SEMICONDUCTOR DEVICE

[0001] This patent application claims priority to Korean Patent Application No. 10-2019-
0025713, filed on 6 March 2019 with the Korean Intellectual Property Office, the disclosure of

which is incorporated herein by reference in its entirety.

TECHNICAL FIELD
[0002] The present inventive concepts relate to a semiconductor device, and more particularly,

to a semiconductor device that uses a capacitor as a data storage element.

BACKGROUND

[0003] In recent years, semiconductor elements have been increased in capacity and/or
integration, and design rules have also decreased. Such a tendency is also shown in a DRAM
which is one of memory semiconductor elements. A certain level or more of capacitance
(electrostatic capacity) is required for each cell in order for the DRAM device to operate.

[0004] The increase in capacitance increases an amount of charge stored in the capacitor to
improve the refresh characteristics of the semiconductor device. The improved refresh
characteristics of the semiconductor device may improve the yield of the semiconductor device.
[0005] In order to increase the capacitance, methods of utilizing a dielectric film having a high
dielectric constant for a capacitor or increasing a contact area between a lower electrode of the

capacitor and a dielectric film have been studied.

SUMMARY
[0006] Aspects of the present inventive concepts provide a semiconductor device capable of

improving the performance and reliability of the element, by increasing the capacitance of the



capacitor, using a capacitor dielectric film including a ferroelectric material and a paraelectric
material.

[0007] However, aspects of the present inventive concepts are not restricted to the one set forth
herein. The above and other aspects of the present inventive concepts will become more
apparent to one of ordinary skill in the art to which the present inventive concepts pertain by
referencing the detailed description of the present inventive concepts given below.

[0008] According to an aspect of the present inventive concepts, there is provided a
semiconductor device comprising first and second electrodes apart from each other, and a
capacitor dielectric film between the first electrode and the second electrode and including a
first dielectric film and a second dielectric film. The first dielectric film includes one of a first
monometal oxide film and a first bimetal oxide film, the first dielectric film has an
orthorhombic crystal system, the second dielectric film includes a paraelectric material, and a
dielectric constant of the capacitor dielectric film is greater than a dielectric constant of the
second dielectric film.

[0009] According to an aspect of the present inventive concepts, there is provided a
semiconductor device comprising first and second electrodes apart from each other, a capacitor
dielectric film between the first electrode and the second electrode, and including a first
dielectric film and a second dielectric film, the first dielectric film including a ferroelectric
material, the second dielectric film including a paraelectric material and being between the first
dielectric film and the first electrode, and at least one interfacial film including a conductive
material and being in contact with the first dielectric film.

[0010] According to an aspect of the present inventive concepts, there is provided a
semiconductor device comprising a first insulation pattern including a first sidewall and a
second sidewall adjacent to each other on a substrate, a second insulation pattern separate from
the first insulation pattern on the substrate and including a third sidewall and a fourth sidewall

adjacent to each other, the fourth sidewall of the second insulation pattern facing the second
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sidewall of the first insulation pattern, a first lower electrode extending along the first sidewall
of the first insulation pattern and not extending along the second sidewall of the first insulation
pattern, a second lower electrode extending along the third sidewall of the second insulation
pattern and not extending along the fourth sidewall of the second insulation pattern, a capacitor
dielectric film extending along the first lower electrode, the second lower electrode, the second
sidewall of the first insulation pattern and the fourth sidewall of the second insulation pattern,
and including a first dielectric film and a second dielectric film, and an upper electrode on the
capacitor dielectric film. The first dielectric film includes one of a monometal oxide film and
a bimetal oxide film, the second dielectric film includes a paraelectric material, and a dielectric
constant of the capacitor dielectric film is greater than a dielectric constant of the second
dielectric film.

[0011] According to an aspect of the present inventive concepts, there is provided a
semiconductor device comprising first and second electrodes apart from each other, and a
capacitor dielectric film between the first electrode and the second electrode and including a
first dielectric film and a second dielectric film, the first dielectric film being between the
second dielectric film and the first electrode. Each of the first dielectric film and the second
dielectric film includes a metal oxide film, a metal contained in the metal oxide film is
contained in a transition metal of group 4 (IV B) of a periodic table, and a capacitance of the
capacitor dielectric film is greater than a capacitance of the second dielectric film.

[0012] According to an aspect of the present inventive concepts, there is provided a
semiconductor device comprising first and second electrodes apart from each other, and a
capacitor dielectric film between the first electrode and the second electrode, and including a
first dielectric film and a second dielectric film. The first dielectric film includes a monometal
oxide film having an orthorhombic crystal system, the second dielectric film includes a
paraelectric material, and a capacitance of the capacitor dielectric film is greater than a

capacitance of the second dielectric film.



[0013] According to an aspect of the present inventive concepts, there is provided a
semiconductor device comprising a first insulation pattern including a first sidewall and a
second sidewall adjacent to each other on a substrate, a second insulation pattern separate from
the first insulation pattern on the substrate and including a third sidewall and a fourth sidewall
adjacent to each other, the fourth sidewall of the second insulation pattern facing the second
sidewall of the first insulation pattern, a first lower electrode extending along the first sidewall
of the first insulation pattern and not extending along the second sidewall of the first insulation
pattern, a second lower electrode extending along the third sidewall of the second insulation
pattern and not extending along the fourth sidewall of the second insulation pattern, a capacitor
dielectric film extending along the first lower electrode, the second lower electrode, the second
sidewall of the first insulation pattern and the fourth sidewall of the second insulation pattern,
and including a first dielectric film and a second dielectric film, at least one or more interfacial
films including a conductive material and being in contact with the first dielectric film, and an
upper electrode on the capacitor dielectric film. The first dielectric film includes a ferroelectric

material, and the second dielectric film includes a paraelectric material.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] The above and other aspects and features of the present inventive concepts will become
more apparent by describing in detail exemplary embodiments thereof with reference to the
attached drawings, in which:
[0015] FIG. 1 is a circuit diagram of a memory cell array of a semiconductor device according
to some embodiments;
[0016] FIG. 2a is a diagram illustrating the semiconductor device of some embodiments;
[0017] FIG. 2b is a circuit diagram corresponding to the semiconductor device of FIG. 2a;
[0018] FIG. 3 is a free energy-polarization curve of the ferroelectric material, the paraelectric

material, and the stacked ferroelectric material and paraelectric material;
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[0019] FIG. 4a is a polarization-electric field curve of the ferroelectric material in a single
domain state;

[0020] FIG. 4b is a polarization-electric field curve of the paraelectric material;

[0021] FIG. 4c is a polarization-electric field curve of the stacked ferroelectric material and
paraelectric material,

[0022] FIGS. 5 to 12 are diagrams illustrating the semiconductor device according to some
embodiments, respectively;

[0023] FIGS. 13 to 15 are diagrams illustrating the semiconductor device according to some
embodiments, respectively;

[0024] FIG. 16 is a diagram illustrating the semiconductor device according to some
embodiments;

[0025] FIGS. 17 and 18 are diagrams illustrating the semiconductor device according to some
embodiments;

[0026] FIG. 19 is a layout diagram schematically illustrating an arrangement of cell capacitors
of the semiconductor device according to some embodiments;

[0027] FIG. 20 is a cross-sectional view taken along a line I-1 of FIG. 19;

[0028] FIGS. 21 and 22 are diagrams illustrating the semiconductor device according to some
embodiments;

[0029] FIG. 23ais a layout diagram schematically illustrating an arrangement of cell capacitors
of the semiconductor device according to some embodiments;

[0030] FIG. 23b is a diagram illustrating a state in which a capacitor dielectric film and an
upper electrode are removed from FIG. 23a; and

[0031] FIGS. 24 to 26 are cross-sectional views taken along the lines 1I-11, I11-111 and V-1V of

FIG. 234, respectively.



