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(57) ABSTRACT

A first hydrogen barrier film and an intermediate layer are
formed on an interlayer dielectric film. A ferroelectric
capacitor is formed on the intermediate layer, and a second
hydrogen barrier film is formed over the entire surface
including on the upper surface and side surfaces of the
ferroelectric capacitor and on the intermediate layer. Then,
the second hydrogen barrier film and the intermediate layer
are removed while leaving at least portions on the upper
surface and side surfaces of the ferroelectric capacitor. Then,
a third hydrogen barrier film is formed on the second
hydrogen barrier film, on side surfaces of the second hydro-
gen barrier film and the intermediate layer, and on the first
hydrogen barrier film.
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METHOD OF MANUFACTURING
SEMICONDUCTOR DEVICE, AND
SEMICONDUCTOR DEVICE

RELATED APPLICATIONS

[0001] This application is a divisional patent application
of U.S. Ser. No. 11/155,031 filed Jun. 16, 2005, claiming
priority to Japanese Patent Application No. 2004-181353
filed Jun. 18, 2004, both of which are hereby expressly
incorporated by reference herein in their entirety.

BACKGROUND

[0002] 1. Technical Field

[0003] The present invention relates to methods for manu-
facturing semiconductor devices having ferroelectric capaci-
tors, and semiconductor devices. In particular, the present
invention relates to a method for manufacturing a semicon-
ductor device in which a ferroelectric capacitor is protected
from hydrogen included in a lower layer thereof, such that
electrical characteristics of the ferroelectric capacitor are
difficult to deteriorate, and also relates to such a semicon-
ductor device.

[0004] 2. Related Art

[0005] FIGS. 5(A) and (B) are cross-sectional views for
describing a conventional method for manufacturing a semi-
conductor device having a ferroelectric capacitor. First, as
shown in FIG. 5(A), an element isolation film 102 is formed
in a silicon substrate 101 by, for example, a LOCOS method.
The element isolation film 102 is open above an element
region. Next, by thermally oxidizing the silicon substrate
101, a gate oxide film 103 is formed in the element region.
Next, a polysilicon film is formed over the entire surface
including on the gate oxide film 103, and the polysilicon film
is patterned. By this, a gate electrode 104 is formed on the
gate oxide film 103. Next, by using the gate electrode 104
and the element isolation film 102 as a mask, impurity ions
are injected in the silicon substrate 101. By this, low
concentration impurity regions 1064 and 1065 are formed in
the silicon substrate 101.

[0006] Next, a silicon oxide film is formed over the entire
surface including on the gate oxide film 103, and the silicon
oxide film is etched back. By this, side walls 105 are formed
on side walls of the gate electrode 104. Then, by using the
gate electrode 104, the sidewalls 105 and the element
isolation film 102 as a mask, impurity ions are injected in the
silicon substrate 101. By this, impurity regions 107a and
1075 that become source and drain are formed in the silicon
substrate 101. In this manner, a transistor is formed in the
element region.

[0007] Next, an interlayer dielectric film 108 is formed
over the entire surface including on the transistor by a CVD
method. In here, a material gas including hydrogen atoms,
such as, SiH,, TEOS (Si(OC,Hjs),), or the like is used. Next,
a photoresist film (not shown) is coated on the interlayer
dielectric film 108, and then the photoresist film is exposed
to light and developed. By this, a resist pattern is formed on
the interlayer dielectric film 108. Then, by using the resist
pattern as a mask, the interlayer dielectric film 108 is etched.
By this, contact holes 1084 and 1085 respectively located
above the impurity regions 107a and 1075, and a contact
hole 108¢ located above the gate electrode 104 are formed.
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[0008] Then, the resist pattern is removed. Next, a Ti film
and a TiN film that become a barrier metal are successively
deposited by a sputter method in the contact holes 108q,
1085 and 108¢ and on the interlayer dielectric film 108, and
a tungsten (W) film is further deposited thereon. Then, the
tungsten film, the TiN film and the Ti film on the interlayer
dielectric film 108 are removed by a CMP (Chemical
Mechanical Polishing) method or etching back. By this, W
plugs 1094, 10956 and 109¢ are embedded in the contact
holes 1084, 1085 and 108¢, respectively.

[0009] Next, a Pt film that becomes a lower electrode, a
ferroelectric film and a Pt film that becomes an upper
electrode are laminated in this order on the W plug 1095 and
the interlayer dielectric film 108. Next, a photoresist film
(not shown) is formed on the Pt film that becomes an upper
electrode, and the photoresist film is exposed to light and
developed. By this, a resist pattern is formed on the Pt film
that becomes an upper electrode. Next, by using the resist
pattern as a mask, the Pt film, the ferroelectric film and the
Pt film are etched. By this, a ferroelectric capacitor 110
having a lower electrode 1104, a ferroelectric film 1105 and
an upper electrode 110¢ laminated in this order on the W
plug 1095 is formed. Then, the resist pattern is removed.

[0010] Because the ferroelectric film 1105 includes oxy-
gen, it is reduced if hydrogen, water or hydroxyl (hereafter
described as hydrogen and the like) enters the ferroelectric
film 1105, and its electrical characteristics deteriorate. In
order to prevent this incident, a hydrogen barrier film 111 is
formed on the ferroelectric capacitor 110 and the interlayer
dielectric film 108. The hydrogen barrier film 111 is formed
from, for example, Al oxide or Al nitride.

[0011] Next, as shown in FIG. 5(B), a second interlayer
dielectric film 112 is formed on the hydrogen barrier film 111
by a CVD method. In here, a material gas including hydro-
gen atoms, such as, SiH,, TEOS, or the like is used, but
hydrogen does not reach the ferroelectric film 1105 of the
ferroelectric capacitor 110 because the ferroelectric capaci-
tor 110 is covered by the hydrogen barrier film 111. For this
reason, the ferroelectric film 1105 does not deteriorate when
the second interlayer dielectric film 112 is formed, and
therefore the electrical characteristics of the ferroelectric
capacitor 110 do not deteriorate.

