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CAPACITOR AND ITS MANUFACTURING
METHOD

[0001] Japanese Patent Application No. 2007-6104, filed
Jan. 15, 2007, and Japanese Patent Application No. 2007-
92198, filed Mar. 30, 2007 are hereby incorporated by refer-
ence in their entirety.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to capacitors and

methods for manufacturing the same.

[0004] 2. Related Art

[0005] The manufacturing technology relating to a variety
of electronic devices having capacitors inside has evolved in
recent years, and the application of those devices to comput-
ers, printers and other apparatuses is becoming more active.
For example, memory devices formed with ferroelectric
capacitors and piezoelectric devices formed with ferroelec-
tric capacitors are highly expected as they are characterized
by high-speed operation and low-power consumption.
[0006] Capacitors included in electronic devices generally
have a structure in which a dielectric layer composed of an
inorganic oxide sandwiched between two electrode layers
composed of metal. With this structure, a charge may be
accumulated, a structural change may be caused by polariza-
tion, or a displacement such as extension and contraction may
be generated in the dielectric layer through the electrodes.
The performance of such capacitors may be decided by the
dielectric material, the electrodes, characteristics of their
interface and the like. To improve the performance of the
capacitors, the characteristic of each of the elements needs to
be improved, and damage that may be inflicted on the capaci-
tors during their manufacturing process need to be mini-
mized.

[0007] Damage inflicted on capacitors during the manufac-
turing process may cause phenomenon, such as, an increased
leakage current generated between the two electrodes, low-
ered reliability caused by deterioration of the interface, and
the like. In particular, in the step of patterning the capacitors
by dry etching, the leakage current may considerably increase
because plasma directly acts on the dielectric material. Also,
in devices in related art having capacitor structures, the
capacitor structures may be covered by a barrier layer such as
an aluminum oxide layer in order to improve their character-
istics and prevent deterioration (see, for example, Japanese
Laid-open Patent Application JP-A-2003-243625).

[0008] However, the use of an aluminum oxide film as a
barrier layer for capacitors in piezoelectric devices may cause
a problem in that displacement and contraction of the dielec-
tric layers are restricted as the film of the barrier layer has a
high Young’s modulus.

[0009] According to the research made by the inventors, it
has become clear that a leakage current is mainly generated
through running along a side surface of the capacitor, in other
words, along a side surface of the ferroelectric layer. It is
believed that generation of composition change in the dielec-
tric material caused by dry etching, destruction of the crys-
tallinity of the dielectric material by collision of ions, injec-
tion of charges in the plasma into the dielectric material may
be the causes of the increase in leakage current along the side
surface of the ferroelectric material. Also, in the case of
devices having the structure in which the capacitor is covered
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by a dielectric layer, such as, an aluminum oxide layer, a
silicon oxide layer or the like, impurities contained in alumi-
num oxide or silicon oxide of the dielectric layer and hydro-
gen generated during the process of forming the dielectric
layer reduce the inorganic oxide (dielectric material), which
is believed to generate leakage current along the side surface
of the ferroelectric layer.

SUMMARY

[0010] Inaccordance with a first embodiment of the inven-
tion, a method for manufacturing a capacitor includes the
steps of: sequentially laminating, on a substrate, a lower
electrode layer, a dielectric layer and an upper electrode layer;
forming a patterned mask layer on the upper electrode layer;
patterning at least the upper electrode layer and the ferroelec-
tric layer using the mask layer as a mask; removing the mask
layer; and conducting a plasma treatment to contact plasma
with an exposed surface of the dielectric layer.

[0011] In accordance with a second embodiment of the
invention, a method for manufacturing a capacitor includes
the steps of: forming a lower electrode; forming a dielectric
layer composed of a ferroelectric or a piezoelectric above the
lower electrode; forming an upper electrode above the dielec-
tric layer; patterning the dielectric layer and the upper elec-
trode; forming a first silicon oxide layer that covers at least a
side surface of the dielectric layer; conducting a process with
plasma containing oxygen; and forming a second silicon
oxide layer above at least the first silicon oxide layer.

[0012] Inaccordance with a third embodiment of the inven-
tion, a capacitor includes: a lower electrode; a dielectric layer
composed of a ferroelectric or a piezoelectric provided above
the lower electrode; an upper electrode provided above the
dielectric layer; a first silicon oxide layer that covers at least
a side surface of the dielectric layer; a nitride layer provided
above the first silicon oxide layer; and a second silicon oxide
layer provided above at least the nitride layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1is a schematic cross-sectional view showing
a step of a manufacturing method in accordance with an
embodiment of the invention.

[0014] FIG. 2 is a schematic cross-sectional view showing
a step of the manufacturing method in accordance with the
embodiment of the invention.

[0015] FIG. 3 is a schematic cross-sectional view showing
a step of the manufacturing method in accordance with the
embodiment of the invention.

[0016] FIG. 4 is a schematic cross-sectional view showing
a step of the manufacturing method in accordance with the
embodiment of the invention.

[0017] FIG. 5is a schematic cross-sectional view showing
a step of the manufacturing method and a capacitor in accor-
dance with the embodiment of the invention.

[0018] FIG. 6 is a schematic cross-sectional view of the
structure of a capacitor in accordance with an experimental
example.

[0019] FIG. 7 is a schematic cross-sectional view of the
structure of a capacitor in accordance with an experimental
example.

[0020] FIG. 8 is a graph showing results of measurement of
leakage current.
[0021] FIG.9 is a graph showing results of measurement of

leakage current.
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[0022] FIG. 10 is a graph showing results of measurement
of leakage current.
[0023] FIG. 11 is a graph showing results of measurement
of leakage current.
[0024] FIG. 12 is a graph showing results of measurement
of leakage current.
[0025] FIG. 13 is a graph showing results of measurement
of leakage current.

[0026] FIG. 14 is a graph showing results of measurement
of hysteresis.
[0027] FIG.151s aschematic cross-sectional view showing

a step of a manufacturing method in accordance with an
embodiment of the invention.

[0028] FIG.161s aschematic cross-sectional view showing
a step of the manufacturing method in accordance with the
embodiment of the invention.

[0029] FIG.17is aschematic cross-sectional view showing
a step of the manufacturing method in accordance with the
embodiment of the invention.

[0030] FIG.18is aschematic cross-sectional view showing
a step of the manufacturing method in accordance with the
embodiment of the invention.

[0031] FIG. 19 is a schematic cross-sectional view of a
capacitor obtained by the manufacturing method in accor-
dance with the embodiment of the invention.

[0032] FIG. 20 is a schematic cross-sectional view of a
capacitor obtained by the manufacturing method in accor-
dance with the embodiment of the invention.

[0033] FIG. 21 is a schematic cross-sectional view of a
capacitor obtained by the manufacturing method in accor-
dance with the embodiment of the invention.

[0034] FIG. 22 is a schematic cross-sectional view of a
capacitor obtained by the manufacturing method in accor-
dance with the embodiment of the invention.

[0035] FIG. 23 is a schematic cross-sectional view of a
capacitor obtained by the manufacturing method in accor-
dance with the embodiment of the invention.

[0036] FIG. 24 is a schematic cross-sectional view of a
capacitor obtained by the manufacturing method in accor-
dance with the embodiment of the invention.

[0037] FIG. 25 is a graph showing results of measurement
of leakage current.

[0038] FIG. 26 is a graph showing results of measurement
of leakage current.

[0039] FIG. 27 is a graph showing results of measurement
of leakage current.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0040] Inaccordance with the invention, there is provided a
method for manufacturing a capacitor with reduced damage
to its ferroelectric layer and smaller leakage current.

