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57 ABSTRACT

The semiconductor device comprises a first insulation film 26
formed over a semiconductor substrate 10, first conductor
plug 32 buried in a first contact hole 28a formed down to a
source/drain diffused layer 22, a capacitor 44 formed over the
first insulation film 26, a first hydrogen diffusion preventing
film 48 formed over the first insulation film 26, covering the
capacitor 44, a second insulation film 50 formed over the first
hydrogen diffusion preventing film and having the surface
planarized, a second hydrogen diffusion preventing film 52
formed over the first hydrogen diffusion preventing film 26
and having the surface planarized, a second hydrogen diffu-
sion preventing film 52 formed over the second insulation
film 50, second conductor plug 62 buried in a second contact
hole 56 formed down to the lower electrode 38 or the upper
electrode 42 of the capacitor 44, a third conductor plug 62
buried in a third contact hole 58 formed down to the first
conductor plug 32, and an interconnection 64 connected to
the second conductor plug 62 or the third conductor plug 62.

24 Claims, 39 Drawing Sheets
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SEMICONDUCTOR DEVICE AND METHOD
FOR FABRICATING A SEMICONDUTOR
DEVICE INCLUDING FIRST AND SECOND
HYDROGEN DIFFUSION PREVENTING
FILMS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims priority of Japa-
nese Patent Application No. 2004-189365, filed on Jun. 28,
2004, and Japanese Patent Application No. 2004-330438,
filed on Nov. 15, 2004, the contents being incorporated herein
by reference.

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor device
and a method for fabricating the semiconductor device, more
specifically, a semiconductor device including a capacitor
using as the dielectric film, a high-dielectric constant sub-
stance or a ferroelectric substance, and a method for fabricat-
ing the semiconductor device.

Recently, as the dielectric films of capacitors, the use of
high-dielectric constant substances or ferroelectric sub-
stances is noted.

However, in simply using high-dielectric constant sub-
stances and ferroelectric substances as the dielectric films of
capacitors, the oxygen in the dielectric films is often reduced
with hydrogen in later steps after the dielectric films have
been formed, and the capacitors cannot have often good elec-
tric characteristics. The oxygen in the dielectric films is
reduced with hydrogen when the water contained in the inter-
layer insulation films, etc. arrives at the capacitors, and the
capacitor cannot have good electric characteristics.

As technique of preventing the deterioration of the dielec-
tric films with the hydrogen and the water, the technique of
forming an aluminum oxide film, covering the capacitor, and
the technique of forming an aluminum oxide film on the
inter-layer insulation films formed on the capacitors are pro-
posed. Aluminum oxide film has the function of preventing
the diffusion of hydrogen and water. Accordingly, the pro-
posed techniques can prohibit the hydrogen and water from
arriving at the dielectric film, whereby the deterioration of the
dielectric film with the hydrogen and the water can be pre-
vented. These techniques are proposed in, e.g., Patent Refer-
ences 1 and 2.

Following references disclose the background art of the
present invention.

[Patent Reference 1]

Specification of Japanese Patent Application Unexamined
Publication No. 2002-176149

[Patent Reference 2]

Specification of Japanese Patent Application Unexamined
Publication No. 2003-197878

[Patent Reference 3]

Specification of Japanese Patent Application Unexamined
Publication No. 2003-100994

[Patent Reference 4]

Specification of Japanese Patent No. 3114710

[Patent Reference 5]

Specification of Japanese Patent Application Unexamined
Publication No. 2003-229542

However, in simply forming an aluminum oxide film, it is
difficult to securely prevent the deterioration of the dielectric
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film with the hydrogen and the water. The deterioration of the
dielectric film with the hydrogen and the water lowers the
fabrication yield.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a semicon-
ductor device including a capacitor and having high reliabil-
ity, which can be fabricated with high yields, and a method for
fabricating the semiconductor device.

According to one aspect of the present invention, there is
provided a semiconductor device comprising: a transistor
including a gate electrode formed over a semiconductor sub-
strate with a gate insulation film formed therebetween, and a
source/drain diffused layer formed in the semiconductor sub-
strate on both sides of the gate electrode; a first insulation film
formed over the semiconductor substrate and the transistor; a
first conductor plug buried in first contact hole formed down
to the source/drain diffused layer; a capacitor formed over the
first insulation film and including a lower electrode, a dielec-
tric film formed over the lower electrode and an upper elec-
trode formed over the dielectric film; a first hydrogen diffu-
sion preventing film formed over the first insulation film,
covering the capacitor, for preventing the diffusion of hydro-
gen; a second insulation film formed over the fist hydrogen
diffusion preventing film, a surface of the second insulation
film being planarized; a second hydrogen diffusion prevent-
ing film formed over the second insulation film, for prevent-
ing the diffusion of hydrogen; a second conductor plug buried
in a second contact hole formed down to the lower electrode
or the upper electrode; a third conductor plug buried in a third
contact hole formed down to the first conductor plug; and an
interconnection formed over the second hydrogen diffusion
preventing film and connected to the second conductor plug
or the third conductor plug.

According to another aspect of the present invention, there
is provided a method for fabricating a semiconductor device
comprising the steps of: forming a gate electrode over a
semiconductor device with a gate insulation film therebe-
tween; forming a source/drain diffused layer in the semicon-
ductor substrate on both sides of the gate electrode; forming
a first insulation film over the semiconductor substrate, the
gate electrode and the source/drain diffused layer; forming
first contact hole in the first insulation film down to the
source/drain diffused layer; burying first conductor plug in
the first contact hole; forming over the first insulation film a
capacitor including a lower electrode, a dielectric film formed
over the lower electrode and an upper electrode formed over
the dielectric film; forming a firsthydrogen diffusion prevent-
ing film for preventing the diffusion of hydrogen over the first
insulation film and the capacitor; forming a second insulation
film over the first hydrogen diffusion preventing film; polish-
ing a surface of the second insulation film to planarize the
surface of'the second insulation film; forming a second hydro-
gen diffusion preventing film for preventing the diffusion of
hydrogen over the second insulation film; forming second
contact hole in the first hydrogen diffusion preventing film,
the second insulation film and the second hydrogen diffusion
preventing film down to the lower electrode or the upper
electrode; forming third contact hole in the first hydrogen
diffusion preventing film, the second insulation film and the
second hydrogen diffusion preventing film down to the first
conductor plug; burying second conductor plug in the second
contact hole and third conductor plug in the third contact hole;
and forming an interconnection over the second hydrogen
diffusion preventing film in contact with the second conduc-
tor plug or the third conductor plug.
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According to further another aspect of the present inven-
tion, there is provided a semiconductor device comprising: a
capacitor formed over a semiconductor substrate and includ-
ing a lower electrode, a dielectric film formed over the lower
electrode and an upper electrode formed over the dielectric
film; an insulation film formed over the semiconductor sub-
strate and the capacitor, a surface of the insulation film being
planarized; a flat barrier film formed over the insulation film,
for preventing the diffusion ot hydrogen and water, the barrier
film including a first film for preventing the diffusion of
hydrogen and water and a second film for mitigating a stress
due to the first film.

According to further another aspect of the present inven-
tion, there is provided a method for fabricating a semicon-
ductor device comprising: a step of forming on a semicon-
ductor substrate a capacitor including a lower electrode,
dielectric film formed on the lower electrode and an upper
electrode formed on the dielectric film; a step of forming an
insulation film on the semiconductor substrate and the capaci-
tor; the step of polishing a surface of the insulation film to
planarize the surface of the insulation film; and a step of
forming over the insulation film a barrier film for preventing
the diffusion of hydrogen and water, the step of forming a
barrier film including a step of forming a first film for pre-
venting the diffusion of hydrogen and water and a step of
forming a second film for mitigating a stress due to the first
film.

According to further another aspect of the present inven-
tion, there is provided a semiconductor device comprising: a
capacitor formed on a semiconductor substrate and including
a lower electrode, a dielectric film formed over the lower
electrode and an upper electrode formed over the dielectric
film; an insulation film formed over the semiconductor sub-
strate and the capacitor, a surface of the insulation film being
planarized; and a flat barrier film formed over the insulation
film, for preventing the diffusion of hydrogen and water, the
barrier film being formed of a plurality of first films for
preventing the diffusion of hydrogen and water, which are
laid one on another with a second film of a dielectric sub-
stance.

According to further another aspect of the present inven-
tion, there is provided a method for fabricating a semicon-
ductor device comprising: a step of forming over a semicon-
ductor substrate a capacitor including a lower electrode, a
dielectric film formed over the lower electrode and an upper
electrode formed over the dielectric film; a step of forming an
insulation film over the semiconductor substrate and the
capacitor; the step of polishing a surface of the insulation film
to planarize the surface of the insulation film; and a step of
forming over the insulation film a flat barrier film for prevent-
ing the diffusion of hydrogen and water, in the step of forming
a barrier film, a plurality of first films for preventing the
diffusion of hydrogen and water are laid one on another with
a second film of a dielectric substance formed therebetween.

According to the present invention, the second hydrogen
diffusion preventing film is formed on the planarized second
insulation film, and the second hydrogen diffusion preventing
film is accordingly flat. The flat hydrogen diffusion prevent-
ing film has good coverage and can barrier the hydrogen, etc.
without failure. Thus the present invention can prevent the
arrival of the hydrogen, etc. at the dielectric film of the capaci-
tors without failure, and the reduction of the metal oxide
forming the dielectric film of the capacitors with the hydrogen
can be prevented. Furthermore, according to the present
invention, with the first conductor plugs connected to the
source/drain diffused layer buried in the first insulation film,
the third conductor plugs to be connected to the first conduc-
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tor plugs are buried in the second insulation film, whereby
even in forming the second hydrogen diffusion preventing
film on the second insulation film and below the interconnec-
tion, the interconnection and the source/drain diffused layer
can be electrically connected with each other without dam-
aging the source/drain diffused layer. Thus, according to the
present invention, the semiconductor device of high reliabil-
ity including capacitors can be provided with high yields.

According to the present invention, the barrier film is
formed of the first film for preventing the diffusion of the
hydrogen and the water, and the second film for mitigating the
stress due to the first film laid one on another, whereby the
stress due to the barrier film can be made small, and the
application of large stresses to the capacitor can be prevented.
According to the present invention, the decrease of the
switching charge quantity Q;-of the capacitor is surely pre-
vented while the arrival of the hydrogen and the water at the
capacitor can be prevented. Thus, according to the present
invention, the semiconductor device including capacitors
having good electric characteristics can be provided with high
yields.

According to the present invention, the barrier film is
formed of a plurality of the first films for preventing the
diffusion of the hydrogen and the water which are laid one on
another with the second film of a dielectric substance formed
there between, whereby the diffusion of the hydrogen and the
water can be surely prevented. Furthermore, according to the
present invention, the first films, which are relatively thin, are
laid one on another with the second film formed therebe-
tween, whereby the stress due to the barrier film can be made
relatively small with the total film thickness of the first films
made thick. Thus, according to the present invention, the
arrival of the hydrogen and the water at the capacitors can be
surely prevented while the decrease of the switching charge
quantity Q- of the capacitors can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of the semiconductor device
according to a first embodiment of the present invention.

FIGS. 2A and 2B are graphs of the results of evaluating the
hydrogen diffusion preventing film by thermal desorption
spectroscopy.

FIG. 3 is a graph of changes of the switching charge quan-
tity Q- of the capacitor.

FIGS. 4A and 4B are graphs of dispersion of the contact
resistance of the lower electrode.

FIGS. 5A and 5B are sectional views of the semiconductor
device according to the first embodiment of the present inven-
tion in the steps of the method for fabricating the semicon-
ductor device, which illustrate the method (Part 1).

FIGS. 6A and 6B are sectional views of the semiconductor
device according to the first embodiment of the present inven-
tion in the steps of the method for fabricating the semicon-
ductor device, which illustrate the method (Part 2).

FIGS. 7A and 7B are sectional views of the semiconductor
device according to the first embodiment of the present inven-
tion in the steps of the method for fabricating the semicon-
ductor device, which illustrate the method (Part 3).

FIGS. 8A and 8B are sectional views of the semiconductor
device according to the first embodiment of the present inven-
tion in the steps of the method for fabricating the semicon-
ductor device, which illustrate the method (Part 4).

FIGS. 9A and 9B are sectional views of the semiconductor
device according to the first embodiment of the present inven-
tion in the steps of the method for fabricating the semicon-
ductor device, which illustrate the method (Part 5).

TSMC EX. 1006 Page 43 of 66



US 7,598,557 B2

5

FIGS. 10A and 10B are sectional views of the semicon-
ductor device according to the first embodiment of the present
invention in the steps of the method for fabricating the semi-
conductor device, which illustrate the method (Part 6).

FIGS. 11A and 11B are sectional views of the semicon-
ductor device according to the first embodiment of the present
invention in the steps of the method for fabricating the semi-
conductor device, which illustrate the method (Part 7).

FIGS. 12A and 12B are sectional views of the semicon-
ductor device according to the first embodiment of the present
invention in the steps of the method for fabricating the semi-
conductor device, which illustrate the method (Part 8).

FIGS. 13A and 13B are sectional views of the semicon-
ductor device according to the first embodiment of the present
invention in the steps of the method for fabricating the semi-
conductor device, which illustrate the method (Part 9).

FIGS. 14A and 14B are sectional views of the semicon-
ductor device according to the first embodiment of the present
invention in the steps of the method for fabricating the semi-
conductor device, which illustrate the method (Part 10).

FIG. 15 is a sectional view of the semiconductor device
according to the first embodiment of the present invention in
the step of the method for fabricating the semiconductor
device, which illustrates the method (Part 11).

FIG. 16 is a sectional view of the semiconductor device
according to the first embodiment of the present invention in
the step of the method for fabricating the semiconductor
device, which illustrates the method (Part 12).

FIG. 17 is a sectional view of the semiconductor device
according to the first embodiment of the present invention in
the step of the method for fabricating the semiconductor
device, which illustrates the method (Part 13).

FIG. 18 is a sectional view of the semiconductor device
according to the first embodiment of the present invention in
the step of the method for fabricating the semiconductor
device, which illustrates the method (Part 14).

FIG. 19 is a sectional view of the semiconductor device
according to the first embodiment of the present invention in
the step of the method for fabricating the semiconductor
device, which illustrates the method (Part 15).

FIG. 20 is a sectional view of the semiconductor device
according to the first embodiment of the present invention in
the step of the method for fabricating the semiconductor
device, which illustrates the method (Part 16).

FIG. 21 is a sectional view of the semiconductor device
according to the first embodiment of the present invention in
the step of the method for fabricating the semiconductor
device, which illustrates the method (Part 17).

FIG. 22 is a graph of the film stress of hydrogen diffusion
preventing films.

FIG. 23 is a sectional view of the semiconductor device
according to Modification 1 of the first embodiment of the
present invention.

FIG. 24 is a sectional view of the semiconductor device
according to Modification 2 of the first embodiment of the
present invention.

FIG. 25 is a sectional view of the semiconductor device
according to Modification 3 of the first embodiment of the
present invention.

FIG. 26 is a sectional view of the semiconductor device
according to a second embodiment of the present invention.

FIGS. 27A and 27B are sectional views of the semicon-
ductor device according to the second embodiment of the
present invention in the steps of the method for fabricating the
semiconductor device, which illustrate the method (Part 1).

FIG. 28 is a sectional view of the semiconductor device
according to the second embodiment of the present invention
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in the step of the method for fabricating the semiconductor
device, which illustrates the method (Part 2).

FIG. 29 is a sectional view of the semiconductor device
according to Modification 1 of the second embodiment of the
present invention.

FIG. 30 is a sectional view of the semiconductor device
according to Modification 2 of the second embodiment of the
present invention.

FIG. 31 is a sectional view of the semiconductor device
according to Modification 3 of the second embodiment of the
present invention.

FIG. 32 is a sectional view of the semiconductor device
according to Modification 4 of the second embodiment of the
present invention.

FIG. 33 is a sectional view of the semiconductor device
according to Modification 5 of the second embodiment of the
present invention.

FIG. 34 is a sectional view of the semiconductor device
according to Modification 6 of the second embodiment of the
present invention.

FIG. 35 is a sectional view of the semiconductor device
according to a third embodiment of the present invention.

FIGS. 36A and 36B are sectional views of the semicon-
ductor device according to the third embodiment of the
present invention in the steps of the method for fabricating the
semiconductor device, which illustrate the method (Part 1).

FIG. 37 is a sectional view of the semiconductor device
according to the third embodiment of the present invention in
the step of the method for fabricating the semiconductor
device, which illustrates the method (Part 2).

FIG. 38 is a sectional view of the semiconductor device
according to Modification 1 of the third embodiment of the
present invention.

FIG. 39 is a sectional view of the semiconductor device
according to Modification 2 of the third embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION
A First Embodiment

The semiconductor device according to a first embodiment
of the present invention and the method for fabricating the
semiconductor device will be explained with reference to
FIGS. 1to 22.

(The Semiconductor Device)

First, the semiconductor device according to the present
embodiment will be explained with reference to FIGS. 1 to 4.
FIG.1is a sectional view of the semiconductor device accord-
ing to the present embodiment. In FIG. 1, the memory cell
region 2 is illustrated on the left side of the drawing, and on
the right side of the drawing, the peripheral circuit region 4 is
illustrated.

As illustrated in FIG. 1, device isolation regions 12 defin-
ing device regions are formed on a semiconductor substrate
10 of, e.g., silicon. Wells 14a, 145 are formed in the semicon-
ductor substrate 10 with the device isolation regions 12
formed on.

Gate electrodes (gate lines) 18 are formed on the semicon-
ductor substrate 10 with the wells 14a, 145 formed in with a
gate insulation film 16 formed therebetween. A sidewall insu-
lation film 20 is formed on the side walls of the gate electrodes
18.

On both sides of each gate electrode 18 with the sidewall
insulation film 20 formed on, a source/drain diffused layer 22
is formed. Thus, transistors 24 each including the gate elec-
trode 18 and the source/drain diffused layer 22 are formed.
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An inter-layer insulation film 26 is formed on the semicon-
ductor substrate 10 with the transistors 24 formed on. The
surface of the inter-layer insulation film 26 is planarized.

Contact holes 28a are formed in the inter-layer insulation
film 26 down to the source/drain diffused layer 22. A contact
hole 285 is formed in the inter-layer insulation film 26 down
to the gate line (gate electrode) 18.

A Ti film of, e.g., a 20-60 nm-thickness is formed in the
contact holes 28a, 285. A TiN film of, e.g., a 30-50 nm-
thickness is formed in the contact holes with the Ti film
formed in. The Ti film and the TiN film form a barrier metal
film 30.

Conductor plugs 32 of tungsten (W) are buried in the
contact holes 28a, 285 with the barrier metal film 30 formed
in.

On the inter-layer insulation film 26 with the conductor
plugs 32 buried in, an SiON film 34 of, e.g., a 100 nm-
thickness is formed. The SiON film 34 is for preventing the
surfaces of the conductor plugs 32 which have been buried in
from being oxidized.

As an oxidation preventing film 34, SiON, for example,
SiON film is formed. However, the oxidation preventing film
34 is not essentially SiON film. For example, Silicon oxide
film may be used as the oxidation preventing film 34.

