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greater than a thickness of an area of the hydrogen barrier 
film provided on a Sidewall of the ferroelectric capacitor. 
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FERROELECTRIC MEMORY DEVICE AND 
METHOD OF MANUFACTURING THE SAME 

0001 Japanese Patent Application No. 2004-087622, 
filed on Mar. 24, 2004, and Japanese Patent Application No. 
2005-005341, filed on Jan. 12, 2005 are hereby incorporated 
by reference in their entireties. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to a ferroelectric 
memory device and a method of manufacturing the same. 
0003) A nonvolatile memory device using spontaneous 
polarization specific to a ferroelectric (ferroelectric memory 
device) has attracted attention as an ultimate memory having 
the possibility of replacing not only a conventional nonvola 
tile memory but also most memories Such as a Static RAM 
(SRAM) and a DRAM due to its characteristics such as a 
high-Speed write/read and low-voltage operation. AS the 
ferroelectric material, a number of candidate materials have 
been proposed. In particular, a perovskite-type oxide Such as 
lead zirconate titanate (Pb(Zr,Ti)O hereinafter abbreviated 
as “PZT”) and a bismuth-layered compound such as 
SrBiTa2O6 are considered to be promising materials due to 
their extremely excellent ferroelectric characteristics. 
0004. In general, when using the above-mentioned oxide 
material as a capacitor insulating layer, an interlayer dielec 
tric Such as SiO2 is deposited after forming an upper elec 
trode in order to provide electrical insulation between each 
memory element as the major objective. AS the deposition 
method, a chemical vapor deposition (CVD) method excel 
ling in Step coverage is generally used. However, use of Such 
a deposition method causes hydrogen to be generated as a 
reaction by-product. In particular, if activated hydrogen 
passes through SiO2 and the upper electrode and reaches the 
ferroelectric thin film, the crystallinity of the ferroelectric is 
impaired due to the reducing effect of hydrogen, whereby 
the electrical characteristics deteriorate to a considerable 
extent. The characteristics of a MOS transistor as a Switch 
ing element deteriorate due to lattice defects occurring in the 
Silicon Single crystal during the device manufacturing Step. 
Therefore, it is necessary to subject the MOS transistor to a 
heat treatment in a hydrogen-containing nitrogen gas in the 
final Stage. However, Since the hydrogen concentration in 
this Step is higher than that during formation of the interlayer 
dielectric, damage occurring to the ferroelectric thin film is 
more acute. 

0005. In order to prevent the reduction and deterioration 
of the ferroelectric capacitor due to hydrogen, a method of 
depositing a protective film after forming a ferroelectric 
thin-film capacitor So as to cover the ferroelectric thin-film 
capacitor to prevent entrance of hydrogen has been 
attempted. This protective film is generally called a hydro 
gen barrier film. Since the ferroelectric capacitor is isolated 
from the hydrogen atmosphere during formation of the 
interlayer dielectric due to the presence of the protective 
film, deterioration of the electrical characteristics from the 
initial value can be prevented. 
0006 The hydrogen barrier film is generally deposited 
after forming the ferroelectric capacitor So as to cover the 
ferroelectric capacitor. This enables the ferroelectric capaci 
tor to be isolated from hydrogen generated in the Subsequent 
Step. However, if the ferroelectric capacitor is covered with 
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the hydrogen barrier, elements other than hydrogen are also 
intercepted. For example, oxygen is not Supplied to the 
ferroelectric even if the Substrate is heated in an oxygen 
atmosphere, Since the hydrogen barrier film also functions as 
an oxygen barrier film. Specifically, once the ferroelectric 
capacitor is covered with the hydrogen barrier film, it is 
extremely difficult to recover the crystallinity of the ferro 
electric to Secure the electrical characteristics of the capaci 
tor. In the Stage in which the hydrogen barrier film is applied, 
it is indispensable that the ferroelectric capacitor maintain 
desired characteristics. However, damage to the ferroelectric 
often occurs during formation of the ferroelectric capacitor. 
In general, processing using dry etching is employed for 
forming the capacitor, and the resist must be removed after 
completion of the objective etching. AS the removal method, 
a method of burning the resist by exposure to O plasma or 
N plasma can be given. However, if hydrogen generated 
during the resist combustion process, a water molecule, or a 
reducing etching gas passes through the upper electrode and 
reaches the interface between the upper electrode and the 
ferroelectric, the ferroelectric is reduced in this region, 
whereby the crystallinity is impaired to a considerable 
extent. Since Such damage cannot be Sufficiently corrected 
by Subsequent heating and is more Sensitive to the reducing 
atmosphere in the Subsequent Step, the crystallinity is easily 
disordered. Therefore, a damaged region which cannot con 
tribute to polarization Switching occurs. 

0007) If the hydrogen barrier film having a tensile stress 
is provided on the ferroelectric capacitor, the loss of polar 
ization electric charge of the ferroelectric is increased on the 
Sidewall of the capacitor. In particular, a minute capacitor 
cannot exhibit Sufficient characteristics. 

BRIEF SUMMARY OF THE INVENTION 

0008 A first aspect of the present invention relates to a 
ferroelectric memory device, including: 

0009) 
0010 a ferroelectric capacitor which is formed on the 
Substrate and includes a lower electrode, a ferroelectric film, 
and an upper electrode, 

0011 a hydrogen barrier film provided to cover the 
ferroelectric capacitor; and 

0012 an interlayer dielectric provided on the hydrogen 
barrier film, wherein a thickness of an area of the hydrogen 
barrier film provided on the upper electrode is greater than 
a thickness of an area of the hydrogen barrier film provided 
on a Sidewall of the ferroelectric capacitor. 

a Substrate; 

0013 A second aspect of the present invention relates to 
a method of manufacturing a ferroelectric memory device, 
the method including: 

0014 forming a hydrogen barrier film which covers a 
ferroelectric capacitor including a lower electrode, a ferro 
electric film, and an upper electrode, wherein a thickness of 
an area of the hydrogen barrier film provided on the upper 
electrode is made greater than a thickness of an area of the 
hydrogen barrier film provided on a sidewall of the ferro 
electric capacitor by forming the area of the hydrogen 
barrier film provided on the upper electrode in a plurality of 
layers. 
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0.015 A third aspect of the present invention relates to a 
method of manufacturing a ferroelectric memory device, the 
method including: 
0016 (a) forming a lower electrode, a ferroelectric film, 
and an upper electrode on a Substrate in layers in that order; 
0017 (b) forming a first hydrogen barrier film on the 
upper electrode, 
0018 (c) patterning the first hydrogen barrier film, the 
upper electrode, the ferroelectric film, and the lower elec 
trode to form a ferroelectric capacitor; and 
0019 (d) forming a second hydrogen barrier film which 
covers the ferroelectric capacitor. 
0020. A fourth aspect of the present invention relates to 
a method of manufacturing a ferroelectric memory device, 
the method including: 
0021 (a) forming a lower electrode, a ferroelectric film, 
and an upper electrode on a Substrate in layers in that order, 
0022 (b) patterning the upper electrode; 
0023 (c) forming a first hydrogen barrier film on the 
upper electrode and the ferroelectric film; 
0024 (d) patterning the first hydrogen barrier film, the 
ferroelectric film, and the lower electrode to have an area 
greater than an area of the upper electrode to form a 
ferroelectric capacitor; and 
0025 (e) forming a second hydrogen barrier film which 
covers the ferroelectric capacitor. 
0026. A fifth aspect of the present invention relates to a 
method of manufacturing a ferroelectric memory device, the 
method including: 
0027 (a) forming a lower electrode, a ferroelectric film, 
and an upper electrode on a Substrate in layers in that order, 
0028 (b) forming a first hydrogen barrier film on the 
upper electrode, 
0029 (c) patterning the first hydrogen barrier film and the 
upper electrode, 
0030) (d) forming a second hydrogen barrier film on the 
first hydrogen barrier film and the ferroelectric film; 
0031 (e) patterning the second hydrogen barrier film, the 
ferroelectric film, and the lower electrode to have an area 
greater than an area of the upper electrode to form a 
ferroelectric capacitor; and 
0032 (f) forming a third hydrogen barrier film which 
covers the ferroelectric capacitor. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0.033 FIG. 1 shows a method of manufacturing a ferro 
electric memory device according to a first embodiment. 
0034 FIG. 2 shows the method of manufacturing the 
ferroelectric memory device according to the first embodi 
ment. 

0035 FIG. 3 shows the method of manufacturing the 
ferroelectric memory device according to the first embodi 
ment. 
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0036 FIG. 4 shows the method of manufacturing the 
ferroelectric memory device according to the first embodi 
ment. 

0037 FIG. 5 shows the method of manufacturing the 
ferroelectric memory device according to the first embodi 
ment. 

0038 FIG. 6 shows the method of manufacturing the 
ferroelectric memory device according to the first embodi 
ment. 

0039 FIG. 7 shows the method of manufacturing the 
ferroelectric memory device according to the first embodi 
ment. 

0040 FIG. 8 shows the method of manufacturing the 
ferroelectric memory device according to the first embodi 
ment. 

0041 FIG. 9 shows the method of manufacturing the 
ferroelectric memory device according to the first embodi 
ment. 

0042 FIG. 10 shows the method of manufacturing the 
ferroelectric memory device according to the first embodi 
ment. 

0043 FIG. 11 shows the ferroelectric memory device 
according to the first embodiment and the method of manu 
facturing the Same. 