[0041] Inaccordance with the invention, there is provided a
capacitor with smaller leakage current, equipped with a bar-
rier layer that controls reduction of inorganic oxide of the
dielectric layer and does not harm the characteristics of the
dielectric layer, and also a method for readily manufacturing
the same.

[0042] Inaccordance with an embodiment of the invention,
a method for manufacturing a capacitor includes the steps of:
sequentially laminating, on a substrate, a lower electrode
layer, a dielectric layer and an upper electrode layer; forming
a patterned mask layer on the upper electrode layer; pattern-
ing at least the upper electrode layer and the ferroelectric
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layer using the mask layer as a mask; removing the mask
layer; and conducting a plasma treatment to contact plasma
with an exposed surface of the dielectric layer.

[0043] Asaconsequence, damage inflicted on the dielectric
layer of the capacitor is recovered, and the capacitor with
reduced leakage current can be obtained.

[0044] In the method for manufacturing a capacitor in
accordance with the embodiment described above, the
plasma treatment may be conducted at a pressure being 0.26
Pa to 5.0 Pa within a chamber.

[0045] In this manner, the damage caused on the dielectric
layer of the capacitor can be particularly effectively recov-
ered.

[0046] In the method for manufacturing a capacitor in
accordance with the embodiment described above, the
plasma treatment may be conducted at a pressure being 0.26
Pa to 1.0 Pa within the chamber.

[0047] Accordingly, the damage inflicted on the dielectric
layer of the capacitor can be further recovered.

[0048] In the method for manufacturing a capacitor in
accordance with the embodiment described above, the
plasma treatment may be conducted, using at least one type
selected from N,, Ne and He.

[0049] By so doing, the portion of the capacitor being
etched by the etching action of the gas can be controlled to a
minimum.

[0050] In the method for manufacturing a capacitor in
accordance with the embodiment described above, the
plasma treatment may be conducted, using a gas containing
oxygen.

[0051] In the method for manufacturing a capacitor in
accordance with the embodiment described above, the
plasma treatment may be conducted, using a gas containing
fluorine.

[0052] By so doing, the capacitor can be prevented from
being etched, and the damage of the dielectric layer of the
capacitor can be more effectively recovered.

[0053] In the method for manufacturing a capacitor in
accordance with the embodiment described above, a heat
treatment may be conducted after the step of conducting the
plasma treatment.

[0054] In the method for manufacturing a capacitor in
accordance with the embodiment described above, a heat
treatment may be conducted before the step of conducting the
plasma treatment.

[0055] By so doing, damage on the dielectric layer related
with the leakage current is recovered, and in addition, damage
on other parts of the dielectric layer which does not directly
affect the leakage current can also be recovered.

[0056] The method for manufacturing a capacitor in accor-
dance with the embodiment described above may include,
after the step of conducting the plasma treatment, forming an
insulation layer on an exposed surface of at least the dielectric
layer.

[0057] By so doing, after the damage on the exposed sur-
face of the dielectric layer has been recovered by the plasma
treatment step, the exposed surface is prevented from con-
tacting the atmosphere, and therefore the reliability of the
device can be improved.

[0058] Inaccordance with an embodiment of the invention,
a method for manufacturing a capacitor includes the steps of:
forming a lower electrode; forming a dielectric layer com-
posed of a ferroelectric or a piezoelectric above the lower
electrode; forming an upper electrode above the dielectric
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layer; patterning the dielectric layer and the upper electrode;
forming a first silicon oxide layer that covers at least a side
surface of the dielectric layer; conducting a process with
plasma containing oxygen; and forming a second silicon
oxide layer above at least the first silicon oxide layer.

[0059] According to the manufacturing method described
above, at least the side surface of the dielectric layer can be
covered by the laminate structure formed form the first silicon
oxide layer treated with plasma containing oxygen and the
second silicon oxide layer. Therefore it is possible to readily
obtain a capacitor that has extremely small leakage current
and does not harm the characteristic of the dielectric because
external influence of impurities is eliminated, and reduction
of the inorganic oxide of the dielectric layer is suppressed.
[0060] Inthe method for manufacturing a capacitor accord-
ing to the embodiment described above, the plasma contain-
ing oxygen may further contain nitrogen.

[0061] The method for manufacturing a capacitor accord-
ing to the embodiment described above may include forming
a silicon nitride layer at least on the first silicon oxide layer
after the step of conducting the plasma treatment, and before
the step of forming the second silicon oxide layer.

[0062] A capacitor in accordance with an embodiment of
the invention includes: a lower electrode; a dielectric layer
composed of a ferroelectric or a piezoelectric provided above
the lower electrode; an upper electrode provided above the
dielectric layer; a first silicon oxide layer that covers at least
a side surface of the dielectric layer; a nitride layer provided
above the first silicon oxide layer; and a second silicon oxide
layer provided above at least the nitride layer.

[0063] According to the structure described above, the side
surface of the dielectric layer is covered by the laminate
structure formed form the first silicon oxide layer, the nitride
layer and the second silicon oxide layer, which makes exter-
nal influence of impurities extremely small, and suppresses
the reduction of the inorganic oxide of the dielectric layer,
such that the capacitor can be made to have very small leakage
current.

[0064] The capacitor in accordance with the embodiment
described above may further have another silicon nitride layer
between the nitride layer and the second silicon oxide layer.
[0065] Inthe capacitor in accordance with the embodiment
described above, the nitride layer may include at least one of
silicon nitride and silicon oxinitride.

[0066] Embodiments of the invention are described below
with reference to the accompanying drawings. It is noted that
the following embodiments are presented to describe
examples of the invention.

1. First Embodiment
1.1. Method for Manufacturing Capacitor

[0067] A method for manufacturing a capacitor 100 in
accordance with an embodiment of the invention is described
below with reference to FIGS. 1 to 5. FIGS. 1 to 5 are cross-
sectional views schematically showing the steps of manufac-
turing the capacitor 100.

[0068] The manufacturing method according to the
embodiment includes sequentially laminating, on a substrate
10, a lower electrode layer 20a, a dielectric layer 30a and an
upper electrode layer 40a, as shown in FIG. 1.

[0069] First, the substrate 10 is prepared. The substrate 10
is a base substrate of the capacitor 100, and may be a substrate
of inorganic oxide, such as, zirconium oxide, silicon nitride,
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silicon oxide or the like, a plate body of an alloy such as
stainless steel or the like when the capacitor 100 is used for
piezoelectric actuators. When the capacitor 100 is used for
memory elements, the substrate 10 may be a semiconductor
substrate that includes interlayer dielectric layers and wiring
layers. Also, the substrate 10 may have a laminate structure of
laminated plate bodies in two or more kinds.

[0070] Then, the lowerelectrode layer 20q is stacked on the
substrate 10. The lower electrode layer 20a may be formed by,
for example, a sputter method, a vapor deposition method or
aCVD (chemical vapor deposition) method. The thickness of
the lower electrode layer 20a may be 100 nm to 300 nm. The
material for the lower electrode layer 20a may be any con-
ductive material without any particular limitation. For
example, as the material for the lower electrode layer 204, a
metal such as nickel, iridium, platinum or the like, a conduc-
tive oxide of these metals (such as iridium oxide), a complex
oxide of strontium and ruthenium, a complex oxide of lan-
thanum and nickel, or the like. Also, the lower electrode layer
20a may be formed of a single layer of any one of the mate-
rials exemplified above, or a laminate structure including a
plurality of materials.