A silicon oxide film 36 of, e.g., a 130 nm-thickness is
formed on the oxidation preventing film 34.

On the silicon oxide film 36, lower electrodes 38 of the
capacitors 44 are formed. The lower electrodes 38 are formed
of'the layer film including, e.g., an aluminum oxide film 38«
of'a 20-100 nm-thickness and Pt film 385 of a 100-300 nm-
thickness laid sequentially the latter on the former. The film
thickness of the Pt film 3854 is set at 175 nm.

On the lower electrodes 38, a dielectric film 40 of the
capacitors 44 are formed. The dielectric film 40 is formed of
a ferroelectric film of, e.g., a 150 nm-thickness. As the ferro-
electric film, PbZr,_,Ti, O, film (PZT film), for example, is
used.

On the dielectric film 40, upper electrodes 42 of the capaci-
tors 44 are formed. The upper electrodes 42 are formed of the
layer film, e.g., of a 10-100 nm-thickness IrO, film 424, a
100-300 nm-thickness IrO, film 425 and a 20-100 nm-thick-
ness Pt film 42¢ laid sequentially the latter on the former. The
film thickness of the IrO, film 4256 is set at 50 nm. The film
thickness of the Pt film 42¢ is set at 75 nm. The composition
ratio Y of oxygen of the IrO, film 425 is set higher than the
composition ratio X of oxygen of the IrO, film 42a.

The Pt film 42c¢ is for lowering the contact resistance
between the conductor plugs and the upper electrodes 42. The
Pt film 42¢ may not be formed when it is not necessary to
make the contact resistance between the conductor plugs and
the upper electrodes 42.

Thus, the capacitors 44 including the respective lower elec-
trode 38, the dielectric film 40 and the upper electrode 42 are
formed.

A hydrogen diffusion preventing film (barrier film) 46 is
formed on the dielectric film 40 and the upper electrode 42,
covering the upper surfaces and the side surfaces thereof. The
hydrogen diffusion preventing film 46 is, e.g., aluminum
oxide (Al,0;). The film thickness of the hydrogen diffusion
preventing film 46 is set at, e.g., 20-150 nm. The hydrogen
diffusion preventing film 46 has the function of preventing the
diffusion of hydrogen. The hydrogen diffusion preventing
film 46 has not only the function of preventing the diffusion of
hydrogen, but also the function of preventing the diffusion of
water. When hydrogen and water arrive at the dielectric film
40 of the capacitors 44, the metal oxide forming the dielectric
film 40 is reduced with the hydrogen, and resultantly the
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electric characteristics of the capacitors 44 are degraded. The
hydrogen diffusion preventing film 46 is formed, covering the
upper surfaces and the side surfaces of the dielectric film 40
and the upper electrode 42, whereby the hydrogen and the
water are kept from arriving at the dielectric film 40, and the
degradation of the electric characteristics of the capacitors 44
can be suppressed.

A hydrogen diftusion preventing film 48 is formed on the
capacitors 44 and the silicon oxide film 36 covered by the
hydrogen diffusion preventing film 46. The hydrogen diffu-
sion preventing film 48 is an aluminum oxide film of, e.g., a
20-50 nm-thickness.

The inter-layer insulation film 50 of a silicon oxide film of,
e.g.,a 1000 nm-thickness is formed on the hydrogen diffusion
preventing film 48. The surface of the inter-layer insulation
film 50 is planarized.

In the present embodiment, the inter-layer insulation film
50 is formed of silicon oxide film, but the material of the
inter-layer insulation film 50 is not limited to silicon oxide
film. For example, the inter-layer insulation film 50 may be
suitably formed of a dielectric inorganic film.

On the silicon oxide film 50, a hydrogen diffusion prevent-
ing film (barrier film) 52 is formed. The hydrogen diffusion
preventing film 52 is formed of, aluminum oxide film of, e.g.,
a 50-100 nm-thickness. The hydrogen diffusion preventing
film 52 of aluminum oxide film has not only the function of
preventing the diffusion of hydrogen, but also the function of
preventing the diffusion of water. Since the hydrogen diffu-
sion preventing film 52 is formed on the planarized silicon
oxide film 50, the hydrogen diffusion preventing film 52 is
accordingly flat.

The hydrogen diffusion preventing film 52 is formed in the
form of a flat on the inter-layer insulation film 50 for the
following reason.

That is, the hydrogen diffusion preventing film formed on
the inter-layer insulation film having steps in the surface does
not have good coverage, and cannot sufficiently prevent the
diffusion of the hydrogen and the water. The hydrogen and the
water arriving at the dielectric film reduce the metal oxide
forming the dielectric film with hydrogen, resultantly dete-
riorating the electric characteristics of the capacitors.

In the present embodiment, however, since the hydrogen
diffusion preventing film 52 is formed on the planarized inter-
layer insulation film 50, the hydrogen diffusion preventing
film 52 is formed in the form of the flat. The flat hydrogen
diffusion preventing film 52 has very good coverage, and can
barrier the hydrogen and the water without failure. Further-
more, in the present embodiment, the hydrogen diffusion
preventing film 52 is formed below a first metal interconnec-
tion layer 64 which will be described later, and can prevent the
hydrogen and the water from arriving at the capacitors 44
when an inter-layer insulation film 70 which will be described
later is formed. Thus, according to the present embodiment,
the hydrogen and the water can be prohibited from arriving at
the dielectric film 40 of the capacitors 44, and the metal oxide
forming the dielectric film 40 of the capacitors 44 is prevented
from being reduced with the hydrogen. Thus, according to the
present embodiment, the deterioration of the electric charac-
teristics of the capacitors 44 can be prevented without failure.

For this reason, in the present embodiment, the flat hydro-
gen diffusion preventing film 52 is formed above the capaci-
tors 44.

The film stress of the hydrogen diffusion preventing film
52 is set at, e.g., 5x10° dyn/cm? or below. For the following
reason, in the present embodiment, the film stress of the
hydrogen diffusion preventing film 52 is set so low.
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That is, when the film stress of the hydrogen diffusion
preventing film 52 is relatively high, stresses are applied to the
capacitors 44, and the switching charge quantity Qsw of the
capacitors 44 is often decreased. The switching charge quan-
tity Qsw is a difference between a charge quantity of switch-
ing by polarization and a charge quantity of non-switching.

On the hydrogen diffusion preventing film 52, an insulation
film 54 of, e.g., a silicon oxide film is formed. The film
thickness of the insulation film 54 is set at, e.g., 200-300 nm.

In the present embodiment, the insulation film 54 is formed
of'asilicon oxide film but is not essentially formed of a silicon
oxide film. For example, the insulation film 54 maybe formed
of'an SiON film, a silicon nitride film (Si;N, film) or others.

In the present embodiment, the insulation film 54 is formed
on the hydrogen diffusion preventing film 52 for the follow-
ing reason.

That is, when the insulation film 54 is not formed on the
hydrogen diffusion preventing film 52, the hydrogen diffu-
sion preventing film 52 is often degraded in a step after the
hydrogen diffusion preventing film 52 has been formed, and
the hydrogen diffusion preventing film 52 often cannot have
the sufficient hydrogen diffusion preventing function. When
the insulation film 54 is not formed on the hydrogen diffusion
preventing film 52, even the hydrogen diffusion preventing
film 52 is etched in patterning interconnections. When inter-
connections are formed directly on the hydrogen diffusion
preventing film 52, the reliability of the interconnections is
often low. For the purpose of preventing such inconveniences,
the insulation film 54 is formed on the hydrogen diffusion
preventing film 52 in the present embodiment.

Contact holes 56 are formed in the insulation film 54, the
hydrogen diffusion preventing film 52 and the inter-layer
insulation film 50 down to the upper electrodes 42. In the
insulation film 54, the hydrogen diffusion preventing film 52
and the inter-layer insulation film 50, contact holes (not illus-
trated) are formed down to the lower electrodes 38. Contact
holes 58 down to the conductor plugs 32 is formed in the
insulation film 54, the hydrogen diffusion preventing film 52
and the inter-layer insulation film 50.

In the contact holes 58, a barrier metal film 60 of, e.g., a
20-100 nm thickness TiN film is formed.

In the contact holes 56, 58 with the barrier metal film 60
formed in conductor plugs 62 of tungsten are buried in.

For the following reason, the TiN film 60 alone is formed in
the contact holes 56, 58 without forming a Ti film, and the
conductor plugs 62 of tungsten are buried in the contact holes
56, 58 with the TiN film 60 alone formed in.

That is, when the conductor plugs are formed of tungsten,
generally, the layer film of a Ti film and a TiN film is formed
in the contact holes, and the conductor plugs of tungsten are
buried in the contact holes with the layer film of the Ti film
and the TiN film formed in. However, when the Ti film con-
tacts the upper electrodes of the capacitors, the oxygen atoms
in the IrOfilm forming the upper electrodes of the capacitors
react with titanium atoms in the Ti film, and TiOy is gener-
ated, which increases the contact resistance between the
upper electrodes and the conductor plugs.

The Ti film is for ensuring the adhesion of the conductor
plugs to the lower layer. The Ti film is not essentially neces-
sary when the adhesion of the conductor plugs to the lower
layer can be ensured without the Ti film.

In the present embodiment, the layer lower of the conduc-
tor plugs 62 are the conductor plugs 32 of tungsten, and
without the Ti film in the contact holes 56, 58, the adhesion of
the conductor plugs 62 to the lower layer can be ensured.
Accordingly, in the present embodiment, the Ti film is not
formed in the contact holes 56, 58, but the TiN film 60 alone
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is formed in the contact holes 56, 58, and conductor plugs 62
of'tungsten are formed in the contact holes 56, 58 with the TiN
film 60 formed in. Thus, in the present embodiment, it does
not take place that the oxygen atoms in the IrO, film 424 and
in the IrO, film 425 forming the upper electrodes 42 of the
capacitors 44 react with the Ti atoms of the Ti film to produce
TiO,, and the contact resistance between the upper electrodes
42 and the conductor plugs 62 is accordingly increased. Thus,
according to the present embodiment, the semiconductor
device can have good electric characteristics.

On the insulation film 54, an interconnection (a first metal
interconnection layer) 64 is formed on the conductor plugs
62. The interconnections 64 are formed of the layer film of,
e.g., a 60 nm-thickness Ti film, a 30 nm-thickness TiN film, a
360 nm-thickness AlCu alloy film, a 5 nm-thickness Ti film
and a 70 nm-thickness TiN film.

In the present embodiment, for the following reason, the
interconnection 64 is not connected directly to the upper
electrodes 42 and the lower electrodes 38 of the capacitor 44
but via the conductor plugs 62.

That is, when the interconnection is connected directly to
the upper electrodes and the lower electrodes, there is a risk
that the Al used as the material of the interconnection, and the
Pt used as the material of the upper electrodes and the lower
electrodes of the capacitors react with each other to form a
reaction product. When the Al and the Pt react with each
other, and a reaction product of large volumes are formed,
cracks are often made in the inter-layer insulation films, etc.,
which is a factor for decreasing the reliability of the semicon-
ductor device.

In the present embodiment, the interconnection 64 is con-
nected to the upper electrodes 42 and the lower electrodes 38
of the capacitors 44 via the conductor plugs 62, whereby the
Al used as the material of the interconnection 64 and the Pt
used as the material of the upper electrodes 42 and the lower
electrodes 38 of the capacitors 44 do not react with each other,
and accordingly no reaction product is formed. Thus, accord-
ing to the present embodiment, the Al and the Pt are prohib-
ited from reacting with each other to thereby form the reaction
product. The decrease of the reliability of the semiconductor
device can be prevented.

On the insulation film 54 with the interconnection 64
formed on, a silicon oxide film 66 is formed. On the silicon
oxide film 66, a silicon oxide film 68 is further formed. The
surface of the silicon oxide film 68 is planarized. The silicon
oxide film 66 and the silicon oxide film 68 form an inter-layer
insulation film 70. The total film thickness of the inter-layer
insulation film 70 is set at, e.g., 1275 nm.

Contact holes 72 are formed in the inter-layer insulation
films 66, 68 down to the interconnection 64.

In the contact holes 72, a Ti film of, e.g., a 10 nm-thickness
is formed. In the contact holes 72 with the Ti film formed in,
a 3.5-7 nm-thickness TiN film is formed. The Ti film and the
TiN film form a barrier metal film 74.

In the contact holes 72 with the barrier metal film 72,
conductor plugs 76 of tungsten are buried.

On the inter-layer insulation films 66, 68 with the conduc-
tor plugs 76 buried in, an interconnection (a second metal
interconnection layer) 78 are formed, connected to the con-
ductor plugs 76. The interconnection 78 is formed ofthe layer
film of, e.g., a 60 nm-thickness Ti film, a 30 nm-thickness TiN
film, a 360 nm-thickness AlCu alloy film, a 5 nm-thickness Ti
film and a 70 nm-thickness TiN film.

On the inter-layer insulation film 70 and the interconnec-
tion 78, a silicon oxide film 80 is formed. On the silicon oxide
film 80, a silicon oxide film 82 is formed. The surface of the
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silicon oxide film 82 is planarized. The silicon oxide film 80
and the silicon oxide film 82 form an inter-layer insulation
film 84.

In the inter-layer insulation film 84, contact holes 86 are
formed down to the interconnection 78.

In the contact holes 86, a Ti film of, e.g., a 10 nm-thickness
is formed. In the contact holes 86 with the Ti film formed in,
a 3.5-7 nm-thickness TiN film is formed. The Ti film and the
TiN film form a barrier metal film 88.

In the contact holes 86 with the barrier metal film formed
in, conductor plugs 90 of tungsten are buried.

On the inter-layer insulation film 84 with the conductor
plugs 90 buried in, an interconnection (a third metal intercon-
nection layer) 92 is formed, connected to the conductor plugs
90. The interconnection 92 is formed of the layer film of, e.g.,
a 60 nm-thickness Ti film, a 30 nm-thickness TiN film, a 360
nm-thickness AlCu alloy film, a 5 nm-thickness Ti film and a
70 nm-thickness TiN film.

On the inter-layer insulation film 84 and the interconnec-
tion 94, a silicon oxide film 94 of, e.g., a 200-300 nm-thick-
ness is formed.

On the silicon oxide film 94, a silicon nitride film 96 of,
e.g., a 500 nm-thickness is formed.

On the silicon nitride film 96, a polyimide resin film 98 of,
e.g., a 2-10 um-thickness is formed.

In the polyimide resin film 98, the silicon nitride film 96
and the silicon oxide film 94, openings (not illustrated) are
formed down to electrode pads (not illustrated).

Thus, the semiconductor device according to the present
embodiment is constituted.

One characteristic of the semiconductor device according
to the present embodiment is that the flat hydrogen diffusion
preventing film 52 is formed between the capacitors 44 and
the first metal interconnection layer 64.

With the hydrogen diffusion preventing film formed on the
inter-layer insulation film with steps formed on the surface,
the coverage of the hydrogen diffusion preventing film is not
so good that the hydrogen diffusion preventing film cannot
sufficiently prevent the diffusion of the hydrogen and the
water. When the hydrogen and the water arrive at the dielec-
tric film of the capacitors, the metal oxide forming the dielec-
tric film is reduced with the hydrogen, and the electric char-
acteristics of the capacitors are degraded.

On the other hand, in the present embodiment, since the
hydrogen diffusion preventing film 52 is formed on the pla-
narized inter-layer insulation film 50, the hydrogen diffusion
preventing film 52 is flat. The flathydrogen diffusion prevent-
ing film 52 has good coverage, and can barrier the hydrogen
and the water without failure. Furthermore, in the present
embodiment, the hydrogen diffusion preventing film 52 is
formed below the first metal interconnection layer 64, and
when the inter-layer insulation film 70 is formed, the hydro-
gen diffusion preventing film 52 can prohibit the hydrogen
and the water from arriving at the capacitors 44. Thus, the
present embodiment can prevent without failure the hydrogen
and the water from arriving at the dielectric film 40 of the
capacitors 44, whereby the reduction of the metal oxide film
forming the dielectric film 40 of the capacitors 44 with the
hydrogen can be prevented. Thus, according to the present
embodiment, the deterioration of the electric characteristics
of the capacitors 44 can be surely prevented.

On major characteristic of the semiconductor device
according to the present embodiment is that the conductor
plugs 62 are not connected directly to the source/drain dif-
fused layer 22 but connected via the conductor plugs 32.

When the conductor plugs 62 are connected directly to the
source/drain diffused layer 22, not only the inter-layer insu-
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lation films 50, 26, etc., but also the hydrogen diffusion pre-
venting film 52 must be etched so as to from the contact holes
down to the source/drain diffused layer 22. It is very difficult
to form the contact holes down to the source/drain diffused
layer 22 without damaging the source/drain diffused layer 22
because the etching characteristics of the hydrogen diffusion
preventing film 52 are largely different from the etching char-
acteristics of the inter-layer insulation films 52, 26, etc.

In the present embodiment, the conductor plugs 32 con-
nected to the source/drain diffused layer 22 are buried in the
inter-layer insulation film 26 in advance, and the conductor
plugs 62 connected to the conductor plugs 32 are buried in the
inter-layer insulation film 50, etc., whereby the interconnec-
tion 64 and the source/drain diftused layer 22 can be electri-
cally connected to each other without damaging the source/
drain diffused layer 22. Thus, the semiconductor device
according to the present embodiment can have high reliability
and high fabrication yields.

One major characteristic of the semiconductor device
according to the present embodiment is that in the contact
holes 56, 58, the Ti film is not formed but the TiN film 60
alone is formed, and the conductor plugs 62 of tungsten are
buried in the contact holes 56, 58 with the TiN film 60 alone
formed in.

When the conductor plugs are formed of tungsten, gener-
ally, the layer film of the Ti film and the TiN film is formed in
the contact holes, and the conductor plugs of tungsten are
buried in the contact holes with the layer film of the Ti film
and the TiN film formed in. With the upper electrodes of the
capacitors in contact with the Ti film, the oxygen atoms in the
IrO, film used as the upper electrodes of the capacitors react
with the titanium atoms in the Ti film to produce TiO,, which
makes the contact resistance between the upper electrodes
and the conductor plugs high.

However, in the present embodiment, intentionally, the Ti
film is not formed in the contact holes 56, 58, the TiN film 60
alone is formed in the contact holes 56, 58, and the conductor
plugs 62 of tungsten are buried in the contactholes 56, 58 with
the TiN film 60 formed in. Thus, according to the present
embodiment, the oxygen atoms in the IrO, film 424 and the
IrO; film 425 forming the upper electrodes 42 of the capaci-
tors 44 are prevented from reacting with the Ti atoms in the Ti
film to thereby produce TiOy. Thus, the present embodiment
can prevent the increase of the contact resistance between the
upper electrodes 42 and the conductor plugs 62, and the
semiconductor device according to the present embodiment
can have good electric characteristics.

The Ti film, which is for ensuring the adhesion of the
conductor plugs 62 to the below layer, may not be essentially
formed when the adhesion of the conductor plugs 62 to the
lower layer can be ensured without the Ti film. In the present
embodiment, in which the lower layer of the conductor plugs
62 are the conductor plugs 32 of tungsten, without the Ti film
in the contact holes 56, 58, the adhesion of the conductor
plugs 62 to the lower layer can be ensured. Thus, in the
present embodiment, without the Ti film in the contact holes
56, 58, no special problem takes place.