0044 FIGS. 12A to 12C are graphs showing the hyster 
esis loop of a Sample 1. according to Example 1. 

004.5 FIGS. 13A to 13C are graphs showing the hyster 
esis loop of a Sample 2 according to Example 1. 

0046 FIG. 14 is a graph showing the relationship 
between the thickness and the stress of a ferroelectric film. 

0047 FIGS. 15A and 15B are illustrative of polarization 
vectors of a ferroelectric capacitor. 

0048 FIG. 16 shows a method of manufacturing a fer 
roelectric memory device according to a Second embodi 
ment. 

0049 FIG. 17 shows the method of manufacturing the 
ferroelectric memory device according to the Second 
embodiment. 

0050 FIG. 18 shows the method of manufacturing the 
ferroelectric memory device according to the Second 
embodiment. 

0051 FIG. 19 shows the method of manufacturing the 
ferroelectric memory device according to the Second 
embodiment. 

0.052 FIG. 20 shows the method of manufacturing the 
ferroelectric memory device according to the Second 
embodiment. 

0053 FIG. 21 shows the method of manufacturing the 
ferroelectric memory device according to the Second 
embodiment. 

0054 FIG. 22 shows the method of manufacturing the 
ferroelectric memory device according to the Second 
embodiment. 
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0055 FIG. 23 shows the method of manufacturing the 
ferroelectric memory device according to the Second 
embodiment. 

0056 FIG. 24 shows the method of manufacturing the 
ferroelectric memory device according to the Second 
embodiment. 

0057 FIG. 25 shows the method of manufacturing the 
ferroelectric memory device according to the Second 
embodiment. 

0.058 FIG. 26 shows the ferroelectric memory device 
according to the Second embodiment and the method of 
manufacturing the Same. 
0059 FIG. 27 is a graph showing the hysteresis loop of 
a Sample 3 according to Example 2. 

0060 FIG. 28 is a graph showing the hysteresis loop of 
a Sample 4 according to Example 2. 

0061 FIG. 29 shows a method of manufacturing a fer 
roelectric memory device according to a third embodiment. 
0062 FIG. 30 shows the method of manufacturing the 
ferroelectric memory device according to the third embodi 
ment. 

0063 FIG. 31 shows the method of manufacturing the 
ferroelectric memory device according to the third embodi 
ment. 

0.064 FIG. 32 shows the method of manufacturing the 
ferroelectric memory device according to the third embodi 
ment. 

0065 FIG. 33 shows the method of manufacturing the 
ferroelectric memory device according to the third embodi 
ment. 

0.066 FIG. 34 shows the method of manufacturing the 
ferroelectric memory device according to the third embodi 
ment. 

0067 FIG. 35 shows the method of manufacturing the 
ferroelectric memory device according to the third embodi 
ment. 

0068 FIG. 36 shows the method of manufacturing the 
ferroelectric memory device according to the third embodi 
ment. 

0069 FIG. 37 shows the method of manufacturing the 
ferroelectric memory device according to the third embodi 
ment. 

0070 FIG. 38 shows the method of manufacturing the 
ferroelectric memory device according to the third embodi 
ment. 

0071 FIG. 39 shows the method of manufacturing the 
ferroelectric memory device according to the third embodi 
ment. 

0072 FIG. 40 shows the method of manufacturing the 
ferroelectric memory device according to the third embodi 
ment. 

0073 FIG. 41 shows the ferroelectric memory device 
according to the third embodiment and the method of 
manufacturing the Same. 
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0074 FIG. 42 is a graph showing the hysteresis loop of 
a Sample 5 according to Example 3. 
0075 FIG. 43 is a graph showing the hysteresis loop of 
a Sample 6 according to Example 3. 
0076 FIG. 44 is a graph showing the hysteresis loop of 
a Sample 7 according to Example 4. 

DETAILED DESCRIPTION OF THE 
EMBODIMENT 

0077. A ferroelectric memory device of the present 
invention may provide a Structure which can prevent dam 
age occurring at the interface between an upper electrode 
and a ferroelectric during capacitor formation, and can 
prevent deterioration of ferroelectric characteristics due to 
the StreSS of a hydrogen barrier film. A method of manufac 
turing a ferroelectric memory device of the present invention 
can prevent damage occurring at the interface between an 
upper electrode and a ferroelectric during capacitor forma 
tion. 

0078 (1) In one embodiment of the present invention, a 
ferroelectric memory device includes: 
0079 
0080 a ferroelectric capacitor which is formed on the 
Substrate and includes a lower electrode, a ferroelectric film, 
and an upper electrode, 
0081 a hydrogen barrier film provided to cover the 
ferroelectric capacitor; and 
0082 an interlayer dielectric provided on the hydrogen 
barrier film, 

a Substrate; 

0083 wherein a thickness of an area of the hydrogen 
barrier film provided on the upper electrode is greater than 
a thickness of an area of the hydrogen barrier film provided 
on a Sidewall of the ferroelectric capacitor. 
0084. According to this embodiment, reducing elements 
(hydrogen, for example) can be prevented from entering the 
ferroelectric capacitor, and Sufficient ferroelectric character 
istics can be obtained even if the size of the ferroelectric 
capacitor is reduced. 
0085. In this embodiment, the statement “a layer B is 
provided on a specific layer A' includes the case where the 
layer B is directly provided on the layer A and the case where 
the layer B is provided on the layer A through another layer. 
This also applies to the following embodiments. 
0.086 (2) With this ferroelectric memory device, an area 
of an upper Surface of the ferroelectric film may be greater 
than an area of an interface between the ferroelectric film 
and the upper electrode. 
0087. According to this feature, damage occurring on the 
sidewall of the ferroelectric film when patterning the ferro 
electric film does not affect the ferroelectric characteristics 
of the ferroelectric capacitor, whereby excellent ferroelectric 
characteristics can be obtained. 

0088 (3) With this ferroelectric memory device, the 
hydrogen barrier film may include: 
0089 a first hydrogen barrier film provided on the upper 
electrode; and 
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0090 a second hydrogen barrier film provided on the first 
hydrogen barrier film and in a region including the Sidewall 
of the ferroelectric capacitor. 

0091 (4) With this ferroelectric memory device, the 
hydrogen barrier film may include: 
0092) a first hydrogen barrier film provided on the upper 
electrode, 

0.093 a second hydrogen barrier film provided on the first 
hydrogen barrier film and the ferroelectric film; and 
0094) a third hydrogen barrier film provided on the 
Second hydrogen barrier film and in a region including the 
Sidewall of the ferroelectric capacitor. 
0.095 (5) With this ferroelectric memory device, the 
hydrogen barrier film may be formed by using an atomic 
layer CVD (ALCVD) method. 
0096. According to this feature, the density of the hydro 
gen barrier film can be increased, whereby a more excellent 
hydrogen barrier function can be obtained. 

0097 (6) With this ferroelectric memory device, the 
hydrogen barrier film may be an oxide including one or more 
elements Selected from aluminum, titanium, hafnium, Zir 
conium, magnesium, and tantalum. 

0098. According to this feature, since these elements 
exhibit an excellent hydrogen barrier function, the thickneSS 
of the hydrogen barrier film can be reduced. 
0099 (7). In another embodiment of the present inven 
tion, a method of manufacturing a ferroelectric memory 
device includes: 

0100 forming a hydrogen barrier film which covers a 
ferroelectric capacitor including a lower electrode, a ferro 
electric film, and an upper electrode, 

0101 wherein a thickness of an area of the hydrogen 
barrier film provided on the upper electrode is made greater 
than a thickness of an area of the hydrogen barrier film 
provided on a Sidewall of the ferroelectric capacitor by 
forming the area of the hydrogen barrier film provided on the 
upper electrode in a plurality of layers. 

0102) According to this embodiment, reducing elements 
(hydrogen, for example) can be prevented from entering the 
ferroelectric capacitor, and Sufficient ferroelectric character 
istics can be obtained even if the size of the ferroelectric 
capacitor is reduced. 

0103 (8) In a further embodiment of the present inven 
tion, a method of manufacturing a ferroelectric memory 
device includes: 

0104 (a) forming a lower electrode, a ferroelectric film, 
and an upper electrode on a Substrate in layers in that order; 
0105 (b) forming a first hydrogen barrier film on the 
upper electrode, 

0106 (c) patterning the first hydrogen barrier film, the 
upper electrode, the ferroelectric film, and the lower elec 
trode to form a ferroelectric capacitor; and 

0107 (d) forming a second hydrogen barrier film which 
covers the ferroelectric capacitor. 
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0108. According to this embodiment, the first hydrogen 
barrier film formed in advance on the upper electrode 
protects the ferroelectric film from reducing elements gen 
erated during a resist removal Step after patterning of the 
upper electrode and the Subsequent patterning necessary for 
capacitor formation. 
0109 (9) In a still further embodiment of the present 
invention, a method of manufacturing a ferroelectric 
memory device includes: 
0110 (a) forming a lower electrode, a ferroelectric film, 
and an upper electrode on a Substrate in layers in that order; 
0111 (b) patterning the upper electrode; 
0112 (c) forming a first hydrogen barrier film on the 
upper electrode and the ferroelectric film; 
0113 (d) patterning the first hydrogen barrier film, the 
ferroelectric film, and the lower electrode to have an area 
greater than an area of the upper electrode to form a 
ferroelectric capacitor; and 
0114 (e) forming a second hydrogen barrier film which 
covers the ferroelectric capacitor. 
0115 According to this embodiment, damage occurring 
on the sidewall of the ferroelectric film when patterning the 
ferroelectric film does not affect the ferroelectric character 
istics of the ferroelectric capacitor, whereby excellent fer 
roelectric characteristics can be obtained. 