[0071] Next, the dielectric layer 30a is stacked on the lower
electrode layer 20a. For example, the dielectric layer 30a may
be formed by a sol-gel method, a CVD method or the like.
According to the sol-gel method, a series of steps including
coating a source material solution, pre-heating and annealing
for crystallization may be repeated several times to obtain a
desired film thickness. The thickness ofthe dielectric layer 30
may be 50 nm to 1500 nm. As the material for the dielectric
layer 30a, a perovskite type oxide as represented by a general
formula ABO; (where the element A includes Pb, and the
element B includes Zr and Ti) may preferably be used. Above
all, lead zirconate titanate (PZT) and lead zirconate titanate
niobate (PZTN) are preferable as materials that exhibit the
piezoelectricity. Also, a complex oxide of barium, strontium
and titanium (BST), and a complex oxide of strontium, bis-
muth and tantalum (SBT) may be favorably used as the mate-
rial that exhibits the ferroelectricity.

[0072] Then, theupper electrode layer 40q is stacked on the
ferroelectric layer 30a. The upper electrode layer 40a may be
formed by a sputter method, a vapor deposition method or a
CVD method. The thickness of the upper electrode layer 40a
may be, for example, 50 nm to 200 nm. The material for the
upper electrode layer 40a may be any conductive material
without any particular limitation. For example, as the material
for the upper electrode layer 40a, a metal such as nickel,
iridium, gold, platinum or the like, a conductive oxide of these
metals (such as iridium oxide), a complex oxide of strontium
and ruthenium, a complex oxide of lanthanum and nickel, or
the like may be used. Also, the upper electrode layer 40a may
be made of a single layer of any one of the materials exem-
plified above, or a laminate structure including a plurality of
the materials.

[0073] Inamanner described above, the laminate structure
as shown in FIG. 1 is formed. However, the step of annealing
the dielectric layer 30a and various surface treatment steps
may be added to the process described above.

[0074] The manufacturing method according to the present
embodiment includes the step of forming a patterned mask
layer 50 on the upper electrode layer 40a. The mask layer 50
may be one of those that are used in a known photolithogra-
phy technique. As the mask layer 50, a hard mask composed
of a complex oxide of lanthanum and nickel may be used.
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Furthermore, the hard mask may be used in combination with
a mask used in the photolithography technique.

[0075] The manufacturing method in accordance with the
present embodiment includes the step of patterning at least
the upper electrode layer 40a and the dielectric layer 30a by
etching with the mask layer 50 being used as a mask. In this
step, the upper electrode layer 40a and the dielectric layer 30a
are etched, and the lower electrode 20a may also be etched if
necessary. In the example shown in FIG. 3, the state in which
the upper electrode layer 40a and the dielectric layer 30a are
etched is shown, but the lower electrode layer 20a may further
be etched. As the etching method, a dry etching method, a wet
etching method or a combination of the aforementioned etch-
ing methods may be used. For example, the upper electrode
layer 40a may favorably be etched by dry etching with a
mixed gas of halogen gas and argon gas, and the dielectric
layer 30a with a mixed gas of halogen gas and fluorocarbon
gas. When a dry etching method is selected, a common
plasma dry etching may be conducted. The plasma dry etch-
ing may be conducted with standard conditions, for example,
with the pressure being 0.5 Pa, the plasma source power being
1000 W, and the power of the RF bias being 450 W.

[0076] The manufacturing method in accordance with the
present embodiment includes the step of removing the mask
layer 50. The mask layer 50 may be removed by ashing. The
ashing may be conducted by a known method. As conditions
for the ashing, for example, O, and N, may be used as gases
for the ashing, the pressure may be 266 Pa, the plasma source
power may be 900 W, and the RF bias power may be 0 W.
[0077] In the manufacturing method according to the
present embodiment, a series of the three steps, i.e., the step of
forming the mask layer 50, the step of patterning the upper
electrode layer 40a and the dielectric layer 30a, and the step
of ashing may be repeated multiple times.

[0078] The capacitor structure as shown in FIG. 4 is formed
in a manner described above. Further, the manufacturing
method in accordance with the present embodiment is char-
acterized by a plasma treatment processing (hereafter simply
referred to as a “plasma treatment”) in which a plasma treat-
ment is conducted with RF bias being applied to the substrate
10, whereby exposed surfaces of the dielectric layer 30 are
contacted with plasma. Such a plasma treatment is not gen-
erally conducted in prior art. This is because, after completing
the step of ashing, a process that requires increasing the
degree of vacuum may be required before the capacitor is
retrieved from the apparatus that is used for the ashing, as
required by the process. However, based on a fining that there
is a possibility of damage inflicted on the dielectric near the
exposed surface of the dielectric layer 30 that has undergone
through the processing up to the ashing step described above,
the manufacturing method in accordance with the present
embodiment includes the plasma treatment for recovering the
damage. The damage refers to, for example, oxygen defi-
ciency caused by the dry etching and charge accumulation
generated by the ashing. Furthermore, the dielectric layer 30
may be damaged, even after the ashing step, for example, ifa
protective film is formed on the capacitor and a surface treat-
ment is conducted to increase the adhesion between the
capacitor and the protective film. The plasma treatment in the
manufacturing method in accordance with the present
embodiment is conducted to recover damage inflicted on the
exposed surface of the dielectric layer 30. FIG. 5 schemati-
cally shows a state of plasma contacting the exposed surface
of the dielectric layer 30 in the present step.
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[0079] The plasma in the plasma treatment in accordance
with the present embodiment may be generated by a known
method in a plasma generation apparatus without any particu-
lar limitation, including a double-pole discharge type, a mag-
netron discharge type, and an electrodeless discharge type.
Also, the use of helicon wave plasma and inductively coupled
plasma (ICP) for the plasma treatment is more favorable as
they are high density plasma. The plasma treatment is con-
ducted with a RF bias being applied to the side of the substrate
10. An application of even a small RF bias to the substrate 10
results in favorable plasma treatment. By applying an RF bias
to the substrate 10, more plasma particles are drawn in the
substrate 10, whereby the recovering effect of the present step
is generated. The effective value of the RF bias power changes
depending on the area of the substrate 10. For example, when
a 6-inch wafer is used for the substrate 10, the power of SO W
or more would be sufficient. However, when the RF bias
power is too high, the energy of ions colliding against the
substrate may become too large, which enhances the effect of
etching the substrate and therefore is not preferable.

[0080] In the plasma treatment step in the manufacturing
method in accordance with the present embodiment, the
lower the pressure in the plasma treatment, the better. In
particular, the pressure may preferably be 5 Pa or lower, and
more preferably be 1 Pa or lower. A chamber that is suitable
for generating the plasma in this pressure range may be freely
selected for this step, and the plasma treatment in the present
step can be conducted in the chamber.

[0081] Also, as the gas to be introduced into the chamber
for generating plasma, relatively light gas is preferable such
that etching on the dielectric layer 30 would not preferentially
occur. Any source gas may be used for the plasma without any
particular limitation, and the source gas may preferably be
oxygen (O,), nitrogen (N,), nitrous oxide (N,O), nitrogen
trifluoride (NF;), helium (He), neon (Ne), argon (Ar), carbon
tetrafluoride (CF,), carbon monoxide (CO), or a mixed gas of
two or more of the aforementioned gases. Above all, neon and
helium are inert and light gases, and particularly preferred as
their etching effect to the dielectric layer 30 is low. Also,
plasma containing oxygen, which is generated when oxygen,
nitrous oxide, or carbon monoxide gas is selected, is preferred
in view of their small etching effect as the oxygen in the gas
protects the dielectric layer 30 that is composed of oxide.
Furthermore, plasma that is generated by a mixed gas con-
taining oxygen and fluorine is particularly preferable as it
excels in the effect of recovering damage inflicted on the
dielectric layer 30.