DETAILED DESCRIPTION OF SOME EMBODIMENTS
[0032] FIG. lisacircuitdiagram of a memory cell array of a semiconductor device according
to some embodiments.
[0033] Referring to FIG. 1, the memory cell array may include, for example, a DRAM cell
array.
[0034] The memory cell array may include word lines WL, bit lines BL intersecting the word
lines WL, and/or a plurality of memory cells MC. The memory cells MC may be connected
to the corresponding word line WL among the word lines WL and the corresponding bit line
BL among the bit lines BL.
[0035] Each of the memory cells MC may include a cell transistor CTR connected to the
corresponding word line WL and/or a capacitor CA connected to one terminal of the cell
transistor CTR.
[0036] A drain region of the cell transistor CTR may be connected to the corresponding bit line
BL, and a source region of the cell transistor CTR may be connected to the capacitor CA. The
cell transistor CTR may be configured to selectively control the flow of charge flowing to the
capacitor CA. The memory cells MC may store data of 0 or 1, depending on the presence or
absence of the charge stored in the capacitor CA, respectively.
[0037] FIG. 2ais a diagram illustrating the semiconductor device in some embodiments. FIG.
2b is a circuit diagram corresponding to the semiconductor device of FIG. 2a. The
semiconductor device described in FIG. 2a may be placed at a location of the capacitor CA of
the memory cell MC of FIG. 1.
[0038] Referring to FIGS. 2a and 2b, the semiconductor device according to some
embodiments may include a first electrode 100, a second electrode 110, and/or a first capacitor
dielectric film 200.
[0039] The first electrode 100 may include, but is not limited to, for example, a doped

semiconductor material, conductive metal nitride (e.g., titanium nitride, tantalum nitride,
6



niobium nitride, tungsten nitride or the like), a metal (e.g., ruthenium, iridium, titanium,
tantalum or the like), conductive metal oxide (e.g., iridium oxide or niobium oxide), and the
like.

[0040] The first capacitor dielectric film 200 may be disposed on the first electrode 100. The
first capacitor dielectric film 200 may be disposed between the first electrode 100 and the
second electrode 110.

[0041] The first capacitor dielectric film 200 may include a first ferroelectric film 210 and a
first paraelectric film 260. The first ferroelectric film 210 and the first paraelectric film 260
may be sequentially stacked between the first electrode 100 and the second electrode 110.
The first ferroelectric film 210 may be disposed between the first electrode 100 and the first
paraelectric film 260. The first paraelectric film 260 may be disposed between the first
ferroelectric film 210 and the second electrode 110.

[0042] As an example, the first electrode 100 may be a lower electrode of the capacitor, and
the second electrode 110 may be an upper electrode of the capacitor. As another example, the
first electrode 100 may be an upper electrode of the capacitor, and the second electrode 110
may be a lower electrode of the capacitor.

[0043] The first ferroelectric film 210 may include a ferroelectric material. The first
ferroelectric film 210 may include a first monometal oxide. The first ferroelectric film 210
may include a metal oxide film, for example, a first monometal oxide film. In some
embodiments, the monometal oxide may be a binary compound including or consisting of a
single metal and oxygen.

[0044] As an example, the metal contained in the first monometal oxide film may be hafnium
(Hf). The first monometal oxide film may be a hafnium oxide film (HfO). In some
embodiments, the hafnium oxide film may have a chemical formula suitable for stoichiometry,

or may have a chemical formula not suitable for stoichiometry.



[0045] As another example, the metal contained in the first monometal oxide film may be any
of rare earth metals of the lanthanoids. The first monometal oxide film may be a rare earth
metal oxide film of lanthanoid. In some embodiments, the rare earth metal oxide film of
lanthanoid may have a chemical formula suitable for the stoichiometry, or may have a chemical
formula not suitable for the stoichiometry.

[0046] The first monometal oxide film may include one of hafnium and the rare earth metal of
lanthanoid. The first monometal oxide film may be one of a hafnium oxide film or a rare
earth metal oxide film of lanthanoid.

[0047] The first ferroelectric film 210 may have an orthorhombic crystal system. The first
ferroelectric film 210 may be a first monometal oxide film having the orthorhombic crystal
system.

[0048] As an example, the first ferroelectric film 210 may further include a dopant doped in
the first monometal oxide film. The dopant may serve to stabilize the first monometal oxide
film having the orthorhombic crystal system. A doping concentration may be less than 10%.
[0049] As an example, when the first monometal oxide film is a hafnium oxide film, the dopant
may include at least one of gadolinium (Gd), silicon (Si), aluminum (Al), yttrium (Y),
lanthanum (La), scandium (Sc), cerium (Ce), dysprosium (Dy), tantalum (Ta), strontium (Sr),
and niobium (Nb). As another example, when the first monometal oxide film is a rare earth
metal oxide film of lanthanoid, the dopant may include at least one of silicon (Si), aluminum
(Al), hafnium (Hf), zirconium (Zr) and niobium (Nb).

[0050] As another example, the first monometal oxide film may not contain dopants doped in
the film.

[0051] In the semiconductor device according to some embodiments of the present inventive
concepts, the first ferroelectric film 210 may be a single film including or consisting of a first
monometal oxide film. When the first ferroelectric film 210 is a single film and the first

monometal oxide film is the hafnium oxide film, the hafnium oxide film may have
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ferroelectric characteristics in a range of a thickness of hafnium oxide film from 3 nm or more
to 5 nm or less.

[0052] In some embodiments, the single film may mean that the materials contained in the film
have the same crystal system, while having one chemical formula.

[0053] The first paraelectric film 260 may include the paraelectric material. The first
paraelectric material may include a monometal oxide or a bimetal oxide. The first paraelectric
film 260 may include a metal oxide film, for example, a second monometal oxide film or a first
bimetal oxide film. In some embodiments, the bimetal oxide may be a ternary compound
including or consisting of two metals and oxygen.

[0054] The metal contained in the second monometal oxide film and the first bimetal oxide
may be contained in the transition metal of group 4 (IV B) of the periodic table. The transition
metal of group 4 (IV B) of the periodic table may include at least one of hafnium (Hf) and
zirconium (Zr).

[0055] The metal contained in the second monometal oxide film may be, for example, one of
hafnium (Hf) and zirconium (Zr). The second monometal oxide film may be one of a hafnium
oxide film (HfO) and a zirconium oxide film (ZrO).

[0056] The metal contained in the first bimetal oxide film may be, for example, hafnium (Hf)
and zirconium (Zr). The first bimetal oxide film may be a hafnium zirconium oxide film
(HfZrO). The hafnium zirconium oxide film (HfZrO) may be a solid solution of hafnium
oxide (HfO) and zirconium oxide (ZrO).

[0057] In some embodiments, each of the hafnium oxide film (HfO), the zirconium oxide film
(ZrO) and the hafnium zirconium oxide film (HfZrO) may have chemical formulas suitable for
the stoichiometry, and may have chemical formulas not suitable for the stoichiometry.

[0058] When the first ferroelectric film 210 contains a hafnium oxide film, the metal oxide

film contained in the first ferroelectric film 210 and the metal oxide film contained in the first



paraelectric film 260 may include at least one of hafnium (Hf) and zirconium (Zr), which are
transition metals of group 4 (IV B) of the periodic table, respectively.

[0059] When the first paraelectric film 260 is a hafnium oxide film or a hafnium zirconium
oxide film, the first paraelectric film 260 may have one crystal system among a monoclinic
crystal system, a tetragonal crystal system, and a cubic crystal system. When the first
paraelectric film 260 is a zirconium oxide film, the first paraelectric film 260 may have one
crystal system among a monoclinic crystal system, an orthorhombic crystal system, a tetragonal
crystal system, and a cubic crystal system.

[0060] In the semiconductor device according to some embodiments of the present inventive
concepts, the first paraelectric film 260 may be a single film including or consisting of a second
monometal oxide film, or a single film including or consisting of a first bimetal oxide film.
[0061] For example, the first ferroelectric film 210 may be a hafnium oxide film having an
orthorhombic crystal system, and the first paraelectric film 260 may be a hafnium oxide film
having a monoclinic crystal system. At this time, even if the first ferroelectric film 210 is in
contact with the first paraelectric film 260, the stacked first ferroelectric film 210 and the first
paraelectric film 260 may not constitute a single film. In other words, the stacked first
ferroelectric film 210 and the first paraelectric film 260 may be a stacked film in which single
films different from each other are stacked.