One major characteristic of the semiconductor device
according to the present embodiment is that the interconnec-
tion 64 is not connected directly to the upper electrodes 42
and the lower electrodes 38 of the capacitors 44 but electri-
cally connected to the upper electrodes 42 or the lower elec-
trodes 38 of the capacitors 44 via the conductor plugs 62.

When the interconnection is connected directly to the
upper electrodes and the lower electrodes of the capacitors,
there is a risk that the Al used as the material of the intercon-
nection and the Pt used as the material of the upper electrodes
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and the lower electrodes of the capacitors may react with each
other to thereby produce reaction products. When the Al and
the Pt react with each other to thereby form reaction products
of large volutes, often cracks are made in the inter-layer
insulation film, etc., which is a factor for the decrease of the
reliability of the semiconductor device.

In the present embodiment, in which the interconnection
64 is connected to the upper electrodes 42 or the lower elec-
trode 38 of the capacitors 44 via the conductor plugs 62, the Al
used as the material of the interconnection 64 and the Pt used
as the material of the upper electrodes 42 and the lower
electrodes 38 of the capacitors 44 never react with each other
to thereby form reaction products. Thus, according to the
present embodiment, the Al and the Pt are prohibited from
reacting with each other to resultantly form reaction products,
causing cracks in the inter-layer insulation film 50, etc., and
the decrease of the reliability of the semiconductor device can
be prevented.

One major characteristic of the semiconductor device
according to the present embodiment is that the oxidation
preventing film 34 for preventing the oxidation of the surface
of the conductor plugs 32 is formed on the inter-layer insu-
lation film 26 with the conductor plugs 32 buried in.

According to the present embodiment, because of the oxi-
dation preventing film 34 formed on the inter-layer insulation
film 26, the oxidation of the surfaces of the conductor plugs
32 can be prevented when the silicon oxide film 36, etc. are
formed, whereby the contact resistance between the conduc-
tor plugs 62 and the conductor plugs 32 can be depressed low.

One major characteristic of the semiconductor device
according to the present embodiment is that the insulation
film 54 is formed on the hydrogen diffusion preventing film
52, and on the insulation film 54, the interconnection 64 is
formed.

In the present embodiment, the insulation film 54 is formed
on the hydrogen diffusion preventing film 52, whereby the
deterioration of the hydrogen diffusion preventing film 52 can
be prevented, and the hydrogen diffusion preventing film 52
can have sufficient hydrogen diffusion preventing function. In
the present embodiment, the insulation film 54 is formed on
the hydrogen diffusion preventing film 52, and in patterning
the interconnection 64, the hydrogen diffusion preventing
film 52 is prevented from being etched. In the present embodi-
ment, the interconnection 64 is formed on the hydrogen dif-
fusion preventing film 52 via the insulation film 54, whereby
the reliability of the interconnection 64 can be improved.

Patent Reference 1 discloses the technique of forming an
aluminum oxide film on an inter-layer insulation film with
capacitor formed on. In Patent Reference 1, since the surface
of the inter-layer insulation film is not planarized, the alumi-
num oxide film is not accordingly flat. The coverage of the
aluminum oxide film in Patent Reference 1 is not so good.
Accordingly, in Patent Reference 1, in forming an SiN film by
plasma CVD after the aluminum oxide film has been formed,
the hydrogen arrives at a dielectric film of the capacitors, and
the dielectric film of the capacitors is reduced with the hydro-
gen. Thus, it is difficult to fabricating a semiconductor device
of'high reliability with high yields by the technique disclosed
in Patent Reference 1.

Patent Reference 2 discloses the technique of forming an
organic film, covering capacitors and forming an aluminum
oxide film on the organic film. In Patent Reference 2, the
organic film covering the capacitors contains a large quantity
of water, and furthermore, the processing for removing the
water from the organic film has not been made. Accordingly,
the dielectric film of the capacitors is degraded with the
hydrogen and the water. Furthermore, in Patent Reference 2,
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the interconnection of Al is connected directly to the upper
electrodes or the lower electrodes of the capacitors, and the Al
used as the material of the interconnection and the Pt used as
the material of the upper electricity or the lower electrodes of
the capacitors, and the Pt used as the material of the upper
electrodes or the lower electrodes of the capacitors, and the Pt
used as the material of the upper electrodes or the lower
electrodes of the capacitors are reacted with each other to
form reaction products. As described above, the technique
disclosed in Patent Reference 2 is evidently different from the
invention of the present application.

(Evaluation Result)

Next, the result of evaluating the semiconductor device
according to the present embodiment will be explained.

The result of the comparison in the evaluation between the
semiconductor device with the hydrogen diffusion preventing
film formed on the lower layer having a flat surface and the
semiconductor device with the hydrogen diffusion preventing
film formed on the lower layer having concavities and con-
vexities in the surface is shown in FIGS. 2A and 2B. FIGS. 2A
and 2B are graphs of the results of evaluating the hydrogen
diffusion preventing film by thermal desorption spectroscopy
(TDS). In FIGS. 2A and 2B, the substrate temperature is
taken on the horizontal axis, and on the vertical axis the
quantity of the gas desorbed from the samples is taken.

FIG. 2A shows the evaluation of the hydrogen diffusion
preventing film formed on the lower layer having a flat sur-
face. The samples were prepared by forming silicon oxide
film much containing hydrogen (H,) or water (H,O) on sili-
con substrates by plasma TEOS CVD and then forming alu-
minum oxide film on the entire surfaces without making
thermal processing. In FIG. 2A, the O marks indicate the
sample without the aluminum oxide film formed on; the A
marks indicate the sample with the aluminum oxide film
formed in a 10 nm-thickness; the (] marks indicate the sample
with the aluminum oxide film formed in a 30 nm-thickness;
and the ¢ marks indicate the sample with the aluminum
oxide film formed in a 50 nm-thickness.

FIG. 2B shows the evaluation of the hydrogen diffusion
preventing film formed on the lower layer having concavities
and convexities in the surface. The samples were prepared by
forming silicon oxide film much containing hydrogen or
water on silicon substrates by plasma TEOS CVD, patterning
the silicon oxide film into the configuration approximate to
the capacitors and then forming aluminum oxide film on the
entire surfaces without making thermal processing. In FIG.
2B, the O marks indicate the sample without the aluminum
oxide film formed; the A marks indicate the sample with the
aluminum oxide film formed in a 20 nm-thickness; the []
marks indicate the sample with the aluminum oxide film
formed in a 50 nm-thickness; and the ¢ marks indicate the
sample with the aluminum oxide film formed in a 100 nm-
thickness.

As seen in FIG. 2B, in the samples with the hydrogen
diffusion preventing film formed on the lower layer having
concavities and convexities in the surface, the quantities of
the desorbed gas do not substantially differ between the
samples with the hydrogen diffusion preventing film formed
and the sample without the hydrogen diffusion preventing
film formed. Based on this, when the hydrogen diffusion
preventing film is formed on the lower layer having concavi-
ties and convexities in the surface, the hydrogen diffusion
preventing film cannot substantially prevent the diffusion of
the hydrogen and the water.

In contrast to this, as seen in FIG. 2A, in the samples with
the hydrogen diffusion preventing film formed on the lower
layer having a flat surface, the quantities of the desorbed gas

TSMC EX. 1006 Page 48 of 66



US 7,598,557 B2

15

in the samples with the hydrogen diffusion preventing film
formed on the lower layer having the flat surface are much
smaller than the quantities of the desorbed gas of the sample
without the hydrogen diffusion preventing film formed.
Based on this, in the present embodiment, i.e., the samples
with the hydrogen diffusion preventing film formed on the
lower layer having the flat surface, the hydrogen diffusion
preventing film can more surely prevent the diffusion of the
hydrogen and the water.

Furthermore, as seen in FIG. 2A, the quantities of the
desorbed gas do not substantially differ between the samples
with the hydrogen diffusion preventing film formed and the
samples without the hydrogen diffusion preventing film
formed. Based on this, in the present embodiment, i.e., with
the hydrogen diffusion preventing film formed on the lower
layer having the flat surface, the diffusion of the hydrogen and
the water can be surely prevented even when the hydrogen
diffusion preventing film is relatively thin.

Then, the result of evaluating the deterioration of the
capacitors with hydrogen ions will be explained with refer-
enceto FIG. 3. FIG. 3 is a graph of the change of the switching
charge Q.- of the capacitors.

In FIG. 3, the ¢ marks and the 4 marks indicate the
present embodiment, i.e., the sample with the flat hydrogen
diffusion preventing film formed over the capacitors; and the
O marks and the @ marks indicate the sample without the flat
hydrogen diffusion preventing film formed over the capaci-
tors. The resistance to hydrogen ions was evaluated by expos-
ing the samples in the plasma atmosphere generated by using
NH,; gas and measuring changes of the switching charge
quantity Q- of the capacitors.

In FIG. 3, the period of time in which the samples were
exposed to the plasma atmosphere containing hydrogen ions
is taken on the horizontal axis, and the switching charge
quantity Q- of the capacitors is taken on the vertical axis.
The O marks and the ¢ marks indicate the samples with a 3
V voltage applied to the capacitors. The @ marks and the ¢
marks indicate the samples with a 1.5V voltage applied to the
capacitors.

As indicated by the O marks and the @ marks, without the
flat hydrogen diffusion preventing film formed over the
capacitors, the switching charge quantity Qg abruptly
decreases when the capacitor is exposed to the plasma atmo-
sphere containing hydrogen ions for 10 minutes or more.

In contrast to this, as indicated by the ¢ marks and the ¢
marks, in the present embodiment, i.e., with the flat hydrogen
diffusion preventing film formed over the capacitors, the
switching charge quantity Qgy- does not substantially
decrease even when the capacitor is exposed to the plasma
atmosphere containing hydrogen ions for long periods of
time.

Based on them, according to the present embodiment, it
can be seen that the flat hydrogen diffusion preventing film is
formed over the capacitors, whereby the deterioration of the
capacitors by hydrogen ions can be surely prevented.

Next, the result of evaluating the contact resistance of the
lower electrodes of the capacitors will be explained with
reference to FIGS. 4A and 4B. FIGS. 4A and 4B are graphs of
dispersion of the contact resistance of the lower electrodes

FIG. 4A shows the result of the present embodiment, i.e.,
with the interconnection layer electrically connected to the
lower electrodes via the conductor plugs of tungsten. FIG. 4B
shows the results of the case with the interconnection layer of
aluminum directly connected to the lower electrodes. In
FIGS. 4A and 4B, on the horizontal axis, the contact resis-
tance between the interconnection layer and the lower elec-
trodes is taken, and the cumulative probability is taken on the
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vertical axis. The [J marks indicate the contact resistances
before the thermal processing, and the @ marks indicate the
contact resistances after the thermal processing. The thermal
processing was made in an N, atmosphere at 420° C. for 30
minutes.

As seen in FIG. 4B, with the interconnection layer of
aluminum directly connected to the lower electrodes, the
dispersion of the contact resistance is large. Furthermore, the
dispersion of the contact resistance becomes much larger
before and after the thermal processing.

In contrast to this, as seen in FIG. 4A, in the present
embodiment, i.e., with the interconnection layer electrically
connected to the lower electrodes via the conductor plugs of
tungsten, the dispersion of the contact resistance is very
small. Furthermore, the dispersion of the contact resistance
does not substantially change before and after the thermal
processing.

Based on them, it can be seen that according to the present
embodiment, the interconnection layer is connected to the
lower electrodes or the upper electrodes of the capacitors via
the conductor plugs, whereby the contact reliability can be
sufficiently ensured.

Next, the result of evaluating the reliability of the contact to
the source/drain diffused layer will be explained.

When the contact holes were formed in the inter-layer
insulation film 26 down to the source/drain diffused layer 22
without burying in advance the conductor plugs 32 buried in
the inter-layer insulation film 26, and the conductor plugs 62
were formed in the contact holes, the contact resistance
between the conductor plugs 62 and the source/drain diffused
layer 22 largely dispersed, and in this case, often the state that
the conductor plugs 62 and the source/drain diffused layer 22
were not electrically contacted with each other, i.e., the open
state took place.

In contrast to this, in the present embodiment, where the
conductor plugs 32 are in advance buried in the inter-layer
insulation film 26, in the inter-layer insulation film 26 the
contact holes 58 are formed down to the conductor plugs 32,
and the conductor plugs 62 are formed in the contact holes 58,
the dispersion of the electric resistance between the conduc-
tor plugs 62 and the source/drain diffused layer 22 was very
little.

Based on them, according to the present embodiment, the
conductor plugs 32 connected to the source/drain diffused
layer 22 are formed in advance, whereby the reliability of the
contact to the source/drain diffused layer 22 can be ensured
even when the contact holes 58 are formed through the alu-
minum oxide film 52.

Next, the result of evaluating the position where the hydro-
gen diffusion preventing film is formed will be explained.

When the planarized hydrogen diffusion preventing film
was formed on the inter-layer insulation film 84 without
forming the flat hydrogen diffusion preventing film 52
between the capacitors 44 and the first metal interconnection
layer 64 and without the thermal processing for removing the
water in the inter-layer insulation films 70, 84, the switching
charge quantity Q- per 1 cell of the capacitors was as small
as about 100 fC/cell. The switching charge quantity Q- will
become so small for the following reason. This is firstly
because the flat hydrogen diffusion preventing film 52, which
is not formed between the capacitors 44 and the first metal
interconnection layer 64, cannot prevent the arrival of the
hydrogen and the water at the dielectric film 40 of the capaci-
tors 44. This is secondly because the hydrogen diffusion
preventing film, which was formed on the inter-layer insula-
tion film 84 without the thermal processing for removing the
water in the inter-layer insulation films 70, 80, large quanti-
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ties of the hydrogen and the water confined by the hydrogen
diffusion preventing film will arrives at the dielectric film 40
of the capacitors 44.

In contrast to this, in the present embodiment, in which the
flat hydrogen diffusion preventing film 52 is formed below
the first metal interconnection layer 64, the switching charge
quantity Qg per 1 cell of the capacitors was about 450
fC/cell, which was relatively large.

Based on them, it can been seen that according to the
present embodiment, the flat hydrogen diffusion preventing
film 52 is formed between the capacitors 44 and the first metal
interconnection layer 52, whereby the arrival of the hydrogen
and the water at the dielectric film 40 of the capacitor 44 can
be prevented without failure. According to the present
embodiment, the thermal processing for removing the hydro-
gen and the water in the inter-layer insulation films 70, 84 is
suitably made, where the hydrogen and the water can be
surely removed from the inter-layer insulation films 70, 84.
Thus, according to the present embodiment, the arrival of the
hydrogen and the water at the dielectric film 40 of the capaci-
tors 44 can be prevented without failure, and the semiconduc-
tor device can have high reliability and high fabrication
yields.

(The Method for Fabricating the Semiconductor Device)

Next, the method for fabricating the semiconductor device
according to the present embodiment will be explained with
reference to FIGS. 5A to 22. FIGS. 5A to 21 are sectional
view of the semiconductor device according to the present
embodiment in the steps of the method for fabricating the
semiconductor device, which illustrate the method.

First, as illustrated in FIG. 5 A, the device isolation regions
12 for defining the device regions are formed on the semicon-
ductor substrate 10 of, e.g., silicon by LOCOS (LOCal Oxi-
dation of Silicon).

Next, a dopant impurity is implanted by ion implantation to
form the wells 14a, 145.

Then, the gate insulation film 16 of a 9 nm-thickness is
formed in the device regions by, e.g., thermal oxidation.

Then, a 120 nm-thickness polysilicon film 18 is formed by,
e.g.,CVD. Thepolysilicon film 18 is to be the gate electrodes,
etc.

Next, the polysilicon film 18 is patterned by photolithog-
raphy. Thus, as illustrated in FIG. 5B, the gate electrodes
(gate lines) 18 of the polysilicon film are formed.

Next, with the gate electrodes 18 as the mask, a dopant
impurity is implanted into the semiconductor substrate 10 on
both sides of the gate electrodes 18. Thus, the extension
regions (not illustrated) forming the shallow regions of the
extension sources/drains are formed.

Then, a 150 nm-thickness silicon oxide film 20 is formed
on the entire surface by, e.g., CVD.

Next, the silicon oxide film 20 is anisotropically etched.
Thus, the sidewall insulation film 20 of the silicon oxide film
is formed on the side walls of the gate electrodes 18.

Next, by using as the mask the gate electrodes 18 with the
sidewall insulation film 20 formed on, a dopant impurity is
implanted into the semiconductor substrate 10 on both sides
of the gate electrodes 18. Thus, an impurity diffused layer
(not illustrated) forming the deep regions of the extension
sources/drains is formed. The extension regions and the deep
impurity diffused layer form the source/drain diffused layer
22.

Thus, as illustrated in FIG. 6A, transistors 24 including the
gate electrodes 18 and the source/drain diffused layer 22 are
formed.

Next, an SiON film (silicon nitride oxide film) of, e.g., a
200 nm-thickness and a silicon oxide film of, e.g., a 1000
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nm-thickness are sequentially formed the latter on the former
onthe entire surface. The SiON film and the silicon oxide film
form the inter-layer insulation film 26.

Next, the surface of the inter-layer insulation film 26 is
planarized by, e.g., CMP (see FIG. 6B).

Then, as illustrated in FIG. 7A, the contact holes 28a and
the contact holes 285 are formed in the inter-layer insulation
film 26 respectively down to the source/drain diffused layer
22 and down to the gate electrodes (gate lines) 18 by photo-
lithography.

Next, a 20-60 nm-thickness Ti film is formed on the entire
surface by, e.g., sputtering.

Then, a 30-50 nm-thickness TiN film is formed on the
entire surface by, e.g., sputtering or CVD. The Ti film and the
TiN film form the barrier metal film 30.

Next, a 500 nm-thickness tungsten film 32 is formed on the
entire surface by, e.g., CVD.

Then, the tungsten film 32 and the barrier metal film 30 are
polished by, e.g., CMP until the surface of the inter-layer
insulation film 26 is exposed. Thus, the conductor plugs 32 of
tungsten are buried in the contact holes 28a, 286 (see FIG.
7B).

Then, as illustrated in FIG. 8 A, a 100 nm-thickness oxida-
tion preventing film 34 is formed on the entire surface by, e.g.,
plasma CVD. As the oxidation preventing film 34, an SiON
film or a silicon nitride film, for example, is formed.

Then, a 130 nm-thickness silicon oxide film 36 is formed
on the entire surface by, e.g., plasma TEOS CVD.

Then, thermal processing is made in a nitrogen (N,) atmo-
sphere. The thermal processing temperature is, e.g., 650° C.,
and the thermal processing period of time is, e.g., 30 minutes.

Next, as illustrated in FIG. 8B, a 20-100 nm-thickness
aluminum oxide film 38« is formed on the entire surface by,
e.g., sputtering or CVD.