[0012] Next, a photoresist film (not shown) is coated on
the second interlayer dielectric film 112, and then the
photoresist film is exposed to light and developed. By this,
a resist pattern is formed on the second interlayer dielectric
film 112. Then, by using the resist pattern as a mask, the
second interlayer dielectric film 112 and the hydrogen
barrier film 111 are etched. By this, via holes 1124 and 112¢
located above the W plugs 1094 and 109¢, respectively, and
a via hole 1125 located above the ferroelectric capacitor 110
are formed in the second interlayer dielectric film 112 and
the hydrogen barrier film 111.

[0013] Thereafter, the resist pattern is removed. Then, a Ti
film and a TiN film that become a barrier metal are succes-
sively deposited by a sputter method in the via holes
1124-112¢ and on the second interlayer dielectric film 112,
and a tungsten (W) film is further deposited thereon. Then,
the tungsten film, the TiN film and the Ti film on the second
interlayer dielectric film 112 are removed by a CMP method
or etching back. By this, W plugs 113a, 1135 and 113¢ are
embedded in the via holes 1124, 1126 and 112¢, respectively.
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[0014] Next, an Al alloy film is formed over the entire
surface including on the second interlayer dielectric film 112
and on the W plugs 113a-113¢, and the Al alloy film is
patterned. By this, Al alloy wirings 114q, 1145 and 114c¢
respectively connected to the W plugs 1134, 1136 and 113¢
are formed.

[0015] A technology similar to the above manufacturing
method is described in Japanese Laid-open Patent Applica-
tion 2002-176149 (FIG. 2).

[0016] Inthe method described above, the upper surface of
the ferroelectric capacitor is covered by the hydrogen barrier
film. For this reason, even when hydrogen or the like is
generated in a step after the ferroelectric capacitor has been
formed, the hydrogen is difficult to reach the ferroelectric
film of the ferroelectric capacitor. However, when the inter-
layer dielectric film located below the ferroelectric capacitor
is heated after the ferroelectric capacitor has been formed,
gas such as hydrogen or the like may be caused from the
interlayer dielectric film. In this case, there is a possibility
that the degassed hydrogen or the like may reach the
ferroelectric capacitor, and may deteriorate the ferroelectric
capacitor. Also, there is a possibility that hydrogen generated
in a step after the ferroelectric capacitor has been formed
may reach the ferroelectric capacitor through the interlayer
dielectric film from the side of the silicon substrate. For this
reason, it is desired that the ferroelectric capacitor be pro-
tected from hydrogen contained in a lower layer thereof.

[0017] The present invention has been made in view of the
circumstances described above, and its object is to provide
a method for manufacturing a semiconductor device in
which a ferroelectric capacitor is protected from hydrogen
included in a lower layer thereof, such that electrical char-
acteristics of the ferroelectric capacitor are difficult to dete-
riorate, and also relates to such a semiconductor device.

SUMMARY

[0018] To solve the problems described above, a method
for manufacturing a semiconductor device, in accordance
with the present invention, includes:

[0019] a step of forming a first hydrogen barrier film on a
dielectric film;
[0020] a step of forming, on the first hydrogen barrier film,

an intermediate layer composed of a film having a lower
internal stress compared to the first hydrogen barrier film;

[0021] a step of forming a connection hole in the first
hydrogen barrier film and the intermediate layer;

[0022] a step of embedding a conductor in the connection
hole;
[0023] a step of forming a ferroelectric capacitor having a

lower electrode, a ferroelectric film and an upper electrode
laminated on the intermediate layer and the conductor;

[0024] astep of forming a second hydrogen barrier film on
an entire surface including on an upper surface and side
surfaces of the ferroelectric capacitor and on the intermedi-
ate layer;

[0025] a step of removing the second hydrogen barrier
film and the intermediate layer, while leaving at least a
portion located in the upper surface and the side surface of
the ferroelectric capacitor; and
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[0026] a step of forming a third hydrogen barrier film on
the second hydrogen barrier film, on side surfaces of the
second hydrogen barrier film and the intermediate layer, and
on the first hydrogen barrier film.

[0027] According to the method for manufacturing a semi-
conductor device, the ferroelectric capacitor is covered by
the first hydrogen barrier film and the third hydrogen barrier
film without any gap. Accordingly, even when hydrogen
degasses from the dielectric film located below the ferro-
electric capacitor, the hydrogen is difficult to enter the
ferroelectric capacitor. Accordingly, the electrical character-
istics of the ferroelectric capacitor are difficult to deteriorate.

[0028] It is noted that, when the first hydrogen barrier film
has a large internal stress, there is a possibility that the
internal stress may affect the electrical characteristics of the
ferroelectric capacitor. For this reason, the first hydrogen
barrier film may preferably be made thin. On the other hand,
in order to connect the ferroelectric capacitor with a semi-
conductor element or a wiring located therebelow, it is
necessary to form a connection hole in the first hydrogen
barrier film and embed a conductor in the connection hole.
In this embedding step, there is a possibility that the first
hydrogen barrier film may be damaged, and its hydrogen
barrier capability may be lowered.

[0029] In contrast, according to the method for manufac-
turing a semiconductor device described above, because the
intermediate layer composed of a film having a lower
internal stress compared to the first hydrogen barrier film is
formed on the first hydrogen barrier film, the first hydrogen
barrier film is protected by the intermediate layer. Accord-
ingly, the hydrogen barrier capability of the first hydrogen
barrier film is difficult to deteriorate.

