source? drain exten 
sion 6b are formed. 

0055 Subsequently, an insulting film is formed over an 
entire upper surface of the silicon substrate 1, and the 
insulting film is etched back to be left as insulating sidewalls 
7 beside the gate electrodes 5. As the insulating film, for 
example, a silicon oxide film is formed by the CVD method. 
0056. Thereafter, by implanting ions of an n-type impu 
rity into the silicon Substrate 1 again by using the insulating 
sidewalls 7 and the gate electrodes 5 as masks, a first 
Source/drain regions 8a and a second source/drain region 8b, 
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which are arranged at a distance from each other, are formed 
in the silicon substrate 1 beside the gate electrodes 5. 

0057 The processes until this point result in formation of 
a first MOS transistor TR and a second MOS transistor TR 
in the active region of the silicon substrate 1, and the first 
and second MOS transistors TR and TR are composed of 
the gate insulating films 4, the gate electrodes 5, and the first 
and second source/drain regions 8a and 8b. 

0.058. Then, after a refractory metal layer such as a cobalt 
layer or the like is formed on the entire upper surface of the 
silicon Substrate 1 by a sputtering method, the refractory 
metal layer is heated to be reacted with silicon. Thereby, a 
refractory metal silicide layer 9 is formed on the silicon 
substrate 1. The refractory metal silicide layer 9 is also 
formed on surfaces of the gate electrodes 5, so that the 
electrical resistance of the gate electrodes 5 is reduced. 
0059 Subsequently, the unreacted refractory metal layer 
remaining on the device isolation insulating film 3 and the 
like is wet-etched to be removed. 

0060. Afterward, a silicon oxynitride (SiON) film is 
formed to an about 200 nm thickness by a plasma CVD 
method, and this SiON film is used as a cover insulating film 
11. Then, a silicon oxide film is formed to an about 1.0 um 
thickness as a base insulating film 12 on the cover insulating 
film 11 by the plasma CVD method using TEOS (tetraethox 
ysilane) gas. 

0061 Then, the base insulating film 12 is heated with a 
substrate temperature at 700° C. for 30 minutes in a nitrogen 
atmosphere under a normal pressure, whereby the base 
insulating film 12 is densified. Thereafter, an upper Surface 
of the insulating film 12 is polished to be planarized by a 
CMP (chemical mechanical polishing) method. 

0062 Next, the cover insulating film 11 and the base 
insulating film 12 are patterned by a photolithography to 
form contact holes over the first source/drain region 8a and 
the second source/drain region 8b. Thereafter, a conductive 
film is formed on inner Surfaces of the contact holes and on 
the upper surface of the base insulating film 12. The con 
ductive film is then polished by a CMP method to be left in 
the abovementioned contact holes as first conductive plugs 
10a and a second conductive plug 10b. The conductive film 
is, for example, a laminated film composed of a glue film 
formed by the Sputtering method and a tungsten film formed 
by the CVD method. Additionally, a film, which is formed 
by laminating a titanium film of about 20 nm thick and a 
titanium nitride film of about 50 nm thick in this order, is 
used as the glue film. 

0063) Note that, out of the abovementioned plugs 10a 
and 10b, the second conductive plug 10b composes a part of 
a bit line together with the second source/drain region 8b. 

0064. Next, as shown in FIG.3B, a silicon oxynitride film 
is formed to a thickness of about 100 nm by the CVD 
method as an oxidation preventing insulating film 14 on 
upper surfaces of the conductive plugs 10a and 10b and the 
base insulating film 12. The second conductive plug 10b is 
mainly composed of tungsten which can be easily oxidized 
by oxygen. Nevertheless, by covering the upper Surface of 
the plug 10b with the oxidation preventing insulating film 
14, it becomes possible to prevent the second conductive 
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plug 10b from being oxidized and causing a contact failure 
even when the second conductive plug 10b is annealed in an 
oxygen atmosphere. 

0065. Then, a silicon oxide film is formed to an about 100 
nm thickness by the plasma CVD method using TOES gas 
on the oxidation preventing insulating film 14, and this 
silicon oxide film is used as an insulating adhesive film 15. 
The insulating adhesive film 15 plays a role of enhancing 
adhesion strength with a lower electrode of a capacitor 
which will be described later. 

0066 Next, processes until a cross-sectional structure 
shown in FIG. 3C is obtained will be described. 

0067 First, by patterning the oxidation preventing insu 
lating film 14 and the insulating adhesive film 15 through the 
photolithography, opening 14a are formed in these films on 
the first conductive plugs 10a. 
0068 Then, an iridium layer having a sufficient thickness 
for completely filling the opening 14a, for example 400 nm 
thick, is formed on the insulating adhesive film 15 and in the 
opening 14a by the Sputtering method. This iridium layer is 
used as an oxygen barrier metal film 16. Thereafter, an 
excess oxygen barrier metal film 16 on the insulating 
adhesive film 15 is polished to be removed by the CMP 
method, whereby the oxygen barrier metal film 16 is left 
only in the opening 14a in the form of island. 
0069. Since the oxygen barrier metal film 16 formed of 
iridium has an excellent capability of preventing oxygen 
transmission, it becomes difficult to oxidize the first con 
ductive plugs 10a under the oxygen barrier metal film 16, 
even when annealing is applied to the plugs 10a in an 
oxygen atmosphere. 

0070 Next, processes until a cross-sectional structure 
shown in FIG. 3D is obtained will be described. 

0071 First, an iridium film is formed to an about 150 nm 
thickness on the insulating adhesive film 15 and on the 
oxygen barrier metal film 16 by a DC sputtering method. 
This iridium film is used as a first conductive film 21. 

0072 Then, a PZT (Pb(ZrTi)O (where 0sxs 1)) film 
is formed to an about 120 nm thickness on the first conduc 
tive film 21 by an MOCVD (Metal Organic CVD) method, 
and this PZT film is used as a ferroelectric film 22. 

0073. A film deposition condition in the above-men 
tioned MOCVD method is not limited. In this embodiment, 
Pb(thd), Zr(DMHD) and Ti(O-iPr),(thd) are used as 
materials for PZT, and these materials are vaporized in the 
vaporizer. After that, vaporized materials are mixed with 
oxygen, and the gas mixture is splayed to the silicon 
substrate 1, so that the ferroelectric film 22 is formed. 

0074) Note that there are also the sputtering method and 
a sol-gel method as film deposition methods of the ferro 
electric film 22. Furthermore, materials for the ferroelectric 
film 22 are not limited to the abovementioned PZT. The 
ferroelectric film 22 may be formed of: a Bi-layer structure 
compound such as SrBiTa-O, SrBi(Ta,Nb)O or the like: 
PLZT obtained by doping PZT with lanthanum; or another 
metal oxide ferroelectric materials. 

0075 Subsequently, an iridium oxide film is formed to a 
thickness of about 200 nm on the ferroelectric film 22 by the 
sputtering method, and this iridium oxide film is used as a 
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second conductive film 23. Note that, instead of the iridium 
oxide film, a platinum film may be formed as the second 
conductive film 23. 

0076) Next, as shown in FIG. 3E, hard masks 17 com 
posed of titanium nitride film 17a and a silicon oxide film 
17b are formed on the second conductive film 23. 

0077. Furthermore, as shown in FIG. 3F, while the hard 
masks 17 are used as etching masks, capacitors Q are formed 
by collectively plasma etching the second conductive film 
23, the ferroelectric film 22 and the first conductive film 21 
through sputtering reactions in an atmosphere containing 
halogen elements. Thus, the capacitors Q, which are made 
by laminating a lower electrode 21a, a capacitor dielectric 
film 22a, and an upper electrode 23a in this order, are 
formed. 