0116 (10) In a yet further embodiment of the present 
invention, a method of manufacturing a ferroelectric 
memory device includes: 
0117 (a) forming a lower electrode, a ferroelectric film, 
and an upper electrode on a Substrate in layers in that order; 
0118 (b) forming a first hydrogen barrier film on the 
upper electrode, 
0119) (c) patterning the first hydrogen barrier film and the 
upper electrode, 
0120 (d) forming a second hydrogen barrier film on the 
first hydrogen barrier film. and the ferroelectric film; 
0121 (e) patterning the second hydrogen barrier film, the 
ferroelectric film, and the lower electrode to have an area 
greater than an area of the upper electrode to form a 
ferroelectric capacitor; and 
0122 (f) forming a third hydrogen barrier film which 
covers the ferroelectric capacitor. 
0123. According to this embodiment, the first hydrogen 
barrier film formed in advance on the upper electrode 
protects the ferroelectric film from reducing elements gen 
erated during a resist removal Step after patterning of the 
upper electrode and the Subsequent patterning necessary for 
capacitor formation. 
0.124 Moreover, damage occurring on the sidewall of the 
ferroelectric film when patterning the ferroelectric film does 
not adversely affect the ferroelectric characteristics of the 
ferroelectric capacitor. Furthermore, formation of a dam 
aged region at the interface between the lower electrode and 
the ferroelectric film due to etching can be prevented when 
patterning the lower electrode. Therefore, extremely excel 
lent ferroelectric characteristics can be obtained. 
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0125 (11) With any one of these methods of manufac 
turing a ferroelectric memory device, the first hydrogen 
barrier film may be formed by using the same method as the 
upper electrode. 
0.126 This enables the first hydrogen barrier film to be 
continuously deposited after depositing the upper electrode 
without Subjecting the upper electrode to the atmosphere, 
whereby molecules which function as the hydrogen Source, 
Such as moisture and organic molecules, can be prevented 
from being adsorbed on the Surface of the upper electrode 
after depositing the upper electrode. 

0127 (12) With any one of these methods of manufac 
turing a ferroelectric memory device, at least one of the 
hydrogen barrier films may be formed by using a Sputtering 
method. 

0128 (13) With any one of these methods of manufac 
turing a ferroelectric memory device, at least one of the 
hydrogen barrier films may be formed by using an atomic 
layer CVD (ALCVD) method. 
0129. According to this feature, since the above method 
excels in Step coverage characteristics of the hydrogen 
barrier film, entrance of reducing elements from the Sidewall 
of the ferroelectric capacitor can be prevented, for example. 

0130 (14) With any one of these methods of manufac 
turing a ferroelectric memory device, OZone may be used as 
an oxidizing agent for a metal element to be Supplied in the 
ALCVD method. 

0131 This enables the hydrogen barrier film to be formed 
without impairing the crystallinity of the ferroelectric film. 
0132) The embodiments of the present invention arc 
described below with reference to the drawings. 
0133) First Embodiment 
0134 FIGS. 1 to 11 schematically show a method of 
manufacturing a ferroelectric memory device according to a 
first embodiment of the present invention. 
0135 (1) As shown in FIG. 1, a plug 101 is formed in a 
substrate 100, and a barrier metal layer 102 and a lower 
electrode 120 are formed on the plug 101. 
0136. A resist pattern for forming a contact hole is 
formed by a lithographic step on the substrate 100 on which 
a Switching transistor is formed, and a contact hole is formed 
by using a dry etching method. After depositing a conductive 
film (tungsten film, for example) by using a chemical vapor 
deposition (CVD) method, the conductive film is ground by 
chemical mechanical polishing to form the plug (tungsten 
plug, for example) 101 in the contact hole. The substrate 100 
includes a Semiconductor Substrate and an interlayer dielec 
tric formed on the Semiconductor Substrate. 

0137 Atitanium aluminum nitride (TialN) film is depos 
ited as the barrier metal layer 102 by using a Sputtering 
method in the region including the region positioned on the 
plug 101, for example. The lower electrode 120 is formed on 
the barrier metal layer 102. The barrier metal layer 102 lies 
between the plug 101 and the lower electrode 120. The lower 
electrode 120 may be formed of either a single layer or a 
plurality of layers. For example, the lower electrode 120 
may be formed by stacking an iridium (Ir) thin film 103 and 
a platinum (Pt) film 104. 
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0138. The lower electrode 120 may be formed by stack 
ing at least one layer of a material Such as Pt, Ir, Ir oxide 
(IrO), Ru, Ru oxide (RuO), and SrRu complex oxide 
(SrRuO). The material for the lower electrode 120 is not 
limited. As the formation method for the lower electrode 
120, a Sputtering method, a vacuum deposition method, a 
CVD method, and the like can be given. 

0139 (2) As shown in FIGS. 2 and 3, a ferroelectric film 
105 and an upper electrode 106 are formed on the lower 
electrode 120. 

0140. An organic Solution including lead, titanium, and 
Zirconium is applied to the lower electrode 120 by using a 
Spin coating method, and the applied Solution is dried to 
obtain a precursor film. The Spin coating Step and the drying 
Step are repeatedly performed until the thickness of the 
precursor film reaches a desired thickness. The precursor 
film is then Subjected to an oxygen annealing treatment at 
525 C. for five minutes to obtain the ferroelectric film 
(Pb(Zr,Ti)O) 105 which is a crystalline thin film. Then, 
platinum is deposited on the ferroelectric film 105 as the 
upper electrode 106 by using a Sputtering method. The 
material and the formation method for the upper electrode 
106 are the same as described for the lower electrode 120. 

0141. The material for the ferroelectric film 105 is not 
limited to the above-mentioned PZT material. Any of a 
PZFN material, SBT material, BST material, BIT material, 
and BLT material may be applied. As the formation method 
for the ferroelectric film 105, various methods such as a 
Solution coating method (including a Sol-gel method and a 
metal organic decomposition (MOD) method), a Sputtering 
method, a chemical vapor deposition (CVD) method, and a 
metal organic chemical vapor deposition (MOCVD) method 
may be applied. 

0142 (3) As shown in FIG. 4, a first hydrogen barrier 
film 107 is formed on the upper electrode 106. The first 
hydrogen barrier film 107 is formed to have a tensile stress 
by arbitrarily adjusting the deposition conditions. 

0.143 As the material for the first hydrogen barrier film 
107, an aluminum oxide (AlO) film or the like can be given. 
The material for the first hydrogen barrier film 107 may be 
an oxide including one or more elements Selected from 
titanium, hafnium, Zirconium, magnesium, and tantalum. 
Since these materials exhibit an excellent hydrogen barrier 
function, the thickness of the hydrogen barrier film can be 
reduced. The first hydrogen barrier film 107 may be depos 
ited by using a CVD method, a Sputtering method, or the 
like. For example, an atomic-layer CVD (ALCVD) method 
may be applied. In this case, various types of organoalumi 
num may be used as the raw material. For example, trim 
ethylaluminum (TMA) may be used. As the oxidizing agent, 
ozone (O) may be used. Since the CVD method not only 
increases the density of the hydrogen barrier film, but also 
excels in Step coverage characteristics, entrance of reducing 
elements from the Sidewall of the ferroelectric capacitor can 
be prevented, for example. 

0144) The first hydrogen barrier film 107 may be formed 
by using the same deposition method as that for the upper 
electrode 106. For example, both the upper electrode 106 
and the first hydrogen barrier film 107 may be formed by 
applying a Sputtering method. This enables the first hydro 
gen barrier film 107 to be continuously deposited after 
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depositing the upper electrode 106 by Sputtering without 
Subjecting the upper electrode 106 to the atmosphere, 
whereby molecules which function as the hydrogen Source, 
Such as moisture and organic molecules, can be prevented 
from being adsorbed on the Surface of the upper electrode 
106 after depositing the upper electrode 106. 
0145 (4) As shown in FIG. 5, the first hydrogen barrier 
film 107, the upper electrode 106, the ferroelectric film 105, 
the lower electrode 120, and the barrier metal layer 102 are 
patterned to form a ferroelectric capacitor 130. The ferro 
electric capacitor 130 is formed on the plug 101. The 
patterning may be performed using a dry etching method by 
applying a lithographic technology. The ferroelectric capaci 
tor 130 is then subjected to an annealing treatment at 675 
C. for five minutes in an oxygen atmosphere. 
0146 (5) As shown in FIGS. 6 and 7, a second hydrogen 
barrier film 108 is formed to cover the ferroelectric capacitor 
130. The second hydrogen barrier film 108 is formed to have 
a tensile StreSS by arbitrarily adjusting the deposition con 
ditions. 