[0030] Although hydrogen may be occluded in the inter-
mediate layer, the intermediate layer is removed while
leaving a portion thereof located below the ferroelectric
capacitor and its marginal area before the third hydrogen
barrier film is formed in accordance with the method for
manufacturing a semiconductor device described above. For
this reason, hydrogen becomes more difficult to enter the
ferroelectric capacitor. It is noted that, in the removal step,
hydrogen may be generated in the atmosphere. However,
because the upper surface and side surfaces of the ferro-
electric capacitor are covered by the second hydrogen bar-
rier film before the removal step, the degree of deterioration
of the ferroelectric capacitor becomes diminished.

[0031] The step of embedding the conductor in the con-
nection hole may be a step of embedding the conductor in
the connection hole by depositing a conductive film in the
connection hole and on the intermediate layer, and removing
the conductive film from the intermediate layer by CMP or
etching back.

[0032] After the step of forming the third hydrogen barrier
film, a step of forming a first interlayer dielectric film on the
third hydrogen barrier film, a step of forming a second
connection hole in the first interlayer dielectric film, the third
hydrogen barrier film and the second hydrogen barrier film
at a location above the ferroelectric capacitor, and a step of
embedding a second conductor in the second connection
hole may further be included.



US 2007/0187735 Al

[0033] A transistor may be formed under the dielectric
film, and the transistor and the lower electrode of the
ferroelectric capacitor may be connected through the con-
ductor.

[0034] Another method for manufacturing a semiconduc-
tor device, in accordance with the present invention,
includes:

[0035] a step of forming a first hydrogen barrier film on a
dielectric film;
[0036] a step of forming an intermediate layer on the first

hydrogen barrier film;

[0037] a step of forming a ferroelectric capacitor having a
lower electrode, a ferroelectric film and an upper electrode
laminated on the intermediate layer;

[0038] astep of forming a second hydrogen barrier film on
an entire surface including on an upper surface and side
surfaces of the ferroelectric capacitor and on the intermedi-
ate layer;

[0039] a step of removing the second hydrogen barrier
film and the intermediate layer, while leaving at least a
portion located in the upper surface and the side surface of
the ferroelectric capacitor; and

[0040] a step of forming a third hydrogen barrier film on
the second hydrogen barrier film, on side surfaces of the
second hydrogen barrier film and the intermediate layer, and
on the first hydrogen barrier film.

[0041] According to the method for manufacturing a semi-
conductor device, the ferroelectric capacitor is covered by
the first hydrogen barrier film and the third hydrogen barrier
film without any gap. Accordingly, even when hydrogen
degasses from the dielectric film located below the ferro-
electric capacitor, the hydrogen is difficult to enter the
ferroelectric capacitor. Accordingly, the electrical character-
istics of the ferroelectric capacitor are difficult to deteriorate.

[0042] In each of the methods for manufacturing a semi-
conductor device described above, the present invention is
particularly effective when the dielectric film is formed by a
CVD method using a starting material including hydrogen as
a starting material.

[0043] The first hydrogen barrier film may be, for
example, a silicon nitride film, and the intermediate layer
may be, for example, a silicon oxide film. In this case, the
silicon nitride film may preferably have a film thickness of
50 nm or more but 300 nm or less.

[0044] The step of forming the second hydrogen barrier
film may be a step of forming an aluminum oxide film by,
for example, a sputtering method or a CVD method. Also,
the step of forming the third hydrogen barrier film may be
a step of forming an aluminum oxide film by, for example,
a sputtering method or a CVD method.

[0045] Another method for manufacturing a semiconduc-
tor device, in accordance with the present invention,
includes:

[0046] a step of forming a transistor having a gate elec-
trode and impurity regions for a source and a drain, respec-
tively;

[0047] a step of forming a dielectric film on the transistor;

Aug. 16, 2007

[0048] a step of forming in the dielectric film a first
connection hole located above the gate electrode, and second
and third connection holes located above the impurity
regions;

[0049] a step of embedding first to third conductors in the
first to third connection holes, respectively;

[0050] a step of forming a first hydrogen barrier film on
the dielectric film and the first to third conductors;

[0051] a step of forming on the first hydrogen barrier film
an intermediate layer composed of a film having a lower
internal stress compared to the first hydrogen barrier film;

[0052] a step of forming a fourth connection hole in the
first hydrogen barrier film and the intermediate layer located
above the second conductor;

[0053] a step of embedding a fourth conductor in the
fourth connection hole;

[0054] a step of forming a ferroelectric capacitor having a
lower electrode, a ferroelectric film and an upper electrode
laminated on the intermediate layer at a position overlapping
with the fourth conductor;

[0055] a step of forming a second hydrogen barrier film
over an entire surface including on an upper surface and side
surfaces of the ferroelectric capacitor, and on the interme-
diate layer;

[0056] a step of removing the second hydrogen barrier
film and the intermediate layer, while leaving at least a
portion located in the upper surface and the side surface of
the ferroelectric capacitor; and

[0057] a step of forming a third hydrogen barrier film on
the second hydrogen barrier film, on side surfaces of the
second hydrogen barrier film and the intermediate layer, and
on the first hydrogen barrier film.

[0058] In the method for manufacturing a semiconductor
device, after the step of forming the third hydrogen barrier
film, a step of forming a first interlayer dielectric film on the
third hydrogen barrier film, a step of forming a plurality of
fifth connection holes in the first interlayer dielectric film,
the third hydrogen barrier film and the first hydrogen barrier
film located above the first to third conductors, respectively,
and forming a sixth connection hole in the first interlayer
dielectric film, the third hydrogen barrier film and the second
hydrogen barrier film located above the ferroelectric capaci-
tor; and a step of embedding fifth and sixth conductors in the
fifth and sixth connection holes may be further included.