0078. Thereafter, the hard masks 17 are removed. 
0079. The lower electrodes 21a of the capacitors Q are 
electrically connected to the first source/drain regions 8a 
through the oxygen barrier metal film 16 and the first 
conductive plug 10a. Additionally, the insulating adhesive 
film 15, which is formed of silicon oxide, functions as an 
etching stopper in etching when the capacitor Q is patterned, 
and thereby, the second conductive plug 10b remain being 
protected by the insulating adhesive film 15 and the oxida 
tion preventing insulating film 14. 
0080 Subsequently, for the purpose of recovering the 
capacitor dielectric film 22a damaged in the abovemen 
tioned plasma etching, annealing is performed for the 
capacitor dielectric film 22a in an oxygen-containing fur 
nace under a condition of a substrate temperature at 650° C. 
and a process time of 60 minutes. Annealing of this kind is 
also called as a recover-annealing. 
0081. During this recover-annealing, the second conduc 
tive plug 10b composing a bit line can be prevented from 
being oxidized by the oxidation preventing insulating film 
14 on the plug 10b. On the other hand, the first conductive 
plugs 10a directly underneath the capacitors Q can be 
prevented from being oxidized by the oxygen barrier metal 
films 16. 

0082 Next, as shown in FIG. 3G, an alumina (Al...O.) 
film is formed to a thickness of about 50 nm on the 
capacitors Q by the MOCVD method, and this alumina film 
is used as a first hydrogen diffusion preventing insulating 
film 25. The first hydrogen diffusion preventing insulating 
film 25 is served to protect the capacitors Q against a 
reducing atmosphere Such as hydrogen or the like. The first 
hydrogen diffusion preventing insulating film 25 is not 
limited to the alumina film, but may be any one of an 
aluminum nitride film, a tantalum oxide film, a tantalum 
nitride film, a titanium oxide film, and a Zirconium oxide 
film. 

0083. The first hydrogen diffusion preventing insulating 
film 25 formed by the MOCVD method is more excellent in 
coverage characteristics than a film formed by the Sputtering 
method, and has a Sufficient thickness on side Surfaces of the 
capacitor dielectric films 22a. Therefore, the first hydrogen 
diffusion preventing insulating film 25 is capable of effec 
tively blocking intrusion of reductant such as hydrogen into 
the capacitor dielectric films 22a from the side surfaces 
thereof. 
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0084. Thereafter, as recover-annealing for the capacitors 
Q, annealing is performed in a furnace for about 20 minutes 
under a condition of a substrate temperature of 650° C. 
0085) Next, as shown in FIG. 3H, a silicon oxide film is 
formed to a thickness of about 50 nm as a capacitor 
protecting insulating film 24 by using a gas mixture of SiHa 
gas (silicon compound gas), O and argon as a film depo 
sition gas on the first hydrogen diffusion preventing insula 
tion film 25 in the HDPCVD chamber 100 described in FIG. 
2. 

0086. Here, when this capacitor protecting insulating film 
24 is deposited, an atmosphere in the HDPCVD chamber 
100 is made into plasma by turning on the first high 
frequency power supply 106 (see FIG. 2) while turning-off 
the second high-frequency power Supply 107 for Supplying 
a high-frequency bias electric power. As a result, ions and 
oxygen radicals are not drawn toward the semiconductor 
substrate 1 in the film deposition atmosphere by the high 
frequency bias electric power, so that the first hydrogen 
diffusion preventing insulating film 25 can be prevented 
from being scraped off by collision of the ions and the like. 
0087 As the deposition condition for the capacitor pro 
tecting insulating film 24, present embodiment employs 
Such a condition in which a moisture content in the film 24 
can be reduced, which will be described later in detail. 
0088 Next, as shown in FIG. 3I, in order to further 
reduce moisture content of the capacitor protecting insulat 
ing film 24, the capacitor protecting insulating film 24 is 
dehydrated by exposing its surface to nitrogen-containing 
plasma such as NO plasma. Although a condition for this 
NO plasma treatment is not particularly limited, a Substrate 
temperature is set between about 200 and 450° C. and a 
process time is set 4 minutes in the present embodiment. 
0089) Note that, instead of the NO plasma treatment, an 
N plasma treatment may be employed as the dehydration 
process. This is also the case for the dehydration processes 
described later. 

0090. Furthermore, this dehydration treatment is 
optional. If moisture content of the capacitor protecting 
insulating film 24 is sufficiently low, there is no need to carry 
out the dehydration treatment. 
0.091 Next, as shown in FIG. 3J, a silicon oxide film is 
formed as a first insulating film 26 on the capacitor protect 
ing insulating film 24 in the HDPCVD chamber 100 
described in FIG. 2. This first insulating film 26 is thick 
enough to fill a space between the adjacent capacitors Q. 
which is, for example, about 700 nm on a planar surface of 
the silicon substrate 1. 

0092. When the above-described capacitor protecting 
insulating film 24 is formed, the second high-frequency 
power supply 107 for bias application, which is connected to 
the HDPCVD chamber 100 (refer to FIG. 2), is turned off. 
0093. On the other hand, when the first insulating film 26 

is formed, a high-frequency bias electric power is applied to 
a film deposition atmosphere by turning on not only the first 
high-frequency power Supply 106 but also the second high 
frequency power supply 107. As a result, at the time of 
forming the first insulating film 26, ions and oxygen radicals 
are drawn toward the semiconductor substrate 1 due to the 
high-frequency bias electric power, and thus sputter-etching 
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by these ions simultaneously progresses. By this sputter 
etching, the first insulating film 26 can be prevented from 
being formed in an overhanging state in the vicinities of 
shoulder of the capacitors Q. Therefore, the first insulating 
film 26 can be formed, while a void is prevented from 
generating in the space between the adjacent capacitors Q. 
0094. Additionally, the capacitor protecting insulating 
film 24 is formed under the first insulating film 26 in 
advance, it is made possible to prevent the first hydrogen 
preventing insulating film 25 from being etched due to the 
sputter-etching in an initial phase of a deposition process of 
the first insulating film 26. Thereby, a hydrogen blocking 
effect of the first hydrogen preventing insulating film 25 can 
be well maintained. 

0.095 Note that, although a film deposition condition of 
the first insulating film 26 is not particularly limited, a gas 
mixture containing SiHa gas, O and argon is used as a film 
deposition gas in the present embodiment. Additionally, as 
to the flow rates of these gases, SiH4 gas, O and argon are 
set to 70 sccm, 525 accm and 420 sccm, respectively. 
Moreover, a power of the first high-frequency power Supply 
106 for plasma generation is set to 2400 W, and a power of 
the second high-frequency power supply 107 for bias appli 
cation is set to 3500 W. Furthermore, a pressure of a film 
deposition atmosphere in the chamber is set to about 15 
mTorr, and a substrate temperature is set between about 175° 
C. and 400° C. 

0096). Additionally, in the case where the NO plasma 
treatment described in FIG. 3I is omitted, the capacitor 
protecting insulating film 24 and the first insulating film 26 
are continuously deposited in the chamber 100 shown in 
FIG. 2, whereby manufacturing process may be shortened as 
compared to the case where these films are deposited one by 
one in different chambers. 

0097 Next, as shown in FIG.3K, an upper surface of the 
first insulating film 26 is planarized by polishing in a CMP 
(Chemical Mechanical Polishing) method, so that a thick 
ness of the first insulating film 26 on the upper electrodes 
23a is set to about 200 nm. 