0147 In more detail, the second hydrogen barrier film 
108 is formed to cover the first hydrogen barrier film 107 on 
the ferroelectric capacitor 130, the sidewall of the ferroelec 
tric capacitor 130, and the substrate 100. Specifically, the 
first and second hydrogen barrier films 107 and 108 are 
formed in layers on the ferroelectric capacitor 130 (upper 
electrode 106), and only the second hydrogen barrier film 
108 is formed on the sidewall of the ferroelectric capacitor 
130. This enables the thickness of the hydrogen barrier film 
on the upper side of the ferroelectric capacitor 130 to be 
relatively greater than the thickness of the hydrogen barrier 
film on the sidewall of the ferroelectric capacitor 130. 
0.148. As the material for the second hydrogen barrier 
film 108, the description for the first hydrogen barrier film 
107 may be applied. The material for the second hydrogen 
barrier film 108 may be either the same as or different from 
the material for the first hydrogen barrier film 107. The 
deposition method for the second hydrogen barrier film 108 
is also the same as described for the first hydrogen barrier 
film 107. The deposition method for the second hydrogen 
barrier film 108 may be the same as the deposition method 
for the first hydrogen barrier film 107 (ALCVD method, for 
example), or may be different from the deposition method 
for the first hydrogen barrier film 107 (first hydrogen barrier 
film: Sputtering method, Second hydrogen barrier film: 
ALCVD method, for example). 
0149. As shown in FIG. 7, the second hydrogen barrier 
film 108 is patterned to as desired size. 
0150 (6) As shown in FIGS. 8 and 9, an interlayer 
dielectric 109 is formed, and a contact hole 111 is formed in 
the interlayer dielectric 109. 
0151. As the interlayer dielectric 109, a tetraethylortho 
silicate (TEOS) -SiO film may be deposited by using a 
plasma chemical vapor deposition method, for example. The 
contact hole 111 provides electrical contact with the upper 
electrode 106 of the ferroelectric thin-film capacitor, and 
may be formed by using a dry etching method, for example. 
The substrate 100 is then heated. This aims at discharging 
moisture contained in the interlayer dielectric 109. When the 
interlayer dielectric 109 is an ozone TEOS-SiO film, it is 
preferable to heat the substrate 100 under the annealing 
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conditions employed after forming the ferroelectric capaci 
tor 130. For example, the Substrate 100 may be subjected to 
a heat treatment at 675 C. for five minutes in an oxygen 
atmosphere. When the interlayer dielectric 109 is a plasma 
TEOS-SiO film, since the moisture content is lower than 
that of the ozone TEOS-SiO film, it suffices that the 
treatment temperature be equal to or less than the annealing 
temperature after forming the ferroelectric capacitor 130. 
This heating aims at causing the ferroelectric capacitor 130 
to recover from the plasma damage applied to the ferroelec 
tric capacitor 130 rather than discharging moisture. 

0152 (7) As shown in FIGS. 10 and 11, a conductive 
film 110 is formed in the region including the inner surface 
of the contact hole 111. 

0153. The conductive film 110 may be formed by using 
a Sputtering method. The material for the conductive film 
110 is not limited insofar as the material exhibits conduc 
tivity. In the case where a high-temperature heat treatment is 
required in the Subsequent Step, it is preferable to form the 
conductive film 110 using a thermally and chemically stable 
noble metal (Pt, Ir, or Pt/Ir oxide film, for example). The 
conductive film 110 may be formed by a noble metal stacked 
film. In the case where a heat treatment is unnecessary in the 
Subsequent step, the conductive film 110 may be formed of 
aluminum, titanium nitride, or the like. As shown in FIG. 11, 
the conductive film 110 is then patterned. 

0154. A ferroelectric memory device including the fer 
roelectric capacitor 130 can be manufactured in this manner. 
The ferroelectric memory device includes the substrate 100, 
the plug 101, the ferroelectric capacitor 130, and the first and 
second hydrogen barrier films 107 and 108. The hydrogen 
barrier film (first and second hydrogen barrier films 107 and 
108) is formed so that the thickness of the area provided on 
the upper electrode 106 is greater (about twice or four times, 
for example) than the thickness of the area provided on the 
sidewall of the ferroelectric capacitor 130. 

O155 Examples of this embodiment are described below. 
0156 1.1 Sample 

O157 A ferroelectric memory device obtained by the 
above-described manufacturing method is referred to as a 
Sample 1. In more detail, an AlO film was deposited as the 
first hydrogen barrier film 107 to a thickness of 60 nm by 
using an ALCVD method. An AlO film was deposited as the 
second hydrogen barrier film 108 to a thickness of 20 nm by 
using an ALCVD method. The ALCVD deposition condi 
tions were as shown in Table 1. 

TABLE 1. 

Organometallic raw material Trimethylaluminum (TMA) 
Oxidizing agent Ozone (O) 
Substrate temperature 3OO C. 
Base pressure 1 Torr 

0158. The first and second hydrogen barrier films 107 and 
108 were deposited by repeatedly performing a series of 
Steps consisting of (1) Os Supply step, (2) Oa purging step, 
(3) TMA Supply step, and (4) TMA purging step until a 
desired thickness was reached. The Steps (1) to (4) were 
pulsed Supplies. Each pulse time was as shown in Table 2. 
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TABLE 2 

Pulse time 

(1) Os supply 400 msec 
(2) Os purging 3200 mSec 
(3) TMA supply 100 msec 
(4) TMA purging 800 msec 

0159. A sample 2 was formed for comparison by using a 
conventional method. Specifically, the formation of the first 
hydrogen barrier film 107 in the manufacturing steps of the 
Sample 1 was omitted, and an AlO film was deposited as the 
second hydrogen barrier film to a thickness of 80 nm by 
using an ALCVD method. The resulting sample 2 had the 
Same device Structure as that of the Sample 1 except that the 
first hydrogen barrier film was not formed. 
0.160) 1.2 Characteristic Evaluation 
0.161 The characteristics of the memory devices obtained 
by each manufacturing method were compared. In this 
characteristic evaluation, attention was directed to the fer 
roelectric characteristics of the ferroelectric thin-film 
capacitor. When an appropriate alternating Voltage is applied 
between the upper and lower electrodes, a certain amount of 
electric charge occurs on the upper and lower electrodes 
depending on the amount and the direction of the applied 
Voltage. The applied Voltage and the amount of electric 
charge are respectively plotted on the horizontal axis and the 
Vertical axis in order to monitor this State to obtain a 
hysteresis loop specific to the ferroelectric caused by polar 
ization reversal. The polarization at a Voltage of Zero is 
called a remanent polarization. The greater the remanent 
polarization, the greater the amount of electric charge (sig 
nal), and the more advantageous for reading. 
0162 FIGS. 12A to 12C show the hysteresis loop of the 
ferroelectric capacitor in the Sample 1 according to this 
example. FIGS. 12A to 12C respectively show the cases 
where the size of the ferroelectric capacitor is 1x1 um, 
10x10 um, and 100x100 lum. FIGS. 13A to 13C show the 
hysteresis loop of the ferroelectric capacitor in the Sample 2 
according to the conventional example. FIGS. 13A to 13C 
respectively show the cases where the Size of the ferroelec 
tric capacitor is 1x1 um, 10x10 um, and 100x100 um. 
0163 AS is clear from each drawing, a hysteresis loop 
having an excellent SquareneSS and exhibiting a large rema 
nent polarization was obtained for the Sample 1 irrespective 
of the capacitor size. While ferroelectric characteristics 
similar to those of the sample 1 were obtained for the sample 
2 when the capacitor Size was large, the shape of the 
hysteresis loop is deformed and the remanent polarization is 
decreased as the capacitor Size is decreased. Therefore, it 
was confirmed that a large difference in the capacitor char 
acteristics occurs due to the difference in the device Structure 
between the Sample 1 and the Sample 2. 
0164. As described above, the difference in the structure 
between the Sample 1 and the Sample 2 is only the thickneSS 
of the AIO hydrogen barrier film provided on the sidewall 
of the ferroelectric capacitor. ASSuming that Such a differ 
ence affects the ferroelectric characteristics on the Sidewall 
of the ferroelectric capacitor to a large extent, it is expected 
that Such a difference closely relates to the deterioration of 
the characteristics of the Sample 2 accompanying a decrease 
in the capacitor size. 
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0.165. The stress of the AlO film deposited by using an 
ALCVD method was examined to obtain the results shown 
in FIG. 14. A tensile stress was applied to the hydrogen 
barrier film (AlO film) of the sample 2 deposited by using 
an ALCVD. method. FIG. 14 shows that the tensile stress is 
uniformly increased accompanying an increase in the thick 
ness of the hydrogen barrier film. The effect of this phe 
nomenon on the ferroelectric characteristics of the ferro 
electric capacitor is described below with reference to FIGS. 
15A and 15B. 

0166 FIG. 15A schematically shows the polarization 
vectors (Solid arrows) of the ferroelectric capacitor on which 
the hydrogen barrier film is not formed. FIG. 15B sche 
matically shows the polarization vectors (Solid arrows) of 
the ferroelectric capacitor in this example on which the first 
and second hydrogen barrier films 107 and 108 are formed. 
In FIG. 15B, the dotted arrows indicate the stress which 
occurs due to the hydrogen barrier film. 

0167. The crystal structure of the ferroelectric film 105 is 
tetragonal, and the polarization axis is <001>. However, as 
shown in FIG. 15A, since the ferroelectric film 105 is 
generally oriented along the (111) direction, the polarization 
vector extends in the oblique direction which makes a 
predetermined angle with the direction normal to the Surface 
of the substrate (Y direction). Since the magnitude of the 
polarization vector (magnitude of the Y direction component 
in more detail) determines the amount of electric charge 
which occurs on the electrode, the behavior of the polariza 
tion vector is very important. 
0.168. The polarization vector in this example is consid 
ered below with reference to FIG. 15B. 

0169 Attention is directed to the portion of the ferro 
electric film 105 near the upper electrode 106. Since the first 
and second hydrogen barrier films 107 and 108 (AlO films) 
deposited on the upper electrode 106 are formed to have a 
tensile StreSS, a compressive StreSS is applied to the upper 
electrode 106 and the ferroelectric film 105 in contact with 
the first and second hydrogen barrier films 107 and 108. 
Since the compressive StreSS functions to align the polar 
ization vector of the ferroelectric film 105 in the direction 
normal to the Surface of the Substrate, the magnitude of the 
component normal to the Surface of the Substrate (Y direc 
tion component) of the polarization vector is increased. 
Therefore, Since the amount of electric charge occurring on 
the electrode is increased to that extent, it is advantageous 
from the Viewpoint of read margin. 