[0062] In the semiconductor devices according to some embodiments of the present inventive
concepts, the first ferroelectric film 210 may be in contact with the first paraelectric film 260.
[0063] In FIGS. 2a and 2b, the first ferroelectric film 210 may be included in a ferroelectric
capacitor Cr, and the first paraelectric film 260 may be included in a paraelectric capacitor Cp.
That is, the first ferroelectric film 210 may be a capacitor dielectric film of the ferroelectric
capacitor Cr, and the first paraelectric film 260 may be a capacitor dielectric film of the

paraelectric capacitor Cp.
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[0064] The ferroelectric capacitor Cr and the paraelectric capacitor Cp are connected in series.
That is, the capacitor including the first capacitor dielectric film 200 may be equivalent to the
ferroelectric capacitor Cr and the paraelectric capacitor Cp connected in series.

[0065] In the semiconductor device according to some embodiments of the present inventive
concepts, the first capacitor dielectric film 200 in which the first ferroelectric film 210 and the
first paraelectric film 260 are stacked in a plate shape may exhibit the characteristics of the
paraelectric material.

[0066] If two or more capacitors are connected in series and the capacitances of each capacitor
have a positive value, the overall capacitance becomes smaller than the capacitance of each
individual capacitor. In other words, the dielectric constant of a capacitor dielectric film
contained in a capacitor that is equivalent to two or more capacitors connected in series is
smaller than the dielectric constant of a capacitor dielectric film contained in the individual
capacitor.

[0067] However, if, for example, one of the capacitances of the two capacitors connected in
series has a negative value, the overall capacitance may be greater than the respective individual
capacitances, while having a positive value. In order for the overall capacitance value to have
a positive value, an absolute value of the capacitance having a negative value should be greater
than or equal to the capacitance having a positive value.

[0068] In some embodiments of the present inventive concepts, the ferroelectric capacitor Cr
and the paraelectric capacitor Cp are connected in series. However, the capacitance of the
first capacitor dielectric film 200 is greater than the capacitance of the first paraelectric film
260. That is, the capacitance of the first capacitor dielectric film 200 is greater than the
capacitance of the paraelectric capacitor Cp.

[0069] In other words, the dielectric constant of the first capacitor dielectric film 200 is greater

than the dielectric constant of the first paraelectric film 260.
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[0070] For example, the ferroelectric capacitor Cr including the first ferroelectric film 210
having a negative dielectric constant may have a negative capacitance. The paraelectric
capacitor Cp, which includes the first paraelectric film 260 having a positive dielectric constant,
may have a positive capacitance.

[0071] Also, an absolute value of the capacitance of the ferroelectric capacitor Cr including
the first ferroelectric film 210 may be greater than an absolute value of the capacitance of the
paraelectric capacitor Cp including the first paraelectric film 260. In other words, the absolute
value of the dielectric constant of the first ferroelectric film 210 may be greater than the
absolute value of the dielectric constant of the first paraelectric film 260.

[0072] In such a case, the ferroelectric capacitor Cr and the paraelectric capacitor Cp are
connected in series, but the capacitance of the first capacitor dielectric film 200 may be greater
than the capacitance of the first paraelectric film 260.

[0073] In addition, as the absolute value of the capacitance of the ferroelectric capacitor Cr is
greater than the absolute value of the capacitance of the paraelectric capacitor Cp, and a
difference between the absolute value of the capacitance of the ferroelectric capacitor Cr and
the absolute value of the capacitance of the paraelectric capacitor Cp decreases, the overall
capacitance of the ferroelectric capacitor Cr and the paraelectric capacitor Cp connected in
series may increase.

[0074] This will be described below in detail with reference to FIGS. 3 to 4c.

[0075] The second electrode 110 may be disposed on the first capacitor dielectric film 200.
The second electrode 110 may be disposed to be spaced apart from the first electrode 100. For
example, the second electrode 110 may include, but is not limited to, doped semiconductor
materials, conductive metal nitrides (e.g., titanium nitride, tantalum nitride, niobium nitride or
tungsten nitride), metals (e.g., ruthenium, iridium, titanium or tantalum), and conductive metal

oxides (e.g., iridium oxide or niobium oxide).
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[0076] FIG. 3 is a free energy-polarization curve of the ferroelectric material, the paraelectric
material, and the stacked ferroelectric material and paraelectric material. FIG. 4a is a
polarization-electric field curve of the ferroelectric material in a single domain state. FIG. 4b
is a polarization-electric field curve of the paraelectric material. FIG. 4c is a polarization-
electric field curve of the stacked ferroelectric material and paraelectric material.

[0077] In FIG. 3, acurve i) may be a free energy-polarization curve of the ferroelectric material,
a curve i) is a free energy-polarization curve of the paraelectric material, and a curve iii) is a
free energy-polarization curve of the stacked ferroelectric material and paraelectric material.
An axis U may represent the free energy and an axis P may represent the polarization.

[0078] Referring to FIGS. 3 and 4a, the ferroelectric material may have two stable polarization
states when there is no electric field. The ferroelectric material may have two spontaneous
polarizations when there is no electric field.

[0079] A relationship between the polarization and the electric field of the ferroelectric
material as illustrated in FIG. 4a may be obtained using the curve i) of FIG. 3. In FIG. 4a, an
axis E represents the electric field and an axis P represents the polarization.

[0080] When drawing a polarization-electric field graph of the ferroelectric material, the
polarization-electric field graph of the ferroelectric material may have an S-shaped curve.
The dielectric constant of the material may be proportional to a slope (dP/dE) of the
polarization-electric field curve. That is, considering the definition of capacitance, the
capacitance may be proportional to the slope (dP/dE) of the polarization-electric field curve.
[0081] The polarization-electric field graph of the ferroelectric material includes a region
which the slope (dP/dE) of the polarization-electric field curve is negative. In the region in
which the slope (dP/dE) of the polarization-electric field curve is negative, the capacitor may
have a negative capacitance.

[0082] The region in which the slope (dP/dE) of the polarization-electric field curve is negative

is a region in which the free energy curve of the ferroelectric material has a maximum
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value. Since the energy state is unstable in this region, it may be difficult to maintain such a
polarization state.

[0083] Referring to FIGS. 3 and 4b, when the polarization of the paraelectric material is zero,
the free energy of the paraelectric material is reduced or minimized, so that the paraelectric
material may have one stable polarization state.

[0084] A relationship between the polarization and the electric field of the paraelectric as
illustrated in FIG. 4b may be obtained, using the curve ii) of FIG. 3. When the polarization-
electric field graph of the paraelectric material is drawn, the polarization-electric field graph of
the paraelectric material may be a straight line with a positive slope.

[0085] Referring to FIGS. 3 and 4c, by stacking the ferroelectric material and the paraelectric
material, the region having the negative capacitance in the ferroelectric material may be
stabilized by the paraelectric material. In the overall free energy curve of the stacked
ferroelectric material and paraelectric material, the overall free energy may be reduced or
minimized when the polarization is zero.

[0086] A relationship between the polarization and the electric field of the stacked paraelectric
material and ferroelectric material as illustrated in FIG. 4c may be obtained, using the curve iii)
of FIG. 3. InFIG. 4c, the dotted line is the polarization-electric field curve of the paraelectric
material (FIG. 4b).

[0087] Since the ferroelectric material and the paraelectric material are stacked, the slope
(dP/dE) of the polarization-electric field graph of the stacked ferroelectric material and
paraelectric material may have a positive value, even in the region in which the ferroelectric
material has a negative capacitance. In the region in which the ferroelectric material has a
negative capacitance, the slope of the polarization-electric field graph of the stacked
ferroelectric material and paraelectric material is greater than the slope of the polarization-

electric field graph of the paraelectric material.
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[0088] By connecting the ferroelectric material having a negative capacitance and the
paraelectric material having the positive capacitor in series, a stacked film of the ferroelectric
material and the paraelectric material may exhibit characteristics of the paraelectric material.
Thus, although the capacitors are connected in series, the capacitance may increase.