0098. Then, as shown in FIG. 3L, the NO plasma 
treatment is performed to the first insulating film 26, so that 
the film 26 is dehydrated. A condition for this NO plasma 
treatment is, for example, a Substrate temperature of about 
200° C. to 450° C. and a process time of about 4 minutes. 
0099. Note that, when moisture content of the first insu 
lating film 26 is sufficiently low, this dehydration process 
may be omitted. 
0100 Subsequently, as shown in FIG. 3M, by etching the 
films from the first insulating film 26 to the oxidation 
preventing insulating film 14 through a photolithography, a 
first hole 26a is formed in these films. Then, on an inner 
surface of the first hole 26a and an upper surface of the first 
insulating film 26, a titanium film and a titanium nitride film 
are formed in this order with about 50 nm thickness as a glue 
film by the Sputtering method. Furthermore, a tungsten film 
is formed on this glue film by the CVD method, and this 
tungsten film completely fills in the first hole 26. Thereafter, 
excess portions of the tungsten film and the glue film on the 
first insulating film 26 are polished to be removed, so that 
these films are left in the first hole 26a as a third conductive 
plug 27. 
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0101 Next, as shown in FIG. 3N, a silicon oxynitride 
film is formed to a thickness of about 100 nm by a CVD 
method as an oxidation preventing film 28 on each upper 
surface of the third conductive plug 27 and the first insu 
lating film 26. 
0102) Then, by pattering the films from the oxidation 
preventing film 28 to the first hydrogen diffusion preventing 
insulating film 15 through a photolithography, second holes 
26b are formed in the first insulating film 26 on the upper 
electrodes 23a. The capacitors Q damaged by the formation 
of the second holes 26b is recovered through annealing. The 
annealing is carried out, for example, in an oxygen-contain 
ing atmosphere for about 60 minutes by setting a substrate 
temperature at 550° C. 

0.103 Since the oxidation preventing film 28 is formed 
before the annealing, the third conductive plug 27 can be 
prevented from being oxidized during the annealing, so that 
the contact failure can be suppressed. 
0104. After this annealing is completed, the oxidation 
preventing film 28 is etched-back and removed. 
0105) Next, as shown in FIG. 30, a multi-layered metal 
film 29 is formed by the sputtering method on inner surfaces 
of the second holes 26b and on an upper surface of the first 
insulating film 26. The multilayered metal film 29 is con 
structed from a titanium film 29x of about 60 nm thickness, 
a titanium nitride film (not shown) of about 30 nm thickness, 
a copper-containing aluminum film 29y of about 400 nm. 
thickness, and a reflection preventing metal film 29Z made of 
a titanium nitride film of about 70 nm thickness. 

0106 Next, as shown in FIG. 3P, first-level metal wirings 
29a are formed by patterning the multi-layered metal film 29 
through a photolithography. Out of the first-level metal 
wirings 29a, those formed above the capacitors Q are 
electrically connected to the upper electrodes 23a through 
the second holes 26b. On the other hand, the first-level metal 
wirings 29a formed above the second source/drain region 8b 
is electrically connected to the third conductive plug 27. 

0.107 Moreover, as shown in FIG. 3O, an alumina film is 
formed to a thickness of about 50 nm on the first insulating 
film 26 and on the first-level metal wirings 29a by the 
MOCVD method as a second hydrogen diffusion preventing 
insulating film 31. This second hydrogen diffusion prevent 
ing insulating film 31 is not limited to the alumina film. The 
second hydrogen diffusion preventing insulating film 31 
may be formed of any one of an alumina film, an aluminum 
nitride film, a tantalum oxide film, a tantalum nitride film, a 
titanium oxide film, and a Zirconium oxide film. 

0108. The second hydrogen diffusion preventing insulat 
ing film 31 plays a role of blocking reductant Such as 
hydrogen, which may intrude into the capacitors Q from 
above, and thereby preventing deterioration of the capacitor 
dielectric film 22a due to the reductant. 

0.109 Additionally, similar to the first hydrogen diffusion 
preventing insulating film 25, the second hydrogen diffusion 
preventing insulating film 31 is formed by the MOCVD 
method which can form a film with good coverage proper 
ties. Therefore, the second hydrogen diffusion preventing 
insulating film 31 can be formed with sufficient thickness on 
the side surfaces of the adjacent first-level metal wirings 29a 
of narrow space. 
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0110. Next, as shown in FIG. 3R, a silicon oxide film is 
formed to a thickness of about 50 nm on the second 
hydrogen diffusion preventing insulating film 31 as a wiring 
protection insulating film 32 in the HDPCVD chamber 100 
described in FIG. 2. 

0111 Similar to the capacitor protecting insulating film 
24, when the wiring protection insulating film 32 is depos 
ited, an atmosphere in the HDPCVD chamber 100 is made 
into plasma by turning-on only the first high-frequency 
power supply 106 (see FIG. 2), while the second high 
frequency power Supply 107 for Supplying a high-frequency 
bias electric power is kept turned off. 
0112 According to this, ions and oxygen radicals in the 
film deposition atmosphere cannot be drawn toward the 
semiconductor Substrate 1, and it is made possible to prevent 
sputter-etching by collision of ions and the like from reach 
ing the second hydrogen diffusion preventing insulating film 
31. As a result, it becomes possible to maintain a film 
thickness of the second hydrogen diffusion preventing insu 
lating film 31 at a level necessary for blocking reductant 
Such as hydrogen. 
0113 Furthermore, as to a film deposition condition of 
this wiring protection insulating film 32, a condition for 
reducing moisture content in the film, that is, for example, 
the same deposition condition for the capacitor protecting 
insulating film 24 (described later), is employed. 

0114) Next, as shown in FIG. 3S, in order to reduce 
moisture content of the wiring protection insulating film 32, 
the wiring protection insulating film 32 is dehydrated by an 
NO plasma treatment. A condition for this NO plasma 
treatment is, for example, a Substrate temperature of about 
200° C. to 450° C., and a process time of about 4 minutes. 
0115 Note that this dehydration process is optional, and 
if moisture content of the wiring protection insulating film 
32 is sufficiently low, there is no need to carry out this 
process. 

0116) Next, as shown in FIG. 3T, a silicon oxide film is 
formed on the wiring protection insulating film 32 as a 
second insulating film 33 in the HDPCVD chamber 100 
described in FIG. 2. A thickness of this second insulating 
film 33 is enough to fill spaces between the adjacent first 
level metal wirings 29a, which is, for example, about 700 
nm on the first insulating film 26 where the first-level metal 
wirings 29a are not formed. 
0117 Here, the second high-frequency power supply 107 
(see FIG. 2) is turned off at the time of forming the wiring 
protection insulating film 32. On the contrary, not only the 
first high-frequency power Supply 106 for generating a 
plasma, but also the second high-frequency power Supply 
107 are turned on at the time of forming this second 
insulating film 33, whereby a bias electric power is applied 
to a film deposition atmosphere. 

0118. As a result, when forming the second insulating 
film 33, ions and oxygen radicals are drawn toward the 
semiconductor Substrate 1 due to the high-frequency bias 
electric power. Therefore, while generation of voids in the 
spaces between the adjacent first-level metal wirings 29a is 
Suppressed by Sputter-etching with these ions and the like, 
these spaces are preferably filled with the second insulating 
film 33. 
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0119 Furthermore, because the wiring protection insu 
lating film 32 is formed in advance under the second 
insulating film 33, it becomes possible to prevent the second 
hydrogen preventing insulating film 31 from being etched 
due to the Sputter-etching in an initial phase of a deposition 
process of the second insulating film 33. Thereby, a hydro 
gen blocking effect of the second hydrogen preventing 
insulating film 31 can be well maintained. 