0170. On the other hand, a phenomenon opposite to that 
occurring near the upper electrode 106 occurs on the Side 
wall of the ferroelectric film 105. Since the second hydrogen 
barrier film 108 (AlO film) deposited on the ferroelectric 
film 105 is formed to have a tensile stress, a compressive 
stress is applied to the ferroelectric film 105 in contact with 
the second hydrogen barrier film 108. Since the compressive 
StreSS functions to align the polarization vector of the 
ferroelectric film 105 in the direction parallel to the surface 
of the Substrate, the magnitude of the component normal to 
the surface of the substrate (Y direction component) of the 
polarization vector is decreased. This reduces the amount of 
Signal electric charge occurring on the electrode. 
0171 Specifically, in the case where the AIO hydrogen 
barrier film directly provided on the ferroelectric capacitor 



US 2005/0230727 A1 

has a tensile StreSS, Since the polarization vector rises in the 
ferroelectric film near the upper electrode, the amount of 
electric charge is increased. However, Since the polarization 
vector lies down on the sidewall of the ferroelectric film, the 
amount of electric charge is decreased. 
0172 Therefore, when the hydrogen barrier film is 
formed at a uniform thickness, a polarization loSS Signifi 
cantly occurs on the sidewall of the ferroelectric film as the 
Size of the ferroelectric capacitor is decreased, whereby 
deterioration of the hysteresis characteristics occurs. This 
coincides with the capacitor Size dependence of the hyster 
esis characteristics measured for the Sample 2. Specifically, 
it is considered that a large loSS of Signal electric charge 
occurs on the Sidewall of the ferroelectric capacitor due to 
the tensile stress of the AlO hydrogen barrier film deposited 
on the sidewall of the ferroelectric film. 

0173. In the sample 1, the AlO hydrogen barrier film is 
also disposed on the Sidewall of the ferroelectric capacitor. 
However, the thickness of the hydrogen barrier film is 4 of 
that of the sample 2 (sample 1=20 nm, sample 2=80 nm). 
Since the StreSS applied to the ferroelectric film is propor 
tional to the thickness of the AlO hydrogen barrier film, the 
compressive stress is decreased (about 4). It is considered 
that this prevents the direction of the polarization vector 
from being affected, whereby the loSS of Signal electric 
charge does not occur. Specifically, in this example, Suffi 
cient ferroelectric characteristics can be obtained even if the 
Size of the ferroelectric capacitor is reduced due to the 
absence of capacitor Size dependence. In other words, the 
Smaller the capacitor size, the more excellent the ferroelec 
tric characteristics of the ferroelectric capacitor according to 
this example. 

0174 Second Embodiment 
0175 FIGS. 16 to 26 schematically show a method of 
manufacturing a ferroelectric memory device according to a 
second embodiment of the present invention. In this embodi 
ment, the patterning Step of the upper electrode 206 is 
Separately performed from the patterning Step of the ferro 
electric film 204, the lower electrode 220, and the barrier 
metal layer 202. 

0176 (1) As shown in FIG. 16, a plug 201 is formed in 
a substrate 200, and a barrier metal layer 202 and a lower 
electrode 220 are formed on the plug 201. The details are the 
same as described for the first embodiment. The lower 
electrode 220 may be formed by stacking an iridium (Ir) thin 
film 203 and a platinum (Pt) film 204. 
0177) (2) As shown in FIGS. 17 to 19, a ferroelectric film 
205 and an upper electrode 206 are formed on the lower 
electrode 220. 

0.178 The material and the deposition method for the 
ferroelectric film 205 and the upper electrode 206 are the 
same as described for the first embodiment. However, in this 
embodiment, the upper electrode 206 is patterned to a 
desired shape using a resist mask. The upper electrode 206 
is formed to be smaller than the planar shape of the ferro 
electric film 205 which is patterned to a desired shape in the 
Subsequent Step. Specifically, the upper electrode 206 is 
formed to have a shape which avoids the outer circumfer 
ential section of the ferroelectric film 205 after patterning 
(entire outer circumferential Section, for example). 
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0179 (3) As shown in FIG. 20, a first hydrogen barrier 
film 207 is formed on the upper electrode 206 and the 
ferroelectric film 205 around the upper electrode 206. The 
first hydrogen barrier film 207 is formed to have a tensile 
StreSS by arbitrarily adjusting the deposition conditions. 
0180. The first hydrogen barrier film 107 may be formed 
by depositing an aluminum oxide (AlO) film using an 
ALCVD method, for example. As the raw material, various 
types of organoaluminum (trimethylaluminum (TMA), for 
example) may be used. As the oxidizing agent, ozone (O) 
may be used. 
0181. In this embodiment, the material and the deposition 
method for the first hydrogen barrier film 207 are not 
limited. For example, the first hydrogen barrier film 207 may 
be formed by using a Sputtering method in the same manner 
as the upper electrode 206. 
0182 (4) As shown in FIG. 21, the first hydrogen barrier 
film 207, the ferroelectric. film 205, the lower electrode 220, 
and the barrier metal layer 202 are patterned to form a 
ferroelectric capacitor 230. 
0183) The ferroelectric capacitor 230 is formed on the 
plug 201. The patterning may be performed using a dry 
etching method by applying a lithographic technology. The 
ferroelectric capacitor 230 is then Subjected to an annealing 
treatment at 675 C. for five minutes in an oxygen atmo 
sphere. The first hydrogen barrier film 207. the ferroelectric 
film 205, the lower electrode 220, and the barrier metal layer 
202 are formed to have a planar shape greater than the planar 
shape of the upper electrode 206. 
0184 (5) As shown in FIG. 22, a second hydrogen 
barrier film 208 is formed to cover the ferroelectric capacitor 
230. The second hydrogen barrier film 208 is formed to have 
a tensile StreSS by arbitrarily adjusting the deposition con 
ditions. 

0185. In more detail, the second hydrogen barrier film 
208 is formed to cover the first hydrogen barrier film 207 on 
the ferroelectric capacitor 230, the sidewall of the ferroelec 
tric capacitor 230, and the substrate 200. Specifically, the 
first and second hydrogen barrier films 207 and 208 are 
formed in layers on the ferroelectric capacitor 230 (upper 
electrode 206, for example), and only the Second hydrogen 
barrier film 208 is formed on the sidewall of the ferroelectric 
capacitor 230. This enables the thickness of the hydrogen 
barrier film on the upper side of the ferroelectric capacitor 
230 to be relatively greater than the thickness of the hydro 
gen barrier film on the Sidewall of the ferroelectric capacitor 
230. 

0186. As the material for the second hydrogen barrier 
film 208, the description for the first hydrogen barrier film 
207 may be applied. The material for the second hydrogen 
barrier film 208 may be either the same as or different from 
the material for the first hydrogen barrier film 207. The 
deposition method for the second hydrogen barrier film 208 
is also the same as described for the first hydrogen barrier 
film 207. The deposition method for the second hydrogen 
barrier film 208 may be the same as the deposition method 
for the first hydrogen barrier film 207 (ALCVD method, for 
example), or may be different from the deposition method 
for the first hydrogen barrier film 207 (first hydrogen barrier 
film: Sputtering method, Second hydrogen barrier film: 
ALCVD method, for example). 
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0187 (6) As shown in FIGS. 23 and 24, an interlayer 
dielectric 209 is formed, and a contact hole 211 is formed in 
the interlayer dielectric 209. 
0188 As the interlayer dielectric 209, a tetraethylortho 
silicate (TEOS) -SiO film may be deposited by using a 
plasma chemical vapor deposition method, for example. The 
contact hole 211 may be formed by using a dry etching 
method, for example. The substrate 200 is then heated in the 
Same manner as described in the first embodiment. 