Next, a 100-300 nm-thickness Pt film 385 is formed on the
entire surface by, e.g., sputtering. The film thickness of the Pt
film 385 is, e.g., 175 nm. The layer film 38 is thus formed of
the aluminum oxide film 38a and the Pt film 385. The layer
film 38 is to be the lower electrodes of the capacitors 44.

Then, the dielectric film 40 is formed on the entire surface
by, e.g., sputtering. As the dielectric film 40, a ferroelectric
film, for example, is formed. More specifically, a 150 nm-
thickness PZT film, for example, is formed.

The ferroelectric film forming the dielectric film 40 is
formed here by sputtering but is not essentially formed by
sputtering. For example, the ferroelectric film may be formed
by sol-gel method, MOD (Metal Organic Deposition),
MOCVD or others.

Then, thermal processing is made in an oxygen atmosphere
by, e.g., RTA (Rapid Thermal Annealing). The thermal pro-
cessing temperature is, e.g., 650-800° C., and the thermal
processing period of time is, e.g., 30-120 seconds. The ther-
mal processing temperature is 750° C., and the thermal pro-
cessing period of time is 60 seconds here.

Then, a 10-100 nm-thickness IrO, film 424 is formed by,
e.g., sputtering or MOCVD. The film thickness of the IrO,
film 42a is 50 nm.

Then, a 100-300 nm-thickness IrO,-film 425 is formed by,
e.g., sputtering or MOCVD. At this time, the IrO, film 425 is
so formed that the composition ratio Y of oxygen of the IrO,
film 425 is higher than the composition ratio X of oxygen of
the IrO, film 42a.

Then, a 20-100 nm-thickness Pt film 42¢ is formed by, e.g.,
sputtering or MOCVD. The film thickness of the Pt film 42¢
is 75 nm here. The deposition temperature of the Pt film 42¢
is, e.g., 450° C. Thus, the layer film 42 of the IrO, film 42a,
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the IrO,film 425 and the Pt film 42¢ is formed. The layer film
42 is to be the upper electrodes of the capacitors 44.

The Pt film 42¢ is for preventing the reduction of the
surface of the upper electrodes 42 and decreasing the contact
resistance between the conductor plugs 62 and the upper
electrodes 42. When it is not necessary to much decrease the
contact resistance between the conductor plugs 62 and the
upper electrodes 42, the Pt film 42¢ is not necessary.

Next, a photoresist film 100 is formed on the entire surface
by spin coating.

Then, the photoresist film 100 is patterned by photolithog-
raphy into the plane shape of the upper electrodes 42.

Then, with the photoresist film 100 as the mask, the layer
film 42 is etched. The etching gas is Ar gas and Cl, gas. Thus,
the upper electrodes 42 of the layer film are formed (see FIG.
9A). Then, the photoresist film 100 is released.

Next, thermal processing is made in an oxygen atmosphere
at, e.g., 650° C. or above for 1-3 minutes. This thermal pro-
cessing is for preventing abnormalities in the surfaces of the
upper electrodes 42.

Next, thermal processing is made in an oxygen atmosphere
at 650° C. for 60 minutes, for example. This thermal process-
ing is for improving the film quality of the dielectric film 40.

Then, a photoresist film 102 is formed on the entire surface
by spin coating.

Next, by photolithography the photoresist film 102 is pat-
terned into the plane shape of the dielectric film 40 of the
capacitors 44.

Next, with the photoresist film 102 as the mask, the dielec-
tric film 40 is etched (see FIG. 9B). Then, the photoresist film
102 is released.

Next, thermal processing is made in an oxygen atmosphere
at, e.g., 350° C. for 60 minutes.

Next, as illustrated in FIG. 10A, the hydrogen diffusion
preventing film 46 is formed by, e.g., sputtering or CVD. The
hydrogen diffusion preventing film 46 is a 20-250 nm-thick-
ness aluminum oxide film. When the hydrogen diffusion pre-
venting film 46 is formed, it is preferable to form the hydro-
gen diffusion preventing film 46 under conditions which
make the film stress of the hydrogen diffusion preventing film
46 is 5x10® dyn/cm? or below. The hydrogen diffusion pre-
venting film 46 is formed under conditions which make the
film stress of the hydrogen diffusion preventing film 46 so
small for the purpose of, as described above, preventing the
decrease of the switching charge quantity Q- of the capaci-
tors 44.

FIG. 22 is a graph of the film stress of the hydrogen diffu-
sion preventing film. In Control 1, the film forming tempera-
ture was the room temperature, and the flow rate of the Ar gas
was 12 scem. In Control 2, the film forming temperature was
the room temperature, and the flow rate of the Ar gas was 20
sccm. In Control 3, the film forming temperature was the
room temperature, and the flow rate of the Ar gas was 30
sccm. In Control 4, the film forming temperature was 350° C.,
and the flow rate of the Ar gas was 30 sccm. In Control 5, the
film forming temperature was 350° C., and the flow rate of the
Ar gas was 50 sccm. In Example 1, the film forming tempera-
ture was 350° C., and the flow rate of the Ar gas was 70 sccm.

As seen in FIG. 22, there is a tendency that when the film
forming temperature for forming the hydrogen diffusion pre-
venting film is set relatively high, and the flow rate of the Ar
gas is set relatively high, the film stress of the hydrogen
diffusion preventing film becomes relatively small. For
example, with the film forming temperature set at 350° C. or
above, and the flow rate of the Ar gas is set at 70 sccm, the
stress generated in the hydrogen diffusion preventing film can
be 5x10® dyn/cm? or below. The film forming temperature is,
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e.g., 400° C., the Ar flow rate is, e.g., 100 sccm, and the film
forming period of time is, e.g., 40-50 seconds here.

The hydrogen diffusion preventing film 46 having good
step coverage can be formed by using MOCVD, but when the
hydrogen diffusion preventing film 46 is formed by MOCVD,
the dielectric film 40 is damaged by the hydrogen. Accord-
ingly, it is not preferable to use MOCVD to form the hydrogen
diftusion film 46.

Next, a photoresist film 104 is formed on the entire surface
by spin coating.

Then, by photolithography, the photoresist film 104 is pat-
terned into the plane shape of the lower electrodes 38 of the
capacitors 44.

Then, with the photoresist film 104 as the mask, the hydro-
gen diffusion preventing film 46 and the layer film 38 are
etched (see FIG. 10B). The lower electrodes 38 of the layer
film are thus formed. The hydrogen diffusion preventing film
46 is left, covering the upper electrodes 42 and the dielectric
film 40. Then, the photoresist film 104 is released.

Next, thermal processing is made in an oxygen atmosphere
at, e.g., 350° C. for 30-60 minutes.

Then, as illustrated 1 FIG. 11A, the hydrogen diffusion
preventing film 48 is formed on the entire surface by, e.g.,
sputtering or CVD. The hydrogen diffusion preventing film
48 is a 20-50nm-thickness aluminum oxide film. When the
hydrogen diffusion preventing film 48 is formed, it is prefer-
able that the hydrogen diffusion preventing film 48 is formed
under conditions which make the stress generated in the
hydrogen diffusion preventing film 48 is 5x10® dyn/cm?® or
below. The hydrogen diffusion preventing film 48 is formed
under conditions which make the film stress of the hydrogen
diffusion preventing film 48 so small for the purpose of, as
described above, preventing the decrease of the switching
charge quantity Q- of the capacitors 44.

Thus, the hydrogen diffusion preventing film 48 is thus
formed, further covering the capacitors 44 covered by the
hydrogen diffusion preventing film 46.

Then, as illustrated in FIG. 11B, the inter-layer insulation
film 50 of a silicon oxide film of the, e.g., a 1500 nm-thickness
is formed on the entire surface by plasma TEOS CVD. When
a silicon oxide film is formed as the inter-layer insulation film
50, a mixed gas of TEOS gas, oxygen gas and helium gas is
used as the raw material gas.

A silicon oxide film is formed here as the inter-layer insu-
lation film 50. However, the inter-layer insulation film 50 is
not essentially silicon oxide film, and a dielectric inorganic
film, for example, may be used as the inter-layer insulation
film 50.

Then, as illustrated in FIG. 12A, the surface of the inter-
layer insulation film 50 is planarized by, e.g., CMP.

Then, thermal processing is made in a plasma atmosphere
generated by using N,O gas or others. This thermal process-
ing is for removing water in the inter-layer insulation film 50
while modifying the film quality of the inter-layer insulation
film 50 to make it difficult for water to intrude into the inter-
layer insulation film 50. The substrate temperature for the
thermal processing is, e.g., 350° C. The flow rate of the N,O
gas is, e.g., 1000 sccm. The flow rate of the N, gas is, e.g., 285
sccm. The gap between the opposed electrodes is, e.g., 30
mils. The radio-frequency electric powerto be applied is, e.g.,
525 W. The air pressure in the chamber is, e.g., 3 Torr.

The thermal processing is made in a plasma atmosphere
generated by using N,O gas, etc. here. However, the inter-
layer insulation film 50 maybe exposed to a plasma atmo-
sphere generated by using N,O gas, etc. after the thermal
processing. In the thermal processing, water in the inter-layer
insulation film 50 is removed. When the inter-layer insulation

TSMC EX. 1006 Page 51 of 66



US 7,598,557 B2

21

film 50 is exposed to a plasma atmosphere generated by using
N, O gas, etc., the film quality of the inter-layer insulation film
50 is changed to make it difficult for the water to intrude into
the inter-layer insulation film 50.

Then, as illustrated in FIG. 12B, the hydrogen diffusion
preventing film 52 is formed by, e.g., sputtering or CVD. The
hydrogen diffusion preventing film 52 is a 50-100 nm-thick-
ness aluminum oxide film. When the hydrogen diffusion pre-
venting film 52 is formed, it is preferable to form the hydro-
gen diffusion film 52 under conditions which make the film
stress of the hydrogen diffusion preventing film 52 is 5x10®
dyn/cm? or below. The hydrogen diffusion preventing film 52
is formed under conditions which make the film stress
becomes so relatively small for the purpose of, as described
above, preventing the decrease of the switching charge quan-
tity Q- of the capacitors 44. Since the hydrogen diffusion
preventing film 52 is formed on the planarized inter-layer
insulation film 50, the hydrogen diffusion preventing film 52
is flat.

Then, the insulation film 54 is formed by plasma TEOS
CVD. The insulation film 54 is, e.g., a 200-300 nm-thickness
silicon oxide film.

The insulation film 54 is formed of silicon oxide film here.
However, the insulation film 54 is not essentially formed of
silicon oxide film. The insulation film 54 may be formed of,
e.g., SiION film or silicon nitride film.

Next, as illustrated in FIG. 13 A, the contact holes 56 and
contact holes (not illustrated) are formed by photolithography
in the insulation film 54, the hydrogen diffusion preventing
film 52 and the inter-layer insulation film 50 respectively
down to the upper electrodes 42 of the capacitors 44 and down
to the lower electrodes 38 of the capacitors 44.

Then, thermal processing is made in an oxygen atmo-
sphere. This thermal processing is for supplying oxygen to
the dielectric film 40 of the capacitors 44 to recover the
electric characteristics of the capacitors 44. The substrate
temperature for the thermal processing is, e.g., 500-600° C.
The thermal processing period of time is, e.g., 60 minutes.

The thermal processing is made in an oxygen atmosphere
here but may be made in an ozone atmosphere. In the thermal
processing in an ozone atmosphere, oxygen can be supplied
to the dielectric film 40 of the capacitors 44, and the electric
characteristics of the capacitors 44 can be recovered.

Then, as illustrated in FIG. 13B, by photolithography the
contact holes 58 are formed in the insulation film 54, the
hydrogen diffusion preventing film 52, the inter-layer insula-
tion film 50 and the hydrogen diffusion preventing film 48,
the silicon oxide film 36 and the oxidation preventing film 34
down to the conductor plugs 32.

Next, plasma cleaning using argon gas is performed. This
removes the natural oxide film, etc. present on the surfaces of
the conductor plugs 32. Conditions for the plasma cleaning
are those which remove the thermal oxide film by, e.g., 10 nm.

Then, as illustrated in FIG. 14A, a 20-100 nm-thickness
TiN film is formed on the entire surface by, e.g., sputtering.
Thus, the barrier metal 60 of the TiN film is formed.

Next, a 300-600 nm-thickness tungsten film 62 is formed
on the entire surface by, e.g., CVD.

Then, the tungsten film 62 and the barrier metal film 60 are
polished by, e.g., CMP until the surface of the insulation film
54 is exposed. Thus, the conductor plugs 62 of the tungsten
are buried in the contact holes 56, 58.

Then, thermal processing is made in a plasma atmosphere
generated by using N,O gas or others. This thermal process-
ing removes water which has intruded into the inter-layer
insulation films 54, 50 in polishing the tungsten film 62, etc.
by CMP while changing the film quality of the inter-layer
insulation film 54 to thereby make the interlayer insulation
film 54 difficult for water to intrude into. The substrate tem-
perature for the thermal processing is, e.g., 350° C. The flow
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rate of the N,O gas is, e.g., 1000 sccm. The flow rate of the N,
gas is, e.g., 285 sccm. The gap between the opposed elec-
trodes is, e.g., 300 mils. The radio-frequency electric power
is, e.g., 525 W. The air pressure in the chamber is, e.g., 3 Torr.

The thermal processing is made in a plasma atmosphere
generated by using N,O gas or others here. However, the
inter-layer insulation film 54 may be exposed to a plasma
atmosphere generated by using N,O gas or others.

Next, plasma cleaning using argon gas is performed. This
removes the natural oxide film, etc. present on the surfaces of
the conductor plugs 62. Conditions for the plasma cleaning
are those which remove the thermal oxide film by, e.g., 10 nm.

Then, a 60 nm-thickness Ti film, a 30 nm-thickness TiN
film, a 360 nm-thickness AlCu alloy film, a 5 nm-thickness Ti
film and a 70 nm-thickness TiN film are sequentially formed
by, e.g., sputtering. Thus, the layer film 64 of the Ti film, the
TiN film, AlCu alloy film, the Ti film and the TiN film is
formed.

Next, the layer film 64 is patterned by photolithography.
The interconnection (the first metal interconnection layer) 64
of'the layer film is thus formed (see FIG. 14B).

Next, as illustrated in FIG. 15, a 750 nm-thickness silicon
oxide film 66 is formed by, e.g., high density plasma
enhanced CVD.

Next, the silicon oxide film 68 of, e.g., a 1100 nm-thickness
is formed by plasma TEOS CVD. The raw material gas is,
e.g., a mixed gas of TEOS gas, oxygen gas and helium gas.
The silicon oxide film 66 and the silicon oxide film 68 form
the inter-layer insulation film 70.

The silicon oxide film 66 is formed by high density plasma
enhanced CVD, and then the silicon oxide film 68 is formed
by plasma TEOS CVD here. The processes for forming the
silicon oxide film 66 and the silicon oxide film 68 are not
limited to the above. For example, the silicon oxide film 66
and the silicon oxide film 68 may be both formed by plasma
TEOS CVD.

Next, as illustrated in FIG. 16, the surface of the silicon
oxide film 68 is planarized by, e.g., CMP.

Then, thermal processing is made in a plasma atmosphere
generated by using N,O gas or others. This thermal process-
ing removes water in the inter-layer insulation film 70 while
changing the film quality of the inter-layer insulation film 70
to thereby make the inter-layer insulation film 70 difficult for
water to intrude into. The substrate temperature in the thermal
processing is, e.g., 350° C. The flow rate of the N,O gas is,
e.g., 1000 sccm. The flow rate of the N, gas is, e.g., 285 sccm.
The gap between the opposed electrodes is, e.g., 300 mils.
The radio-frequency electric power to be applied is, e.g., 525
W. The air pressure in the chamber is, e.g., 3 Torr.

The thermal processing is made here in a plasma atmo-
sphere generated by using N,O gas or others. However, after
the thermal processing, the inter-layer insulation film 70 may
be exposed to a plasma atmosphere generated by using N,O
gas or others.

Next, the contact holes 74 are formed in the inter-layer
insulation film 70 down to the interconnection 64 by photo-
lithography.

Next, plasma cleaning using argon gas is performed. Natu-
ral oxide film, etc. present on the surface of the interconnec-
tion 64 are removed by the cleaning. Conditions for the
plasma cleaning is made under conditions which remove the
thermal oxide film 25 by, e.g., 25 nm.

Next, a 10 nm-thickness Ti film is formed by sputtering.

Then, a 3.5-7 nm-thickness TiN film is formed by, e.g.,
MOCVD. The Ti film and the TiN film form the barrier metal
film 74.

Next, the tungsten film of a 300-600 nm-thickness is
formed by, e.g., CVD.

Next, the tungsten film 76 and the barrier metal film 74 are
polished by, e.g., CMP until the surface of the inter-layer
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insulation film 70 is exposed. The conductor plugs 76 of the
tungsten are thus buried in the contact holes 72 (see FIG. 17).

Then, thermal processing is made in a plasma atmosphere
generated by using N,O gas or others. This thermal process-
ing removes water which has intruded into the inter-layer
insulation film 70 in polishing the tungsten film 76, etc. by
CMP while changing the film quality of the inter-layer insu-
lation film 70 to thereby make the inter-layer insulation film
70 difficult for water to intrude into. The substrate tempera-
ture in the thermal processing is, e.g., 350° C. The flow rate of
the N,O gas is, e.g., 1000 sccm. The flow rate of the N, gas is,
e.g., 285 sccm. The gap between the opposed electrodes is,
e.g., 300 mils. The radio-frequency electric power to be
appliedis,e.g., 525 W. The air pressure in the chamber is, e.g.,
3 Torr.

The thermal processing is made in a plasma atmosphere
generated by using N,O gas or others. However, after the
thermal processing has been made, the inter-layer insulation
film 70 may be exposed to a plasma atmosphere generated by
using N,O gas or others.

Next, a 60 nm-thickness Ti film, a 30 nm-thickness TiN
film, a 360 nm-thickness AlCu alloy film, a 5 nm-thickness Ti
film and a 70 nm-thickness TiN film are sequentially formed
by, e.g., sputtering. Thus, the layer film 78 is formed of the Ti
film, the TiN film, the AlCu alloy film, the Ti film and the TiN
film.

Next, the layer film 78 is patterned by photolithography.
Thus, the interconnection (the second metal interconnection)
78 of the layer film is formed (see FIG. 18).

Next, the silicon oxide film 80 of a 750 nm-thickness is
formed by, e.g., high density plasma enhanced CVD.

Next, the silicon oxide film 82 of, a 1100 nm-thickness is
formed by plasma TEOS CVD. The silicon oxide film 80 and
the silicon oxide film 82 form the inter-layer insulation film
84.

The silicon oxide film 80 is formed by high density plasma
enhanced CVD, and then the silicon oxide film 82 is formed
by plasma TEOS CVD here. However, the processes for
forming the silicon oxide film 80 and the silicon oxide film 82
are not essentially limited to them. For example, the silicon
oxide film 80 and the silicon oxide film 82 maybe both formed
by plasma TEOS CVD.

Next, the surface of the silicon oxide film 82 is planarized
by, e.g., CMP (see FIG. 19).