0.120. Although a deposition condition for the second 
insulating film 33 is not particularly limited, a gas mixture 
of SiHa gas, O and argon is used as a film deposition gas in 
the present embodiment. Additionally, flow rates of SiHa 
gas, O and argon are set to 70 Scem, 525 accm and 420 
sccm, respectively. Moreover, a power of the first high 
frequency power Supply 106 for plasma generation is set to 
2400 W, and a power of the second high-frequency power 
supply 107 for bias application is set to 3500 W. Further 
more, a pressure of a film deposition atmosphere in the 
chamber is set to about 15 mTorr, and a substrate tempera 
ture is set between 175 and 400° C. 

0121 Additionally, in the case where the NO plasma 
treatment described in FIG. 3S is omitted, the wiring pro 
tection insulating film 32 and the second insulating film 33 
are continuously deposited in the chamber 100 shown in 
FIG. 2, whereby manufacturing process can be shorten as 
compared to the case where these films are deposited one by 
one in different chambers. 

0122) Next, as shown in FIG. 3U, the second insulating 
film 33 is dehydrated by applying the NO plasma treatment 
to the second insulating film 33. A condition for this NO 
plasma treatment is, for example, a Substrate temperature of 
about 200° C. to 450° C., and a process time of about 4 
minutes. 

0123 Note that, if moisture content of the second insu 
lating film 32 is sufficiently low, this dehydration process 
may be omitted. 

0.124. Next, processes until a cross-sectional structure 
shown in FIG. 3V is obtained will be described. 

0.125 First, an alumina film is formed to a thickness of 
about 50 nm by an MOCVD method on the second insu 
lating film 33, and this alumina film is used as a third 
hydrogen diffusion preventing insulating film 34. 

0.126 Then, by placing the silicon substrate 1 in the 
chamber 100 shown in FIG. 2 again, growth of the second 
insulating film 33 is restarted from an upper surface of the 
third hydrogen diffusion preventing insulating film 34. Simi 
lar to the second insulating film 33 under the third hydrogen 
diffusion preventing insulating film 34, this second insulat 
ing film 33 is formed by turning-on both the first and second 
power supplies 106 and 107. 

0127. In this manner, the film deposition of the second 
insulating film 33 is once suspended and, after the third 
hydrogen diffusion preventing insulating film 34 is formed, 
the film deposition of the second insulating film 33 is 
restarted in the present embodiment. Therefore, it becomes 
possible for the third hydrogen diffusion preventing insulat 
ing film 34 to inhibit a film deposition atmosphere for the 
second insulating film 33, to which the bias electricity is 
applied, from deteriorating the capacitor dielectric film 22a. 
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0128. Next, as shown in FIG. 3W, for the purpose of 
removing unevenness that is formed in an upper Surface of 
the second insulating film 33 in a manner reflecting a shape 
of the first-level metal wirings 29a, the upper surface of the 
second insulating film 33 is polished and planarized by a 
CMP method. 

0129. Next, as shown in FIG. 3X, the second insulating 
film 33 is dehydrated by applying an NO plasma treatment 
to an upper Surface of the second insulating film 33 under a 
condition of for example, a Substrate temperature of about 
200° C. to 450° C., and a process time of 4 minutes. 
0130 Note that this NO plasma treatment is optional, 
and may be omitted when moisture content of the second 
insulating film 33 is sufficiently low. 
0131 Next, as shown in FIG. 3Y, after a resist pattern 
(not shown) is formed on the second insulating film 33, films 
from the top of the second insulating film 33 to the second 
hydrogen diffusion preventing insulating film 31 is patterned 
while using the resist pattern as a mask, thereby forming 
third hole 37 in these insulating films on the first-level metal 
wiring 29a. This etching is performed, for example, by using 
a parallel plate type plasma etching apparatus and employ 
ing a gas mixture of CF4 gas, Ar. O. and CO as an etching 
gas. After this etching is completed, the resist pattern used 
as a mask is removed. 

0132) Next, processes until a cross-sectional structure 
shown in FIG. 3Z is obtained will be described. 

0.133 First, a titanium nitride film is formed by sputtering 
to a thickness of about 100 nm as a glue film 38a on an upper 
Surface of the second insulating film 33 and on an inner 
surface of the third hole 37. Then, a tungsten film 38b is 
formed on the glue film 38a by the CVD method using 
tungsten hexafluoride gas, and the third hole 37 is com 
pletely filled with this tungsten film 38b. Thereafter, excess 
glue film 38a and tungsten film 38b on the second insulating 
film 35 is polished and removed by a CMP method, and 
these films are left only in the third hole 37 as a fourth 
conductive plug. 38. 
0134) Next, as shown in FIG. 4, a metal laminated film is 
formed on each of the upper surfaces of the fourth conduc 
tive plug 38 and the second insulating film 33 by a sputtering 
method, and this metal laminated film is patterned and left 
on the fourth conductive plug 38 as a second-level metal 
wiring 39. 
0135 By the above described processes, a basic structure 
of the semiconductor device according to the present 
embodiment is completed. 
0136. According to the present embodiment, as shown in 
FIG. 3J, the capacitor protecting insulating film 24 covering 
the capacitors Q is formed and, thereafter, the first insulating 
film 26 is formed. 

0137 As mentioned in the above, in order to bury the 
spaces between the adjacent capacitors Q, the first insulating 
film 26 is formed by applying the high-frequency bias power 
electricity to the film deposition atmosphere. At the time of 
forming the first insulating film 26, film deposition and 
sputter-etching progress simultaneously due to the high 
frequency bias power electricity. However, the capacitor 
protecting insulating film 24 can prevent the Sputter-etching 
from affecting to the first hydrogen diffusing preventing 
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insulating film 25. As such, it is made possible to prevent the 
thickness of the first hydrogen diffusing preventing insulat 
ing film 25 from reducing. 
0.138 Accordingly, in the present embodiment, it is pos 
sible to favorably fill spaces between the adjacent capacitors 
Q with the first insulating film 26, while maintaining the 
thickness of the first hydrogen diffusing preventing insulat 
ing film 25 at a level necessary for blocking reductants such 
as hydrogen and the like. 
0.139. Here, the second high-frequency power supply 107 
for bias application is switched off when the abovemen 
tioned capacitor protecting insulating film 24 is formed. 
Advantages brought by the film formed without applying a 
bias electric power in this manner will be described here 
inafter with reference to FIG. 5. 

0140 FIG. 5 is a graph obtained by examining moisture 
contents in silicon oxide films (with bias) each formed with 
applying a bias electric power from the second high-fre 
quency power supply 107, and in silicon oxide films (with 
out bias) formed without applying a bias electric power. 
Moisture contents are measured by a TDS (Thermal Des 
orption Spectrometry) method. Note that each of these 
silicon oxide films was formed directly on a silicon sub 
Strate. 

0.141. In FIG. 5, the horizontal axis represents substrate 
temperatures during measurement by the TDS method, and 
the vertical axis represents ion intensity (with an arbitrary 
unit) of ions that leaves the silicon oxide films and have a 
mass number of 18 (water). 
0.142 Additionally, in this measurement, a plurality of 
samples were prepared by varying flow rates of SiH4 gas, O. 
and argon in a film deposition gas, and graphs were obtained 
for these samples. 
0.143 As shown in FIG. 5, in each of the silicon oxide 
films (with bias) each formed with applying a bias electric 
power from the second high-frequency power supply 107, a 
larger amount of moisture were left from the films as the 
Substrate temperature increases. 
0.144 On the contrary, it can be found that, in each of the 
silicon oxide films (without bias) each formed without 
applying a bias electric power from the second high-fre 
quency power supply 107, an amount of moisture left from 
the films was extremely smaller than in the case where the 
bias electric power was applied. 