0189 (7) As shown in FIGS. 25 and 26, a conductive 
film 210 is formed in the region including the inner surface 
of the contact hole 211. The conductive film 210 is deposited 
by using a Sputtering method, and is then patterned. The 
material for the conductive film 210 is not limited insofar as 
the material exhibits conductivity, and the description for the 
first embodiment may be applied. 
0190. A ferroelectric memory device including the fer 
roelectric capacitor 230 can be manufactured in this manner. 
The ferroelectric memory device includes the substrate 200, 
the plug 201, the ferroelectric capacitor 230, and the first and 
second hydrogen barrier films 207 and 208. The planar 
shape of the upper electrode 206 is smaller than the planar 
shape of the ferroelectric film 205. The hydrogen barrier film 
(first and second hydrogen barrier films 207 and 208) is 
formed so that the thickness of the area provided on the 
upper electrode 206 is greater (about twice or four times, for 
example) than the thickness of the area provided on the 
sidewall of the ferroelectric capacitor 230. 
0191 Examples of this embodiment are described below. 
0192) 2.1 Sample 
0193 A ferroelectric memory device obtained by the 
above-described manufacturing method is referred to as a 
Sample 3. In more detail, an AlO film was deposited as the 
first hydrogen barrier film 207 to a thickness of 60 nm by 
using an ALCVD method. An AlO film was deposited as the 
second hydrogen barrier film 208 to a thickness of 20 nm by 
using an ALCVD method. As the details of the ALCVD 
deposition conditions, the description of Example 1 may be 
applied. 
0194 Asample 4 was formed for comparison by using a 
conventional method. Specifically, the formation of the first 
hydrogen barrier film 207 in the manufacturing steps of the 
Sample 3 was omitted, and an AlO film was deposited as the 
second hydrogen barrier film to a thickness of 80 nm by 
using an ALCVD method. The resulting sample 4 had the 
Same device Structure as that of the Sample 3 except that the 
first hydrogen barrier film was not formed. 
0195 2.2 Characteristic Evaluation 
0196. The characteristics of the memory devices obtained 
by each manufacturing method were compared. In this 
characteristic evaluation, attention was directed to the fer 
roelectric characteristics of the ferroelectric thin-film 
capacitor. When an appropriate alternating Voltage is applied 
between the upper and lower electrodes, a certain amount of 
electric charge occurs on the upper and lower electrodes 
depending on the amount and the direction of the applied 
Voltage. The applied Voltage and the amount of electric 
charge are respectively plotted on the horizontal axis and the 
Vertical axis in order to monitor this State to obtain a 
hysteresis loop specific to the ferroelectric caused by polar 
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ization reversal. The polarization at a Voltage of Zero is 
called a remanent polarization. The greater the remanent 
polarization, the greater the amount of electric charge (sig 
nal), and the more advantageous for reading 
0197 FIG. 27 shows the hysteresis loop of the ferroelec 
tric capacitor in the Sample 3 according to this example, and 
FIG. 28 shows the hysteresis loop of the ferroelectric 
capacitor in the Sample 4 according to the conventional 
example. 
0198 AS is clear from each drawing, while a hysteresis 
loop having an excellent SquareneSS and a large remanent 
polarization is obtained for the Sample 3, the Sample 4 shows 
a deformed hysteresis loop and has a Small remanent polar 
ization. It was confirmed that a large difference in the 
capacitor characteristics occurs after interconnection due to 
the difference in the device formation process between the 
Sample 3 and the Sample 4. 
0199. In addition to the examination of Example 1, the 
following examination may be considered. 
0200. A resist mask is generally used to etch the ferro 
electric capacitor. In this example, a resist mask with a 
desired shape is formed to pattern the ferroelectric film, the 
lower electrode, and the barrier metal layer. In order to 
remove the resist mask after patterning, ashing is generally 
performed. In the ashing Step, nitrogen or oxygen plasma, 
water, methanol, or the like is used. However, when hydro 
gen molecules generated when these molecules are made 
into plasma or react with the resist reach the upper electrode 
after removal of the resist, the hydrogen molecules dissoci 
ate to enter the ferroelectric film as activated hydrogen 
radicals. If Such a phenomenon occurs, the ferroelectric film 
is reduced at the interface between the upper electrode and 
the ferroelectric layer, whereby the electrical characteristics 
deteriorate to a considerable extent. Fluorine-containing 
molecules are used as an etchant when etching a noble metal 
Such as platinum used as the upper electrode or etching the 
ferroelectric material. Since these molecules are included in 
the resist, these molecules are released during resist ashing. 
Since a fluorine atom is an element which exhibits a Strong 
reducing effect, a fluorine atom reduces the ferroelectric film 
in the same manner as hydrogen, thereby causing the char 
acteristics of the ferroelectric film to deteriorate to a con 
siderable extent. If the crystallinity of the ferroelectric film 
is disordered due to the reducing effect, it is difficult to 
recover the crystallinity even if a heat treatment is per 
formed in the Subsequent step. In the case where a TEOS 
SiO film is deposited on the ferroelectric capacitor as the 
interlayer dielectric, if hydrogen generated during the depo 
Sition process enters from the upper electrode, hydrogen 
reduces the ferroelectric film at the interface between the 
upper electrode and the ferroelectric film, thereby causing 
the electrical characteristics of the ferroelectric film to 
deteriorate to a considerable extent. It is considered that the 
characteristics of the Sample 4 deteriorate to a large extent 
due to hydrogen damage caused by ashing of the resist mask 
after etching of the ferroelectric capacitor and deposition of 
the TEOS-SiO film as the interlayer dielectric. 
0201 In the sample 3, the first hydrogen barrier film 207 
is formed after forming the upper electrode of the ferroelec 
tric capacitor by patterning. Therefore, reducing elements 
can be prevented from reaching the upper electrode in the 
atmosphere employed for resist mask ashing performed after 
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etching the ferroelectric film 205, the lower electrode 220, 
and the barrier metal layer 202. Moreover, since the second 
hydrogen barrier film 208 is applied after forming the 
ferroelectric capacitor 230, a hydrogen barrier film thicker 
than that on the sidewall of the capacitor is formed on the 
upper electrode 206. Therefore, hydrogen generated during 
formation of the interlayer dielectric 209 can be completely 
prevented from entering the ferroelectric film 205 from the 
upper electrode 206. As a result, as shown in FIG. 27, 
excellent ferroelectric characteristics free from hydrogen 
damage can be obtained. 
0202) 2.3 Characteristic Evaluation 
0203 The ferroelectric characteristics are compared 
between the sample 3 obtained in this example and the 
Sample 1 obtained in Example 1. From the comparison of the 
hysteresis characteristics between FIGS. 12A to 12C 
(sample 1) and FIG. 27 (sample 3), the hysteresis loop 
obtained for the Sample 3 generally excels in Squareness and 
exhibits excellent hysteresis characteristics. 
0204. The sample 1 was formed by applying a method of 
collectively etching the upper electrode 106, the ferroelec 
tric film 105, the lower electrode layer 120, and the barrier 
metal layer 102 using the mask provided on the upper 
electrode 106. On the other hand, the sample 3 of this 
example is formed by patterning only the upper electrode 
206 in advance, and etching the ferroelectric film 205, the 
lower electrode film 220, and the barrier metal layer 202 to 
have an area greater than that of the upper electrode 206. In 
this case, etching damage occurs on the Sidewall of the 
ferroelectric film 205 in the same manner as in the sample 
1. However, since only the area of the ferroelectric film 205 
positioned between the upper electrode 206 and the lower 
electrode 220 contributes to the electrical characteristics of 
the ferroelectric capacitor 230, the damaged area on the 
sidewall of the ferroelectric film 205 does not affect the 
electrical characteristics of the ferroelectric capacitor 230. 
The term “etching damage' used herein refers to damage 
caused by etching, and means a phenomenon in which 
crystallinity is disordered due to exposure to etching gas, 
whereby the original ferroelectric characteristics cannot be 
obtained. In the area Subjected to the etching damage, Since 
a volatile element is mainly in deficit, the chemical bond is 
unstable. Such a damaged area is easily reduced by hydro 
gen or moisture generated in the Subsequent Step to form a 
layer with a low dielectric constant, thereby causing the 
electrical characteristics of the ferroelectric capacitor to 
deteriorate. Therefore, the device formation process and the 
device Structure of the Sample 3 in this example are 
extremely effective for improving the proceSS resistance of 
the ferroelectric capacitor. 
0205 Third Embodiment 
0206 FIGS. 29 to 41 schematically show a method of 
manufacturing a ferroelectric memory device according to a 
third embodiment of the present invention. In this embodi 
ment, a third hydrogen barrier film 309 is formed in addition 
to first and second hydrogen barrier films 307 and 308. 
0207 (1) As shown in FIG. 29, a plug 301 is formed in 
a substrate 300, and a barrier metal layer 302 and a lower 
electrode 320 are formed on the plug 301. The details are the 
same as described in the first embodiment. The lower 
electrode 320 may be formed by stacking an iridium (Ir) thin 
film 303 and a platinum (Pt) film 3.04. 
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0208 (2) As shown in FIGS. 30 and 31, a ferroelectric 
film 305 and an upper electrode 306 are formed on the lower 
electrode 320. The material and the deposition method for 
the ferroelectric film 305 and the upper electrode 306 are the 
Same as described in the first embodiment. 

0209 (3) As shown in FIG. 32, the first hydrogen barrier 
film 307 is formed on the upper electrode 306. The first 
hydrogen barrier film 307 is formed to have a tensile stress 
by arbitrarily adjusting the deposition conditions. 
0210. The first hydrogen barrier film 307 may be formed 
by depositing an aluminum oxide (AlO) film using an 
ALCVD method, for example. As the raw material, various 
types of organoaluminum (trimethylaluminum (TMA), for 
example) may be used. As the oxidizing agent, ozone (O) 
may be used. 
0211. In this embodiment, the material and the deposition 
method for the first hydrogen barrier film 307 are not 
limited. For example, the first hydrogen barrier film 3.07 may 
be formed by using a Sputtering method in the same manner 
as the upper electrode 306. 
0212 (4) As shown in FIG.33, the first hydrogen barrier 
film 307 and the upper electrode 306 are patterned to a 
desired shape. The first hydrogen barrier film 307 and the 
upper electrode 306 are formed to be smaller than the planar 
shape of the ferroelectric film 305 which is patterned to a 
desired shape in the Subsequent Step. 
0213 Specifically, the first hydrogen barrier film 307 and 
the upper electrode 306 arc formed to have a shape which 
avoids the outer circumferential Section of the ferroelectric 
film 305 after patterning (entire outer circumferential sec 
tion, for example). 
0214 (5-1) As shown in FIG. 34, the second hydrogen 
barrier film 308 is formed on the first hydrogen barrier film 
307 and the ferroelectric film 305 around the first hydrogen 
barrier film 307. Specifically, the first and second hydrogen 
barrier films 307 and 308 are formed in layers on the upper 
electrode 306. The second hydrogen barrier film 308 is 
formed to have a tensile StreSS by arbitrarily adjusting the 
deposition conditions. 
0215. As the material for the second hydrogen barrier 
film 308, the description for the first hydrogen barrier film 
307 may be applied. The material for the second hydrogen 
barrier film 308 may be either the same as or different from 
the material for the first hydrogen barrier film 307. The 
deposition method for the second hydrogen barrier film 308 
is also the same as described for the first hydrogen barrier 
film 307. The deposition method for the second hydrogen 
barrier film 308 may be the same as the deposition method 
for the first hydrogen barrier film 307 (ALCVD method, for 
example), or may be different from the deposition method 
for the first hydrogen barrier Film 307 (first hydrogen barrier 
film: Sputtering, method, Second hydrogen barrier film: 
ALCVD method, for example). 
0216 (5-2) As shown in FIG. 35, the second hydrogen 
barrier film 308 and the ferroelectric film 305 are patterned 
to a desired shape. The patterning may be performed using 
a dry etching method by applying a lithographic technology. 
The second hydrogen barrier film 308 and the ferroelectric 
film 305 are formed to have a planar shape larger than that 
of the upper electrode 306 and the first hydrogen barrier film 
3.07. 
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0217 (5-3) As shown in FIG. 36, the remaining lower 
electrode 320 and barrier metal layer 302 are patterned to 
form a ferroelectric capacitor 330. 
0218. The ferroelectric capacitor 330 is formed on the 
plug 301. The patterning may be performed using a dry 
etching method by applying a lithographic technology. The 
ferroelectric capacitor 330 is then Subjected to an annealing 
treatment at 675 C. for five minutes in an oxygen atmo 
sphere. The lower electrode 320 and the barrier metal layer 
302 are formed to have a planar shape larger than that of the 
ferroelectric film 3.05. 