[0082] As the method for manufacturing a capacitor in
accordance with the present embodiment includes the plasma
treatment step as described above, damage on the dielectric
layer 30 can be recovered, and the capacitor 100 with little
leakage current can be provided.

[0083] The method for manufacturing a capacitor in accor-
dance with the present embodiment may include the step of
conducting a heat treatment before and/or after the plasma
treatment described above. Such a heat treatment may be
conducted by, for example, a method in which the capacitor
together with the substrate is placed inside a diffusion furnace
or a RTA (rapid thermal annealing) apparatus, or a method in
which electromagnetic wave is irradiated to the substrate. The
temperature of the heat treatment may be 500° C. to 1000° C.
More specifically, the temperature may preferably be 600° C.
to 800° C., for example, for recovering the crystallinity of the
dielectric layer 30. By including the heat treatment step
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described above in the manufacturing method according to
the present embodiment, the crystal defects not only on the
exposed surface of the dielectric layer 30 but also in its
entirety can be recovered.

[0084] The method for manufacturing a capacitor in accor-
dance with the present embodiment may further include, after
the plasma treatment, the step of forming an insulation film on
at least the exposed surface of the dielectric layer 30. As the
material for the insulation film, for example, aluminum oxide
and silicon oxide are preferable. The thickness of the insula-
tion film is not particularly limited. The insulation film may
be formed by, for example, a vapor deposition, sputter or
CVD method.

[0085] The step of forming the insulation film is conducted
after the plasma treatment in accordance with the present
embodiment, but its sequence with respect to the heat treat-
ment described above is not particularly limited. This is
because, in the plasma treatment, plasma particles need to
contact the exposed surface of the dielectric layer 30, but the
heat treatment step does not have such a requirement. The
plasma treatment according to the present embodiment is
more effective when applied directly to the dielectric, and
therefore is preferably conducted before the exposed surface
of the dielectric is covered by the insulation film and the
protection film. On the other hand, the heat treatment is effec-
tive either before or after the side wall is covered. Therefore,
there is no restriction on the order in conducting the heat
treatment and the plasma treatment, but the plasma treatment
is preferably conducted before the dielectric is covered.
[0086] As the step of forming such an insulation layer is
included, the exposed surface is prevented from contacting
the atmosphere after the damage on the exposed surface of the
dielectric layer 30 is recovered, such that the reliability of the
capacitor can be improved. More specifically, the exposed
surface of the dielectric layer 30 can be prevented from con-
tacting substances such as reducing gases and water, such that
deterioration such as reduction of the dielectric layer 30
becomes difficult to occur, and therefore, for example, the
service life of the capacitor can be prolonged.

1.2. Experimental Example

[0087] Experimental examples are described below for
more concretely describing the method for manufacturing a
capacitor in accordance with the present embodiment.

[0088] FIGS. 6 and 7 are cross-sectional views schemati-
cally showing the structure of a capacitor used in the present
experimental example. According to the structure of the
capacitor shown in FIG. 6, the upper electrode 40 is greater
than the lower electrode 20, such that the current that runs on
the side surface of the dielectric layer 30 gives almost no
contribution to the leakage current that flows between the
upper electrode 40 and the lower electrode 20. On the other
hand, in the capacitor structure shown in FIG. 7, the upper
electrode 40 is smaller than the lower electrode 20, which
gives a great contribution to the leakage current that runs
along the side surface of the dielectric layer 30. FIG. 8 is a
graph that compares leakage currents in the capacitors having
mutually different structures, as shown in FIG. 6 and FIG. 7.
Leakage current values (normalized by a current value of the
capacitor structure shown in FIG. 7 measured at a voltage of
20V) are plotted along the axis of ordinates of the graph, and
measurement voltages are plotted along the axis of abscissas.
Leakage currents of the capacitors having the structure shown
in FIG. 6 and the structure shown in FIG. 7 are indicated by (a)
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and (b) in the graph shown in F1G. 8, respectively, and leakage
currents of the capacitor having the structure shown in FIG. 7
and to which the plasma treatment is further applied are
indicated by (c¢) in the graph. The plasma treatment was
conducted with the oxygen plasma being at 0.26 Pa, the
plasma source power at 900 W, the RF bias power at 50 W, and
the treatment time being 10 seconds. PZT was used for the
dielectric layer. Comparing the structures shown in FIGS. 6
and 7, it is clear from the graphs that the structure with a
greater influence from the side surface of the dielectric layer
shown in FIG. 7 has leakage currents about 100 times greater
than the other. In other words, it becomes clear that the leak-
age current increases due to the damage on the side surface of
the dielectric layer 30. The degree of increase in the leakage
current differs depending on how the side surface is damaged.
When the capacitor is processed with the plasma treatment, it
is observed that the plotted leakage currents indicated by (c)
in the graph generally overlap the plotted leakage currents
indicated by (a) of the structure shown in FIG. 6. In other
words, it is found that the leakage current that runs on the side
surface of the dielectric layer 30 is made extremely small by
the plasma treatment.

[0089] FIG. 9 shows the effects of the pressure in the
plasma treatment which are exerted on the leakage current. In
FIG.9, the axis of ordinates and the axis of abscissas similarly
correspond to those in FIG. 8. The plasma treatment with
oxygen plasma was applied to capacitors (without being pro-
cessed by the plasma treatment) in which the side surface of
the dielectric layer was damaged in the range of pressures
from 0.26 Pa to 80 Pa. From 0.26 Pa to 10 Pa, the other
parameters were set as follows: the plasma source power was
900 W, the RF bias power was 50 W, and the treatment time
was 20 seconds. At 80 Pa, the other parameters were set as
follows: the plasma source power was 300 W, the RF bias
power was 200 W, and the treatment time was 20 seconds.
Leakage current values are normalized by a current value of a
capacitor that is not processed by the plasma treatment which
is measured at 20V. Also, FIG. 10 plots leakage current values
of capacitors measured at a voltage of 20V after the plasma
treatment along the axis of ordinates, and pressures along the
axis of abscesses.

[0090] As is clear from FIGS. 9 and 10, by the plasma
treatment at pressures of 20 Pa or lower, it is found that the
leakage current of the capacitors becomes smaller, which
indicates that the damage on the side surface of the dielectric
layer is recovered. The lower the pressure, the greater the
effects. In particular, at 5 Pa or lower, the influence of the
damage on the side surface of the dielectric layer to the
leakage current could be eliminated almost entirely. At 1 Paor
lower, leakage current values that are equivalent to those of
the dielectric layers whose damage on the side surface is
almost completely recovered could be obtained. On the other
hand, at 20 Pa or higher, the side surface of the dielectric layer
was damaged, which increased the leakage current. At 80 Pa
or higher, the leakage current increased more than 1000 times
the value obtained before the plasma treatment.

[0091] FIG. 11 shows measurement results of leakage cur-
rent values before and after the plasma treatment at different
positions (places) within the substrate surface. The axis of
abscissas in FIG. 11 indicates places within the substrate
surface, corresponding to distances from the orientation flat.
Along the axis of ordinates in FIG. 11 plots leakage currents
measured at an application voltage of 20V, which are normal-
ized with the maximum value of leakage current before the
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plasma treatment as being 1. It is observed from FIG. 11 that
the distribution of leakage currents in the surface of the wafer
existed before the plasma treatment is almost completely
eliminated by the plasma treatment along the entire region
inside the surface of the wafer. Also, it was found that the
values of leakage currents were considerably reduced by the
plasma treatment along the entire region inside the surface of
the wafer.