0145. In this manner, in a silicon oxide film formed in 
HDPCVD chamber 101 without applying a bias electric 
power, moisture content is much smaller than that formed 
with applying a bias electric power. Accordingly, moisture 
content in the capacitor protecting insulating film 24 formed 
without applying a bias electric power becomes much 
smaller than that in the first insulating film 26 formed with 
applying a bias electric power. Likewise, moisture content in 
the wiring protection insulating film 32 becomes much 
smaller than that in the second insulating film 33. 
0146 In another examination conducted by the inventors 
of the present invention, the following was also found out. 
That is, if a silicon oxide film having moisture content larger 
than that of the present embodiment is formed as the 
capacitor protecting insulating film 24, and the first insulat 
ing film 26 is formed on the capacitor protecting insulating 



US 2007/01730 1 1 A1 

film 24 with applying a bias electric power, ferroelectric 
characteristics of the capacitor dielectric film 22a. Such as a 
residual polarization charge, are considerably reduced. 
0147 On the contrary, in the present embodiment, the 
capacitor protecting insulating film 24 is formed without 
applying a bias electric power as mentioned above. There 
fore, it become possible to extremely reduce moisture con 
tent in the capacitor protecting insulating film 24, and hence 
it becomes possible to prevent deterioration of the capacitor 
dielectric film 22a due to the moisture content. 

0148. In the followings, a condition realizing a further 
reduction of the moisture content in the film will be con 
sidered as a film deposition condition for the capacitor 
protecting insulating film 24. 
0149 (a) First Deposition Condition 
0150. In this film deposition condition, as compared to a 
film deposition gas (hereinafter, referred to as the first 
deposition gas) for forming the first insulating film 26 (see 
FIG. 3J), an oxygen flow rate ratio in a film deposition gas 
(hereinafter, referred to as the second film deposition gas) 
for forming the capacitor protecting insulating film 24 is 
made larger. It should be noted that the oxygen flow rate 
ratio is defined as a ratio of the oxygen flow rate to the flow 
rate of the entire film deposition gas. 
0151. By increasing an oxygen flow rate ratio in the 
second film deposition gas for the capacitor protecting 
insulating film 24, hydrogen in a film deposition atmosphere 
easily reacts with oxygen, so that moisture is allowed to be 
easily exhausted to the outside of the chamber 100 (refer to 
FIG. 2) before the moisture reaches the semiconductor 
substrate 1. As a result, it becomes difficult for moisture to 
be captured into the capacitor protecting insulating film 24, 
whereby it becomes possible to make the moisture content 
of the capacitor protecting insulating film 24 lower than that 
of the first insulating film 26. 
0152 (b) A Second Film Deposition Condition 
0153. In this film deposition condition, a pressure of a 
film deposition atmosphere for the capacitor protecting 
insulating film 24 is made higher than a pressure of a film 
deposition atmosphere for the first insulating film 26. 

0154 According to this, the moisture content in the film 
deposition atmosphere of the capacitor protecting insulating 
film 24 is allowed to be easily exhausted to the outside of the 
chamber 100 before reaching the semiconductor substrate 1. 
Therefore, it becomes possible to make the moisture content 
of the capacitor protecting insulating film 24 lower than that 
of the first insulating film 26. 

0155 In order to make moisture content of the capacitor 
protecting insulating film 24 sufficiently lower than that of 
the first insulating film 26, it is necessary to employ a 
condition satisfying at least any one of the abovementioned 
first and second film deposition conditions. 
0156 Here, one example of a condition satisfying both of 
the first and second film deposition conditions is as follows: 
0157 a flow rate of SiH gas . . . 70 sccm 
0158 a flow rate of O. . . . 525 sccm 
0159 a flow rate of argon . . . 420 sccm 
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0160 
0161) 
0162 a power of the first high-frequency power supply 
106 . . . 2400 W 

0.163 (c) A Third Deposition Condition: 
0164. In both of the abovementioned first and second film 
deposition conditions, a gas mixture of SiHa gas, O and 
argon is used as the second film deposition gas for the 
capacitor protecting insulating film 24. 
0.165. On the other hand, in this third deposition condi 
tion, a gas mixture of TEOS gas and O is supplied to the 
chamber 100 (see FIG. 2) as the second deposition gas for 
the capacitor protecting insulating film 24. It was found that 
moisture content in the capacitor protecting insulating film 
24 becomes lower with a plasma CVD method using TEOS 
gas as compared to a case with a plasma CVD method using 
SiH4 gas. 

a pressure of the film deposition atmosphere 1 Torr 
a substrate temperature . . . 400° C. 

0166 One example of the third deposition condition is as 
follows: 

0167 a flow rate of TEOS gas . . . 760 mg/minute 
0168 a flow rate of O. . . .2980 sccm 
0.169 a pressure of the film deposition atmosphere . . . 9 
Torr 

0170 a substrate temperature . . .390° C. 
0171 
applied to the film deposition atmosphere . . 

a power of a high-frequency power Supply to be 
700 W 

0.172. Note that helium (He) is used as a carrier gas for 
TEOS, and that a flow rate of helium is set to 720 sccm. 
0173 Moreover, the second high-frequency power Sup 
ply 107 (see FIG. 2) for applying a high-frequency bias 
electricity is switched off in this condition. Additionally, 
instead of the HDPCVD chamber 100 described in reference 
to FIG. 2, the capacitor protecting insulating film 24 may be 
formed by using another chamber that can apply only a 
high-frequency plasma-generating electric power to the film 
deposition atmosphere. 
0.174 Moisture content of the capacitor protecting insu 
lating film 24 deposited under the foregoing condition was 
approximately 5x10 g/cm. 
0.175. In the present embodiment, by adopting any one of 
the abovementioned first to third deposition conditions, 
moisture content of the capacitor protecting insulating film 
24 is reduced. Then, on the capacitor protecting insulating 
film 24 thus having low moisture content, the first insulating 
film 26 is formed under the condition where the high 
frequency bias electricity is applied to the film deposition 
atmosphere from the second high-frequency power Supply 
107. 

0176). According to an examination conducted by the 
inventors of the present invention, it became clear that, when 
a film having high moisture content is formed as the capaci 
tor protecting insulating film 24, the ferroelectric character 
istics of the capacitor dielectric film 22a are considerably 
deteriorated by formation of the first insulating film 26. 
0177. On the other hand, in the present embodiment, 
because moisture content in the capacitor protecting insu 
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lating film 24 is reduced in the manner described above, 
deterioration of the capacitor dielectric film 22a can be 
prevented even if the first insulating film 26 is formed on the 
capacitor protecting insulating film 24. Furthermore, 
because a high-frequency bias electric power is applied to a 
film deposition atmosphere of the first insulating film 26, it 
becomes possible to favorably bury the spaces between the 
adjacent capacitors Q with the first insulating film 26, 
whereby it is possible to meet the miniaturization of semi 
conductor devices that is expected to progress in the future. 
0178. Note that a substrate temperature in forming the 
capacitor protecting insulating film 24 is not limited to those 
in the abovementioned first to third film deposition condi 
tions. However, because it was found that if the substrate 
temperature is too high, the capacitor dielectric film 22a is 
deteriorated, it is preferable that the substrate temperature be 
as low as possible. 
0179 Additionally, although a description has been made 
for reducing moisture content in the capacitor protecting 
insulating film 24 than that in the first insulating film 26 in 
the above, the same is also applicable to the case of the 
wiring protection insulating film 32 and the second insulat 
ing film 33 (see FIG. 3T). That is, by employing any one of 
the abovementioned first to third film deposition conditions 
as the condition for the wiring protection insulating film 32, 
it becomes possible to reduce moisture content in the wiring 
protection insulating film 32 lower than that in the second 
insulating film 33. Thereby, deterioration of the capacitor 
dielectric film 22a in forming the second insulating film 33 
can be prevented. 
0180 Furthermore, the wiring protection insulating film 
32 functions to protect the first-level metal wirings 29a 
against Sputter-etching which progresses simultaneously 
with the deposition of the second insulating film 33. 
Thereby, it becomes possible to prevent the first-level metal 
wirings 29a from being etched when the second insulating 
film 33 is deposited. 
0181. In the following, a description will be given of an 
examination conducted by the inventors of the present 
invention for examining in what deposition condition an 
influence of the abovementioned sputter-etching becomes 
stronger with respect to a silicon oxide formed by applying 
a high-frequency bias electric power to a film deposition 
atmosphere. 