Then, thermal processing is made in a plasma atmosphere
generated by using N,O gas or others. This thermal process-
ing is for removing water in the inter-layer insulation film 84
while changing the film quality of the inter-layer insulation
film 84 to thereby make the inter-layer insulation film 84
difficult for water to introduce into. The substrate temperature
in the thermal processing is, e.g., 350° C. The flow rate of
N,O gas is, e.g., 1000 sccm. The flow rate of N, gas is, e.g.,
285 scem. The gap between the opposed electrodes is, e.g.,
300 mils. The radio-frequency electric power to be applied is,
e.g., 525 W. The air pressure in the chamber is, e.g., 3 Torr.

The thermal processing is made in a plasma atmosphere
generated by using N,O gas or others. However, after the
thermal processing has been made, the inter-layer insulation
film 84 may be exposed to a plasma atmosphere generated by
using N,O gas or others.

Next, the contact holes 86 are formed in the inter-layer
insulation film 84 down to the interconnection 78 by photo-
lithography.

Next, plasma cleaning with argon gas is performed. This
cleaning removes natural oxide film, etc. present on the sur-
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face of the interconnection 78. Conditions for the plasma
cleaning are those which remove the thermal oxide film by,
e.g., 25 nm.

Next, a 10 nm-thickness Ti film is formed by, e.g., sputter-
ing.

Next, a 3.5-7 nm-thickness TiN film is formed by, e.g.,
MOCVD. The Ti film and the TiN film form the barrier metal
film 88.

Next, the tungsten film 90 of, e.g., a 300-600 nm-thickness
is formed by, e.g., CVD.

Next, the tungsten film 90 and the barrier metal film 88 are
polished by, e.g., CMP until the surface of the inter-layer
insulation film 84 is exposed. The conductor plugs 90 of the
tungsten are thus buried in the contact holes 86.

Next, thermal processing is made in a plasma atmosphere
generated by using N,O gas or others. This thermal process-
ing is for removing water which has introduced into the
inter-layer insulation film 84 in polishing the tungsten film
90, etc. by CMP while changing the film quality of the inter-
layer insulation film 84 to thereby make the inter-layer insu-
lation film 84 difficult for water to intrude into. The substrate
temperature in the thermal processing is, e.g., 350° C. The
flow rate of the N,O gas is, e.g., 1000 sccm. The flow rate of
the N, gas is, e.g., 285 sccm. The gap between the opposed
electrodes is, e.g., 300 mils. The radio-frequency electric
power to be applied is, e.g., 525 W. The air pressure in the
chamber is, e.g., 3 Torr.

The thermal processing is made in a plasma atmosphere
generated by using N,O gas or others. However, after the
thermal processing has been made, the inter-layer insulation
film 84 may be exposed to a plasma atmosphere generated by
using N,O gas or others.

Then, a 60 nm-thickness Ti film, a 30 nm-thickness TiN
film, a 360 nm-thickness AlCu alloy film, a 5 nm-thickness Ti
film, a 70 nm-thickness TiN film are sequentially formed by,
e.g., sputtering. Thus, the layer film 92 of the Ti film, the TiN
film, the AlCu alloy film, the Ti film and the TiN film is
formed.

Next, the layer film 92 is patterned by photolithography.
The interconnection (the third metal interconnection) 92 of
the layer film is formed (see FIG. 20).

Next, the silicon oxide film 94 of a 700 nm-thickness is
formed by, e.g., high density plasma enhanced CVD.

The silicon oxide film 94 is formed here by high density
plasma enhanced CVD. However, the process for forming the
silicon oxide film 94 is not essentially limited to the high
density plasma enhanced CVD. The silicon oxide film 94 may
be formed by plasma TEOS CVD.

Next, thermal processing is made in a plasma atmosphere
generated by using N,O gas or others. This thermal process-
ing is for removing water, etc. from the insulation film 94
while changing the film quality of the insulation film 94 to
thereby make the insulation film 94 difficult for water to
intrude into. The substrate temperature in the thermal pro-
cessing is, e.g., 350° C. The flow rate of the N,O gas is, e.g.,
1000 sccm. The flow rate of the N, gas is, e.g., 285 sccm. The
gap between the opposed electrodes is, e.g., 300 mils. The
radio-frequency electric power to be applied is, e.g., 525 W.
The air pressure in the chamber is, e.g., 3 Torr.

The thermal processing is made in a plasma atmosphere
generated by using N,O gas or others. However, after the
thermal processing is made, the insulation film 94 may be
exposed to a plasma atmosphere generated by using N,O gas
or others.

Then, the silicon nitride film 96 of a 500 nm-thickness is
formed by, e.g., CVD. The silicon nitride film 96 is for shut-

TSMC EX. 1006 Page 53 of 66



US 7,598,557 B2

25

ting off water to thereby prevent the corrosion of the inter-
connections 64, 78, 96, etc. with water.

Then, openings (not illustrated) are formed in the silicon
nitride film 96 and the silicon oxide film 94 down to the
electrode pads (not illustrated) by photolithography.

Next, the polyimide film 98 of, e.g., a 2-10 um-thickness is
formed by spin coating.

Then, openings (not illustrated) are formed in the polyim-
ide film 79 down to the electrode pads (not illustrated) by
photolithography.

Thus, the semiconductor device according to the present
embodiment is fabricated.

(Modification 1)

Then, the semiconductor device according to one modifi-
cation (Modification 1) of the present embodiment will be
explained with reference to FIG. 23. FIG. 23 is a sectional
view of the semiconductor device according to the present
modification.

The semiconductor device according to the present modi-
fication is characterized mainly in that the semiconductor
device includes a hydrogen diffusion preventing film 107
formed of a layer film.

As illustrated in FIG. 23, the hydrogen diffusion prevent-
ing film 52 is formed on the inter-layer insulation film 50. The
hydrogen diffusion preventing film 52 is formed of, e.g., 2 50
nm-thickness aluminum oxide film.

Another hydrogen diffusion preventing film 106 is formed
on the hydrogen diffusion preventing film 52. The hydrogen
diffusion preventing film 106 is formed of a silicon nitride
film of, e.g., a 50-100 nm-thickness. Thus, the hydrogen
diffusion preventing film 107 is formed of layer film of the
hydrogen diffusion preventing film 52 and the hydrogen dif-
fusion preventing film 106.

The insulation film 54 is formed on the hydrogen diffusion
preventing film 106.

As described above, the hydrogen diffusion preventing
film 107 may be formed of the layer film. According to the
present modification, the hydrogen diffusion preventing film
is formed of the layer film 107, whereby the arrival of the
hydrogen and the water at the dielectric film 40 of the capaci-
tors 44 can be prevented without failure. Thus, According to
the present modification, the semiconductor device including
the capacitors 44 can have higher yields.

Said another hydrogen diffusion preventing film 106 is laid
on the hydrogen diffusion preventing film 52 here, but the
hydrogen diffusion preventing film 106 may be formed below
the hydrogen diffusion preventing film 52. Even with the
hydrogen diffusion preventing film 107 formed of the layer
film structure of the hydrogen diffusion preventing film 106
formed below the hydrogen diffusion preventing film 52, the
arrival of the hydrogen and the water at the dielectric film 40
of'the capacitors 44 can be prevented without failure, as in the
semiconductor device illustrated in FIG. 23.

(Modification 2)

Next, the semiconductor device according to a modifica-
tion (Modification 2) of the present embodiment will be
explained with reference to FIG. 24. FIG. 24 is a sectional
view of the semiconductor device according to the present
modification.

The semiconductor device according to the present modi-
fication is characterized mainly in that a hydrogen diffusion
preventing film 108 is further formed between the inter-layer
insulation film 70 and the second metal interconnection layer
78, and a hydrogen diffusion preventing film 112 is further
formed between the inter-layer insulation film 84 and the
third metal interconnection layer 92.
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As illustrated in FIG. 24, the hydrogen diffusion prevent-
ing film 108 is formed on the planarized inter-layer insulation
film 70. The hydrogen diffusion preventing film 108 is an
aluminum oxide film of, e.g., a 50 nm-thickness. Since the
hydrogen diffusion preventing film 108 is formed on the
inter-layer insulation film 70 having the surface planarized,
the hydrogen diffusion preventing film 108 is flat.

An insulation film 110 is formed on the hydrogen diffusion
preventing film 108. The insulation film 110 is a silicon oxide
film of, e.g., a 100 nm-thickness.

The interconnection 78 is formed on the insulation film
110.

The hydrogen diffusion preventing film 112 is formed on
the planarized inter-layer insulation film 84. The hydrogen
diffusion preventing film 112 is an aluminum oxide film of,
e.g., a 50 nm-thickness. The hydrogen diffusion preventing
film 112 is formed on the inter-layer insulation film 84 having
the surface planarized, and the hydrogen diffusion preventing
film 112 is planarized.

An insulation film 114 is formed on the hydrogen diffusion
preventing film 112. The insulation film 114 is a silicon oxide
film of, e.g., a 100 nm-thickness.

The interconnection 92 is formed on the insulation film
114.

Thus, the semiconductor device according to the present
modification is constituted.

According to the present modification, the hydrogen dif-
fusion preventing film 52 is formed between the inter-layer
insulation film 50 and the first metal interconnection layer 64,
and the hydrogen diftfusion preventing films 108, 112 are
formed respectively between the inter-layer insulation film 70
and the second metal interconnection layer 78 and between
the inter-layer insulation film 84 and the third metal intercon-
nection layer 92, whereby the arrival of the hydrogen and the
water at the dielectric film 40 of the capacitors 44 can be
prevented without failure. Thus, according to the present
modification, the semiconductor device including the capaci-
tors 44 can have high yields.

(Modification 3)

Next, the semiconductor device according to one modifi-
cation (Modification 3) of the present embodiment will be
explained with reference to FIG. 25. FIG. 25 is a sectional
view of the semiconductor device according to the present
modification.

The semiconductor device according to the present modi-
fication is characterized mainly in that even the surface of an
inter-layer insulation film 118 covering the interconnection
layer 92, which is the uppermost interconnection layer, is
planarized, and a hydrogen diffusion preventing film 120 is
formed further on the planarized inter-layer insulation film
118.

As illustrated in FIG. 25, a silicon oxide film 116 is formed
on the silicon oxide film 94 formed, covering the uppermost
interconnection 92. The silicon oxide film 94 and the silicon
oxide film 116 form the inter-layer insulation film 118. The
surface of the inter-layer insulation film 118 is planarized.

A hydrogen diffusion preventing film 120 is formed on the
planarized inter-layer insulation film 118. The hydrogen dif-
fusion preventing film 120 is an aluminum oxide film of, e.g.,
a 50 nm-thickness. Since the hydrogen diffusion preventing
film 120 is formed on the planarized inter-layer insulation
film 118, the hydrogen diffusion preventing film 120 is flat.

An insulation film 122 is formed on the hydrogen diffusion
preventing film 120. The insulation film 122 is a silicon oxide
film of, e.g., a 100 nm-thickness.

The silicon nitride film 96 is formed on the insulation film
122.
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The polyimide film 98 is formed on the silicon nitride film
96.

Thus, the semiconductor device according to the present
modification is constituted.

According to the present modification, the flat hydrogen
diffusion preventing film 120 is formed also on the inter-layer
insulation film 118 covering the upper most interconnection
92, whereby the arrival of the hydrogen and the water at the
dielectric film 40 of the capacitors 44 can be prevented with-
out failure. Thus, according to the present modification, semi-

conductor device including the capacitors 44 can be provided
with further high yields.

A Second Embodiment

As described above, the flat barrier film (the hydrogen
diffusion preventing film) 52 for preventing the diffusion of
the hydrogen and the water is formed over the capacitors,
whereby the arrival of the hydrogen and the water at the
capacitors 44 can be prevented without failure.

However, when such barrier film 52 is simply formed,
often the switching charge quantity Q- of the capacitors 44
is decreased. Such decrease of the switching charge quantity
Qg of the capacitors 44 will be due to large stresses gener-
ated by forming the barrier film 52, which are exerted to the
capacitors 44, blocking the polarization of the ferroelectric
film 40 of the capacitors 44.

The inventors of the present application made earnest stud-
ies and have got the idea that a hydrogen/water diffusion
preventing film having the function of preventing the diffu-
sion of the hydrogen and the water and a stress mitigating
layer for mitigating the stress of the hydrogen/water diffusion
preventing film are laid one on another to form a barrier film.
The hydrogen/water diffusion preventing film for preventing
the diffusion of the hydrogen and the water, and the stress
mitigating film for mitigating the stress due to the hydrogen/
water diffusion preventing film are laid one on another to
thereby make the stress due to the barrier film small, and the
application of large stresses to the capacitors can be pre-
vented. Then, the polarization in the dielectric film of the
capacitors is not easily blocked, and the decrease of the
switching charge quantity Q- can be prevented. According
to the present invention, the semiconductor device can pre-
vent the decrease of the switching charge Q ;;-0f the capacitor
and can have high reliability.

The semiconductor device according to the second
embodiment of the present invention and the method for
fabricating the semiconductor device will be explained with
reference to FIGS. 26 to 28. FIG. 26 is a sectional view of the
semiconductor device according to the present embodiment.
The same members of the present embodiment as those of the
semiconductor device according to the first embodiment and
the method for fabricating the semiconductor device illus-
trated in FIGS. 1 to 25 are represented by the same reference
numbers not to repeat or to simplify their explanation.

(The Semiconductor Device)

First, the semiconductor device according to the present
embodiment will be explained with reference to FIG. 26.

As illustrated in FIG. 26, on the planarized inter-layer
insulation film 50, the hydrogen/water diffusion preventing
film 52 for preventing the diffusion of the water and the
hydrogen is formed. The hydrogen/water diffusion prevent-
ing film 52 is, e.g., a hydrogen/water diffusion preventing film
of, e.g., a metal oxide film. The metal oxide film forming the
hydrogen/water diffusion preventing film 52 is, e.g., alumi-
num oxide film. The film thickness of the hydrogen/water
diffusion preventing film 52 is, e.g., about 20-30 nm. The film
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thickness of the hydrogen/water diffusion preventing film is
set so relatively small so as to make the stress due to the
hydrogen/water diffusion preventing film 52 small.

The hydrogen/water diffusion preventing film 52 is alumi-
num oxide film here but is not essentially aluminum oxide
film. For example, the hydrogen/water diffusion preventing
film 52 maybe another metal oxide. For example, titanium
oxide film or others may be used as the hydrogen/water dif-
fusion preventing film.

A stress mitigating film 124 is formed on the hydrogen/
water diffusion preventing film 52. The stress mitigating film
124 is for mitigating the stresses of the hydrogen/water dif-
fusion preventing films 52, 126. For example, when the ther-
mal expansion coefficients of the hydrogen/water diffusion
preventing films 52, 126 are larger than those of the inter-
layer insulation film 50, etc., a material whose thermal expan-
sion coefficient is smaller than that of the inter-layer insula-
tion film 50 is used as the stress mitigating film 124. When the
thermal expansion coefficients of the hydrogen diffusion pre-
venting films 52, 126 are smaller than the thermal expansion
coefficient of the inter-layer insulation film 50, a material
whose thermal expansion coefficient is larger than the ther-
mal expansion coefficients of the inter-layer insulation film
50, etc. is used as the stress mitigating film 124. The hydrogen
diffusion preventing films 52, 126 and the stress mitigating
film 124 are suitably combined, whereby the difference in the
thermal expansion coefficient between the inter-layer insula-
tion film 50, etc. and the barrier film 128 can be small, and the
stress due to the barrier film 128 can be small.

When the hydrogen/water diffusion preventing films 52,
126 are aluminum oxide film, the stress mitigating film 124
can be, e.g., silicon nitride oxide film. The silicon nitride
oxide film can function not only as the stress mitigating film
but also as the water diffusion preventing film for preventing
the diffusion of the water. The film thickness of the stress
mitigating film 124 is, e.g., about 50-100 nm.

The stress mitigating film 124 is silicon nitride oxide film
here but is not essentially silicon nitride oxide film. For
example, the stress mitigating film 124 maybe silicon nitride
film. Silicon nitride film can function as the water diffusion
preventing film for preventing the diffusion of the water, as
does silicon nitride oxide film.

A hydrogen/water diffusion preventing film 126 for pre-
venting the diffusion of the hydrogen and the water is formed
on the stress mitigating film 124. The hydrogen/water diffu-
sion preventing film 126 is metal oxide film, as is the hydro-
gen/water diffusion preventing film 52. The metal oxide film
is, e.g., an aluminum oxide film, as described above. The film
thickness of the hydrogen/water diffusion preventing film
126 is, e.g., about 20-30 nm. The film thickness of the hydro-
gen/water diffusion preventing film 126 is set so relatively
small for the purpose of making the stress due to the hydro-
gen/water diffusion preventing film 126 small. The hydrogen/
water diffusion preventing film 126 is formed over the hydro-
gen/water diffusion preventing film 52 for the purpose of
sufficiently ensuring the total film thickness of the hydrogen/
water diffusion preventing films for preventing the diffusion
of'the hydrogen and the water.

The hydrogen/water diffusion preventing film 126 is alu-
minum oxide film but is not essentially aluminum oxide film.
For example, the hydrogen/water diffusion preventing film
126 may be another metal oxide. For example, the hydrogen/
water diffusion preventing film 126 may be titanium oxide
film.

The hydrogen/water diffusion preventing film 52, the stress
mitigating film 124 and the hydrogen/water diffusion pre-
venting film 126 form the barrier film 128. Since the barrier
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film 128 is formed on the inter-layer insulation film 50 having
the surface planarized, the barrier film 128 is flat.

A silicon oxide film 54 is formed on the barrier film 128.
The film thickness of the silicon oxide film 54 is, e.g., about
50-100 nm.

Thus, the semiconductor device according to the present
embodiment is constituted.

(Evaluation Result)

The result of evaluating the semiconductor device accord-
ing to the present embodiment will be explained.

The switching charge quantity Qgy-per 1 cell of the capaci-
tor was measured. The configuration of the capacitor was 2
Umx2 pm.

The switching charge quantity Q- was measured on the
semiconductor device without the flat barrier film formed
over the capacitor. The switching charge quantity Qg per 1
cell was about 480 fC.

The switching charge quantity Q- per 1 cell measured on
the semiconductor device with the flat barrier film formed in
a 50 nm-thickness over the capacitors was about 430 {C.
Based on this, it can be seen that with the relatively thick
barrier film formed over the capacitors, the switching charge
quantity Qqy-per 1 cell is smaller than that without the barrier
film formed over the capacitors.

In contrast to this, in the present embodiment, wherein the
flat barrier film 128 is formed, over the capacitors 44, of the
layer film of the 20 nm-thickness hydrogen/water diffusion
preventing film 52, the 50 nm-thickness stress mitigating film
124, the 20 nm-thickness hydrogen/water diffusion prevent-
ing film 126, the switching charge quantity Qgy-per 1 cell was
about 480 fC. Based on this, it can be seen that the present
embodiment can prevent sufficiently the decrease of the
switching charge quantity Q- of the capacitors 44.

The switching charge quantity Q- of test capacitors was
measured. The electrode area of the test capacitors was 50 um
sq-

In the semiconductor device without the flat barrier film
formed over the capacitors, the switching charge quantity
Qg of the test capacitor was about 24 pC.