[0092] Table 1 below shows experiment results of leakage
currents measured while changing the conditions for the
plasma treatment. In the result column in Table 1, when the
leakage current is considerably reduced by the plasma treat-
ment, the result is indicated by a mark O; when there is no
change in the leakage current, the result is indicated by a mark
A; and when the leakage current is increased, the result is
indicated by a mark x. It is observed from Table 1 that favor-
able results are obtained when the RF bias is applied to the
substrate side at low pressures regardless of the types of
gases. Also, it is observed that the RF bias power at 50 W is
effective enough to sufficiently cure the exposed surface of
the dielectric layer 30. Also, it is observed that there is no
change in the characteristics of the capacitor regardless of the
pressure, when the RF bias is not present. When the RF bias
is present, it is observed that the capacitor is damaged and the
leakage current increases when the pressure is high, which is
also shown in FIG. 9. In view of the above, it is found that a
great damage recovery effect can be obtained by the plasma
treatment when the RF bias is applied at lower pressures.

TABLE 1
Pressure Bias Power Time
Type of Gas Pa w S Result
O,, Ar 0.26 0 60 A
0,, Ar, CF,, 0.26 50 10~20 O
BCls, C,Fg, CL,
O,,Ar 0.26 450 10 O
0,, N,0, NF, 80 0 300 A
0,, N,0, NF, 80 200 10 X
1.2.2. Experimental Example 2
[0093] FIG. 12 shows leakage current measurement results

of capacitors having the structure shown in FIG. 7, before the
plasma treatment, after the plasma treatment using oxygen
gas, and after the plasma treatment using a mixed gas of
oxygen and carbon tetrafluoride. Along the axis of ordinates
in FIG. 12 plots leakage currents normalized with the value of
leakage current of a capacitor before the plasma treatment
measured at a voltage of 20V. Measurement voltages are
plotted along the axis of abscissas in FIG. 12. It is observed
from FIG. 12 that leakage currents of the capacitors treated
with the plasma treatment using oxygen gas and the capaci-
tors treated with the plasma treatment using the oxygen and
carbon tetrafluoride mixed gas are both considerably reduced,
compared to the capacitors before the plasma treatment. It is
also found that the plasma treatment using the oxygen and
carbon tetrafluoride mixed gas is more effective in reducing
the leakage current than the plasma treatment using only
oxygen gas.

[0094] It is noted that the damage recovering effect can be
obtained by the plasma only using oxygen gas. However,
depending on the film quality of the dielectric layer, the
electrode material, and the condition for etching the dielectric
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layer, the damage recovering effect may not be perfectly
attained, like the experimental example described above. In
such a case, as is clear from FIG. 12, the use of plasma
containing both of oxygen and fluorine (for example, plasma
using a mixed gas of oxygen and carbon tetrafluoride) may
result in more effective plasma treatment. The plasma treat-
ment in this case may be conducted with 80% carbon tet-
rafluoride and 20% oxygen in the ratio of flow quantity, the
pressure being 1.0 Pa, the RF bias power being 50 W, and the
treatment time being 10 seconds. On the other hand, fluorine
acts to chemically etch the dielectric layer and may therefore
deteriorate the dielectric layer. However, fluorine may be
mixed with a gas containing oxygen to generate plasma, and
the plasma treatment may be conducted using this plasma,
whereby the etching action of fluorine can be suppressed.

1.2.3. Experimental Example 3

[0095] Differences in the damage recovering mechanism
were examined between the plasma treatment and a common
heat treatment to be conducted for recovering damage on
dielectric layers of capacitors. FIG. 13 shows measurement
results of leakage currents of capacitors processed with the
heat treatment as a damage recovering treatment, capacitors
processed with the plasma treatment, and capacitors without
any damage recovering treatment applied (indicated as “Ini-
tial State” in the figure). The axis of ordinates and the axis of
abscissas similarly correspond to those in FIG. 12. As the
capacitors before the damage recovering treatment (in the
initial state), the capacitors to which considerable damage
was forcefully inflicted by the plasma treatment with the
pressure being 80 Pa shown in FIG. 9 were used. The heat
treatment was conducted in an oxygen atmosphere at 600° C.
for 5 minutes. The plasma treatment was conducted with the
oxygen plasma at 0.26 P, the RF bias power being 50 W, and
the treatment time being 10 seconds. It is clear from FIG. 13
that the damage inflicted on the exposed surface of the dielec-
tric layer of the capacitor is recovered by the heat treatment in
a leakage current value only in the level of about one digit
thereof, but can be recovered by the plasma treatment in a
leakage current value in the level of more than 4 digit thereof.
[0096] FIG. 14 shows a hysteresis loop of a capacitor
immediately after the capacitor was formed by dry etching (in
which a considerable damage shown in FIG. 13 was not
inflicted), and a hysteresis loop of a capacitor to which a heat
treatment (RTA treatment) was applied after the capacitor
was formed. A hysteresis loop of a capacitor treated with the
plasma treatment after forming the capacitor has the same
shape as that of the hysteresis loop of the capacitor immedi-
ately after it was formed by dry etching, and therefore is not
shown for the sake of convenience as the graph can be more
clearly recognizable. It is observed from the graph that the
heat treatment increases the remanent polarization (2Pr) by
about 10%. On the other hand, it is found that the plasma
treatment does not cause a considerable change in the hyster-
esis loop. Therefore it is found that the heat treatment or the
plasma treatment alone does not completely cure the entire
surface of the dielectric layer of the capacitor. In other words,
it is found that the leakage current is effectively reduced
particularly by the plasma treatment, and the shape of the
hysteresis loop can be made better particularly by the heat
treatment.

[0097] The method for manufacturing the capacitor 100 in
accordance with the embodiment described above may be
applied to, for example, methods for manufacturing liquid jet
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heads that may be used for ink jet printers and the like. Also,
the method for manufacturing the capacitor 100 in accor-
dance with the embodiment described above may be applied
to methods for manufacturing memory elements that may be
used in nonvolatile memories, for example.

2. Second Embodiment

[0098] 2.1. Capacitor and Method for Manufacturing the
Same
[0099] A method for manufacturing a capacitor in accor-

dance with a second embodiment of the invention is described
below with reference to FIGS. 15 to 21. FIGS. 15 to 21 are
cross-sectional views schematically showing the steps of
manufacturing the capacitor. The step of forming a silicon
nitride layer 170 to be described below may be added to the
present embodiment as a modified example.

[0100] The step of forming a lower electrode 120: First, a
lower electrode 120 is formed on a base substrate 110 (FIG.
15). In the illustrated example, the base substrate 110 is
prepared. As the base substrate 110 in accordance with the
present embodiment, any arbitrary base substrate can be used.
The lower electrode layer 120 may be formed by a known
method. For example, the lower electrode 120 may be formed
by a vapor deposition method, a sputter method, a plating
method or the like. Also, the lower electrode may be patterned
by a known method such as a photolithography technique.
[0101] The step of forming a dielectric layer 130: A dielec-
tric layer 130 is formed above the lower electrode 120 (FIG.
15). In the illustrated example, the dielectric layer 130 is
formed on and in contact with the lower electrode 120. The
dielectric layer 130 may be formed by a known method. For
example, the dielectric layer 130 may be formed by, for
example, a sol-gel method, a CVD (chemical vapor deposi-
tion) method, and the like.