[0089] In the region in which the slope (dP/dE) of the polarization-electric field curve of the
ferroelectric material is negative, the polarization-electric field curve may have a first slope,
and the polarization-electric field curve of the paraelectric material may have a second slope.
When the sum of a half of the first slope and the second slope is greater than zero, the stacked
material of the ferroelectric material and the paraelectric material may exhibit the
characteristics of the paraelectric material.

[0090] Alternatively, when an average value of a maximum value Cmax and a minimum value
Cmin of the capacitance of the ferroelectric material is smaller than the capacitance of the
paraelectric material, the stacked film of the ferroelectric material and the paraelectric material
may exhibit the characteristics of the paraelectric material.

[0091] FIG. 5 is adiagram illustrating a semiconductor device according to some embodiments.
For convenience of explanation, differences from those described using FIG. 2a will be mainly
described.

[0092] Referring to FIG. 5, in the semiconductor device according to some embodiments, the
first capacitor dielectric film 200 may include a second ferroelectric film 211 and a first
paraelectric film 260.

[0093] The second ferroelectric film 211 may include a ferroelectric material. The second
ferroelectric film 211 may include a second bimetal oxide. The second ferroelectric film 211
may include a metal oxide film, for example, a second bimetal oxide film.

[0094] The metal contained in the second bimetal oxide may be contained in the transition
metal of group 4 (IV B) of the periodic table. The metals contained in the second bimetal

oxide film may be, for example, hafnium (Hf) and zirconium (Zr). The second bimetal
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oxide film may be a hafnium zirconium oxide film (HfxZrx-x0O). In the second bimetal oxide
film, x may be 0.4 or more and 0.6 or less. In some embodiments, the hafnium zirconium
oxide film (HfxZr1-xO) may have a chemical formula suitable for the stoichiometry, or may
have a chemical formula not suitable for the stoichiometry.

[0095] The second ferroelectric film 211 may have an orthorhombic crystal system. The
second ferroelectric film 211 may be a second bimetal oxide film having an orthorhombic
crystal system.

[0096] As an example, the second ferroelectric film 211 may further include a dopant doped in
the second bimetal oxide film. The dopant may include at least one of gadolinium (Gd),
silicon (Si), aluminum (Al), yttrium (Y), lanthanum (La), scandium (Sc), cerium (Ce),
dysprosium (Dy), tantalum (Ta), and strontium (Sr).

[0097] As another example, the second bimetal oxide film may not contain a dopant doped in
the film.

[0098] In the semiconductor device according to some embodiments of the present inventive
concepts, the second ferroelectric film 211 may be a single film including or consisting of a
second bimetal oxide film. When the second ferroelectric film 211 is a second monometal
oxide film which is a single film, in a thickness range of the hafnium zirconium oxide film
from 5 nm or more to 20 nm or less, the hafnium zirconium oxide film may have ferroelectric
characteristics.

[0099] FIG. 6 is a diagram illustrating the semiconductor device according to some
embodiments. For convenience of explanation, differences from those described using FIG.
2a will be mainly described.

[0100] Referring to FIG. 6, in the semiconductor device according to some embodiments, the
first capacitor dielectric film 200 may include a third ferroelectric film 212 and a first

paraelectric film 260.
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[0101] The third ferroelectric film 212 may include a first sub-dielectric film 212a and a second
sub-dielectric film 212b sequentially stacked between the first electrode 100 and the first
paraelectric film 260. The second sub-dielectric film 212b may be disposed between the first
sub-dielectric film 212a and the first paraelectric film 260. The stacked first sub-dielectric
film 212a and second sub-dielectric film 212b have ferroelectric characteristics.

[0102] The first sub-dielectric film 212a may include a third monometal oxide film. The
metal contained in the third monometal oxide film may be zirconium (Zr). The third
monometal oxide film may be a zirconium oxide film (ZrO).

[0103] The second sub-dielectric film 212b may include a fourth monometal oxide film. The
metal contained in the fourth monometal oxide film may be hafnium (Hf). The fourth
monometal oxide film may be a hafnium oxide film (HfO).

[0104] The first sub-dielectric film 212a is a single film including or consisting of a third metal
oxide film, and the second sub-dielectric film 212b may be a single film including or consisting
of a fourth monometal oxide film. That is, the third ferroelectric film 212 may be a stacked
film of the third monometal oxide film and the fourth monometal oxide film which are single
films different from each other.

[0105] The third ferroelectric film 212 may be a stacked film in which a zirconium oxide film
(ZrO) and a hafnium oxide film (HfO), each of which is a single film, are stacked.

[0106] In the third ferroelectric film 212, a ratio (Hf/(Hf+Zr)) of hafnium (Hf) to the total of
hafnium (Hf) and zirconium (Zr) may be greater than or equal to 0.35 or and smaller than 1.
The thickness of the third ferroelectric film 212 may be 1 nm or more and 20 nm or less. The
third ferroelectric film 212 may further include a dopant doped in the film.

[0107] The third ferroelectric film 212 may have an orthorhombic crystal system. The third
ferroelectric film 212 may be a stacked film of the third monometal oxide film and the fourth

monometal oxide film having an orthorhombic crystal system. Each of the third monometal

17



oxide film and the fourth monometal oxide film may have the orthorhombic crystal system.
[0108] FIG. 7 is a diagram illustrating the semiconductor device according to some
embodiments. For convenience of explanation, differences from those described using FIG.
6 will be mainly described.

[0109] Referring to FIG. 7, in the semiconductor device according to some embodiments, the
first sub-dielectric film 212a may be disposed between the second sub-dielectric film 212b and
the first paraelectric film 260. The second sub-dielectric film 212b and the first sub-dielectric
film 212a are sequentially stacked between the first electrode 100 and the first paraelectric film
260.

[0110] The third ferroelectric film 212 may be a stacked film in which a hafnium oxide film
(HfO) and a zirconium oxide film (ZrO), each of which is a single film, are stacked.

[0111] When the first paraelectric film 260 includes the zirconium oxide film (ZrO) which is
a monometal oxide film, the first paraelectric film 260 may have one crystal system, among a
monoclinic crystal system, a tetragonal crystal system and a cubic crystal system.

[0112] FIG. 8 is a diagram illustrating the semiconductor device according to some
embodiments. For convenience of explanation, differences from those described using FIG.
6 will be mainly described.

[0113] Referring to FIG. 8, in the semiconductor device according to some embodiments, the
first capacitor dielectric film 200 may include a third ferroelectric film 212 and a second
paraelectric film 261.

[0114] The second paraelectric film 261 may include a third sub-dielectric film 261a and a
fourth sub-dielectric film 261a sequentially stacked between the third ferroelectric film 212 and
the second electrode 110. The third sub-dielectric film 261a may be disposed between the
fourth sub-dielectric film 261b and the third ferroelectric film 212. The stacked third sub-
dielectric film 26la and fourth sub-dielectric film 261b may have the paraelectric

characteristics.
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[0115] The third sub-dielectric film 261a may include a fifth monometal oxide film. The
metal contained in the fifth monometal oxide film may be zirconium (Zr). The fifth
monometal oxide film may be a zirconium oxide film (ZrO).

[0116] The fourth sub-dielectric film 261b may include a sixth monometal oxide film. The
metal contained in the sixth monometal oxide film may be hafnium (Hf). The sixth
monometal oxide film may be a hafnium oxide film (HfO).

[0117] The third sub-dielectric film 261a may be a single film including or consisting of the
fifth metal oxide film, and the fourth sub-dielectric film 261b may be a single film including
or consisting of the sixth monometal oxide film.  That is, the second paraelectric film 261 may
be a stacked film of the fifth monometal oxide film and the sixth monometal oxide film which
are single films different from each other.

[0118] The second paraelectric film 261 may be a stacked film in which a zirconium oxide film
(ZrO) and a hafnium oxide film (HfO), each of which is a single film, are stacked.

[0119] In the second paraelectric film 261, the ratio (Hf/(Hf+Zr)) of hafnium (Hf) to the total
of hafnium (Hf) and zirconium (Zr) may be smaller than 0.35 and greater than 0.