With the 50 nm-thickness flat barrier film formed above the
capacitors, the switching charge quantity Q- of the test
capacitor was about 8.0 uC. Based on this, it can be seen that
with the flat barrier film formed over the capacitors, the
switching charge quantity Q- of the test capacitor is smaller
by about 66% than that of the test capacitor without the flat
barrier film formed over the capacitors.

In contrast to this, in the present embodiment, wherein the
planarized barrier film 128 of the 20 nm-thickness hydrogen/
water diffusion preventing film 52, the 50 nm-thickness stress
mitigating film 124 and the 20 nm-thickness hydrogen/water
diffusion preventing film 126 formed over the capacitors 44,
the switching charge quantity Q;-of the test capacitor was 22
uC. Based on this, according to the present embodiment, the
decrease of the switching charge Q¢y;-of the test capacitor can
be prevented without failure.

The semiconductor device according to the present
embodiment is characterized mainly in that, as described
above, the flat barrier metal 128 of the hydrogen/water diffu-
sion preventing film 52, the stress mitigating film 124 and the
hydrogen/water diffusion preventing film 126 laid one on
another is formed on the planarized inter-layer insulation film
50.

As described above, with the flat barrier film simply
formed above the capacitors 44, large stresses due to the
barrier film are exerted to the capacitors 44, and the switching
charge quantity Q- of the capacitors 44 is often decreased.
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In contrast to this, according to the present embodiment,
the hydrogen/water diffusion preventing films 52, 126 and the
stress mitigating film 124 are laid one on another, whereby the
stresses due to the barrier film 128 can be made small. Fur-
thermore, the hydrogen/water diffusion preventing films 52,
126, which are relatively thin, are laid one on another,
whereby the total thickness of the hydrogen/water diffusion
preventing films 52, 126 can be relatively thick.

Thus, according to the present embodiment, the decrease
of the switching charge quantity Q.- of the capacitors 44 is
surely prevented while the arrival of the hydrogen and the
water at the capacitors 44 can be prevented. According to the
present embodiment, it is possible to provide the semicon-
ductor device including capacitors having good electric char-
acteristics with high fabrication yields.

Patent reference 3 discloses a semiconductor device
including a water diffusion preventing film of a silicon nitride
film, etc. formed over capacitors, and a hydrogen diffusion
preventing film of an aluminum oxide film, etc. formed on the
water-diffusion preventing film. In Patent Reference 3, the
water diffusion preventing film is formed, covering a metal
interconnection, which makes it technically difficult to form
the surface of the water diffusion preventing film being flat.
Patent Reference 3 neither discloses nor suggests a technique
of planarizing the surface of the hydrogen diffusion prevent-
ing film. Patent Reference 3 cannot planarize the hydrogen
diffusion preventing film formed on the water diffusion pre-
venting film and accordingly cannot planarize the hydrogen
diffusion preventing film formed on the water diffusion pre-
venting film. Patent Reference 3 cannot prevent the diffusion
of the hydrogen and the water by the hydrogen diffusion
preventing film and the water diffusion preventing film with-
out failure. When a silicon nitride film is formed on the metal
interconnection of aluminum as in Patent Reference 3, the life
of'the metal interconnection of aluminum is very short. Patent
Reference 3 neither discloses nor suggests a technique of the
invention of the present application that stresses to be exerted
to the capacitors are mitigated, whereby the decrease of the
switching charge quantity Q- of the capacitors can be pre-
vented.

(The Method for Fabricating the Semiconductor Device)

Next, the method for fabricating the semiconductor device
according to the present embodiment will be explained with
reference to FIGS. 27 and 28. FIGS. 27 and 28 are sectional
views of the semiconductor device according to the present
embodiment in the steps of the method for fabricating the
semiconductor device, which explain the method.

First, the steps up to the step of planarizing the inter-layer
insulation film 50 including the inter-layer insulation film 50
planarizing step are the same as the steps of the method for
fabricating the semiconductor device, which have been
explained with reference to FIGS. 5A to 12A, and their expla-
nation will not be repeated (see FIG. 27A).

Then, thermal processing is made in a nitrogen atmo-
sphere. The nitrogen atmosphere is, e.g., N,O plasma. The
thermal processing temperature is, e.g., about 300-400° C.
The thermal processing temperature is 350° C. here. The
thermal processing period of time is, e.g., 2-6 minutes. The
thermal processing period of time is, e.g., 2 minutes here. This
thermal processing is made for the purpose of removing water
present in the inter-layer insulation film 50 and nitriding the
surface of the inter-layer insulation film 50. The surface of the
inter-layer insulation film 50 is nitrided, whereby the intru-
sion of the water into the inter-layer insulation film 50 from
the outside can be prevented, which leads to the prevention of
the deterioration of the electrode characteristics of the capaci-
tors 42.
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Then, as illustrated in FIG. 27B, the hydrogen/water dif-
fusion preventing film 52 is formed by, e.g., sputtering or
CVD. The hydrogen/water diffusion preventing film 52 is,
e.g., a 20-30 nm-thickness aluminum oxide.

Conditions for forming the hydrogen/water diffusion pre-
venting film 52 of aluminum oxide film by sputtering are as
exemplified below. The target is a target of aluminum oxide.
The gas to be supplied into the film forming chamber is, e.g.,
Ar gas. The flow rate of the Ar gas is 20 sccm. The pressure
inside the film forming chamber is, e.g., 1 Pa. The electric
power to be applied is, e.g., 2 kW. The substrate temperature
is, e.g., 20° C. The film forming period is, e.g., 40-60 seconds.
The film forming period of time is suitably set, whereby the
film thickness of the hydrogen/water diffusion preventing
film 52 can be controlled. Since the hydrogen/water diffusion
preventing film 52 is formed on the planarized inter-layer
insulation film 50, the hydrogen/water diffusion preventing
film 52 is flat.

Next, the stress mitigating film 124 is formed by, e.g.,
CVD. The stress mitigating film 124 is a silicon nitride oxide
film of, e.g., a 50-100 nm-thickness.

Conditions for forming the stress mitigating film 124 of
silicon nitride oxide film by CVD are as exemplified below.
The gases to be supplied into the film forming chamber are
SiH, gas and N,O gas. The flow rate of the SiH,, gas is, e.g., 38
sccm. The flow rate of the N,O gas is, e.g., 90 sccm. The film
forming period oftime is, e.g., 20 second. The pressure inside
the film forming chamber is, e.g., 1.5 Torr. The gap between
the opposed electrodes is, e.g., 350 mils. The electric power to
be applied is, e.g., 50 W. The substrate temperature is, e.g.,
350° C. Since the stress mitigating film 124 is formed on the
flat hydrogen/water diffusion preventing film 52, the stress
mitigating film 124 is flat.

Then, the hydrogen/water diffusion preventing film 126 is
formed by, e.g., sputtering or CVD. The hydrogen/water dif-
fusion preventing film 126 is, e.g., a 20-30 nm-thickness
aluminum oxide film. Conditions for forming the hydrogen/
water diffusion preventing film 126 are the same as, e.g.,
those for forming the hydrogen/water diffusion preventing
film 52. Since the hydrogen/water diffusion preventing film
126 is formed on the flat stress mitigating film 124, the hydro-
gen/water diffusion preventing film 126 is flat.

Thus, the hydrogen/water diffusion preventing film 52, the
stress mitigating film 124 and the hydrogen/water diffusion
preventing film 126 form the barrier film 128. Since the
barrier film 128 is formed on the planarized inter-layer insu-
lation film 50, the barrier film 128 is flat.

Next, the insulation film 54 is formed on the barrier film
128.

The following steps of the method for fabricating the semi-
conductor device according to the present embodiment are
the same as those of the method for fabricating the semicon-
ductor device described above with reference to FIGS. 13A to
21, and their explanation will not be repeated.

Thus, the semiconductor device according to the present
embodiment is fabricated (see FIG. 28).

(Modification 1)

Then, the semiconductor device according to one modifi-
cation (Modification 1) of the present embodiment will be
explained with reference to FIG. 29. FIG. 29 is a sectional
view of the semiconductor device according to the present
modification.

The semiconductor device according to the present modi-
fication is characterized mainly in that stress mitigating films
124, 130 are formed respectively over and under the hydro-
gen/water diffusion preventing film 52.
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As illustrated in FIG. 29, the stress mitigating film 124 is
formed on the planarized inter-layer insulation film 50. The
stress mitigating film 124 is, e.g., silicon nitride oxide film.
The film thickness of the stress mitigating film 124 is, e.g.,
about 50-100 nm. Since the stress mitigating film 124 is
formed on the planarized inter-layer insulation film 50, the
stress mitigating film 124 is flat.

The hydrogen/water diffusion preventing film is formed on
the stress mitigating film 124. The hydrogen/water diffusion
preventing film 52 is, e.g., an aluminum oxide film. The film
thickness of the hydrogen/water diffusion preventing film 52
is, e.g., about 20-30 nm. Since the hydrogen/water diffusion
preventing film 52 is formed on the flat stress mitigating film
124, the hydrogen/water diffusion preventing film 52 is flat.
The hydrogen/water diffusion preventing film 52 is not essen-
tially aluminum oxide film. For example, the hydrogen/water
diffusion preventing film 52 maybe another metal oxide. For
example, the hydrogen/water diffusion preventing film 52
may be titanium oxide or others.

A stress mitigating film 130 is formed on the hydrogen/
water diffusion preventing film 52. The stress mitigating film
130 is, e.g., silicon nitride oxide film. Since the stress miti-
gating film 130 is formed on the flat hydrogen/water diffusion
preventing film 52, the stress mitigating film 130 is flat. The
film thickness of the stress mitigating film 130 is, e.g., about
50-100 nm.

Thus, the stress mitigating film 124, the hydrogen/water
diffusion preventing film 52 and the stress mitigating film 130
form a barrier film 128a. Since the barrier film 128a is formed
on the planarized inter-layer insulation film 50, the barrier
film 128a is flat.

As described above, the stress mitigating films 124, 130
may be formed respectively over and under the hydrogen/
water diffusion preventing film 52. According to the present
modification, the stress mitigating films 124, 130 for mitigat-
ing stresses due to the hydrogen/water diffusion preventing
film 52 are formed over and under the hydrogen/water diffu-
sion preventing film 52, whereby the barrier film 128a can
make the stresses to be applied to the capacitors 44 very small.
Thus, according to the present modification, the arrival of the
hydrogen and the water at the capacitors 44 can be prevented
while the decrease of the switching charge quantity Qg of
the capacitors 44 can be prevented.

(Modification 2)

Next, the semiconductor device according to one modifi-
cation (Modification 2) of the present embodiment will be
explained with reference to FIG. 30. FIG. 30 is a sectional
view of the semiconductor device according to the present
modification.

The semiconductor device according to the present modi-
fication is characterized mainly in that a stress mitigating film
130a formed on the upper side of the hydrogen/water diffu-
sion preventing film 52 is silicon nitride film.

As illustrated in FIG. 30, the stress mitigating film 130a of
silicon nitride film is formed on the hydrogen/water diffusion
preventing film 52. The film thickness of the stress mitigating
film 130q is, e.g., 50-100 nm. Conditions for forming the
stress mitigating film 130a of silicon nitride oxide film by
CVD are as exemplified below. The gases to be supplied into
the film forming chamber are SiH, gas, NH; gas, N, gas and
H, gas. The flow rate of the SiH, gas is, e.g., 55 sccm. The
flow rate of the NH; gas is, e.g., 500 sccm. The flow rate of the
N, gas is, e.g., 250 sccm. The flow rate of the H, gas is, e.g.,
250 sccm. The pressure inside the film forming chamber is,
e.g., 4.0 Torr. The substrate temperature is, e.g., 400° C. The
gap between the opposed electrodes is, e.g., 600 mils. The
electric power to be applied is, e.g., 100 W. The low-fre-
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quency electric power to be applied is, e.g., 55 W. When the
film thickness of the stress mitigating film 130a is 100 nm, the
film forming period of time is, e.g., 18 seconds. Since the
stress mitigating film 130q is formed on the flat hydrogen/
water diffusion preventing film 52, the stress mitigating film
1304 is flat.

Thus, the stress mitigating film 124, the hydrogen/water
diffusion preventing film 52 and the stress mitigating film
1304a form a barrier film 1285. Since the barrier film 1285 is
formed on the planarized inter-layer insulation film 50, the
barrier film 1285 is flat.

For the following reason, only the stress mitigating film
130a alone formed over the hydrogen/water diffusion pre-
venting film 52 is silicon nitride film, and the stress mitigating
film 124 formed under the hydrogen/water diffusion prevent-
ing film 52 is silicon nitride oxide film.

That is, when silicon nitride film is formed, generally the
film is formed in an atmosphere containing hydrogen. When
silicon nitride film is formed directly on the inter-layer insu-
lation film 50, the hydrogen in the film forming atmosphere
passes through the inter-layer insulation film 50 and arrives at
the capacitors 44. Then, the dielectric film 40 of the capacitors
44 is reduced with the hydrogen, and the electric character-
istics of the capacitors 44 are deteriorated. Accordingly, the
stress mitigating film 124 formed under the hydrogen/water
diffusion preventing film 52 is not silicon nitride film but
silicon nitride oxide film. When silicon nitride film is formed
over the hydrogen/water diffusion preventing film 52, the
inter-layer insulation film 50 has been already covered with
the hydrogen/water diffusion preventing film 52, and without
any problem, the hydrogen in the film forming atmosphere
can be surely prevented from arriving at the inside of the
inter-layer insulation film 50.

As described above, the stress mitigating film 130a formed
over the hydrogen/water diffusion preventing film 52 may be
silicon nitride film.

(Modification 3)

Next, the semiconductor device according to one modifi-
cation (Modification 3) of the present embodiment will be
explained with reference to FIG. 31. FIG. 31 is a sectional
view of the semiconductor device according to the present
modification.

The semiconductor device according to the present modi-
fication is characterized mainly in that the stress mitigating
film 124, and the hydrogen/water diffusion preventing film 52
formed on the stress mitigating film 124 form a barrier film
128c¢.

As illustrated in FIG. 31, the stress mitigating film 124 is
formed on the planarized inter-layer insulation film 50. The
stress mitigating film 124 is, e.g., silicon nitride oxide film.
The film thickness of the stress mitigating film is, e.g., about
50-100 nm.

The hydrogen/water diffusion preventing film 52 of a metal
oxide is formed on the stress mitigating film 124. The film
thickness of the hydrogen/water diffusion preventing film 52
is about 20-30 nm.

Thus, the barrier film 128¢ is formed of the stress mitigat-
ing film 124 and the hydrogen/water diffusion preventing film
52. Since the barrier film 128¢ is formed on the planarized
inter-layer insulation film 50, the barrier film 128c¢ is flat.

Thus, the semiconductor device according to the present
modification is constituted.

As in the present modification, the barrier film 128¢ may be
formed of the stress mitigating film 124, and the hydrogen/
water diffusion preventing film 52 formed on the stress miti-
gating film 124.
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(Modification 4)

Next, the semiconductor device according to one modifi-
cation (Modification 4) of the present embodiment will be
explained with reference to FIG. 32. FIG. 32 is a sectional
view of the semiconductor device according to the present
modification.

The semiconductor device according to the present modi-
fication is characterized mainly in that the hydrogen/water
diffusion preventing film 52, and the stress mitigating film
124 formed on the hydrogen/water diffusion preventing film
52 form a barrier film 1284.

As illustrated in FIG. 32, the hydrogen/water diffusion
preventing film 52 is formed on the planarized inter-layer
insulation film 50. The film thickness of the hydrogen/water
diffusion preventing film 52 is, e.g., about 20-30 nm.

The stress mitigating film 124 of, e.g., a silicon nitride
oxide film is formed on the hydrogen/water diffusion prevent-
ing film 52. The film thickness of the stress mitigating film
124 is, e.g., about 50-100 nm.

The stress mitigating film 124 is silicon nitride oxide film
here but is not essentially a silicon nitride oxide film. For
example, the stress mitigating film 124 may be a silicon
nitride film.

A barrier film 1284 is formed of the hydrogen/water diffu-
sion preventing film 52 and the stress mitigating film 124.
Since the barrier film 1284 is formed on the planarized inter-
layer insulation film 50, the barrier film 1284 is flat.

Thus, the semiconductor device according to the present
modification is constituted.

As in the present modification, the barrier film 1284 may be
formed of the hydrogen/water diffusion preventing film 52,
and the stress mitigating film 124 formed on the hydrogen/
water diffusion preventing film 52.

(Modification 5)

Next, the semiconductor device according to one modifi-
cation (Modification 5) of the present embodiment will be
explained with reference to FIG. 33. FIG. 33 is a sectional
view of the semiconductor device according to the present
modification.

The semiconductor device according to the present modi-
fication is characterized mainly in that a barrier film 138 is
further formed between the first metal interconnection layer
64 and the second metal interconnection layer 78, and a
barrier film 146 is further formed between the second metal
interconnection layer 78 and the third metal interconnection
layer 92.

As illustrated in FIG. 33, the barrier film 138 of'a hydrogen/
water diffusion preventing film 132, the stress mitigating film
134 and the hydrogen/water diffusion preventing film 136
laid one on another formed on the planarized inter-layer insu-
lation film 70. The hydrogen/water diffusion preventing films
132,136 are, e.g., 20-30 nm-thickness aluminum oxide films.
The stress mitigating film 134 is, e.g., a 50-100 nm-thickness
silicon nitride oxide film. Since the barrier film 138 is formed
on the inter-layer insulation film 70 having the surface pla-
narized, the barrier film 138 is flat.

The hydrogen/water diffusion preventing films 132, 136
are aluminum oxide films here but is not essentially alumi-
num oxide films. The hydrogen/water diffusion preventing
films 132, 136 may be other metal oxides. For example, the
hydrogen/water diffusion preventing films 132, 136 may be
titanium oxide films or others.

The stress mitigating film 134 is, e.g., silicon nitride oxide
film here but is not essentially silicon nitride oxide film. For
example, the stress mitigating film 134 maybe silicon nitride
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film. As described above, the silicon nitride film can function
as the water diffusion preventing film for preventing the dif-
fusion of the water.

An insulation film 110 is formed on the barrier film 138.
The insulation film 110 is, e.g., a 100 nm-thickness silicon
oxide film.

The second metal interconnection layer 78 is formed on the
insulation film 110.

The barrier film 146 of the hydrogen/water diffusion pre-
venting film 130, the stress mitigating film 142 and the hydro-
gen/water diffusion preventing film 144 is formed on the
planarized inter-layer insulation film 84. The hydrogen/water
diffusion preventing films 140, 144 are, e.g., 20-30 nm-thick-
ness aluminum oxide films. The stress mitigating film 142 is,
e.g., a 50-100 nm-thickness silicon nitride oxide film. Since
the barrier film 146 formed on the inter-layer insulation film
84 having the surface planarized, the barrier film 146 is flat.

The hydrogen/water diffusion preventing films 140, 144
are, e.g., aluminum oxide film but are not essentially alumi-
num oxide film. For example, the hydrogen/water diffusion
preventing films 140, 144 maybe, e.g., other metal oxides. For
example, the hydrogen/water diffusion preventing films 140,
144 may be titanium oxide or others.