0182 FIGS. 6A and 6B are views drawn based on cross 
sectional SEM (Scanning Electron Microscope) images of 
silicon oxide films 203 formed by changing O flow rate 
ratios in a reaction gas. 
0183 Note that, in these examples, gas mixture of SiHa 
(silane), O (oxygen) and Ar (argon) was used as a reaction 
gas for the silicon oxide films 203. Furthermore, high 
frequency bias electric powers from the second high-fre 
quency power supply 107 (see FIG. 2) were applied to film 
deposition atmospheres of the respective silicon oxide films 
2O3. 

0184 Additionally, each of samples used in this exami 
nation was obtained by forming a base silicon oxide film 
201, metal wirings 202, and the silicon oxide film 203 in this 
order on a silicon substrate 200. Note that the metal wirings 
202 were constructed from a titanium film 202a, a titanium 
nitride film 202b, a copper-containing aluminum film 202c, 
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and a titanium nitride film 202d which functions as a 
reflection preventing metal film. 
0185. In FIG. 6A, a flow rate of O. was made 4 times as 
much as that of SiH4. On the other hand, in FIG. 6B, a flow 
rate of O. was made 7.5 times as much as that of SiHa 
0186. As shown in FIG. 6A, when a flow rate ratio of O. 
and SiH was 4:1, voids 203a ware largely formed, so that 
the space between the adjacent metal wirings 202 could not 
preferably be filled with the silicon oxide film 203. 
0187. On the contrary, in FIG. 6B where the flow rate 
ratio of O and SiH was increased to 7.5:1, voids 203 were 
reduced in size to a considerable degree, so that spaces 
between adjacent metal wirings 202 were preferably filled 
with the silicon oxide film 203. 

0188 However, as shown in FIG. 6B, it was found that 
the titanium nitride film 202d constituting the metal wiring 
202 was scraped off by the sputter-etching in depositing the 
silicon oxide film 203, and that the thickness of the titanium 
nitride film 202d is reduced on the shoulder A of the metal 
wirings 202. 
0189 Thus, in the CVD method where the bias electric 
power is applied, gap-filling characteristics of the silicon 
oxide film are enhanced by increasing the flow rate ratio of 
oxygen in the reaction gas, whereas the Sputter-etching 
action is enhanced and thus the base film is etched by 
increasing oxygen. 

0.190 FIG. 7 is a cross-sectional view for explaining a 
disadvantage caused by the etching of the base film. 
0191). In an example in FIG. 7, a hole 203b was formed 
in the silicon oxide film 203 on the metal wiring 202, and 
then a conductive plug 204 electrically connected to the 
metal wiring 202 was formed in this hole 203b. This 
conductive plug 204 was constructed by forming a glue film 
204a and a tungsten film 204b in this order, the glue film 204 
being formed of a titanium nitride film. 
0.192 As described in the above, since the titanium 
nitride film 202d was sputter-etched at the time of forming 
the silicon oxide film 203, the hole 203b went through the 
titanium nitride film 202d and reached the aluminum film 
202c, so that the conductive plug 204 and the aluminum film 
202c were direct contact with each other. 

0193 However, it was found that, if titanium nitride or 
tungsten constituting the conductive plug 204 makes contact 
with the aluminum film 202c, contact resistance between the 
conductive plug 204 and the metal wiring 202 increases. 
0194 On the contrary, in this embodiment, the wiring 
protection insulating film 33 is formed in advance under the 
second insulating film 33 as shown in FIG. 3Z. Accordingly, 
the reflection preventing metal film 29Z on a shoulder of the 
first-level metal wiring 29a is not sputter-etched when the 
second insulating film 33 is formed. Therefore, it becomes 
possible to avoid direct contact of the fourth conductive plug 
38 with the aluminum film 29y constituting the first-level 
metal wiring 29a. Thereby, a contact resistance between the 
first-level metal wiring 29a and the fourth conductive plug 
38 cannot be increased, and hence it becomes possible to 
prevent a malfunction of a circuit. 
0.195 Particularly, in the case where the above-men 
tioned “(a) First film deposition condition' is employed, a 
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flow rate ratio of the oxygen in the film deposition gas for 
forming the first insulating film 26 is made Smaller than that 
in the film deposition gas for forming the capacitor protect 
ing insulating film 24. Therefore, the influence of the sput 
ter-etching due to oxygen is Suppressed, and deterioration of 
the capacitors can be prevented. 

(2) Second Embodiment 

0196. FIGS. 8A to 8E are cross-sectional views of a 
semiconductor device according to a second embodiment of 
the present invention, and each figure shows the semicon 
ductor device in process of manufacture thereof. 
0197). In order to produce the semiconductor device 
according to the present embodiment, the processes 
described in FIGS 3A to 30 in the first embodiment are first 
carried out. 

0198 Next, as shown in FIG. 8A, an alumina film is 
formed to a thickness of about 50 nm as a wiring cap 
insulating film 41 by a sputtering method on the multi 
layered metal film 29. 
0199 Then, by carrying out the processes described in 
FIGS. 3P and 3O in the first embodiment, the second 
hydrogen diffusion preventing insulating film 31 formed of 
an alumina film of about 50 nm thickness is formed on an 
entire upper Surface of the silicon Substrate 1 as shown in 
FIG. 8B. 

0200 Furthermore, as shown in FIG. 8C, by carrying out 
the processes described in FIGS. 3R to 3X in the first 
embodiment, the wiring protection insulating film 32, a 
lower layer of the second insulating film 33, the third 
hydrogen diffusion preventing insulating film 34, and an 
upper layer of the second insulating film 33 are formed in 
this order on the second hydrogen diffusion preventing 
insulating film 31. 

0201 Next, as shown in FIG. 8D, by patterning the 
insulating films 31 to 34 and 41 through a photolithography, 
a third hole 37 is formed in these insulating films on the 
first-level metal wiring 29a, thereby exposing the first-level 
metal wiring 29a in the third hole 37. 
0202) Note that, this patterning is carried out by forming 
a resist pattern (not shown) on the second insulating film 33, 
and using the gas mixture of CFs gas, Ar. O. and CO as an 
etching gas in a parallel plate type plasma etching apparatus. 
After this etching is completed, the resist pattern used as a 
mask is removed. 