[0120] The second paraelectric film 261 may have one crystal system, among the monoclinic
crystal system, the tetragonal crystal system, and the cubic crystal system. Each of the fifth
monometal oxide film and the sixth monometal oxide film may have one crystal system, among
the monoclinic crystal system, the tetragonal crystal system, and the cubic crystal system.
[0121] Unlike the case illustrated in FIG. 8, the second sub-dielectric film 212b may be
disposed between the first sub-dielectric film 212a and the first electrode 100.

[0122] In addition, unlike the case illustrated in FIG. 8, the third sub-dielectric film 261a may
be disposed between the fourth sub-dielectric film 261b and the second electrode 110.

[0123] FIG. 9 is a diagram illustrating the semiconductor device according to some
embodiments. For convenience of explanation, differences from those described using FIG.

2a will be mainly described. 1



[0124] Referring to FIG. 9, the semiconductor device according to some embodiments may
further include a third paraelectric film 262.

[0125] The third paraelectric film 262 may be disposed between the first ferroelectric film 210
and the first electrode 100. The first ferroelectric film 210 may be disposed between the third
paraelectric film 262 and the first paraelectric film 260.

[0126] The third paraelectric film 262 may be a single film or a stacked film in which single
films different from each other are stacked.

[0127] As an example, when the third paraelectric film 262 is a single film, the third
paraelectric film 262 may include a second monometal oxide film or a first bimetal oxide film.
The description of the second monometal oxide film and the first bimetal oxide film may be
substantially the same as the description of the first paraelectric film 260 of FIG. 2a.

[0128] As another example, the third paraelectric film 262 may be a stacked film in which
single films different from each other are stacked. The third paraelectric film 262 may be a
stacked film of the fifth monometal oxide film and the sixth monometal oxide film which are
single films different from each other. The description of the fifth monometal oxide film and
the sixth monometal oxide film may be substantially the same as the description of the second
paraelectric film 261 of FIG. 8.

[0129] The third paraelectric film 262 may include a metal oxide film having the same
chemical formula as the first paraelectric film 260, and may also include a metal oxide film
having different chemical formula. When the third paraelectric film 262 and the first
paraelectric film 260 include metal oxide films having the same chemical formula, the crystal
system of the third paraelectric film 262 may be the same as or different from the crystal system
of the first paraelectric film 260.

[0130] Unlike the case illustrated in FIG. 9, the first ferroelectric film 210 may be replaced
with the second ferroelectric film 211 of FIG. 5.  Also, the first ferroelectric film 210 may be

replaced with the third ferroelectric film 212 of FIGS. 6 and 7.
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[0131] In addition, the first paraelectric film 260 may be replaced with the second paraelectric
film 261 of FIG. 8.

[0132] FIG. 10 is a diagram illustrating the semiconductor device according to some
embodiments. For convenience of explanation, differences from those described using FIG.
2a will be mainly described.

[0133] Referring to FIG. 10, the semiconductor device according to some embodiments may
further include a fourth ferroelectric film 213.

[0134] The fourth ferroelectric film 213 may be disposed between the first paraelectric film
260 and the second electrode 110. The first paraelectric film 260 may be disposed between
the first ferroelectric film 210 and the fourth ferroelectric film 213.

[0135] The fourth ferroelectric film 213 may be a single film or a stacked film in which single
films different from each other are stacked.

[0136] As an example, when the fourth ferroelectric film 213 is a single film, the fourth
ferroelectric film 213 may include a first monometal oxide film or a second bimetal oxide film.
The description of the first monometal oxide film may be substantially the same as the
description of the first ferroelectric film 210 of FIG. 2a.  The description of the second bimetal
oxide film may be substantially the same as the description of the second ferroelectric film 211
of FIG. 5.

[0137] As another example, the fourth ferroelectric film 213 may be a stacked film in which
single films different from each other are stacked. The fourth ferroelectric film 213 may be a
stacked film of the third monometal oxide film and the fourth monometal oxide film which are
single films different from each other. The description of the third monometal oxide film and
the fourth monometal oxide film may be substantially the same as the description of the third

ferroelectric film 212 of FIGS. 6 and 7.
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[0138] Unlike the case illustrated in FIG. 10, the first ferroelectric film 210 may be replaced
with the second ferroelectric film 211 of FIG. 5.  Also, the first ferroelectric film 210 may be
replaced with the third ferroelectric film 212 of FIGS. 6 and 7.

[0139] In addition, the first paraelectric film 260 may be replaced with the second paraelectric
film 261 of FIG. 8.

[0140] FIG. 11 is a diagram illustrating the semiconductor device according to some
embodiments. For convenience of explanation, differences from those described using FIG.
2a will be mainly described.

[0141] Referring to FIG. 11, in the semiconductor device according to some embodiments, the
first capacitor dielectric film 200 may include a plurality of first ferroelectric films 210 and a
plurality of first paraelectric films 260.

[0142] The first ferroelectric film 210 and the first paraelectric film 260 may form a dielectric
film group. The first capacitor dielectric film 200 may include a plurality of dielectric film
groups.

[0143] The first capacitor dielectric film 200 may include the first ferroelectric film 210 and
the first paraelectric film 260 which are alternately stacked. Although FIG. 11 illustrates that
the first capacitor dielectric film 200 includes two dielectric film groups, this is only for
convenience of description, and the embodiments are not limited thereto.

[0144] Unlike the case illustrated in FIG. 11, the first ferroelectric film 210 may be replaced
with the second ferroelectric film 211 of FIG. 5.  Also, the first ferroelectric film 210 may be
replaced with the third ferroelectric film 212 of FIGS. 6 and 7.

[0145] In addition, the first paraelectric film 260 may be replaced with the second paraelectric
film 261 of FIG. 8.

[0146] FIG. 12 is a diagram illustrating the semiconductor device according to some
embodiments. For convenience of explanation, differences from those described using FIG.

2a will be mainly described. ”



[0147] Referring to FIG. 12, in the semiconductor device according to some embodiments, the
first capacitor dielectric film 200 may further include a fifth ferroelectric film 214 and a fourth
paraelectric film 263.

[0148] The fifth ferroelectric film 214 and the fourth paraelectric film 263 may be disposed
between the first paraelectric film 260 and the second electrode 110. The fifth ferroelectric
film 214 may be disposed between the first paraelectric film 260 and the fourth paraelectric
film 263. The fourth paraelectric film 263 may be disposed between the fifth ferroelectric
film 214 and the second electrode 110.

[0149] The first capacitor dielectric film 200 may include the ferroelectric material film and
the paraelectric material film alternately stacked, between the first electrode 100 and the second
electrode 110.

[0150] The fifth ferroelectric film 214 may be a single film or a stacked film in which single
films different from each other are stacked.

[0151] As an example, when the fifth ferroelectric film 214 is a single film, the fifth
ferroelectric film 214 may include the first monometal oxide film or the second bimetal oxide
film. The description of the first monometal oxide film may be substantially the same as the
description of the first ferroelectric film 210 of FIG. 2a.  The description of the second bimetal
oxide film may be substantially the same as the description of the second ferroelectric film 211
of FIG. 5.

[0152] As another example, the fifth ferroelectric film 214 may be a stacked film in which
single films different from each other are stacked. The fifth ferroelectric film 214 may be a
stacked film of the third monometal oxide film and the fourth monometal oxide film which are
single films different from each other.  The description of the third monometal oxide film and
the fourth monometal oxide film may be substantially the same as the description of the third

ferroelectric film 212 of FIGS. 6 and 7.
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[0153] The fourth paraelectric film 263 may be a single film or a stacked film in which single
films different from each other are stacked.

[0154] As an example, when the fourth paraelectric film 263 is a single film, the fourth
paraelectric film 263 may include a second monometal oxide film or a first bimetal oxide film.
The description of the second monometal oxide film and the first bimetal oxide film may be
substantially the same as the description of the first paraelectric film 260 of FIG. 2a.