[0102] The step of forming an upper electrode 140: An
upper electrode 140 is formed above the dielectric layer 130
(FIG. 15). In the illustrated example, the upper electrode 140
is formed on and in contact with the dielectric layer 130. The
upper electrode 140 may be formed by a known method
similar to the method for forming the lower electrode 120.
The upper electrode 140 and the lower electrode 120 may be
formed by the same method or mutually different methods.
[0103] The step of patterning the dielectric layer 130 and
the upper electrode 140: Next, the dielectric layer 130 and the
upper electrode 140 are patterned by a photolithography
method (FIG. 16). For example, in this step, a mask layer (not
shown) is formed on the upper electrode 140, and the upper
electrode 140 and the dielectric layer 130 are etched. As the
etching method, a known method such as a dry etching
method and a wet etching method, and a combination of the
aforementioned methods may be used. In the illustrated
example, the upper electrode 140 and the dielectric layer 130
alone are etched. However, the lower electrode 120 may be
further etched.

[0104] The step of forming a first silicon oxide layer 150: A
first silicon oxide layer 150 is formed in a manner to cover at
least the side surface of the dielectric layer 130 (FIG. 17). The
first silicon oxide layer 150 may be formed by a known
method, such as, for example, a CVD method. For example,
a film forming method that uses a CVD apparatus with tri-
methoxysilane (TMS) and tetracthoxysilane (TEOS) as
source materials and N,O as an oxidizing agent may be used.
As a specific example, in particular, a dual RF excitation
plasma CVD method in which RF is applied to both of the
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plasma source side and the bias side may be used. As experi-
mental conditions in this case, the power at the plasma source
side may be set at 300 W, and the power at the bias side may
be set at 300 W. In this instance, the first silicon oxide layer
150 may be formed to a film thickness of 10 nm to 40 nm. If
the thickness of the first silicon oxide layer 150 is smaller than
10 nm, the effect to cover the side surface of the dielectric
layer 130 cannot be obtained. If the thickness is greater than
40 nm, the effect of the succeeding step (the step of conduct-
ing a treatment with plasma containing oxygen) may not
extend along the entire depth of the first silicon oxide layer
150 in its thickness direction, or to the interface between the
first silicon oxide layer 150 and the dielectric layer 130 (to be
described in greater detail).

[0105] The step of conducting a treatment with plasma
containing oxygen: The present step is conducted to improve
at least one of the film quality of the first silicon oxide layer
150 and the state of the interface between the first silicon
oxide layer 150 and the dielectric layer 130. The plasma
containing oxygen acts to supply oxygen to (oxidize) sub-
stance that is in contact with the oxygen. For this reason,
impurities such as compounds containing hydrogen and car-
bon included in the first silicon oxide layer 150 are oxidized
and removed by the plasma containing oxygen. Also, oxygen
deficiencies at the interface between the first silicon oxide
layer 150 and the dielectric layer 130 are also oxidized and
repaired by the plasma containing oxygen. A conceptual dia-
gram that shows plasma containing oxygen is in contact with
the first silicon oxide layer 150 is shown in FIG. 18. Arrows in
the figure represent plasma particles being irradiated toward
the first silicon oxide layer 150.

[0106] The plasma containing oxygen may be plasma that
contains oxygen atoms, and may be plasma generated by a
single gas or a mixed gas of substance including O,, N,O,
CO, and the like, or plasma generated by a mixed gas of the
aforementioned substance and substance that does not con-
tain oxygen such as N,, Ar and the like. When the present step
is conducted with plasma generated by gas containing nitro-
gen such as N,O gas, a mixture of O, and N, gas, a nitride
such as silicon oxinitride (SiO,N,) and silicon nitride (SiN,)
can be generated in a region of about 5 nm deep from the
surface of the first silicon oxide layer 150. As a result, impu-
rities such as compounds containing hydrogen, water and
carbon generated in the succeeding step (the step of forming
a second silicon oxide layer 60) would be made more difficult
to diffuse into the first silicon oxide layer 150.

[0107] Theplasmamay be generated by any known method
without any particular limitation. As the conditions for the
method, the pressure may be 60 Pa, the power may be 300 W
at the plasma source side and 300 W at the bias side. In
particular, by applying a power to the bias side, ions can be
drawn in, such that oxidation can be effectively performed.
When the first silicon oxide layer 150 is formed to a thickness
of 10 nm to 40 nm, about 60 seconds is sufficient as the time
duration for contacting with the plasma under the aforemen-
tioned conditions. Ifit is shorter than 20 seconds, the effect of
the plasma may not extend along the entire depth of the first
silicon oxide layer 150. The time duration for contacting with
the plasma, if it is about 60 seconds or longer, can be option-
ally set through the manufacturing process design and the
like. The present step can be conducted in the same apparatus
where its preceding and succeeding steps are conducted.
[0108] The step of forming a second silicon oxide layer
160: A second silicon oxide layer 160 is formed above at least
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the first silicon oxide layer 150 (FIGS. 19 to 21). The second
silicon oxide layer 160 may be formed by a known method
such as a CVD method. Also, the film forming method
applied to forming the second silicon oxide layer 160 may be
the same as or different form the film forming method applied
to forming the first silicon oxide layer 150. For example, a
film forming method that uses a dual RF plasma CVD appa-
ratus with trimethoxysilane (TMS) as a source material and
N, O as an oxidizing agent may be used.

[0109] The thickness of the second silicon oxide layer 160
may be, for example, 60 nm or greater. The thickness of the
second silicon oxide layer 160 may be about 60 nm to 100 nm,
in the case of capacitors of piezoelectric devices (for example,
capacitors 1000 and 2000 exemplified in FIG. 19 and FIG.
20). In the case of capacitors of memory devices (for example,
a capacitor 3000 exemplified in FIG. 21), the second silicon
oxide layer 160 can be made thicker, as the second silicon
oxide layer 160 can also function as an interlayer dielectric
layer.

[0110] The step of forming a silicon nitride layer 170: A
silicon nitride layer 170 may be formed above the first silicon
oxide layer 150. In an example shown in FIG. 20 and FIG. 21,
the silicon nitride layer 170 is formed directly on the first
silicon oxide layer 150. This step may be added to the method
for manufacturing a capacitor in accordance with the present
embodiment as a modified example. The present step is con-
ducted after the step of conducting a treatment with plasma
containing oxygen, and before the step of forming the second
silicon oxide layer 160. The silicon nitride layer 170 may be
formed by a known method. For example, it can be formed by
a CVD method. The thickness of the silicon nitride layer 170
may preferably be 1 nm to 50 nm. When the thickness is
greater than this range, expansion and contraction of the
dielectric layers may be restricted in the case of capacitors of
piezoelectric devices. According to the manufacturing
method of the present embodiment, by the step of conducting
atreatment with plasma containing oxygen, at least one of the
film quality of the first silicon oxide layer 150 and the inter-
face state between the first silicon oxide layer 150 and the
dielectric layer 130 is improved, and the leakage current that
may be generated between the lower electrode 120 and the
upper electrode 140 is suppressed.