[0059] Another method for manufacturing a semiconduc-
tor device, in accordance with the present invention,
includes:

[0060] a step of forming a transistor having a gate elec-
trode and impurity regions for a source and a drain, respec-
tively;

[0061]

[0062] a step of forming a first hydrogen barrier film on
the dielectric film;

[0063] a step of forming on the first hydrogen barrier film
an intermediate layer composed of a film having a lower
internal stress compared to the first hydrogen barrier film;

a step of forming a dielectric film on the transistor;
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[0064] a step of forming a ferroelectric capacitor having a
lower electrode, a ferroelectric film and an upper electrode
laminated in this order on the intermediate layer with a part
of the lower electrode being exposed;

[0065] a step of forming a second hydrogen barrier film
over an entire surface including on an upper surface and side
surfaces of the ferroelectric capacitor, and on the interme-
diate layer;

[0066] a step of removing the second hydrogen barrier
film and the intermediate layer, while leaving at least a
portion located on the upper surface and the side surface of
the ferroelectric capacitor;

[0067] a step of forming a third hydrogen barrier film on
the second hydrogen barrier film, on side surfaces of the
second hydrogen barrier film and the intermediate layer, and
on the first hydrogen barrier film;

[0068] a step of forming in the third hydrogen barrier film,
the first hydrogen barrier film and the dielectric film a first
connection hole located above the gate electrode, and second
and third connection holes respectively located above the
impurity regions, and in the third hydrogen barrier film and
the second hydrogen barrier film a fourth connection hole
located above the portion on the lower electrode and a fifth
connection hole located above the upper electrode; and

[0069] a step of forming on the third hydrogen barrier film
a first wiring connected to the gate electrode through the first
connection hole,

[0070] a second wiring connected to one of the impurity
regions through the second connection hole,

[0071] a third wiring connected to the other of the impu-
rity regions and the lower electrode through the third con-
nection hole and the fourth connection hole, respectively,
and

[0072] a fourth wiring connected to the upper electrode
through the fifth connection hole.

[0073] In any of the methods for manufacturing a semi-
conductor device described above, after the step of forming
the third hydrogen barrier film, a step of heating the dielec-
tric film and the intermediate layer may be further included.
In the heating step, even when hydrogen or the like degasses
from the interlayer dielectric film located below the ferro-
electric capacitor, the hydrogen or the like is difficult to enter
the ferroelectric capacitor. Accordingly, the electrical char-
acteristics of the ferroelectric capacitor become difficult to
deteriorate.

[0074] A semiconductor device in accordance with the
present invention includes:

[0075] a dielectric film;

[0076] a first hydrogen barrier film formed on the dielec-
tric film;

[0077] an intermediate layer formed on the first hydrogen

barrier film, and composed of a film having a lower internal
stress compared to the first hydrogen barrier film;

[0078]
[0079]

a lower electrode formed on the intermediate layer;

a ferroelectric layer formed on the lower electrode;
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[0080] an upper electrode formed on the ferroelectric
layer;
[0081] a second hydrogen barrier film that covers the

upper electrode, the ferroelectric layer and the lower elec-
trode, and has a marginal portion located above the inter-
mediate layer; and

[0082] a third hydrogen barrier film that covers the second
hydrogen barrier film and the intermediate layer, and has a
marginal portion located above the intermediate layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0083] FIG. 1(A) is a cross-sectional view for describing
a method for manufacturing a semiconductor device in
accordance with a first embodiment, (B) is a cross-sectional
view for describing a step next to (A), and (C) is a cross-
sectional view for describing a step next to (B).

[0084] FIG. 2(A) is a cross-sectional view for describing
a step next to (C) in FIG. 1, (B) is a cross-sectional view for
describing a step next to (A), (C) is a cross-sectional view
for describing a step next to (B), (D) is a cross-sectional
view for describing a step next to (C).

[0085] FIG. 3(A) is a cross-sectional view for describing
a method for manufacturing a semiconductor device in
accordance with a second embodiment, (B) is a cross-
sectional view for describing a step next to (A), and (C) is
a cross-sectional view for describing a step next to (B).

[0086] FIG. 4(A) is a cross-sectional view for describing
a step next to (C) in FIG. 3, and (B) is a cross-sectional view
for describing a step next to (A).

[0087] FIG. 5(A) is a cross-sectional view for describing
a conventional method for manufacturing a semiconductor
device, and (B) is a cross-sectional view for describing a
step next to (A).

DETAILED DESCRIPTION

[0088] Embodiments of the present invention are
described below with reference to the accompanying draw-
ings. FIG. 1 and FIG. 2 are cross-sectional views for
describing a method for manufacturing a semiconductor
device in accordance with a first embodiment. The present
embodiment pertains to a method for forming a stacked type
ferroelectric memory.

[0089] First, as shown in FIG. 1(A), an element isolation
film 2 is formed in a silicon substrate 1 by, for example, a
LOCOS method. The element isolation film 2 is open above
an element region. Next, the silicon substrate 1 is thermally
oxidized. By this, a gate oxide film 3 is formed on the silicon
substrate 1 located at the element region. Next, a polysilicon
film is formed over the entire surface including on the gate
oxide film 3, and the polysilicon film is patterned. By this,
a gate electrode 4 is formed on the gate oxide film 3. Next,
by using the gate electrode 4 and the element isolation film
2 as a mask, impurity ions are injected in the silicon
substrate 1. By this, low concentration impurity regions 6a
and 64 are formed in the silicon substrate 1.