[0155] As another example, the fourth paraelectric film 263 may be a stacked film in which
single films different from each other are stacked. The fourth paraelectric film 263 may be a
stacked film of the fifth monometal oxide film and the sixth monometal oxide film which are
single films different from each other. The description of the fifth monometal oxide film and
the sixth monometal oxide film may be substantially the same as the description of the second
paraelectric film 261 of FIG. 8.

[0156] Each of the first ferroelectric film 210 and the fifth ferroelectric film 214 is a dielectric
film having ferroelectric characteristics. However, as an example, the first ferroelectric film
210 and the fifth ferroelectric film 214 may have film structures different from each other, i.e.,
the structures of the single film and the stacked film. As another example, the first
ferroelectric film 210 and the fifth ferroelectric film 214 may include metal oxide films having
chemical formulas different from each other.

[0157] The first paraelectric film 260 and the fourth paraelectric film 263 are dielectric films
having the paraelectric characteristics, respectively. However, as an example, the first
paraelectric film 260 and the fourth paraelectric film 263 may have film structures different
from each other, i.e., the structures of the single film and the stacked film.  As another example,
the first paraelectric film 260 and the fourth paraelectric film 263 may include the metal oxide
films having chemical formulas different from each other. As another example, the first
paraelectric film 260 and the fourth paraelectric film 263 may have the crystal systems different

from each other.
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[0158] FIGS. 13 to 15 are diagrams illustrating the semiconductor device according to some
embodiments, respectively.  For convenience of explanation, differences from those
described using FIG. 2a will be mainly described.

[0159] Referring to FIGS. 13 to 15, the semiconductor device according to some embodiments
may further include an interfacial film 300 disposed between the first electrode 100 and the
second electrode 110.

[0160] The interfacial film 300 may be in contact with the first ferroelectric film 210. The
interfacial film 300 may include a conductive material. For example, the thickness of the
interfacial film 300 may be smaller than or equal to 1 nm. The interfacial film 300 may
promote formation of the first ferroelectric film 210 as an orthorhombic crystal system.

[0161] The interfacial film 300 may include, for example, at least one of nitride or oxide of
cobalt (Co), titanium (Ti), tantalum (Ta), niobium (Nb), molybdenum (Mo), and tin (Sn).
Alternatively, the interfacial film 300 may include at least one of ruthenium (Ru) or ruthenium
oxide.

[0162] In FIG. 13, the interfacial film 300 may be disposed between the first electrode 100 and
the first ferroelectric film 210. The interfacial film 300 may be in contact with the first
ferroelectric film 210.

[0163] In FIG. 14, the interfacial film 300 may be disposed between the first ferroelectric film
210 and the first paraelectric film 260. The interfacial film 300 may be in contact with the
first ferroelectric film 210.

[0164] In FIG. 15, the interfacial film 300 may be disposed in the first ferroelectric film 210.
The first ferroelectric film 210 may be divided into a first portion 210a of the first ferroelectric
film and a second portion 210Db of the first ferroelectric film, by the interfacial film 300. The
interfacial film 300 may be in contact with the first portion 210a of the first ferroelectric film

and the second portion 210b of the first ferroelectric film.
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[0165] In FIGS. 13 to 15, although there is a single interfacial film 300 being in contact with
the first ferroelectric film 210, the embodiments are not limited thereto.  That is, the interfacial
film 300 being in contact with the first ferroelectric film 210 may be disposed at a plurality of
positions, and at least one or more interfacial films 300 may be included.

[0166] FIG. 16 is a diagram illustrating the semiconductor device according to some
embodiments. For convenience of explanation, differences from those described in FIG. 2a
will be mainly described.

[0167] Referring to FIG. 16, the semiconductor device according to some embodiments may
further include a third electrode 120.

[0168] The third electrode 120 may be disposed between the first electrode 100 and the second
electrode 110. More specifically, the third electrode 120 may be disposed between the first
ferroelectric film 210 and the first paraelectric film 260.

[0169] The third electrode 120 may include, for example, but is not limited to, a doped
semiconductor material, a conductive metal nitride (e.g., titanium nitride, tantalum nitride,
niobium nitride or tungsten nitride), a metal (e.g., ruthenium, iridium, titanium or tantalum),
and conductive metal oxides (e.g., iridium oxide or niobium oxide).

[0170] FIGS. 17 and 18 are diagrams illustrating the semiconductor device according to some
embodiments. For convenience of explanation, differences from those described using FIG.
2a will be mainly described.

[0171] Referring to FIG. 17, the semiconductor device according to some embodiments may
further include a paraelectric protection layer 351.

[0172] The paraelectric protection layer 351 may be disposed between the first electrode 100
and the second electrode 110. The paraelectric protection layer 351 may be disposed between
the second electrode 110 and the first capacitor dielectric film 200.

[0173] For example, the paraelectric protection layer 351 may be disposed between the second

electrode 110 and the first paraelectric film 260. The paraelectric protection layer 351
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may reduce or prevent the oxygen atoms contained in the first paraelectric film 260 from
moving to the second electrode 110.

[0174] The paraelectric protection layer 351 may include metal oxide or metal nitride. The
paraelectric protection layer 351 may include, for example, at least one of titanium oxide,
tantalum oxide, molybdenum oxide, tin oxide, niobium nitride, and niobium oxide. The
thickness of the paraelectric film protection layer 351 may be, for example, 0.5 nm or more and
1 nm or less.

[0175] Referring to FIG. 18, the semiconductor device according to some embodiments may
further include a ferroelectric protection layer 352.

[0176] The ferroelectric protection layer 352 may be disposed between the first electrode 100
and the second electrode 110. The ferroelectric protection layer 352 may be disposed between
the first electrode 100 and the first capacitor dielectric film 200.

[0177] For example, the ferroelectric protection layer 352 may be disposed between the first
electrode 100 and the first ferroelectric film 210. The ferroelectric protection layer 352 may
reduce or prevent oxygen atoms contained in the first ferroelectric film 210 from moving to the
first electrode 100.

[0178] The ferroelectric protection layer 352 may include metal oxide or metal nitride. The
ferroelectric protection layer 352 may include, for example, at least one of titanium oxide,
tantalum oxide, molybdenum oxide, tin oxide, niobium nitride, and niobium oxide. The
thickness of the ferroelectric protection layer 352 may be, for example, 0.5 nm or more and 1
nm or less.

[0179] Unlike the case illustrated in FIGS. 17 and 18, the semiconductor device according to
some embodiments may, of course, include both the paraelectric protection layer 351 and the

ferroelectric protection layer 352.
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[0180] FIG. 19 is a layout diagram schematically illustrating an arrangement of cell capacitors
of the semiconductor device according to some embodiments. FIG. 20 is a cross-sectional
view taken along a line I-1 of FIG. 19.

[0181] Referring to FIG. 19, the semiconductor device according to some embodiments may
include a plurality of cell capacitors arranged along a first direction DR1 and a second direction
DR2.

[0182] Each cell capacitor may correspond to the capacitor CA of FIG. 1. The plurality of
cell capacitors may include a first cell capacitor CA1 and a second cell capacitor CA2 adjacent
to each other.

[0183] Although FIG. 19 illustrates that the first direction DR1 and the second direction DR2
are not directions orthogonal to each other, the present inventive concepts are not limited
thereto.

[0184] In FIG. 19, each cell capacitor is illustrated to be circular from the viewpoint of the plan
view, but the embodiments are not limited thereto.

[0185] Referring to FIGS. 19 and 20, the semiconductor device according to some
embodiments may include a first lower electrode 410, a second lower electrode 411, a second
capacitor dielectric film 420, and/or an upper electrode 430.

[0186] The first cell capacitor CA1 includes a first lower electrode 410, a second capacitor
dielectric film 420, and/or an upper electrode 430, and the second cell capacitor CA2 may
include a second lower electrode 411, a second capacitor dielectric film 420 and/or an upper
electrode 430.