0203 Thereafter, by carrying out the processes described 
in FIGS. 37 and 4 of the first embodiment, as shown in FIG. 
8E, a structure where a second-level metal wiring 39 is 
formed in an uppermost layer is obtained. 
0204 According to the present embodiment, as shown in 
FIG. 8C, the wiring cap insulating film 41 is formed on the 
first-level metal wirings 29a. Accordingly, if the wiring 
protection insulating film 32 is sputter-etched in the vicinity 
of a shoulder B of the first-level metal wiring 29a at the time 
of forming the second insulating film 33 by a plasma CVD 
method in which a bias electric power is applied to a 
deposition atmosphere, the Sputter-etching does not reach 
the first-level metal wiring 29a because of the wiring cap 
insulating film 41. 
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0205 Therefore, as shown in FIG. 9, even if the third 
hole 37 is dislocated and formed near the shoulder B of the 
first-level metal wiring 29a, the wiring cap insulating film 41 
is capable of preventing the first-level metal wiring 29a from 
being excessively etched when the third hole 37 is formed, 
and thereby, it becomes possible to prevent the reflection 
preventing metal film 29Z constituting the first-level metal 
wiring 29a from being removed. 
0206. As a result, it becomes possible to prevent the 
fourth conductive plug 38 and the aluminum film 29y 
constituting the first-level metal wiring 29a from contacting 
with each other, so that increase in contact resistance 
between the metal wiring 29a and plug 38 can be sup 
pressed. 

(3) Third Embodiment 

0207 FIGS. 10A to 10I are cross-sectional views of a 
semiconductor device according to a third embodiment of 
the present invention, each showing the semiconductor 
device in process of manufacture thereof. 
0208. In order to produce the semiconductor device of the 
present embodiment, the processes described in FIGS. 3A to 
3D in the first embodiment are first carried out. 

0209 Next, as shown in FIG. 10A, an alumina film is 
formed to a thickness of about 50 nm as a capacitor cap 
insulating film 51 by a sputtering method on the second 
conductive film 23. 

0210. Next, as shown in FIG. 10B, the hard mask 17 
described in FIG. 3E is formed on this capacitor cap 
insulating film 51. 
0211 Subsequently, as shown in FIG. 10C, while using 
the hard mask 17 as an etching mask, the second conductive 
film 23, the ferroelectric film 22 and the first conductive film 
21 are collectively plasma-etched through sputtering reac 
tions in an atmosphere containing halogen elements. 
0212. According to this, the capacitors Q made by lami 
nating the lower electrode 21a, the capacitor dielectric film 
22a, and the upper electrode 23a in this order are formed, 
and the capacitor cap insulating film 51 are left on the upper 
electrodes 23a of the capacitors Q. 
0213) Thereafter, the hard mask 17 is removed. 
0214) Then, as shown in FIG. 10D, by carrying out the 
processes described in FIGS. 3G and 3H in the first embodi 
ment, the first hydrogen diffusion preventing insulating film 
25 and the capacitor protecting insulating film 24 are formed 
in this order on upper Surfaces of the capacitor cap insulating 
film 51 and side surfaces of the capacitors Q. 
0215) Next, as shown in FIG. 10E, while applying a 
high-frequency bias electric power to a film deposition 
atmosphere, and using the same deposition condition as the 
first embodiment, a silicon oxide film is formed on the 
capacitor protecting insulating film 24, and the silicon oxide 
film is used as a first insulating film 26. 
0216) Thereafter, as shown in FIG. 10F, an upper surface 
of the first insulating film 26 is polished and planarized by 
a CMP method. 

0217 Next, as shown in FIG. 10G. by carrying out the 
processes described in FIG. 3N in the first embodiment, the 
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second holes 26b are formed in the capacitor cap insulating 
film 51, the first hydrogen diffusion preventing insulating 
film 25, the capacitor protecting insulating film 24, the first 
insulating film 26 and the oxidation preventing film 28 on 
the upper electrodes 23a. 
0218. After that, the oxidation preventing film 28 is 
removed. 

0219. Then, as shown in FIG. 10H, the first-level metal 
wirings 29a, which are electrically connected to the upper 
electrodes 23a through the second holes 26b, are formed on 
the first insulating film 26. A method of forming these 
first-level metal wirings 29a is the same as the one described 
in the first embodiment, and a description thereof is omitted 
here. 

0220. Thereafter, by carrying out the processes described 
in FIGS. 3O to 3Z and 4, a structure shown in FIG. 10I is 
obtained. 

0221. According to the present embodiment, as shown in 
FIG. 10E, the first insulating film 26 is formed above the 
capacitors Q in a state where the capacitor cap insulating 
film 51 has been formed on the upper electrodes 23a. 
0222. As already described, when the first insulating film 
26 is deposited, sputter-etching progresses simultaneously 
with the film deposition. Therefore, in some cases, the first 
hydrogen diffusion preventing insulating film 25, which 
serves to protect the capacitors Q against reductant such as 
hydrogen, is etched in the vicinities of shoulders C of the 
capacitors Q. 

0223) Even if the first hydrogen diffusion preventing 
insulating film 25 is thus etched, the etching is stopped by 
the capacitor cap insulating film 51 under the first hydrogen 
diffusion preventing insulating film 25. Therefore, the 
capacitor cap insulating film 51 remains on the upper 
electrodes 23a even after the deposition of the first insulat 
ing film 26 is completed, so that intrusion of hydrogen and 
the like into the capacitor dielectric film 22a from upsides 
thereof is blocked by the capacitor cap insulating film 51. 
Thereby, it becomes possible to prevent the capacitor dielec 
tric film 22a from being reduced by hydrogen or the like, and 
from being deteriorated by reduction. As a result, quality of 
the capacitors Q can be well maintained over a long period 
of time. 

0224. As has been described in the above, according to 
the present invention, moisture content in the capacitor 
protecting insulating film is made lower than that in the first 
insulating film. Therefore, it becomes possible to prevent the 
capacitor dielectric film from being deteriorated by the 
deposition atmosphere of the first insulating film, and con 
currently the capacitor protecting insulating film makes it 
possible to prevent the first hydrogen diffusion preventing 
insulating film from being etched. 
0225. Additionally, moisture content in the wiring pro 
tection insulating film is made lower than that in the second 
insulating film, whereby it becomes possible to prevent the 
capacitor dielectric film from being deteriorated at the time 
of forming the second insulating film. Moreover, the wiring 
protection insulating film makes it possible to prevent the 
metal wiring from being Sputter-etched, whereby it becomes 
possible to Suppress increase in contact resistance between 
the metal wiring and the conductive plug. 
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What is claimed is: 
1. A method of manufacturing a semiconductor device, 

comprising the steps of: 

forming a base insulating film on a semiconductor Sub 
Strate; 

forming a capacitor on the base insulating film, the 
capacitor being constructed by laminating a lower 
electrode, a capacitor dielectric film formed of a fer 
roelectric material, and an upper electrode: 

forming a hydrogen diffusion preventing insulating film 
covering the capacitor, 

forming a capacitor protecting insulating film on the 
hydrogen diffusion preventing insulating film; and 

forming a first insulating film on the capacitor protecting 
insulating film by a plasma CVD method where, while 
a high-frequency bias electric power is applied toward 
the semiconductor Substrate, a plasma-generating high 
frequency electric power is applied to first deposition 
gas containing oxygen and silicon compound gas, 

wherein a condition by which moisture content in the 
capacitor protecting insulating film becomes less than 
that in the first insulating film is employed as a depo 
sition condition for the capacitor protecting insulating 
film. 