[0111] The above can be supported by the experiment
results shown in FIGS. 25 to 27. FIGS. 25 to 27 are graphs
showing measurement results of leakage currents generated
between the upper electrode 120 and the lower electrode 140.
Voltages applied between the electrodes are plotted along the
axis of abscissas of the graph, and leakage currents (in loga-
rithm scale) are plotted along the axis of ordinates. Values
along the axes of ordinates can be compared with one another
as they are. FIG. 25 shows the results measured in an envi-
ronment which is hard to be influenced by external impurities
in a state in which the first silicon oxide layer 150 is not
formed onthe side surface of the dielectric layer 130 (the state
in which the step of patterning the dielectric layer 130 and the
upper electrode 140 has been conducted). FIG. 26 shows the
results measured in a state in which the first silicon oxide
layer 150 is formed by a CVD method using TMS on at least
the side surface of the dielectric layer 130, and the second
silicon oxide layer 160 is formed without conducting the
treatment with plasma containing oxygen. FIG. 27 shows the
results measured in a state in which the first silicon oxide
layer 150 is formed on at least the side surface of the dielectric
layer 130, the treatment with plasma containing oxygen is
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conducted, and then the second silicon oxide layer 160 is
formed. It is noted that the number of lines (data) corresponds
to the number of measured pieces (n number).

[0112] FIG. 25 shows favorable results, and it is preferable
to approximate leakage currents to this result when the silicon
oxide layer is formed. While leakage currents shown in FIG.
26 increase more than ten times, leakage currents shown in
FIG. 27 indicate small favorable values like those shown in
FIG. 25. In other words, it is observed from FIGS. 25 to 27
that the leakage currents in a state in which the silicon oxide
layer is formed are suppressed by the treatment with plasma
containing oxygen in accordance with the present embodi-
ment. Also, because leakage currents are believed to be gen-
erated as they run along the side surface of the dielectric layer,
it is believed that a region near the interface between the first
silicon oxide layer 150 and the dielectric layer 130 has a
structure that can reduce the leakage currents.

[0113] According to the steps described above, the capaci-
tors 1000 to 6000 shown in FIGS. 19 to 24 can be fabricated.
[0114] FIGS. 22 to 24 are schematic cross-sectional views
of the capacitors 4000 to 6000 that are formed when plasma
generated by gas containing nitrogen is used in the step of
conducting the treatment with plasma containing oxygen
described above.

[0115] Each ofthe capacitors 4000 to 6000 includes a lower
electrode 120, a dielectric layer 130 composed of a ferroelec-
tric or a piezoelectric provided above the lower electrode 120,
an upper electrode 140 provided above the dielectric layer
130, a first silicon oxide layer 150 provided in a manner to
cover at least the side surface of the dielectric layer 130, a
nitride layer 152 provided above the first silicon oxide layer
150, and a second silicon oxide layer 160 provided above at
least the nitride layer 152.

[0116] The lower eclectrode 120 is provided below the
capacitor. The shape of the lower electrode 120 does not
necessarily correspond to that of the dielectric layer 130.
Also, the lower electrode 120 may have a shape correspond-
ing to the shape of the dielectric layer 130, and may be
patterned. The lower electrode 120 pairs with the upper elec-
trode 140, and defines one of the pair of electrodes of the
capacitor. Any material can be used for the lower electrode
120 as long as it has conductivity, and a metal such as gold,
platinum, nickel or the like, an alloy of these metals, a con-
ductive oxide film such as a film of LaNiO;, or an amorphous
silicon film may be used.

[0117] The dielectric layer 130 is provided above the lower
electrode 120 and below the upper electrode 140 (see FIGS.
22 to 24). Another layer, such as, for example, a silicide layer
may be provided between the dielectric layer 130 and the
lower electrode 120. The shape of the dielectric layer 130 may
or may not concur with the shape of the lower electrode 120.
The dielectric layer 130 polarizes and depolarizes or expands
and contracts by the action of electric fields generated
between the lower electrode 120 and the upper electrode 140.
When the dielectric layer 130 has polarization and depolar-
ization, the capacitor can be used as, for example, a memory
device such as a FeRAM. Also, when the dielectric layer 130
has expansion and contraction, the capacitor can be used as,
for example, a piezoelectric device such as a liquid jet head.
[0118] The dielectric layer 130 may be composed of lead
zirconate titanate (PZ7T) including Pb, Zr and Ti as constituent
elements. Also, the dielectric layer 130 may be composed of
lead zirconate titanate niobate (PZTN) in which Nb is further
doped in PZT.
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[0119] The upper electrode 140 is provided above the
dielectric layer 130. The upper electrode 140 may be provided
in a shape corresponding to the shape of the dielectric layer
130, as shown in FIGS. 22 to 24. Another layer such as a
silicide layer may be provided between the upper electrode
140 and the dielectric layer 130. The upper electrode 140
pairs with the lower electrode 120 and defines one of the pair
of'electrodes of the capacitor. Any material can be used for the
upper electrode 140 as long as it has conductivity, and a metal
such as gold, platinum, nickel or the like, an alloy of these
metals, a conductive oxide film such as a film of LaNiOj, or
an amorphous silicon film may be used.

[0120] The first silicon oxide layer 150 is provided in a
manner to cover at least the side surface of the dielectric layer
130. In the examples shown in FIGS. 22 to 24, the first silicon
oxide layer 150 is depicted in a continuous shape that covers
the side surface of the dielectric layer 130, but can have a
discontinuous shape having for example holes in portions
other than the side surface of the dielectric layer 130, as long
as it covers the side surface. The thickness of the first silicon
oxide layer 150 may preferably be 10 nm to 40 nm. When the
thickness of'the first silicon oxide layer 150 is smaller than 10
nm, the effect to cover the side surface of the dielectric layer
130 cannot be obtained. If the thickness is greater than 40 nm,
the effect of the step of conducting a treatment with plasma
may not extend along the entire depth of the first silicon oxide
layer 150 in its thickness direction. The first silicon oxide
layer 150 may be provided to reduce leakage currents
between the lower electrode 120 and the upper electrode 140
which occur near the side surface of the dielectric layer 130.
Also, the first silicon oxide layer 150 also has a function to
suppress diffusion of impurities such as compounds includ-
ing hydrogen, water and carbon entering from outside into the
dielectric layer 130.

[0121] The material for the first silicon oxide layer 150 is
different from ordinary silicon oxide that may be formed by a
CVD method using TES and TEOS, but silicon oxide that is
formed from the aforementioned silicon oxide processed with
an impurity reduction treatment. The ordinary silicon oxide
formed by a CVD method using TES and TEOS contains
substances such as compounds including hydrogen, water
and carbon originated from its source materials. On the other
hand, it is believed that the silicon oxide composing the first
silicon oxide layer 150 in accordance with the present
embodiment rarely contains substances such as compounds
including hydrogen, water and carbon originated from its
source materials, as it is treated with the above-described
treatment with plasma containing hydrogen. By using such a
material, a region near the interface between the first silicon
oxide layer 150 and the dielectric layer 130 has a structure
that can reduce leakage currents.