[0090] Next, a silicon oxide film is formed over the entire
surface including on the gate oxide film 3, and the silicon
oxide film is etched back. By this, side walls 5 are formed
on side walls of the gate electrode 4. Then, by using the gate
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electrode 4, the sidewalls 5 and the element isolation film 2
as a mask, impurity ions are injected in the silicon substrate
1. By this, an impurity region 107a that becomes a source
and an impurity region 1075 that becomes a drain are formed
in the silicon substrate 1. In this manner, a transistor is
formed in the element region.

[0091] Next, an interlayer dielectric film 8 is formed over
the entire surface including on the transistor by a CVD
method. The interlayer dielectric film 8 includes silicon
oxide as a main composition, and a material gas including
hydrogen atoms, such as, SiH,, TEOS or the like is used. For
this reason, during the film formation, hydrogen, hydroxyl
and water (hereafter described as hydrogen or the like) is
generated, and the hydrogen or the like is occluded in the
interlayer dielectric film 8. Next, a photoresist film (not
shown) is coated on the interlayer dielectric film 8, and then
the photoresist film is exposed to light and developed. By
this, a resist pattern is formed on the interlayer dielectric film
8. Then, by using the resist pattern as a mask, the interlayer
dielectric film 8 is etched. By this, contact holes 8a and 85
respectively located above the impurity regions 7a and 75,
and a contact hole 8¢ located above the gate electrode 4 are
formed.

[0092] Then, the resist pattern is removed. Next, a Ti film
and a TiN film that become a barrier metal are successively
deposited in this order by a sputter method in the contact
holes 8a, 86 and 8¢ and on the interlayer dielectric film 8,
and a tungsten film is further deposited thereon. For depos-
iting the tungsten film, for example, a CVD method using a
material gas containing WF is used. Then, the tungsten film,
the TiN film and the Ti film on the interlayer dielectric film
8 are removed by a CMP method or etching back. By this,
W plugs 94, 96 and 9¢ are embedded in the contact holes 8q,
8b and 8¢, respectively.

[0093] Next, as shown in FIG. 1(B), a first hydrogen
barrier film 10 is formed over the entire surface including on
the interlayer dielectric film 8 and on the W plugs 9a-9¢. The
first hydrogen barrier film 10 may be, for example, a silicon
nitride film, and may be formed by a CVD method. It is
noted that a silicon nitride film as the first hydrogen barrier
film 10 may preferably have a minimum thickness that can
function as a hydrogen barrier film, and may preferably be,
for example, 50 nm or more but 300 nm or less in thickness.
By so doing, the influence that the internal stress of the
silicon nitride film may give to the characteristics of a
ferroelectric capacitor to be formed above the silicon nitride
film can be made smaller.

[0094] Tt is noted that the first hydrogen barrier film 10
may be an aluminum oxide film, an aluminum nitride film or
an aluminum oxinitride film. In this case, the first hydrogen
barrier film 10 may be formed by, for example, a sputter
method. By the first hydrogen barrier film 10, hydrogen or
the like contained in the interlayer dielectric film 8 cannot
move upward, and would not enter a ferroelectric capacitor
to be formed in later steps.

[0095] Next, an intermediate layer 11 is formed on the first
hydrogen barrier film 10. The intermediate layer 11 may use
a material having a lower internal stress than that of the first
hydrogen barrier film 10, and may be a silicon oxide film of,
for example, 100 nm in thickness. The reason for forming
the intermediate layer 11 is to prevent the first hydrogen
barrier film 10 from becoming partially thinner in a CMP

Aug. 16, 2007

step or an etch-back step to be conducted later. When the
intermediate layer 11 is a silicon oxide film, the intermediate
layer 11 may be formed by a CVD method using a material
gas containing hydrogen atoms, such as, SiH,, TEOS or the
like.

[0096] Then, a photoresist film (not shown) is coated on
the intermediate layer 11, and the photoresist film is exposed
to light and developed. By this, a resist pattern is formed on
the intermediate layer 11. Next, by using the resist pattern as
a mask, the intermediate layer 11 and the first hydrogen
barrier film 10 are etched in this order. By this, a via hole 10a
is formed in the intermediate layer 11 and the first hydrogen
barrier film 10 located above the W plug 95.

[0097] Then, the resist pattern is removed. Next, a Ti film
and a TiN film that become a barrier metal are successively
deposited in this order by, for example, a sputter method in
the via hole 10a and on the intermediate layer 11, and a
tungsten film is further deposited thereon. For depositing the
tungsten film, for example, a CVD method using a material
gas containing WF is used. Then, the tungsten film, the TiN
film and the Ti film located on the intermediate layer 11 are
removed by a CMP method or etching back. By this, a W
plug 12 is formed in the via hole 10a located above the W
plug 94. 1t is noted that, during the step where the tungsten
film, the TiN film and the Ti film are subjected to CMP or
etched back, a lower layer below the Ti film may be partially
polished or etched. However, such a lower layer is not the
first hydrogen barrier film 10 but the intermediate layer 11,
such that the first hydrogen barrier film 10 does not become
partially thinner, and its hydrogen barrier capacity is main-
tained.

[0098] Then, as shown in FIG. 1(C), an Ir film, an IrO,
film and a Pt film are laminated in this order on the W plug
12 and on the intermediate layer 11, whereby a lower
conductive film having a thickness of 200 nm is formed.
Then, a ferroelectric film having a thickness of 150 nm-200
nm is formed on the lower conductive film. The ferroelectric
film may be a film containing Pb, Zr, Ti and 0 (for example,
PZT film), or a film containing Sr, Bi and Ta (for example
SBT film). Next, a Pt film, an IrO, film and a Ir film are
laminated in this order on the ferroelectric film, whereby an
upper conductive film having a thickness of 200 nm is
formed.