[0187] For example, the first cell capacitor CAl and the second cell capacitor CA2 may be
divided by the first lower electrode 410 and the second lower electrode 411. The second
capacitor dielectric film 420 and the upper electrode 430 may be shared by the first cell

capacitor CA1 and the second cell capacitor CA2.
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[0188] The first lower electrode 410 and the second lower electrode 411 may be formed on the
substrate 400. The substrate 400 may be bulk silicon or silicon-on-insulator (SOI).  Unlike
this, the substrate 400 may be a silicon substrate or may include other materials, for example,
but is not limited to, silicon germanium, silicon germanium on insulator (SGOI), indium
antimonide, lead tellurium compound, indium arsenide, indium phosphide, gallium arsenide or
gallium antimonide.

[0189] On the substrate 400, for example, unit elements necessary for the operation of the
semiconductor device, such as various types of active elements and passive elements, may be
formed. The unit elements may be, for example, cell transistors such as a DRAM.

[0190] An interlayer insulating film 403 covering the unit elements may be formed on the
substrate 400. First and second storage node contacts 405 and 406 for electrically connecting
each of the unit elements to the first lower electrode 410 and the second lower electrode 411
may be formed in the interlayer insulating film 403. The first lower electrode 410 is
electrically connected to the conductive regions included in the unit element by the first storage
node contact 405, and the second lower electrode 411 may be electrically connected to the
conductive regions included in the unit elements by the second storage node contact 406.
[0191] The interlayer insulating film 403 may include, for example, one of silicon oxide,
silicon oxynitride, silicon nitride, and combinations thereof. The first and second storage
node contacts 405 and 406 may include, for example, at least one of an impurity-doped
semiconductor material, a conductive silicide compound, a conductive metal nitride, and a
metal.

[0192] The first lower electrode 410 and the second lower electrode 411 may be formed on the
interlayer insulating film 403. The first lower electrode 410 and the second lower electrode
411 may have a plate-like shape extending in parallel with the upper surface of the substrate

400.
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[0193] The second capacitor dielectric film 420 may be formed on the first lower electrode 410
and the second lower electrode 411. The second capacitor dielectric film 420 may extend
along the profiles of the first lower electrode 410 and the second lower electrode 411, and the
upper surface of the interlayer insulating film 403.

[0194] The second capacitor dielectric film 420 may include a lower capacitor dielectric film
421 and an upper capacitor dielectric film 426 sequentially stacked in the third direction DRS3.
[0195] The upper electrode 430 may be formed on the second capacitor dielectric film 420.
[0196] As an example, the first lower electrode 410 and the second lower electrode 411
correspond to the first electrode 100 described using FIGS. 1 to 18, and the upper electrode 430
may correspond to the second electrode 110 described using FIGS. 1 to 18.

[0197] The second capacitor dielectric film 420 may correspond to the first capacitor dielectric
film 200 described using FIGS. 1to 18. For example, the lower capacitor dielectric film 421
may correspond to first to third ferroelectric films (210, 211 and 212 of FIGS. 1 to 8) exhibiting
the characteristics of the ferroelectric material. The upper capacitor dielectric film 426 may
correspond to the first and second paraelectric films (260, and 261 of FIGS. 1 to 8) exhibiting
the characteristics of the paraelectric material.

[0198] The lower capacitor dielectric film 421 may be substantially the same as the description
of one of the first to third ferroelectric films (210, 211 and 212 of FIGS. 1 to 8). The
description of the upper capacitor dielectric film 426 may be substantially the same as the
description of one of the first and second paraelectric films (260 and 261 of FIGS. 1 to 8).
[0199] As another example, the first lower electrode 410 and the second lower electrode 411
may correspond to the second electrode 110 described using FIGS. 1 to 18, and the upper
electrode 430 may correspond to the first electrode 100 described using FIGS. 1 to 18.

[0200] The second capacitor dielectric film 420 may correspond to the first capacitor dielectric
film 200 described using FIGS. 1 to 18. For example, the lower capacitor dielectric film 421

may correspond to the first and secondgoparaelectric films (260 and 261 of FIGS. 1 to



8) exhibiting the characteristics of the paraelectric material. The upper capacitor dielectric
film 426 may correspond to the first to third ferroelectric films (210, 211 and 212 of FIGS. 1
to 8) exhibiting the characteristics of the ferroelectric material.

[0201] The lower capacitor dielectric film 421 may be substantially the same as the description
of one of the first and second paraelectric films (260 and 261 of FIGS. 1 to 8). The upper
capacitor dielectric film 426 may be substantially the same as the description of one of the first
to third ferroelectric films (210, 211 and 212 of FIGS. 1 to 8).

[0202] In FIG. 20, the second capacitor dielectric film 420 is illustrated as including the lower
capacitor dielectric film 421 and the upper capacitor dielectric film 426, but the embodiments
are not limited thereto.  Of course, the second capacitor dielectric film 420 may have the same
structure as the first capacitor dielectric film of FIGS. 9 to 12.

[0203] In addition, the first cell capacitor CA1 and the second cell capacitor CA2 may further
include the interfacial film 300 of FIGS. 13 to 15. Alternatively, the first cell capacitor CA1
and the second cell capacitor CA2 may include the third electrode 120 of FIG. 16.
Alternatively, the first cell capacitor CA1 and the second cell capacitor CA2 may include the
protection layers 351 and 352 of FIGS. 17 and 18.

[0204] FIGS. 21 and 22 are diagrams illustrating the semiconductor device according to some
embodiments. For convenience of explanation, differences from those described using FIGS.
19 and 20 will be mainly described. For reference, FIGS. 21 and 22 may be cross-sectional
views taken along line I-1 of FIG. 19, respectively.

[0205] Referring to FIG. 21, in the semiconductor device according to some embodiments,
each of the first lower electrode 410 and the second lower electrode 411 may have a rod-like
pillar shape extending long in the third direction DR3.

[0206] The second capacitor dielectric film 420 may be formed along an outer sidewall of the

first lower electrode 410 and an outer sidewall of the second lower electrode 411.
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[0207] Although not illustrated, an electrode support for connecting the first lower electrode
410 and the second lower electrode 411 may be further formed.

[0208] Referring to FIG. 22, in the semiconductor device according to some embodiments,
each of the first lower electrode 410 and the second lower electrode 411 may have a cylinder
shape.

[0209] Each of the first lower electrode 410 and the second lower electrode 411 may include a
sidewall portion extending in the third direction DR3, and a bottom portion parallel to the upper
surface of the substrate 400.

[0210] The second capacitor dielectric film 420 may extend along the profiles of the first lower
electrode 410 and the second lower electrode 411. The second capacitor dielectric film 420
may extend along the inner sidewall and the outer sidewall of the sidewall portion of the first
lower electrode 410, and the inner sidewall and the outer sidewall of the sidewall portion of the
second lower electrode 411.

[0211] Although not illustrated, an electrode support for connecting the first lower electrode
410 and the second lower electrode 411 may be further formed.

[0212] FIG. 23ais a layout diagram schematically illustrating an arrangement of cell capacitors
of the semiconductor device according to some embodiments. FIG. 23b is a diagram
illustrating that the capacitor dielectric film and the upper electrode are removed from FIG. 23a.
FIGS. 24 to 26 are cross-sectional views taken along the lines I1-11, 111-111 and IV-IV of FIG.
23a, respectively. For convenience of explanation, differences from those described with
reference to FIGS. 19 and 20 will be mainly described. Referring to FIG. 23a, the
semiconductor device according to some embodiments may include a plurality of cell
capacitors arranged along a first direction DR1 and a fourth direction DRA4.

[0213] Although the first direction DR1 and the fourth direction DR4 are illustrated as

directions orthogonal to each other in FIG. 23a, the embodiments are not limited thereto.
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[0214] Although each cell capacitor is illustrated to be rectangular from the viewpoint of plan
view in FIG. 23a, the embodiments are not limited thereto.

[0215] Referring to FIGS. 23a to 26, the semiconductor device according to some
embodiments may further include a first insulation pattern 440 and a second insulation pattern
441.

[0216] The first insulation pattern 440 and the second insulation pattern 441 may be formed
on the substrate 400. The first insulation pattern 440 and the second insulation pattern 441
are disposed on the upper surface of the interlayer insulating film 403. The first insulation
pattern 440 is separated from the second insulation pattern 441. The first insulation pattern
440 is adjacent to the second insulation pattern 441.