[0122] The nitride layer 152 may be in a single layer or a
laminate of layers. FIG. 22 shows an example in which the
nitride layer 152 is formed form a nitride layer 152a in a
single layer, and FIGS. 23 and 24 show examples in which the
nitride layer 152 is formed from a laminate of a nitride layer
152a and a nitride layer 152b. The nitride layer 1524 is
provided above the first silicon oxide layer 150 (see FIGS. 22
to 24). In the illustrated example, the nitride layer 152a is
provided on and in contact with the first silicon oxide layer
150. The shape of the nitride layer 152a corresponds to the
shape of the first silicon oxide layer 150. The thickness of the
nitride layer 1524 may be, for example, 2 nm to 5 nm. The
nitride layer 1524 may be provided through conducting the
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treatment step with plasma containing oxygen and nitrogen
described above. The nitride layer 152a has a function to
prevent impurities including hydrogen and water from diffus-
ing from the second silicon oxide layer 160 provided above
the nitride layer 152a into the first silicon oxide layer 150.
Accordingly, the nitride layer 1524 has an action to keep the
amount of impurities contained in the first silicon oxide layer
150 at a small level. The material for the nitride layer 1524
includes at least one of silicon nitride and silicon oxinitride.
[0123] As anexample of the nitride layer 152 provided as a
laminate, a laminate in which another nitride layer 1524 is
stacked on the nitride layer 1524, as shown in FIG. 23 and
FIG. 24, may be enumerated. The shape of the nitride layer
152a and the nitride layer 1525 correspond to the shape of the
first silicon oxide layer 150. The material for the nitride layer
1525 may be silicon nitride. The nitride layer 1526 may be
formed by the step of forming the silicon nitride layer 170
described above. The nitride layer 1525 has a function to
prevent impurities including hydrogen and water from diffus-
ing from the second silicon oxide layer 160 provided above
the nitride layer 1525 into the nitride layer 152a and the first
silicon oxide layer 150. In other words, the nitride layer 1526
can enhance the function of the nitride layer 152.

[0124] The second silicon oxide layer 160 is provided
above at least the nitride layer 152. The second silicon oxide
layer 160 may be in the form of a thin film like those provided
in the capacitors 4000 and 5000 exemplified in FIGS. 22 and
23, or may be provided in the form of an embedding layer as
the one provided in the capacitor 6000 exemplified in FIG. 24.
The thickness of the second silicon oxide layer 160 may
preferably be, for example, 60 nm or greater in the case of the
thin film shape. In the case of the embedding layer form, the
second silicon oxide layer 160 may have a thickness that can
secure the nonconductivity between the lower electrode 120
or the upper electrode 140 and another unshown conductive
body.

[0125] 2.2. Effect

[0126] According to the embodiments described above, by
the plasma containing oxygen, impurities such as compounds
containing hydrogen and carbon included in the first silicon
oxide layer 150 and oxygen deficiencies at the interface
between the first silicon oxide layer 150 and the dielectric
layer 130 are removed. For this reason, the reduction of the
inorganic oxide of the dielectric layer 130 is suppressed, and
leakage current running on the side surface of the dielectric
layer 130 can be made extremely small. Further, as the
Young’s modulus of the laminate of the first silicon oxide
layer 150 and the second silicon oxide layer 160 is smaller
compared to that of aluminum oxide, the capacitors 1000 to
5000 are obtained as favorable piezoelectric devices that do
not obstruct extension and contraction of the dielectric layer
130. Also, as the step of conducting the treatment with plasma
containing oxygen can be performed in a short time within the
same chamber as used for the preceding and succeeding steps,
the capacitors 1000 to 6000 with good quality can be
obtained, while securing a desired throughput.

[0127] Also, by conducting the treatment with plasma con-
taining oxygen and nitrogen, nitrides suchas SiO, N and SiN,
can be generated in a region of about 5 nm deep from the
surface of the first silicon oxide layer 150. As a result, impu-
rities such as compounds containing hydrogen, water and
carbon generated when a silicon oxide layer is formed there
above would be made more difficult to diffuse into the first
silicon oxide layer 150.
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[0128] By the effects described above, in accordance with
the manufacturing method of the embodiments described
above, the capacitors 1000 to 6000, which suppress reduction
of inorganic oxide of the dielectric layer 130, have extremely
small leakage current, are difficult to be affected by external
impurities, and do not harm the characteristics of the dielec-
tric layer 130, can be obtained. The capacitors 1000, 2000,
4000 and 5000 in accordance with the embodiment described
above may be applied to, for example, liquid jet heads that are
used in ink jet printers or the like. Furthermore, the capacitors
3000 and 6000 in accordance with the embodiment described
above may be applied to, for example, memory elements that
are used for nonvolatile memories.

[0129] The invention is not limited to the embodiments
described above, and many modifications can be made. For
example, the invention may include compositions that are
substantially the same as the compositions described in the
embodiments (for example, a composition with the same
function, method and result, or a composition with the same
objects and result). Also, the invention includes compositions
in which portions not essential in the compositions described
in the embodiments are replaced with others. Also, the inven-
tion includes compositions that achieve the same functions
and effects or achieve the same objects of those of the com-
positions described in the embodiments. Furthermore, the
invention includes compositions that include publicly known
technology added to the compositions described in the
embodiments.

What is claimed is:

1. A method for manufacturing a capacitor, comprising the
steps of:

sequentially laminating, on a substrate, a lower electrode

layer, a dielectric layer and an upper electrode layer;
forming a patterned mask layer on the upper electrode
layer;

patterning at least the upper electrode layer and the ferro-

electric layer using the mask layer as a mask;
removing the mask layer; and

conducting a plasma treatment to contact plasma with an

exposed surface of the dielectric layer.

2. A method for manufacturing a capacitor according to
claim 1, wherein the plasma treatment is conducted at a
pressure of 0.26 Pa to 5.0 Pa within a chamber.

3. A method for manufacturing a capacitor according to
claim 1, wherein the plasma treatment is conducted at a
pressure of 0.26 Pa to 1.0 Pa within a chamber.

4. A method for manufacturing a capacitor according to
claim 1, wherein the plasma treatment is conducted with gas
including at least one kind selected from N,, Ne and He.

5. A method for manufacturing a capacitor according to
claim 1, wherein the plasma treatment is conducted with gas
including oxygen.
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6. A method for manufacturing a capacitor according to
claim 1, wherein the plasma treatment is conducted with gas
including fluorine.

7. A method for manufacturing a capacitor according to
claim 1, wherein a heat treatment is conducted after the
plasma treatment.

8. A method for manufacturing a capacitor according to
claim 1, wherein a heat treatment is conducted before the
plasma treatment.

9. A method for manufacturing a capacitor according to
claim 1, comprising the step of forming an insulation layer on
an exposed surface of at least the dielectric layer, after the
plasma treatment.

10. A method for manufacturing a capacitor comprising the
steps of:

forming a lower electrode;

forming a dielectric layer composed of a ferroelectric or a

piezoelectric above the lower electrode;

forming an upper electrode above the dielectric layer;

patterning the dielectric layer and the upper electrode;

forming a first silicon oxide layer that covers at least a side
surface of the dielectric layer;

conducting a treatment with plasma containing oxygen;

and

forming a second silicon oxide layer above at least the first

silicon oxide layer.

11. A method for manufacturing a capacitor according to
claim 10, wherein the plasma containing oxygen further con-
tains nitrogen.

12. A method for manufacturing a capacitor according to
claim 10, comprising the step of forming a silicon nitride
layer above the first silicon oxide layer after the step of
conducting the plasma treatment, and before the step of form-
ing the second silicon oxide layer.

13. A capacitor comprising:

a lower electrode;

a dielectric layer composed of a ferroelectric or a piezo-

electric provided above the lower electrode;

an upper electrode provided above the dielectric layer;

a first silicon oxide layer that covers at least a side surface

of the dielectric layer;

a nitride layer provided above the first silicon oxide layer;

and

a second silicon oxide layer provided above at least the

nitride layer.

14. A capacitor according to claim 13, further comprising
another silicon nitride layer between the nitride layer and the
second silicon oxide layer.

15. A capacitor according to claim 13, wherein the nitride
layer includes at least one of silicon nitride and silicon
oxinitride.