[0099] Next, a photoresist film (not shown) is formed on
the upper conductive film, and the photoresist film is
exposed to light and developed. By this, a resist pattern is
formed on the upper conductive film. Next, by using the
resist pattern as a mask, the upper conductive film, the
ferroelectric film and the lower conductive film are etched.
By this, a ferroelectric capacitor 13 having a lower electrode
13qa, a ferroelectric film 135 and an upper electrode 13¢
laminated in this order in a position overlapping the W plug
12 on the intermediate layer 11 is formed.

[0100] Then, the resist pattern is removed. Next, a second
hydrogen barrier film 14 is formed on the upper surface and
side surfaces of the ferroelectric capacitor 13, and on the
intermediate layer 11. The second hydrogen barrier film 14
is a film that is formed by a process that does not generate
hydrogen, and may be an aluminum oxide film. When the
second hydrogen barrier film 14 is an aluminum oxide film,
it is formed by a sputter method or a CVD method. By this,
hydrogen becomes difficult to enter the ferroelectric capaci-
tor 13.
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[0101] Next, as shown in FIG. 2(A), a photoresist film (not
shown) is coated on the second hydrogen barrier film 14, and
then the photoresist film is exposed to light and developed.
By this, a resist pattern is formed on the second hydrogen
barrier film 14. Then, by using the resist pattern as a mask,
the second hydrogen barrier film 14 and the intermediate
layer 11 are etched. By this, the second hydrogen barrier film
14 and the intermediate layer 11 are removed while leaving
portions thereof on the upper surface and side surfaces of the
ferroelectric capacitor 13 and a portion of the intermediate
layer 11 adjacent to the ferroelectric capacitor 13.

[0102] As described above, when the intermediate layer 11
is a silicon oxide film, the intermediate layer 11 may be
formed by a CVD method using a material gas containing
hydrogen atoms, such as, SiH,, TEOS or the like. In this
case, the intermediate layer 11 may contain therein hydrogen
or the like. For this reason, portions among the intermediate
layer 11 which can be removed may preferably be removed
immediately after the second hydrogen barrier film 14 is
formed on the upper surface of the ferroelectric capacitor 13,
like in the present embodiment. It is noted that, in the step
of removing the intermediate layer 11, hydrogen or the like
may be contained in the atmosphere. However, because the
upper surface and side surfaces of the ferroelectric capacitor
13 are covered by the second hydrogen barrier film 14, the
degree of deterioration of the ferroelectric capacitor 13
which may be caused by hydrogen or the like in the
atmosphere becomes diminished. Then, the resist pattern is
removed.

[0103] Then, as shown in FIG. 2(B), a third hydrogen
barrier film 15 is formed on the second hydrogen barrier film
14 and its side surfaces, side surfaces of the intermediate
layer 11, and on the first hydrogen barrier film 10. The third
hydrogen barrier film 15 is a film that is formed by a process
that does not generate hydrogen, and may be an aluminum
oxide film. When the third hydrogen barrier film 15 is an
aluminum oxide film, it is formed by a sputter method or a
CVD method.

[0104] In this state, the ferroelectric capacitor 13 is sur-
rounded by the first hydrogen barrier film 10 and the third
hydrogen barrier film 15 without a gap.

[0105] Next, as shown in FIG. 2(C), a second interlayer
dielectric film 16 is formed on the third hydrogen barrier
film 15. The second interlayer dielectric film 16 is formed
from silicon oxide as a main composition, and a material gas
containing hydrogen atoms, such as, SiH,, TEOS or the like
is used. For this reason, during the film formation, hydrogen
or the like is generated. However, because the ferroelectric
capacitor 13 is surrounded by the first hydrogen barrier film
10 and the third hydrogen barrier film 15, hydrogen or the
like can not enter the ferroelectric capacitor 13 when the
second interlayer dielectric film 16 is formed.

[0106] Next, a photoresist film (not shown) is coated on
the second interlayer dielectric film 16, and then the pho-
toresist film is exposed to light and developed. By this, a
photoresist film is formed on the second interlayer dielectric
film 16. Then, by using the photoresist film as a mask, the
second interlayer dielectric film 16, the third hydrogen
barrier film 15 and the first hydrogen barrier film 10 are
etched in this order. By this, a via hole 165 is formed in the
second interlayer dielectric film 16 and the third hydrogen
barrier film 15 located above the upper electrode 13¢ of the
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ferroelectric capacitor 13. Also, via holes 16a and 16¢ are
formed in the second interlayer dielectric film 16, the third
hydrogen barrier film 15 and the first hydrogen barrier film
10 located above the W plugs 9a and 9¢ embedded in the
interlayer dielectric film 8, respectively.

[0107] Then, as shown in FIG. 2(D), a Ti film and a TiN
film that become a barrier metal are successively deposited
in this order by, for example, a sputter method in the via
holes 164, 165 and 16¢ and on the second interlayer dielec-
tric film 16, and a tungsten film is further deposited thereon.
For depositing the tungsten film, for example, a CVD
method using a material gas containing WF is used. Then,
the tungsten film, the TiN film and the Ti film are removed
by CMP or etching back from areas on the second interlayer
dielectric film 16. By this, a W plug 175 that is connected to
the upper electrode 13¢ of the ferroelectric capacitor 13 is
embedded in the via hole 165, and W plugs 17a and 17¢ that
are connected to the W plugs 9a and 9¢ are embedded in the
via holes 16a and 16c¢, respectively.