0219 (5-4) As shown in FIG. 37, the third hydrogen 
barrier film 309 is formed to cover the ferroelectric capacitor 
330. The third hydrogen barrier film 309 is formed to have 
a tensile StreSS by arbitrarily adjusting the deposition con 
ditions. 

0220. In more detail, the hydrogen barrier film 309 is 
formed to cover the first and second hydrogen barrier films 
307 and 308 on the ferroelectric capacitor 330, the sidewall 
of the ferroelectric capacitor 330, and the Substrate 300. 
Specifically, the first to third hydrogen barrier films 307, 
308, and 309 are formed in layers on the ferroelectric 
capacitor 330 (upper electrode 306, for example), and only 
the third hydrogen barrier film 309 is formed on the side 
walls of the lower electrode 320 and the barrier metal layer 
302. The second and third hydrogen barrier films 308 and 
309 are formed on the sidewalls of the upper electrode 306 
and the ferroelectric film 305. This enables the thickness of 
the hydrogen barrier film on the upper Side of the ferroelec 
tric capacitor 330 to be relatively greater than the thickness 
of the hydrogen barrier film on the sidewall of the ferro 
electric capacitor 330. 

0221) As the material and the deposition method for the 
third hydrogen barrier film 309, the description for the first 
hydrogen barrier film 3.07 may be applied. The first to third 
hydrogen barrier films 307, 308, and 309 may be formed of 
the same material, or one of the first to third hydrogen barrier 
films 307, 308, and 309 may be formed of a different 
material, or the first to third hydrogen barrier films 307, 308, 
and 309 may be respectively formed of different materials. 
The first to third hydrogen barrier films 307, 308, and 309 
may be formed by using the Same deposition method 
(ALCVD method, for example), or one of the first to third 
hydrogen barrier films 307, 308, and 309 may be formed by 
using a different deposition method. AS an example of the 
latter, the first hydrogen barrier film 3.07 may be formed by 
using a Sputtering method, and the Second and third hydro 
gen barrier films 308 and 309 may be formed by using an 
ALCVD method. As another example, the first and second 
hydrogen barrier films 307 and 308 may be formed by using 
a sputtering method, and the third hydrogen barrier film 309 
may be formed by using an ALCVD method. 
0222 (6) As shown in FIGS. 38 and 39, an interlayer 
dielectric 309 is formed, and a contact hole 311 is formed in 
the interlayer dielectric 309. 
0223) As the interlayer dielectric 310, a tetraethylortho 
silicate (TEOS)-SiO film may be deposited by using a 
plasma chemical vapor deposition method, for example. The 
contact hole 311 may be formed by using a dry etching 
method, for example. The substrate 300 is then heated in the 
Same manner as described in the first embodiment. 
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0224 (7) As shown in FIGS. 40 and 41, a conductive 
film 312 is formed in the region including the inner Surface 
of the contact hole 311. The conductive film 312 is deposited 
by using a Sputtering method, and is then patterned. The 
material for the conductive film 312 is not limited insofar as 
the material exhibits conductivity, and the description for the 
first embodiment may be applied. 
0225. A ferroelectric memory device including the fer 
roelectric capacitor 330 can be manufactured in this manner. 
The ferroelectric memory device includes the substrate 300, 
the plug 301, the ferroelectric capacitor 330, and the first to 
third hydrogen barrier films 307, 308, and 309. The planar 
shape of the upper electrode 306 is smaller than the planar 
shape of the ferroelectric film 3.05. The planar shape of the 
ferroelectric film 305 is smaller than the planar shape of the 
lower electrode 320. The hydrogen barrier film (first to third 
hydrogen barrier films 307, 308, and 309) is formed so that 
the thickness of the area provided on the upper electrode 306 
is greater (about twice or four times, for example) than the 
thickness of the area provided on the sidewall of the ferro 
electric capacitor 330. 
0226 Examples of this embodiment are described below. 
0227 3.1 Sample 
0228. A ferroelectric memory device obtained by the 
above-described manufacturing method is referred to as a 
Sample 5. In more detail, an AlO film was deposited as the 
first hydrogen barrier film 307 to a thickness of 60 nm by 
using an ALCVD method, an AlO film was deposited as the 
second hydrogen barrier film 308 to a thickness of 10 nm by 
using an ALCVD method, and an AlO film was deposited 
as the third hydrogen barrier film 309 to a thickness of 10 nm 
by using an ALCVD method. As the details of the ALCVD 
deposition conditions, the description of Example 1 may be 
applied. 
0229. A sample 6 was formed for comparison by using a 
conventional method. Specifically, the formation of the first 
and second hydrogen barrier films 307 and 308 in the 
manufacturing Steps of the Sample 6 was omitted, and only 
a hydrogen barrier film corresponding to the third hydrogen 
barrier film 309 in the sample 5 was deposited to a thickness 
of 80 nm by using an ALCVD method. The resulting sample 
6 had the same device structure as that of the sample 5 
except that the first hydrogen barrier film 307 and the second 
hydrogen barrier film 308 were not formed. 
0230 3.2 Characteristic Evaluation 
0231. The characteristics of the memory devices obtained 
by each manufacturing method were compared. In this 
characteristic evaluation, attention was directed to the fer 
roelectric characteristics of the ferroelectric thin-film 
capacitor. When an appropriate alternating Voltage is applied 
between the upper and lower electrodes, a certain amount of 
electric charge occurs on the upper and lower electrodes 
depending on the amount and the direction of the applied 
Voltage. The applied Voltage and the amount of electric 
charge are respectively plotted on the horizontal axis and the 
Vertical axis in order to monitor this State to obtain a 
hysteresis loop specific to the ferroelectric caused by polar 
ization reversal. The polarization at a Voltage of Zero is 
called a remanent polarization. The greater the remanent 
polarization, the greater the amount of electric charge (sig 
nal), and the more advantageous for reading. 



US 2005/0230727 A1 

0232 FIG. 42 shows the hysteresis loop of the ferroelec 
tric capacitor in the Sample 5 according to this example, and 
FIG. 43 shows the hysteresis loop of the ferroelectric 
capacitor in the Sample 6 according to the conventional 
example. 

0233 AS is clear from each drawing, while a hysteresis 
loop having an excellent SquareneSS and a large remanent 
polarization was obtained for the Sample 5, the Sample 6 
shows a deformed hysteresis loop and has a Small remanent 
polarization. It was confirmed that a large difference in the 
capacitor characteristics occurs after interconnection due to 
the difference in the device formation process between the 
sample 5 and the sample 6. 

0234. It is considered that the ferroelectric characteristics 
of the Sample 6 deteriorate to a large extent due to hydrogen 
damage caused by ashing of the resist mask after etching of 
the ferroelectric capacitor and deposition of the TEOS 
SiO film as the interlayer dielectric. The details are the 
Same as described in Example 2. 

0235. In this example, when forming the ferroelectric 
capacitor, the upper electrode 306 is formed in the first 
patterning step, the ferroelectric film 305 is formed in the 
Second patterning Step, and the lower electrode 320 and the 
barrier metal layer 302 are formed in the third patterning 
Step. Specifically, the Sample 5 is Subjected to three Stages of 
etching in the order from the first to third patterning steps. 
In the first patterning step, the first hydrogen barrier film 307 
is formed in advance on the upper electrode 306 before 
patterning the upper electrode 306. Therefore, in the resist 
ashing Step after patterning the upper electrode 306, hydro 
gen can be prevented from entering the upper electrode 306. 
In the Second patterning Step, the Second hydrogen barrier 
film 307 is formed in advance on the ferroelectric film 305 
before patterning the ferroelectric film 3.05. Therefore, in the 
resist ashing step after patterning the ferroelectric film 305, 
hydrogen can be prevented from reaching the interface 
between the ferroelectric film 305 and the upper electrode 
306. In the third pattern in a step, the third hydrogen barrier 
film 309 is formed in advance on the lower electrode 320 
before patterning the lower electrode 320 and the barrier 
metal layer 302. Therefore, in the resist ashing step after 
patterning the lower electrode 320 and the barrier metal 
layer 302, since a plurality of hydrogen barrier films have 
been formed on the upper electrode 306 and the ferroelectric 
film 305, hydrogen does not reach the interface between the 
upper electrode 306 and the ferroelectric film 305. Since the 
hydrogen barrier film (first to third hydrogen barrier film 
307, 308, and 309) thicker than that of the sample 6 has been 
formed on the upper electrode 306 of the ferroelectric 
capacitor 330 in the Stage of depositing the interlayer 
dielectric 310, hydrogen can be completely prevented from 
entering the ferroelectric film 305 from the upper electrode 
306. As a result, as shown in FIG. 42, excellent ferroelectric 
characteristics free from hydrogen damage can be obtained. 