[0217] The first insulation pattern 440 includes a first sidewall 440sa and a second sidewall
440sb adjacent to each other. The first insulation pattern 440 includes an upper surface 440u
connected to the first sidewall 440sa of the first insulation pattern and the second sidewall
440sb of the first insulation pattern. The first sidewall 440sa of the first insulation pattern
may be connected to the second sidewall 440sb of the first insulation pattern.

[0218] The second insulation pattern 441 includes a first sidewall 441sa and a second sidewall
441sb adjacent to each other. The second insulation pattern 441 includes an upper surface
441u connected to the first sidewall 441sa of the second insulation pattern and the second
sidewall 441sb of the second insulation pattern. The first sidewall 441sa of the second
insulation pattern may be connected to the second sidewall 441sb of the second insulation
pattern.

[0219] The second sidewall 441sb of the second insulation pattern may face the second
sidewall 440sb of the first insulation pattern.

[0220] The first insulation pattern 440 and the second insulation pattern 441 may each include,

for example, silicon oxide, silicon oxynitride, silicon nitride, and combinations thereof.
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[0221] The first lower electrode 410 may extend along the first sidewall 440sa of the first
insulation pattern. However, the first lower electrode 410 does not extend along the second
sidewall 440sb of the first insulation pattern.  The first lower electrode 410 includes a portion
extending in parallel to the upper surface of the substrate 400. Alternatively, the first lower
electrode 410 includes a portion extending along the upper surface of the interlayer insulating
film 403.

[0222] The second lower electrode 411 may extend along the first sidewall 441a of the second
insulation pattern. However, the second lower electrode 411 does not extend along the second
sidewall 441sb of the second insulation pattern. The second lower electrode 411 includes a
portion extending in parallel to the upper surface of the substrate 400. Alternatively, the
second lower electrode 411 includes a portion extending along the upper surface of the
interlayer insulating film 403.

[0223] The first lower electrode 410 and the second lower electrode 411 are not formed on the
second sidewall 440sb of the first insulation pattern and the second sidewall 441sb of the
second insulation pattern facing each other.

[0224] The second capacitor dielectric film 420 may be formed on the first lower electrode 410
and the second lower electrode 411. The second capacitor dielectric film 420 extends along
the first lower electrode 410 and the second lower electrode 411.

[0225] The second capacitor dielectric film 420 extends along the second sidewall 440sb of
the first insulation pattern and the second sidewall 441sb of the second insulation pattern in
which the first lower electrode 410 and the second lower electrode 411 are not formed. The
second capacitor dielectric film 420 extends along the upper surface 440u of the first insulation
pattern and the upper surface 441u of the second insulation pattern.

[0226] In concluding the detailed description, those skilled in the art will appreciate that many
variations and modifications may be made to the disclosed embodiments without substantially

departing from the principles of the present inventive concepts. Therefore, the disclosed
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embodiments of the present inventive concepts are used in a generic and descriptive sense only

and not for purposes of limitation.
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What is claimed is:

1. A semiconductor device comprising:

first and second electrodes apart from each other; and

a capacitor dielectric film between the first electrode and the second electrode and
including a first dielectric film and a second dielectric film, the first dielectric film and the
second dielectric film being stacked,

wherein the first dielectric film includes one of a first monometal oxide film and a
first bimetal oxide film,

the first dielectric film has an orthorhombic crystal system,

the second dielectric film includes a paraelectric material,

the second dielectric film has a monoclinic crystal system, and

a dielectric constant of the capacitor dielectric film is greater than a dielectric constant

of the second dielectric film.

2. The semiconductor device of claim 1, wherein each of the first dielectric film

and the second dielectric film is a single film.

3. The semiconductor device of claim 1, wherein the first dielectric film includes
a first sub-dielectric film and a second sub-dielectric film, and
the first sub-dielectric film is between the second sub-dielectric film and the second

dielectric film.

4. The semiconductor device of claim 3, wherein the second dielectric film

includes a third sub-dielectric film and a fourth sub-dielectric film, and
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the third sub-dielectric film is between the fourth sub-dielectric film and the first

dielectric film.

5. The semiconductor device of any one of claims 1 to 4, wherein the capacitor
dielectric film further includes a third dielectric film including a paraelectric material, and
the first dielectric film is between the second dielectric film and the third dielectric

film.

6. The semiconductor device of claim 1, wherein the first dielectric film and the
second dielectric film form a dielectric film group, and

the capacitor dielectric film includes a plurality of dielectric film groups.

7. The semiconductor device of any one of claims 1 to 6, wherein the first

monometal oxide film includes one of hafnium (Hf) and a rare earth metal of lanthanoids.

8. The semiconductor device of any one of claims 1 to 7, wherein the first bimetal

oxide film includes hafnium (Hf) and zirconium (Zr).

9. The semiconductor device of any one of claims 1 to 8, wherein the second
dielectric film includes one of a second monometal oxide film and a second bimetal oxide
film, and

a metal contained in the second monometal oxide film and the second bimetal oxide

film includes at least one of hafnium (Hf) and zirconium (Zr).

10.  The semiconductor device of any one of claims 1 to 9, further comprising:
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a protection layer between the first electrode and the second electrode and including
a metal oxide,
wherein the protection layer is between the first electrode and the capacitor dielectric

film and/or between the second electrode and the capacitor dielectric film.

11.  The semiconductor device of any one of claims 1 to 10, wherein capacitance

of the capacitor dielectric film is greater than capacitance of the second dielectric film.

12. A semiconductor device comprising:

first and second electrodes apart from each other;

a capacitor dielectric film between the first electrode and the second electrode, and
including a first dielectric film and a second dielectric film, the first dielectric film including
a ferroelectric material, the second dielectric film including a paraelectric material and being
between the first dielectric film and the first electrode, the first dielectric film and the second
dielectric film being stacked; and

at least one interfacial film including a conductive material and in contact with the
first dielectric film,

wherein the first dielectric film has an orthorhombic crystal system and the second

dielectric film has a monoclinic crystal system.

13. The semiconductor device of claim 12, wherein the at least one interfacial film

is between the second electrode and the first dielectric film.

14. The semiconductor device of claim 12, wherein the at least one interfacial film

is between the first dielectric film and the second dielectric film.

38



15.  The semiconductor device of any one of claims 12 to 14, wherein the first

dielectric film includes one of a monometal oxide film and a bimetal oxide film.

16. The semiconductor device of claim 15, wherein the monometal oxide film and

the bimetal oxide film include the same metal element.

17. A semiconductor device comprising:

a first insulation pattern including a first sidewall and a second sidewall adjacent to
each other on a substrate;

a second insulation pattern separate from the first insulation pattern on the substrate
and including a third sidewall and a fourth sidewall adjacent to each other, the fourth sidewall
of the second insulation pattern facing the second sidewall of the first insulation pattern;

a first lower electrode extending along the first sidewall of the first insulation pattern
and not extending along the second sidewall of the first insulation pattern;

a second lower electrode extending along the third sidewall of the second insulation
pattern and not extending along the fourth sidewall of the second insulation pattern;

a capacitor dielectric film extending along the first lower electrode, the second lower
electrode, the second sidewall of the first insulation pattern and the fourth sidewall of the
second insulation pattern, and including a first dielectric film and a second dielectric film, the
first dielectric film and the second dielectric film being stacked; and

an upper electrode on the capacitor dielectric film,

wherein the first dielectric film includes one of a monometal oxide film and a bimetal
oxide film,

the first dielectric film has an orthorhombic crystal system,
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the second dielectric film includes a paraelectric material,
the second dielectric film has a monoclinic crystal system, and
a dielectric constant of the capacitor dielectric film is greater than a dielectric constant

of the second dielectric film.

18. The semiconductor device of claim 17, wherein each of the first lower

electrode and the second lower electrode includes a portion extending in parallel to an upper

surface of the substrate.

19. The semiconductor device of claim 17 or claim 18, wherein each of the first

dielectric film and the second dielectric film is a single film.

20. The semiconductor device of any one of claims 17 to 19, wherein the

monometal oxide film and the bimetal oxide film include a metal oxide including hafnium.
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