[0108] Next, an Al alloy film is formed on the second
interlayer dielectric film 16 and on the W plugs 174, 175 and
17¢. Next, a photoresist film is coated on the Al alloy film,
and the photoresist film is exposed to light and developed.
By this a resist pattern is formed on the Al alloy film. Then,
by using the resist pattern as a mask, the Al alloy film is
patterned. By this, the Al alloy film is patterned, whereby Al
alloy wirings 18a, 185 and 18¢ extending above the W plugs
17a, 17b and 17¢, respectively, are formed. The Al ally
wiring 18a connects to the impurity region 7a that becomes
a source of a transistor through the W plugs 174 and 9a. The
Al ally wiring 18¢ connects to the gate electrode 4 of the
transistor through the W plugs 17¢ and 9¢. The Al ally
wiring 185 connects to the upper electrode 13¢ of the
ferroelectric capacitor 13 through the W plug 175. It is noted
that the lower electrode 134 of the ferroelectric capacitor 13
connects to the impurity region 76 that becomes a drain of
the transistor through the W plugs 12 and 95.

[0109] Then, the resist pattern is removed. In a process to
be conducted hereafter (for example, deposition of silicon
oxide by a CVD method, and tungsten film formation), the
semiconductor device is heated. In this instance, hydrogen
or the like may be degassed from each of the interlayer
dielectric film 8 and the second interlayer dielectric film 16.
However, the ferroelectric capacitor 13 is surrounded by the
first and third hydrogen barrier films 10 and 15 without a
gap. Accordingly, the degassed hydrogen or the like does not
enter the ferroelectric capacitor 13. Moreover, even when
hydrogen is generated in a process to be later conducted (for
example, deposition of silicon oxide by a CVD method, and
tungsten film formation), the hydrogen does not enter the
ferroelectric capacitor 13 from the lower side of the ferro-
electric capacitor 13.

[0110] In this manner, in accordance with the present
invention, the first hydrogen barrier film 10 is formed on the
interlayer dielectric film 8, the ferroelectric capacitor 13 is
formed above the first hydrogen barrier film 10, and the third
hydrogen barrier film 15 is formed on the upper surface and
side surfaces of the ferroelectric capacitor 13 and on the first
hydrogen barrier film 10. For this reason, the ferroelectric
capacitor 13 is surrounded by the first and third hydrogen
barrier films 10 and 15 without a gap. Accordingly, even
when hydrogen or the like degasses from the interlayer
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dielectric films 8 and 16 in a later step, the degassed
hydrogen or the like does not enter the ferroelectric capaci-
tor 13. Also, even when the second interlayer dielectric film
16 is formed above the ferroelectric capacitor 13 by using a
CVD method that uses a material gas containing hydrogen
such as SiH,, TEOS or the like, hydrogen or the like
generated during the film formation does not enter the
ferroelectric capacitor 13.

[0111] Accordingly, the electrical characteristics of the
ferroelectric capacitor 13 become more difficult to deterio-
rate.

[0112] Furthermore, the first hydrogen barrier film 10 is
made to have a minimum thickness that can function as a
hydrogen barrier film in order to minimize its internal stress,
but the intermediate layer 11 that is a film having a smaller
internal stress than that of the first hydrogen barrier film 10
is formed on the first hydrogen barrier film 10. For this
reason, even when CMP or etch-back is conducted in the
step of embedding W plugs in these films, the first hydrogen
barrier film 10 is protected by the intermediate layer 11, and
does not become thinner. Accordingly, the hydrogen barrier
capability of the first hydrogen barrier film 10 is not dam-
aged.

[0113] TItis noted that there may be a case where hydrogen
or the like may be occluded in the intermediate layer 11.
However, the intermediate layer 11 is removed by etching,
excluding portions located below the ferroelectric capacitor
13 and the circumferential area thereof, before the third
hydrogen barrier film 15 is formed. For this reason, the
degree of deterioration of the ferroelectric capacitor 13 by
hydrogen or the like contained in the intermediate layer 11
is minimized.

[0114] Also, there is a possibility that the atmosphere
contains hydrogen or the like in the step of removing the
intermediate layer 11. However, the upper surface and side
surfaces of the ferroelectric capacitor 13 are covered by the
second hydrogen barrier film 14 before the intermediate
layer 11 is removed. Accordingly, the degree of deterioration
of the ferroelectric capacitor 13 by hydrogen or the like
contained in the atmosphere is minimized.

[0115] FIG. 3 and FIG. 4 are cross-sectional views for
describing a method for manufacturing a semiconductor
device in accordance with a second embodiment of the
present invention. The present embodiment pertains to a
method for forming a planar type ferroelectric memory.
Composing elements that are identical with those of the first
embodiment are appended with the same reference numbers,
and their description is omitted.

[0116] First, as shown in FIG. 3(A), an element isolation
film 2, a gate oxide film 3, a gate electrode 4, side walls 5,
lower concentration impurity regions 6a and 65, impurity
regions 7a and 7b, and an interlayer dielectric film 8 are
formed on a silicon substrate 1. A method of forming those
elements is the same as the first embodiment. Next, a first
hydrogen barrier film 10 and an intermediate layer 11 are
laminated in this order on the interlayer dielectric film 8. The
forming method of these is also the same as the first
embodiment.

[0117] Next, as shown in FIG. 3(B), a lower conductive
film having an Ir film, an IrO, film and a Pt film laminated
in this order is formed on the intermediate layer 11. Then, a
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resist pattern is formed on the lower conductive film, and the
lower conductive film is etched by using the resist pattern as
a mask. By this, the lower conductive film is patterned, and
a lower electrode 13a is formed on the intermediate layer 11.

[0118] Then, the resist pattern is removed. Next, a ferro-
electric film is formed over the entire surface including on
the lower electrode 134, and an upper conductive film
having a Pt film, an IrO, film and an Ir film laminated in this
order is further formed thereon. Next, a resist pattern is
formed on the upper conductive film, and by using the resist
pattern as a mask, the upper conductive film and the ferro-
electric film are etched in this order. By this, the upper
conductive film and the ferroelectric film are patterned,
whereby a ferroelectric film 135 and an upper electrode 13¢
are formed on the lower electrode 13a, excluding a part
thereof.