The stress mitigating film 142 is silicon nitride oxide film
here but is not essentially silicon nitride oxide film. For
example, the stress mitigating film 142 maybe silicon nitride
film. As described above, silicon nitride film can function as
the water diffusion preventing film for preventing the diffu-
sion of the water.

An insulation film 144 is formed on the barrier film 146.
The insulation film 114 is, e.g., a 100 nm-thickness silicon
oxide film.

The third metal interconnection layer 92 is formed on the
insulation film 114.

Thus, the semiconductor device according to the present
modification is constituted.

According to the present modification, in addition to the
barrier film 128 formed between the capacitors 44 and the first
metal interconnection layer 64, the barrier films 138, 146 are
formed respectively between the first metal interconnection
layer 64 and the second metal interconnection layer 78 and
between the second metal interconnection layer 78 and the
third metal interconnection layer 92, whereby the arrival of
the hydrogen and the water at the capacitors 44 can be pre-
vented without failure.

(Modification 6)

Next, the semiconductor device according to one modifi-
cation (Modification 6) of the present embodiment will be
explained with reference to FIG. 34. FIG. 34 is a sectional
view of the semiconductor device according to the present
modification.

The semiconductor device according to the present modi-
fication is characterized mainly by the stacked memory cell
structure.

As illustrated in FIG. 34, device isolation regions 12 for
defining device regions are formed on the semiconductor
substrate 10. Wells 144, 145 are formed in the semiconductor
substrate 10 with the device isolation regions 12 formed on.

Gate electrodes 18 are formed, viaa gate insulation film 16,
over the semiconductor substrate with the wells 14a, 145
formed in. A silicon oxide film 148 is formed on the gate
electrodes 18. A sidewall insulation film 20 is formed on the
side walls of the gate electrodes 18 and the silicon oxide film
148.

A source/drain diffused layer 22 is formed on both sides of
the gate electrodes 18 with the sidewall insulation film 20
formed on. Thus, transistors 24 each including the gate elec-
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trode 18 and the source/drain diffused layer 22 are formed.
The gate length of the transistor 24 is set at, e.g., 0.18um.

An inter-layer insulation film 154 of a silicon nitride oxide
film 150 and a silicon oxide film 152 laid one on the other is
formed on the semiconductor substrate 10 with the transistors
24 formed on. The surface of the inter-layer insulation film
154 is planarized.

A hydrogen/water diffusion preventing film 156 for pre-
venting the diffusion of the hydrogen and the water is formed
on the inter-layer insulation film 154. The hydrogen/water
diffusion preventing film 156 is, e.g., metal oxide film, such
as aluminum oxide film, titanium oxide film or others.

A contact hole 28 is formed in the hydrogen/water diffu-
sion preventing film 156 and the inter-layer insulation film
154 is formed down to the source/drain diffused layer 22.

A barrier metal film (not illustrated) of a Ti film and a TiN
film laid one on the other is formed in the contact hole 28.

A conductor plug 32 of tungsten is buried in the contact
hole 28 with the barrier metal film formed in.

An Ir (Iridium) film 158 electrically connected to the con-
ductor plug 32 is formed on the hydrogen/water diffusion
preventing film 156.

The lower electrodes 38 of the capacitors 44 are formed on
the Ir film 158. The dielectric film 40 of the capacitors 44 is
formed on the lower electrodes 38. The dielectric film 40 is,
e.g., ferro-electric film, such as PZT or others. The upper
electrodes 42 of the capacitors 44 are formed on the dielectric
film 40. The upper electrodes 42, the dielectric film 40, the
lower electrodes 38 and the Ir film 158 are patterned at once
by etching and have substantially the same plane shape.

Thus, capacitors 44 each including the lower electrode 38,
the dielectric film 40 and the upper electrodes 42 are consti-
tuted. The lower electrodes 38 of the capacitors 44 are elec-
trically connected to the conductor plugs 32 via the Ir film
158.

A silicon nitride oxide film 160 is formed on the hydrogen/
water diffusion preventing film 156 in the region where the Ir
film 158 is not formed.

The barrier film 48 having the function of preventing the
diffusion of the hydrogen and the water is formed on the
capacitors 44 and the silicon nitride oxide film 160. The
barrier film 48 is, e.g., metal oxide film, such as aluminum
oxide film, titanium oxide film or others.

The inter-layer insulation film 50 of silicon oxide film is
formed on the hydrogen/water diffusion preventing film 48.
The surface of the inter-layer insulation film 50 is planarized.

A barrier film 128 of the hydrogen/water diffusion prevent-
ing film 52 and a stress mitigating film 124 and the hydrogen/
water diffusion preventing film 126 laid one on the other is
formed on the planarized inter-layer insulation film 50. Since
the barrier film 128 is formed on the inter-layer insulation film
50 having the surface planarized, the barrier film 128 is flat.

A silicon oxide film 54 is formed on the barrier film 128.

Contact holes 56 are formed in the silicon oxide film 54, the
barrier film 128, the silicon oxide film 50 and the hydrogen/
water diffusion preventing film 48 down to the upper elec-
trodes 42 ofthe capacitors 44. A contact hole 58 is formed in
the silicon oxide film 54, the barrier film 128, the silicon oxide
film 50, the hydrogen/water diffusion preventing film 48 and
the silicon nitride oxide film 160 down to the conductor plug
32.

A barrier metal film (not illustrated) of a Ti film and a TiN
film laid one on the other is formed in the contact holes 56, 58.

Conductor plugs 62 of tungsten are buried respectively in
the contact holes 56, 58 with the barrier metal film formed in.
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An interconnection (a first metal interconnection layer) 64
is formed on the silicon oxide film 54, electrically connected
to the conductor plugs 62.

An inter-layer insulation film 70 of| e.g., a silicon oxide
film is formed on the silicon oxide film 54 with the intercon-
nection 64 formed on. The surface of the inter-connection
layer 70 is planarized.

A flat barrier film 138 of a hydrogen/water diffusion pre-
venting film 132, a stress mitigating film 134 and a hydrogen/
water diffusion preventing film 136 is formed on the pla-
narized inter-layer insulation film 70.

A silicon oxide film 110 is formed on the barrier film 138.

A contact hole 72 is formed in the silicon oxide film 110,
the barrier film 138 and the silicon oxide film 70 down to the
interconnection 64.

A barrier metal film (not illustrated) of a Ti film and a TiN
film laid one on the other is formed in the contact hole 72.

A conductor plug 76 of tungsten is buried in the contact
hole 72 with the barrier metal film formed in.

An interconnection 78 is formed on the silicon oxide film
110, electrically connected to the conductor plug 76.

An inter-layer insulation film 84 of a silicon oxide film is
formed on the silicon oxide film 110 with the interconnection
78 formed on. The surface of the inter-layer insulation film 84
is planarized.

A flat barrier film 146 of a hydrogen/water diffusion pre-
venting film 140, a stress mitigating film 142 and a hydrogen/
water diffusion preventing film 144 is formed on the pla-
narized inter-layer insulation film 84.

A silicon oxide film 114 is formed on the barrier film 146.

An interconnection (a third metal interconnection layer)
not illustrated is formed on the silicon oxide film 114.

As in the present modification, the memory cell structure
may be of the stacked type.

A Third Embodiment

The semiconductor device according to a third embodi-
ment of the present invention and the method for fabricating
the semiconductor device will be explained with reference to
FIGS. 35 to 37. FIG. 35 is a sectional view of the semicon-
ductor device according to the present embodiment. The
same members of the semiconductor device according to the
first or the second embodiments and the method for fabricat-
ing the semiconductor device illustrated in FIGS. 1 to 34 are
represented by the same reference numbers not to repeat or to
simplify their explanation.

The semiconductor device according to the present
embodiment is characterized mainly in that a plurality of
hydrogen/water diffusion preventing films are laid one on
another with intermediate layers formed therebetween,
whereby a barrier film is formed.

As illustrated in FIG. 35, a hydrogen/water diffusion pre-
venting film 52 having the function of preventing the diffu-
sion of the hydrogen and the water is formed on an inter-layer
insulation film 50. The hydrogen/water diffusion preventing
film 52 is,e.g., metal oxide film. The hydrogen/water diffu-
sion preventing film 52 of a metal oxide film is, e.g., an
aluminum oxide film. The film thickness of the hydrogen/
water diffusion preventing film 52 is, e.g., 20-30 nm. The film
thickness of the hydrogen/water diffusion preventing film 52
is set so small so as to make the stress due to the hydrogen/
water diffusion preventing film 52.

The hydrogen/water diffusion preventing film 52 is, e.g.,
aluminum oxide film here but is not essentially aluminum
oxide film. For example, the hydrogen/water diftusion pre-
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venting film 52 may be another metal oxide. For example, the
hydrogen/water diffusion preventing film 52 maybe titanium
oxide film or others.

An intermediate layer 162 of a dielectric substance is
formed on the hydrogen/water diffusion preventing film 52.
The intermediate layer 162 is, e.g., silicon oxide film. The
thickness of the intermediate layer 162 is, e.g., about 20-30
nm.

The intermediate layer 162 is e.g., silicon oxide film here
but is not essentially silicon oxide film. For example, the
intermediate layer 162 is, e.g., silicon nitride oxide film,
silicon nitride film or others. Silicon nitride oxide film and
silicon nitride film can function as the stress mitigating film as
described above, the intermediate layer 162 formed of silicon
nitride oxide film or silicon nitride film can mitigate the stress
due to the hydrogen/water diffusion preventing films 52, 164.
Silicon nitride oxide film and silicon nitride film can function
as the water diffusion preventing film for preventing the dif-
fusion of water, and the intermediate layer 162 of silicon
nitride oxide film or silicon nitride film can prevent the arrival
of the water at the capacitors 44 without failure.

A hydrogen/water diffusion preventing film 164 having the
function of preventing the diffusion of the hydrogen and the
water is formed on the intermediate layer 162. The hydrogen/
water diffusion preventing film 164 is, e.g., aluminum oxide
film, as described above. The film thickness of the hydrogen/
water diffusion preventing film 164 is, e.g., about 20-30 nm.
The film thickness of the hydrogen/water diffusion prevent-
ing film 164 is set so small so that the stress due to the
hydrogen/water diffusion preventing film 164 is made small.

The hydrogen/water diffusion preventing film 164 is alu-
minum oxide film here but is not essentially aluminum oxide
film. For example, the hydrogen-water diffusion preventing
film 164 may be another metal oxide. For example, the hydro-
gen/water diffusion preventing film 164 may be titanium
oxide film or others.

An intermediate layer 166 of a dielectric substance is
formed on the hydrogen/water diffusion preventing film 164.
The intermediate layer 166 is, e.g., silicon oxide film. The
thickness of the intermediate layer 166 is, e.g., about 50-100
nm.
The intermediate layer 166 is silicon oxide film here but is
not essentially silicon oxide film. For example, the interme-
diate layer 166 may be silicon nitride oxide film or silicon
nitride film.

A hydrogen/water diffusion preventing film 168 having the
function of preventing the diffusion of the hydrogen and the
water is formed on the intermediate layer 166. The hydrogen/
water diffusion preventing film 168 is, e.g., aluminum oxide
film, as described above. The film thickness of the hydrogen/
water diffusion preventing film 168 is, e.g., about 20-30 nm.
The film thickness of the hydrogen/water diffusion prevent-
ing film 168 is set so relatively thin so that the stress due to the
hydrogen/water diffusion preventing film 168 is made small.

The hydrogen/water diffusion preventing film 168 is, e.g.,
aluminum oxide film here but is not essentially aluminum
oxide film. For example, the hydrogen/water diffusion pre-
venting film 168 may be another metal oxide. For example,
the hydrogen/water diffusion preventing film 168 may be
titanium oxide film or others.

Thus, the hydrogen/water diffusion preventing film 52, the
intermediate layer 162, the hydrogen/water diffusion pre-
venting film 164, the intermediate layer 166 and the hydro-
gen/water diffusion preventing film 168 form a barrier film
170. Since the barrier film 170 is formed on the inter-layer
insulation film 50 having the surface planarized, the barrier
film 170 is flat.
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In the present embodiment, for the following reason, a
plurality of hydrogen/water diffusion preventing film 52, 164,
168 are laid one on another with the intermediate layers 162,
166 formed therebetween.

That is, often scratches are formed in the surface of the
inter-layer insulation film 50, the surface of which is pla-
narized by CMP or others. When the hydrogen/water diffu-
sion preventing film 52 is formed on the inter-layer insulation
film 50 with scratches formed in, often cracks are formed
partially in the hydrogen/water diffusion preventing film 52
due to the steps formed by the scratches. With the cracks
formed in the hydrogen/water diffusion preventing film 52,
the hydrogen and the water often arrive at the capacitors 44
through the cracks in the hydrogen/water diffusion prevent-
ing film 52, resultantly causing the deterioration of the elec-
tric characteristics of the capacitors 44. Even when no cracks
due to the scratches in the inter-layer insulation film 50 are
formed in the hydrogen/water diffusion preventing film 52,
often pin holes are formed in the hydrogen/water diffusion
preventing film 52, and the hydrogen and the water arrive at
the capacitors 44 through the pin holes formed in the hydro-
gen/water diffusion preventing film 52.

In the present embodiment, the hydrogen/water diffusion
preventing film 164 is laid above the hydrogen/water diffu-
sion preventing film 52, and the hydrogen/water diffusion
preventing film 164 is formed above the hydrogen/water dif-
fusion preventing film 52 with the intermediate layer 162
formed therebetween, whereby even when cracks are formed
in the hydrogen/water diffusion preventing film 52, the pos-
sibility that cracks are formed even in the other hydrogen/
water diffusion preventing film 164 is very low. Pin holes may
be formed also in the hydrogen/water diffusion preventing
film 164, but the possibility that pinholes formed in the hydro-
gen/water diffusion preventing film 52 and pin holes formed
in the hydrogen/water diffusion preventing film 164 are
located near each other is very low. Thus, according to the
present embodiment, the prevention of the diffusion of the
hydrogen and the water can be more ensured in comparison
with that with one hydrogen/water diffusion preventing film
formed.

Furthermore, according to the present embodiment, above
the hydrogen/water diffusion preventing film 164, the hydro-
gen/water diffusion preventing film 168 is formed, whereby
the arrival of the hydrogen and the water at the capacitors 44
can be more surely prevented.

With one hydrogen/water diffusion preventing film above
the capacitors 44, for the sure prevention of the diffusion of
the hydrogen and the water, the film thickness of the hydro-
gen/water diffusion preventing film must be set at 50 nm or
above. The stress due to the hydrogen/water diffusion pre-
venting film of such relatively large film thickness is rela-
tively large, and the relative large stress is exerted to the
capacitors, which causes a risk that the switching charge
quantity Q- of the capacitors may be decreased.

In contrast to this, in the present embodiment, the hydro-
gen/water diffusion preventing films 52, 164, 168, which are
as relatively thin as about 20 nm are laid one on another with
the intermediate layers 162, 166 formed therebetween. The
stress due to such relatively thin hydrogen/water diffusion
preventing films 52, 162, 168 is very small in comparison
with the stress due to the relatively thick hydrogen/water
diffusion preventing film. The stress due to the barrier film
170 of the relatively thin hydrogen/water diffusion preventing
films 52, 164, 168 laid one on another with the intermediate
layers 162,166 formed therebetween is smaller than the stress
due to one relatively thick hydrogen/water diffusion prevent-
ing film. Moreover, the total film thickness of the hydrogen/
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water diffusion preventing films 52, 164, 168 is relatively
thick. Thus, according to the present embodiment, the total
film thickness of the hydrogen/water diffusion preventing
film 52, 164, 168 can be made relatively thick while the stress
due to the barrier film 170 can be made small. Accordingly, in
the present embodiment, the arrival of the hydrogen and the
water at the capacitors 44 can be surely prevented while the
decrease of the switching charge quantity Qgy-of the capaci-
tors 44 can be prevented.

A silicon oxide film 54 is formed on the barrier film 170.
The film thickness of the silicon oxide film 54 is, e.g., about
50-100 nm.

Thus, the semiconductor device according to the present
embodiment is constituted.

As described above, the semiconductor device according
to the present embodiment is characterized mainly in that a
plurality of hydrogen/water diffusion preventing films 52,
164, 168 are laid one on another with the intermediate layers
162, 166 formed therebetween.

According to the present invention, the hydrogen/water
diffusion preventing film 164 is formed above the hydrogen/
water diffusion preventing film 52 with the intermediate layer
162 formed therebetween, whereby eve when cracks are
formed in the hydrogen/water diffusion preventing film 52,
the possibility that cracks may be formed even in the hydro-
gen/water diffusion preventing film 164 is very low. The
possibility that pinholes formed in the hydrogen/water diffu-
sion preventing film 52 and the pin holes formed in the hydro-
gen/water diffusion preventing film 164 may locate near each
other is very low. Thus, according to the present embodiment,
the prevention of the diffusion of the hydrogen and the water
can be more ensured in comparison with that with one hydro-
gen/water diffusion preventing film formed above the capaci-
tors 44. Furthermore, according to the present embodiment,
the hydrogen/water diffusion preventing film 168 is formed
above the hydrogen/water diffusion preventing film 164,
whereby the prevention of the diffusion of the hydrogen and
the water can be more ensured.

According to the present embodiment, the barrier film 170
is formed of the relatively thin hydrogen/water diffusion pre-
venting film 52, 164, 168 are laid one on another with the
intermediate layers 162, 166 formed therebetween, whereby
the total film thickness of the hydrogen/water diffusion pre-
venting films 52, 164, 168 is made relatively thick while the
stress due to the barrier film 170 can be made relatively small.
Thus, according to the present embodiment, the arrival of the
hydrogen and the water at the capacitors 44 can be prevented
without failure while the decrease of the switching charge
quantity Q- of the capacitors 44 can be prevented.

(The Method for Fabricating the Semiconductor Device)

Next, the method for fabricating the semiconductor device
according to the present embodiment will be explained with
reference to FIGS. 36 and 37. FIGS. 36 and 37 are sectional
views of the semiconductor device in the steps of the method
for fabricating the semiconductor device, which illustrate the
method.

First, the steps up to the step of planarizing the inter-layer
insulation film 50 including the interlayer insulation film 50
planarizing step are the same as those of the method for
fabricating the semiconductor device explained with refer-
ence to FIGS. 5A to 12A, and their explanation will not be
repeated (see FIG. 36A).

Next, thermal processing is made in a nitrogen atmosphere.
The nitrogen atmosphere is, e.g., N,O plasma. The thermal
processing temperature is, e.g., 300-400° C. The thermal
processing temperature is, e.g., 350° C. here. The thermal
processing period of time is, e.g., 2-6 minutes. The thermal
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processing period of time is 2 minutes here. This thermal
processing is for removing water present in the inter-layer
insulation film 50 while nitriding the surface of the inter-layer
insulation film 50. The surface of the inter-layer insulation
film 50 is nitrided, whereby the intrusion of water into the
inter-layer insulation film 50 from the outside can be pre-
vented, which leads to the prevention of the deterioration of
the electrode characteristics of the capacitors 42.