0236 4.1 Sample 
0237. In the sample 5 of Example 3, the first hydrogen 
barrier film 307, the second hydrogen barrier film 308, and 
the third hydrogen barrier film 309 were formed by using an 
ALCVD method. Trimethylaluminum (TMA) was used as 
the raw material, and OZone was used as the oxidizing agent. 

Oct. 20, 2005 

0238 A sample 7 for comparison was formed by using 
water (H2O) as the oxidizing agent instead of OZone. The 
remaining conditions were the Same as those for the Sample 
5. 

0239 4.2 Characteristic Evaluation 
0240 The hysteresis loop was measured in order to 
examine the ferroelectric characteristics of the Sample 7 to 
obtain the result as shown in FIG. 44. AS is clear from the 
comparison with FIG. 42, the sample 7 exhibits poor 
characteristics. Although both water and OZone function as 
the oxidizing agent for TMA, a large difference in the 
capacitor characteristics occurred due to the difference in the 
Oxidizing agent. 

0241 When water molecules are supplied in a state in 
which TMA is adsorbed on the Surface of the Substrate, the 
methyl group (CH) bonded to the aluminium atom reacts 
with the water molecule and exchanges the ligand to form an 
OH group. After all the methyl groups on the Surface have 
reacted and become Saturated, the unreacted water mol 
ecules remain in the film as exceSS molecules and are 
diffused toward the PZT capacitor. It is known that HO 
penetrating the ferroelectric (PZT) impairs the insulating 
characteristics and the ferroelectric characteristics of the 
ferroelectric. In this example, Since the water molecules are 
Supplied during the AlO deposition process in an amount 
equal to or greater than the amount necessary for oxidizing 
TMA, it is considered that deterioration of the characteristics 
of the PZT capacitor (deterioration of crystallinity) occurred 
due to the water molecules incorporated into PZT. 
0242. The following reaction occurs when ozone is used 
to oxidize TIMA as in the case of the sample 5 of Example 
3. When ozone is supplied in a state in which TMA is 
adsorbed on the Substrate, the methyl group bonded to the 
aluminium atom is decomposed into carbon dioxide (CO) 
and water (HO) due to a complete combustion reaction. The 
water molecule among these by-products acts on the unre 
acted methyl group to form an OH group in the same manner 
as described above. Since the water molecules produced 
during the reaction proceSS are consumed by the ligand 
replacement reaction of TMA, it is considered that the 
amount of the water molecules remaining in the AIO film is 
Significantly Small or the water molecules rarely exist in the 
AlO film. It is considered that this prevents deterioration of 
the characteristics of the PZT capacitor differing from this 
example. It was confirmed that use of OZone as the oxidizing 
agent for TMA is extremely effective for maintaining the 
characteristics of the ferroelectric capacitor. 
0243 Although only some embodiments of the present 
invention have been described in detail above, those skilled 
in the art will readily appreciate that many modifications are 
possible in the embodiments without materially departing 
from the novel teachings and advantages of this invention. 
Accordingly, all Such modifications are intended to be 
included within Scope of this invention. 

What is claimed is: 
1. A ferroelectric memory device, comprising: 
a Substrate; 

a ferroelectric capacitor which is formed on the Substrate 
and includes a lower electrode, a ferroelectric film, and 
an upper electrode, 
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a hydrogen barrier film provided to cover the ferroelectric 
capacitor, and 

an interlayer dielectric provided on the hydrogen barrier 
film, 

wherein a thickness of an area of the hydrogen barrier film 
provided on the upper electrode is greater than a 
thickness of an area of the hydrogen barrier film 
provided on a Sidewall of the ferroelectric capacitor. 

2. The ferroelectric memory device as defined in claim 1, 
wherein an area of an upper Surface of the ferroelectric 

film is greater than an area of an interface between the 
ferroelectric film and the upper electrode. 

3. The ferroelectric memory device as defined in claim 1, 
wherein the hydrogen barrier film includes: 
a first hydrogen barrier film provided on the upper elec 

trode; and 
a Second hydrogen barrier film provided on the first 

hydrogen barrier film and in a region including the 
Sidewall of the ferroelectric capacitor. 

4. The ferroelectric memory device as defined in claim 2, 
wherein the hydrogen barrier film includes: 
a first hydrogen barrier film provided on the upper elec 

trode, 
a Second hydrogen barrier film provided on the first 

hydrogen barrier film and the ferroelectric film; and 
a third hydrogen barrier film provided on the second 

hydrogen barrier film and in a region including the 
Sidewall of the ferroelectric capacitor. 

5. The ferroelectric memory device as defined in claim 1, 
wherein the hydrogen barrier film is formed by using an 

atomic-layer CVD (ALCVD) method. 
6. The ferroelectric memory device as defined in claim 1, 
wherein the hydrogen barrier film is an oxide including 

one or more elements Selected from aluminum, tita 
nium, hafnium, Zirconium, magnesium, and tantalum. 

7. A method of manufacturing a ferroelectric memory 
device, the method comprising: 

forming a hydrogen barrier film which covers a ferroelec 
tric capacitor including a lower electrode, a ferroelec 
tric film, and an upper electrode, 

wherein a thickness of an area of the hydrogen barrier film 
provided on the upper electrode is made greater than a 
thickness of an area of the hydrogen barrier film 
provided on a Sidewall of the ferroelectric capacitor by 
forming the area of the hydrogen barrier film provided 
on the upper electrode in a plurality of layers. 

8. A method of manufacturing a ferroelectric memory 
device, the method comprising: 

(a) forming a lower electrode, a ferroelectric film, and an 
upper electrode on a Substrate in layers in that order; 

(b) forming a first hydrogen barrier film on the upper 
electrode, 

(c) patterning the first hydrogen barrier film, the upper 
electrode, the ferroelectric film, and the lower electrode 
to form a ferroelectric capacitor, and 
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(d) forming a second hydrogen barrier film which covers 
the ferroelectric capacitor. 

9. A method of manufacturing a ferroelectric memory 
device, the method comprising: 

(a) forming a lower electrode, a ferroelectric film, and an 
upper electrode on a Substrate in layers in that order; 

(b) patterning the upper electrode, 
(c) forming a first hydrogen barrier film on the upper 

electrode and the ferroelectric film; 

(d) patterning the first hydrogen barrier film, the ferro 
electric film, and the lower electrode to have an area 
greater than an area of the upper electrode to form a 
ferroelectric capacitor; and 

(e) forming a second hydrogen barrier film which covers 
the ferroelectric capacitor. 

10. A method of manufacturing a ferroelectric memory 
device, the method comprising: 

(a) forming a lower electrode, a ferroelectric film, and an 
upper electrode on a Substrate in layers in that order; 

(b) forming a first hydrogen barrier film on the upper 
electrode, 

(c) patterning the first hydrogen barrier film and the upper 
electrode, 

(d) forming a second hydrogen barrier film on the first 
hydrogen barrier film and the ferroelectric film; 

(e) patterning the Second hydrogen barrier film, the fer 
roelectric film, and the lower electrode to have an area 
greater than an area of the upper electrode to form a 
ferroelectric capacitor; and 

(f) forming a third hydrogen barrier film which covers the 
ferroelectric capacitor. 

11. The method of manufacturing a ferroelectric memory 
device as defined in claim 8, 

wherein the first hydrogen barrier film is formed by using 
the same method as the upper electrode. 

12. The method of manufacturing a ferroelectric memory 
device as defined in claim 9, 

wherein the first hydrogen barrier film is formed by using 
the same method as the upper electrode. 

13. The method of manufacturing a ferroelectric memory 
device as defined in claim 7, 

wherein at least one of the hydrogen barrier films is 
formed by using an atomic-layer CVD (ALCVD) 
method. 

14. The method of manufacturing a ferroelectric memory 
device as defined in claim 8, 

wherein at least one of the first and Second hydrogen 
barrier films is formed by using an atomic-layer CVD 
(ALCVD) method. 

15. The method of manufacturing a ferroelectric memory 
device as defined in claim 9, 

wherein at least one of the first and Second hydrogen 
barrier films is formed by using an atomic-layer CVD 
(ALCVD) method. 
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16. The method of manufacturing a ferroelectric memory 
device as defined in claim 10, 

wherein at least one of the first, Second, and third hydro 
gen barrier films is formed by using an atomic-layer 
CVD (ALCVD) method. 

17. The method of manufacturing a ferroelectric memory 
device as defined in claim 13, 

wherein OZone is used as an oxidizing agent for a metal 
element to be supplied in the ALCVD method. 

18. The method of manufacturing a ferroelectric memory 
device as defined in claim 14, 
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wherein OZone is used as an oxidizing agent for a metal 
clement to be supplied in the ALCVD method. 

19. The method of manufacturing a ferroelectric memory 
device as defined in claim 15, 

wherein OZone is used as an oxidizing agent for a metal 
element to be supplied in the ALCVD method. 

20. The method of manufacturing a ferroelectric memory 
device as defined in claim 16, 

wherein OZone is used as an oxidizing agent for a metal 
element to be supplied in the ALCVD method. 

k k k k k 