[0119] Inthis manner, a ferroelectric capacitor 13 in which
the lower electrode 134, the ferroelectric layer 1356 and the
upper electrode 13¢ are laminated in this order is formed on
the intermediate layer 11.

[0120] Next, a second hydrogen barrier film 14 is formed
over the entire surface including on the ferroelectric capaci-
tor 13 and the intermediate layer 11. The method of forming
them is the same as the first embodiment.

[0121] Next, as shown in FIG. 3(C), the second hydrogen
barrier film 14 and the intermediate layer 11 are removed
while leaving portions on the upper surface and side surfaces
of the ferroelectric capacitor 13 and a portion of the inter-
mediate layer 11 adjacent to the ferroelectric capacitor 13.
The removal method is the same as the first embodiment.

[0122] Next, a third hydrogen barrier film 15 is formed.
This forming method is also the same as the first embodi-
ment. In this state, the ferroelectric capacitor 13 is sur-
rounded by the first hydrogen barrier film 10 and the third
hydrogen barrier film 15 without a gap.

[0123] Next, as shown in FIG. 4(A), a photoresist film (not
shown) is coated on the third hydrogen barrier film 15, and
the photoresist film is exposed to light and developed. By
this, a resist pattern is formed on the third hydrogen barrier
film 15.

[0124] Next, by using the resist pattern as a mask, etching
is conducted.

[0125] More specifically, the third hydrogen barrier film
15 and the second hydrogen barrier film 14 are etched above
a portion that is not covered by the ferroelectric layer 135
among the lower electrode 134, and above the upper elec-
trode 13¢. By this, via holes 14a and 145 are formed above
the lower electrode 134 and the upper electrode 13c¢, respec-
tively.

[0126] Also, the third hydrogen barrier film 15, the first
hydrogen barrier film 10 and the interlayer dielectric film 8
are etched above the impurity regions 7a and 76 and the gate
electrode 4 of the transistor. By this, contact holes 8a, 85 and
8¢ are formed above the impurity regions 7a and 7b and the
gate electrode 4, respectively.

[0127] Next, as shown in FIG. 4(B), an Al alloy film is
deposited on the third hydrogen barrier film 15, and in the
contact holes 8a-8¢ and the via holes 14a and 145. Then, a
photoresist film is coated on the Al alloy film, and the
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photoresist film is exposed to light and developed. By this,
a resist pattern is formed on the Al alloy film. Then, by using
the resist pattern as a mask, the Al alloy film is patterned. By
this, the Al alloy film is patterned, whereby Al alloy wirings
19a, 195, 19¢ and 194 are formed.

[0128] The Al alloy wiring 19a has a part thereof embed-
ded in the contact hole 8a, thereby connecting to the
impurity region 7a that becomes a source.

[0129] The Al alloy wiring 19¢ has a part thereof embed-
ded in the contact hole 8¢, thereby connecting to the gate
electrode 4. The Al alloy wiring 194 has a part thereof
embedded in the via hole 145, thereby connecting to the
upper electrode 13¢ of the ferroelectric capacitor 13.

[0130] Also, the Al alloy wiring 1956 has a part thereof
embedded in the contact hole 85, and another part thereof
embedded in the via hole 14a. For this reason, the Al alloy
wiring 195 connects the impurity region 75 that becomes a
drain of the transistor and the lower electrode 13a of the
ferroelectric capacitor 13.

[0131] In this manner, in accordance with the present
embodiment, the ferroelectric capacitor 13 is also sur-
rounded by the first and third hydrogen barrier films 10 and
15 without a gap. Accordingly, even when the interlayer
dielectric film 8 is heated in a later step and hydrogen or the
like is degassed, the hydrogen or the like does not enter the
ferroelectric capacitor 13. Therefore the electrical charac-
teristics of the ferroelectric capacitor 13 are difficult to
deteriorate.

[0132] Furthermore, even when a second interlayer dielec-
tric film is formed over the third hydrogen barrier film 15
and the Al alloy wirings 194-194 by using a CVD method
that uses a material gas containing hydrogen such as SiH,,
TEOS or the like, hydrogen or the like generated during the
film formation does not enter the ferroelectric capacitor 13.

[0133] Tt is noted that the present invention is not limited
to the embodiments described above, and many changes can
be made and implemented within the range that does not
deviate from the subject matter of the present invention.
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What is claimed is:
1. A semiconductor device comprising:

a dielectric film;
a first hydrogen barrier film formed on the dielectric film;

an intermediate layer formed on the first hydrogen barrier
film, and composed of a film having a lower internal
stress compared to the first hydrogen barrier film;

a lower electrode formed on the intermediate layer;
a ferroelectric layer formed on the lower electrode;
an upper electrode formed on the ferroelectric layer;

a second hydrogen barrier film that covers the upper
electrode, the ferroelectric layer and the lower elec-
trode, and has a marginal portion located above the
intermediate layer; and

a third hydrogen barrier film that covers the second
hydrogen barrier film and the intermediate layer, and
has a marginal portion located above the intermediate
layer.

2. The semiconductor device of claim 1 which further

comprises a connection hole in the first hydrogen barrier
film and the intermediate layer; and

a conductor embedded in the connection hole.

3. The semiconductor device of claim 2 which further
comprises a transistor formed under the dielectric film, with
the transistor and the lower electrode of the ferroelectric
capacitor being connected through the conductor.

4. The semiconductor device of claim 1, wherein the first
hydrogen barrier film is a silicon nitride film, and the
intermediate layer is a silicon oxide film.

5. The semiconductor device of claim 4, wherein the
silicon nitride film has a film thickness of 50 nm or more but
300 nm or less.