2. The method of manufacturing a semiconductor device 
according to claim 1, wherein the step of forming the 
capacitor protecting insulating film is carried out by using 
any one of: 

a plasma CVD method where, by using second deposition 
gas which contains oxygen and silicon compound gas 
and has a higher oxygen flow rate ratio than in the first 
deposition gas, and without applying a high-frequency 
bias electric power toward the semiconductor substrate, 
only a plasma-generating high-frequency electric 
power is applied to the second deposition gas; 

a plasma CVD method where, by using the second 
deposition gas and by setting a pressure of a deposition 
atmosphere higher than that in the step of forming the 
first insulating film, and without applying a high 
frequency bias electric power toward the semiconduc 
tor Substrate, only a plasma-generating high-frequency 
electric power is applied to the second deposition gas; 
and 

a plasma CVD method where, by using a third deposition 
gas containing TEOS gas and oxidizing gas, and with 
out applying a high-frequency bias electric power 
toward the semiconductor Substrate, only a plasma 
generating high-frequency electric power is applied to 
the third deposition gas. 

3. The method of manufacturing a semiconductor device 
according to claim 1, wherein any one of an alumina film, an 
aluminum nitride film, a tantalum oxide film, a tantalum 
nitride film, a titanium oxide film, and a Zirconium oxide 
film is formed as the first hydrogen diffusion preventing 
insulating film. 

4. The method of manufacturing a semiconductor device 
according to claim 1, wherein the step of forming the 
capacitor comprises the steps of: 
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forming a first conductive film on the base insulating film; 
forming a ferroelectric film on the first conductive film; 
forming a second conductive film on the ferroelectric 

film; 
forming a capacitor cap insulating film on the second 

conductive film; and 
patterning the capacitor cap insulating film, the second 

conductive film, the ferroelectric film and the first 
conductive film into the capacitors. 

5. The method of manufacturing a semiconductor device 
according to claim 4, wherein an alumina film is formed as 
the capacitor cap insulating film. 

6. The method of manufacturing a semiconductor device 
according to claim 1, further comprising any one of the step 
of dehydrating the capacitor protecting insulating film by 
applying a nitrogen-containing plasma treatment to the 
capacitor protecting insulating film, and the step of dehy 
drating the first insulating film by applying a nitrogen 
containing plasma treatment to the first insulating film. 

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

forming a base insulating film on a semiconductor Sub 
Strate; 

forming capacitor on the base insulating film, the capaci 
tor being constructed by laminating a lower electrode, 
a capacitor dielectric film composed of a ferroelectric 
material, and an upper electrode; 

forming a first insulating film covering the capacitors; 
forming a metal wiring on the first insulating film; 
forming a wiring protection insulating film on the metal 

wiring and on the first insulating film; and 
forming a second insulating film on the wiring protection 

insulating film by a plasma CVD method where, while 
a high-frequency bias electric power is applied toward 
the semiconductor Substrate, a plasma-generating high 
frequency electric power is applied to a first deposition 
gas containing oxygen and silicon compound gas, 

wherein a condition by which moisture content in the 
wiring protection insulating film becomes less than that 
in the second insulating film is employed as a deposi 
tion condition for the wiring protection insulating film. 

8. The method of manufacturing a semiconductor device 
according to claim 7, wherein the step of forming the wiring 
protection insulating film is carried out by using any one of 

a plasma CVD method where, by using a second depo 
sition gas which contains oxygen and silicon com 
pound gas and has a higher oxygen flow rate ratio than 
in the first deposition gas, and without applying a 
high-frequency bias electric power toward the semi 
conductor Substrate, only a plasma-generating high 
frequency electric power is applied to the second 
deposition gas; 

a plasma CVD method where, by using the second 
deposition gas and by setting a pressure of a deposition 
atmosphere higher than that in the step of forming the 
first insulating film, and without applying a high 
frequency bias electric power toward the semiconduc 
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tor Substrate, only a plasma-generating high-frequency 
electric power is applied to the second deposition gas; 
and 

a plasma CVD method where, by using third deposition 
gas containing TEOS gas and oxidizing gas, and with 
out applying a high-frequency bias electric power 
toward the semiconductor Substrate, only a plasma 
generating high-frequency electric power is applied to 
the third deposition gas. 

9. The method of manufacturing a semiconductor device 
according to claim 7, further comprising the steps of 

forming a hole in the wiring protection insulating film and 
the second insulating film on the metal wiring; and 

forming a conductive plug in the hole, the conductive plug 
being electrically connected to the metal wiring and 
contain tungsten, 

wherein a metal laminated film made by laminating at 
least an aluminum alloy film and a reflection preventing 
metal film in this order is employed as the metal wiring. 

10. The method of manufacturing a semiconductor device 
according to claim 9, wherein the step of forming the metal 
wiring comprises the steps of: 

forming the aluminum alloy film on the first insulating 
film; 

forming the reflection preventing metal film on the alu 
minum alloy film; 

forming a wiring cap insulating film on the reflection 
preventing metal film; and 

patterning the wiring cap insulating film, the reflection 
preventing metal film, and the aluminum alloy film into 
the metal wiring. 

11. The method of manufacturing a semiconductor device 
according to claim 10, wherein an alumina film is formed as 
the wiring cap insulating film. 

12. The method of manufacturing a semiconductor device 
according to claim 7, further comprising the step of forming 
a hydrogen diffusion preventing insulating film covering the 
wiring before the step of forming the wiring protection 
insulating film, 

wherein the wiring protection insulating film is formed on 
the hydrogen diffusion preventing insulating film. 

13. The method of manufacturing a semiconductor device 
according to claim 12, wherein any one of an alumina film, 
an aluminum nitride film, a tantalum oxide film, a tantalum 
nitride film, a titanium oxide film, and a Zirconium oxide 
film is formed as the hydrogen diffusion preventing insulat 
ing film. 

14. The method of manufacturing a semiconductor device 
according to claim 7, further comprising any one of the step 
of dehydrating the wiring protection insulating film by 
applying a nitrogen-containing plasma treatment to the 
wiring protection insulating film, and the step of dehydrating 
the second insulating film by applying a nitrogen-containing 
plasma treatment to the second insulating film. 

15. A semiconductor device comprising: 
a semiconductor Substrate; 

a base insulating film formed on the semiconductor Sub 
Strate; 
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a capacitor formed on the base insulating film, the capaci 
tor being constructed by laminating a lower electrode, 
a capacitor dielectric film composed of a ferroelectric 
material, and an upper electrode; 

a hydrogen diffusion preventing insulating film covering 
the capacitor, 

a capacitor protecting insulating film formed on the 
hydrogen diffusion preventing insulating film; and 

a first insulating film formed on the capacitor protecting 
insulating film, 

wherein moisture content in the capacitor protecting insu 
lating film is less than that in the first insulating film. 

16. The semiconductor device according to claim 15, 
further comprising a capacitor cap insulating film formed on 
an upper surface of the upper electrode, wherein the hydro 
gen diffusion preventing insulating film is formed on an 
upper Surface of the capacitor cap insulating film and on a 
side Surface of the capacitor. 
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17. The semiconductor device according to claim 15, 
wherein the capacitor protecting insulating film and the first 
insulating film are silicon oxide films. 

18. The semiconductor device according to claim 15, 
further comprising: 

a metal wiring formed on the first insulating film; 
a wiring protection insulating film formed on the metal 

wiring and the first insulating film; and 
a second insulating film formed on the wiring protection 

insulating film, 
wherein moisture content in the wiring protection insu 

lating film is less than that in the second insulating film. 
19. The semiconductor device according to claim 18, 

further comprising a wiring cap insulating film formed on an 
upper Surface of the metal wiring. 

20. The semiconductor device according to claim 18, 
wherein the wiring protection insulating film and the second 
insulating film are silicon oxide films. 
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