Then, as illustrated in FIG. 36B, the hydrogen/water dif-
fusion preventing film 52 is formed by, e.g., sputtering or
CVD. The hydrogen/water diffusion preventing film 52 is,
e.g., a 20-30 nm-thickness metal oxide film. The hydrogen/
water diffusion preventing film 52 of the metal oxide film is,
e.g., aluminum oxide film.

Conditions for forming the hydrogen/water diffusion pre-
venting film 52 of aluminum oxide film by sputtering are the
same as, e.g., those described above. Since the hydrogen/
water diffusion preventing film 52 is formed on the planarized
inter-layer insulation film 50, the hydrogen/water diffusion
preventing film 52 is flat.

Then, the intermediate layer 162 is formed by, e.g., CVD.
The intermediate layer 162, e.g., a 20-30 nm-thickness silicon
oxide film. Conditions for forming the intermediate layer 162
are, e.g., as follows. The gas to be supplied into the film
forming chamber is TEOS gas and O, gas. The flow rate of the
TEOS gas is, e.g., 1.8 ml/minute. The flow rate of the O, gas
is, e.g., 8 liters/minute. The pressure inside the film forming
chamber is, e.g., 2.2 Torr. The film forming temperature is,
e.g.,350° C. The radio-frequency electric power to be applied
is, e.g., 350 W. The low-frequency electric power to be
applied is, e.g., 650 W. The film forming period of time is,
e.g., 3.6 seconds when the film thickness of the intermediate
layer 162 is 20 nm. Since the intermediate layer 162 is formed
on the planarized hydrogen/water diffusion preventing film
52, the intermediate layer 162 is flat.

Then, the hydrogen/water diffusion preventing film 164 is
formed by, e.g., sputtering or CVD. The hydrogen/water dif-
fusion preventing film 164 is, e.g., a 20-30 nm-thickness
metal oxide film. The hydrogen/water diffusion preventing
film 164 of a metal oxide film is, e.g., aluminum oxide film.
Conditions for forming the hydrogen/water diffusion pre-
venting film 164 are the same as, e.g., those for forming the
hydrogen/water diffusion preventing film 52. Since the
hydrogen/water diffusion preventing film 164 is formed on
the flat intermediate layer 162, the hydrogen/water diffusion
preventing film 164 is flat.

Next, the intermediate layer 166 is formed by, e.g., CVD.
The intermediate layer 166, e.g., a 20-30 nm-thickness silicon
oxide film. Conditions for forming the intermediate layer 166
are the same as, e.g., those for forming the intermediate layer
162. Since the intermediate layer 166 is formed on the flat
hydrogen/water diffusion preventing film 164, the intermedi-
ate layer 166 is flat.

Next, the hydrogen/water diffusion preventing film 168 is
formed by, e.g., sputtering or CVD. The hydrogen/water dif-
fusion preventing film 168 is, e.g., a 20-30 nm-thickness
aluminum oxide film. Conditions for forming the hydrogen/
water diffusion preventing film 168 are the same as, e.g.,
those for forming the hydrogen/water diffusion preventing
film 52. Conditions for forming the hydrogen/water diffusion
preventing film 168 of aluminum oxide film by sputtering are
the same as, e.g., described above.

Thus, the barrier film 170 is formed of the hydrogen/water
diffusion preventing film 52, the intermediate layer 162, the
hydrogen/water diffusion preventing film 164, the intermedi-
ate layer 166 and the hydrogen/water diffusion preventing

20

25

30

35

40

45

50

55

60

65

42

film 168. Since the barrier film 170 is formed on the pla-
narized inter-layer insulation film 50, the barrier film 170 is
formed flalty.

Next, the insulation film 54 is formed on the barrier film
170.

The following steps of the method for fabricating the semi-
conductor device according to the present embodiment are
the same as those of the method for fabricating the semicon-
ductor device described above with reference to FIGS. 13A to
21, and their explanation will not be repeated.

Thus, the semiconductor device according to the present
embodiment is fabricated (see FIG. 37).

(Modification 1)

Next, the semiconductor device according to one modifi-
cation (Modification 1) of the present embodiment will be
explained with reference to FIG. 38. FIG. 38 is a sectional
view of the semiconductor device according to the present
modification.

The semiconductor device according to the present modi-
fication is characterized mainly in that a barrier film 182 is
further formed between a first metal interconnection layer 64
and a second metal interconnection layer 78, and a barrier
film 194 is further formed between the second metal inter-
connection layer 78 and a third metal interconnection layer
92.

As illustrated in FIG. 38, the barrier film 182 formed of a
hydrogen/water diffusion preventing film 172, an intermedi-
ate layer 174, a hydrogen/water diffusion preventing film
176, an intermediate layer 178 and a hydrogen/water diffu-
sion preventing film 180 laid one on another is formed on the
planarized inter-layer insulation film 70. The hydrogen/water
diffusion preventing films 172, 176, 189 are, e.g., 20-30 nm-
thickness aluminum oxide films. The intermediate layers 174,
178 are, e.g., 20-30 nm-thickness silicon oxide films. Since
the barrier layer 182 is formed on the inter-layer insulation
film 70 having the surface planarized, the barrier layer 182 is
flat.

The hydrogen/water diffusion preventing films 172, 176,
180 are, e.g., aluminum oxide here but are not essentially
formed of aluminum oxide film. The hydrogen/water diffu-
sion preventing films 172,176, 180 may be, e.g., other metal
oxides. For example, the hydrogen/water diffusion prevent-
ing films 172, 176, 180 may be titanium oxide film or others.

The intermediate layers 174, 178 are, e.g., silicon oxide
films but are not essentially silicon oxide films. For examples,
the intermediate layers 174, 178 may be, e.g., silicon nitride
oxide film or silicon nitride film. As described above, silicon
nitride oxide film and silicon nitride film can function as the
stress mitigating film and the water diffusion preventing film.

An insulation film 110 is formed on the barrier film 182.
The insulation film 110 is, e.g., a 100 nm-thickness silicon
oxide film.

A second metal interconnection layer 78 is formed on the
insulation film 110.

Thebarrier film 194 of a hydrogen/water diffusion prevent-
ing film 184, an intermediate layer 186, a hydrogen/water
diffusion preventing film 188, an intermediate layer 180 and
a hydrogen/water diffusion preventing film 192 laid one on
another is formed on the planarized inter-layer insulation film
84. The hydrogen/water diffusion preventing films 184, 188,
192 function to prevent the diffusion of the hydrogen and the
water. The hydrogen/water diffusion preventing films 184,
188,192 are, e.g., 20-30 nm-thickness aluminum oxide films.
The intermediate layers 186, 190 are, e.g., 20-30 nm-thick-
ness silicon oxide films. Since the barrier film 194 is formed
on the inter-layer insulation film 84 having the surface pla-
narized, the barrier film 194 is flat.
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The hydrogen/water diffusion preventing films 184, 188,
192 are aluminum oxide films here but are not essentially
aluminum oxide films. The hydrogen/water diffusion pre-
venting films 184, 188, 192 may be, e.g., other metal oxides.
For example, the hydrogen/water diffusion preventing films
184, 188, 192 may be titanium oxide film, etc.

The intermediate layers 186, 190 are silicon oxide films
here but are not essentially silicon oxide films. The interme-
diate layers 186, 190 maybe, e.g., silicon nitride oxide film
and silicon nitride film. As described above, silicon nitride
oxide film and silicon nitride film can function as the stress
mitigating film and the water diffusion preventing film.

An insulation film 114 is formed on the barrier film 194.
The insulation film 114 is, e.g., a 100 nm-thickness silicon
oxide film.

A third metal interconnection layer 92 is formed on the
insulation film 114.

Thus, the semiconductor device according to the present
modification is constituted.

According to the present modification, the barrier film 170
is formed between the capacitors 44 and the first metal inter-
connection layer 64, and further the barrier films 182, 194 are
formed respectively between the first metal interconnection
layer 64 and the second metal interconnection layer 78 and
between the second metal interconnection layer 78 and the
third metal interconnection layer 92, whereby the decrease of
the switching charge quantity Q- of the capacitors 44 is
prevented while the arrival of the hydrogen and the water at
the capacitors 44 can be surely prevented.

(Modification 2)

Next, the semiconductor device according to one modifi-
cation of the present embodiment will be explained with
reference to FIG. 39. FIG. 39 is a sectional view of the
semiconductor device according to the present modification.

The semiconductor device according to the present modi-
fication is characterized mainly by the stacked memory cell
structure.

As illustrated in FIG. 39, the barrier film 170 of the hydro-
gen/water diffusion preventing film 52, the intermediate layer
162, the hydrogen/water diffusion preventing film 164, the
intermediate layer 166 and the hydrogen/water diffusion pre-
venting film 168 is formed on the planarized silicon oxide
film 50.

The silicon oxide film 54 is formed on the barrier film 170.

The interconnection (the first metal interconnection layer)
64 is formed on the silicon oxide film 54.

The barrier film 182 of the hydrogen/water diffusion pre-
venting film 172, the intermediate layer 174, the hydrogen/
water diffusion preventing film 176, the intermediate layer
178 and the hydrogen/water diffusion preventing film 180
laid one on another is formed on the planarized inter-layer
insulation film 70.

The silicon oxide film 110 is formed on the barrier film
182.

The interconnection (the second metal interconnection
layer) 78 is formed on the silicon oxide film 110.

The barrier film 194 of the hydrogen/water diffusion pre-
venting film 184, the intermediate layer 186, the hydrogen/
water diffusion preventing film 188, the intermediate layer
190 and the hydrogen/water diffusion preventing film 192
laid one on another is formed on the planarized inter-layer
insulation film 84.

The silicon oxide film 114 is formed on the barrier film
194.

The interconnection (the third interconnection layer) not
illustrated is formed on the silicon oxide film 114.

As in the present modification, the memory cell structure
may be of the stacked typed.
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Modified Embodiments

The present invention is not limited to the above-described
embodiments and can cover other various modifications.

For example, in the above-described embodiments, the
ferro-electric film forming the dielectric film 40 is PZT film.
However, the ferro-electric film forming the dielectric film 40
is not essentially PZT film and can be any other ferro-electric
film. For example, the ferro-electric film forming the dielec-
tric film 40 can be Pb, —La,Zr, ;Ti;0; film (PLZT film),
SrBi, (TayNb, _4),0s film, Bi,Ti,O,, film or others.

In the above-described embodiments, the dielectric film 40
is, e.g., ferro-electric film but is not essentially ferro-electric
film. For example, when DRAM, etc. are formed, the dielec-
tric film 40 can be a high-dielectric constant film. The high-
dielectric constant film forming the dielectric film 40 can be,
e.g., (BaSr)TiO; film (BST film), SrTiO; film (STO film),
Ta,O4 film or others. The high-dielectric constant film is a
dielectric film whose specific dielectric constant is higher
than that of silicon dioxide.

In the above-described embodiments, the upper electrodes
42 are formed of the layer film of an IrO, film, an [rO, film
and a Pt film but are not formed essentially of these materials.
For example, the upper electrodes 42 may be formed of
SrRuO film (SRO film).

In the first embodiment, the hydrogen diffusion preventing
film is aluminum oxide film but is not essentially aluminum
oxide film. A film having the function of preventing the dif-
fusion of hydrogen can be suitably used as the hydrogen
diffusion preventing film. For example, a film of a metal oxide
can be suitably used as the hydrogen diffusion preventing
film. The hydrogen diffusion preventing film of a metal oxide
can be, e.g., tantalum oxide, titanium oxide, or others. The
hydrogen diffusion preventing film is not essentially a metal
oxide. For example, silicon nitride film (Si;N, film), silicon
nitride oxide film (SiON film) or others can be used as the
hydrogen diffusion preventing film. Films of metal oxide are
so dense that even when they are formed relatively thin, they
can prevent the diffusion of hydrogen without failure. From
the viewpoint of the micronization, it is advantageous to use
a metal oxide as the hydrogen diffusion preventing film.

In the second and the third embodiments, the hydrogen/
water diffusion preventing films are aluminum oxide films but
are not essentially aluminum oxide films. Films having the
function of preventing the diffusion of hydrogen and water
can be used as the hydrogen/water diffusion preventing films.
As a film having the function of preventing the diffusion of
hydrogen and water, a film of a metal oxide, for example, can
be suitably used. The hydrogen/water diffusion preventing
film of a metal oxide can be, e.g., titanium oxide, tantalum
oxide or others. The hydrogen/water diffusion preventing
film is not essentially a metal oxide and can be a film of any
other material which can prevent the diffusion of hydrogen
and water. However, films of metal oxide are so dense that
even when they are formed relatively thin, they can prevent
the diffusion of hydrogen and water without failure. From the
viewpoint of the micronization, it is advantageous to use a
metal oxide as the hydrogen diffusion preventing film.

What is claimed is:

1. A semiconductor device comprising:

a transistor including a gate electrode formed over a semi-
conductor substrate with a gate insulation film formed
therebetween, and a source/drain diffused layer formed
in the semiconductor substrate on both sides of the gate
electrode;

a first insulation film formed over the semiconductor sub-
strate and the transistor;

a first conductor plug buried in first contact hole formed
down to the source/drain diffused layer;
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a capacitor formed over the first insulation film and includ-
ing a lower electrode, a dielectric film formed over the
lower electrode and an upper electrode formed over the
dielectric film;

a first hydrogen diffusion preventing film formed over the
first insulation film, covering the capacitor, for prevent-
ing the diffusion of hydrogen;

a second insulation film formed over the first hydrogen
diffusion preventing film, a surface of the second insu-
lation film being planarized, the second insulation film
being contacted with the first hydrogen diffusion pre-
venting film;

a second hydrogen diffusion preventing film formed over
an entire top surface of the second insulation film, for
preventing the diffusion of hydrogen, the second hydro-
gen diffusion preventing film being contacted with the
second insulation film;

a second conductor plug buried in a second contact hole
formed down to the lower electrode or the upper elec-
trode;

a third conductor plug buried in a third contact hole formed
down to the first conductor plug; and

an interconnection formed over the second hydrogen dif-
fusion preventing film and connected to the second con-
ductor plug or the third conductor plug.

2. A semiconductor device according to claim 1, wherein

the second hydrogen diffusion preventing film is a layer
film.

3. A semiconductor device according to claim 1, further

comprising

a third insulation film formed over the second hydrogen
diffusion preventing film and under the interconnection.

4. A semiconductor device according to claim 1, wherein

the second insulation film is an inorganic film.

5. A semiconductor device according to claim 4, wherein

the inorganic film is silicon oxide film.

6. A semiconductor device according to claim 1, further

comprising

a third insulation film formed over the first insulation film
and under the first hydrogen diffusion preventing film.

7. A semiconductor device according to claim 1, which

further comprises

a TiN film formed directly on the upper electrode or the
lower electrode in the second contact holes, and in which

the second conductor plug is buried in the second contact
hole with the TiN film formed in.

8. A semiconductor device according to claim 7, wherein

the second conductor plug is formed of tungsten.

9. A semiconductor device according to claim 1, further

comprising:

a third insulation film formed over the second insulation
film and the interconnection, a surface of the third insu-
lation film being planarized;

a third hydrogen diffusion preventing film formed over the
third insulation film, for preventing the diffusion of
hydrogen; and

another interconnection formed over the third hydrogen
diffusion preventing film.

10. A semiconductor device according to claim 1, wherein

the second hydrogen diffusion preventing film includes a
metal oxide film.

11. A semiconductor device according to claim 10, wherein

the metal oxide film is aluminum oxide film, titanium oxide
film or tantalum oxide film.

12. A semiconductor device according to claim 1, wherein

the second hydrogen diffusion preventing film includes a
silicon nitride film or silicon nitride oxide film.
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13. A semiconductor device according to claim 1, wherein

the dielectric film is a ferro-electric film or a high-dielectric

constant film.

14. A semiconductor device according to claim 13, wherein

the ferro-electric dielectric is PbZr, Ti O; film, Pb, .

LaZr, 11,0, film, SrBi,(Ta,Nb, ;),0, film or
Bi,Ti,0,, film.
15. A semiconductor device according to claim 13, wherein
the high-dielectric constant film is (BaSr)TiO; film,
SrTi0; film or Ta, O film.

16. A semiconductor device according to claim 1, wherein

a film stress of the second hydrogen diffusion preventing

film is 5x10® dyn/cm?® or below.

17. A method for fabricating a semiconductor device com-
prising the steps of:

forming a gate electrode over a semiconductor device with

a gate insulation film therebetween;

forming a source/drain diftused layer in the semiconductor

substrate on both sides of the gate electrode;

forming a first insulation film over the semiconductor sub-

strate, the gate electrode and the source/drain diffused
layer;

forming first contact hole in the first insulation film down to

the source/drain diffused layer;

burying first conductor plug in the first contact hole;

forming over the first insulation film a capacitor including

alower electrode, a dielectric film formed over the lower
electrode and an upper electrode formed over the dielec-
tric film;

forming a first hydrogen diftfusion preventing film for pre-

venting the diffusion of hydrogen over the first insula-
tion film and the capacitor;

forming a second insulation film over the first hydrogen

diffusion preventing film, the second insulation film
being contacted with the first hydrogen diffusion pre-
venting film;
polishing a surface of the second insulation film to pla-
narize the surface of the second insulation film;

forming a second hydrogen diffusion preventing film for
preventing the diffusion of hydrogen over an entire top
surface of the second insulation film, the second hydro-
gen diffusion preventing film being contacted with the
second insulation film;

forming second contact hole in the first hydrogen diffusion

preventing film, the second insulation film and the sec-
ond hydrogen diffusion preventing film down to the
lower electrode or the upper electrode;

forming third contact hole in the first hydrogen diffusion

preventing film, the second insulation film and the sec-
ond hydrogen diffusion preventing film down to the first
conductor plug;

burying second conductor plug in the second contact hole

and third conductor plug in the third contact hole;
forming an interconnection over the second hydrogen dif-
fusion preventing film in contact with the second con-
ductor plug or the third conductor plug, without etching
the second hydrogen diffusion preventing film; and
forming a third insulation film over the second hydrogen
diffusion preventing film and the interconnection.

18. A method for fabricating a semiconductor device
according to claim 17, further comprising, after the step of
forming the second insulation film and before the step of
forming the second hydrogen diffusion preventing film,

a step of performing thermal processing.

19. A method for fabricating a semiconductor device
according to claim 18, wherein
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in the step of performing thermal processing, the thermal
processing is performed in a plasma atmosphere gener-
ated by using at least N,O gas.

20. A method for fabricating a semiconductor device

48

the third insulation film is a silicon nitride film or a silicon
nitride oxide film.

23. A method for fabricating a semiconductor device

according to claim 17, further comprising, after the step of

according to claim 18, further comprising, after the step of 5 forming the second hydrogen diffusion preventing film and

performing thermal processing and before the step of forming
the second hydrogen diffusion preventing film,
a step of exposing the second insulation film to the plasma
atmosphere generated by using at least N,O gas.

21. A method for fabricating a semiconductor device 10

according to claim 17, further comprising, after the step of
burying first conductor plug and before the step of forming
the capacitor,
a step of forming a third insulation film over the first
insulation film and the first conductor plug.
22. A method for fabricating a semiconductor device
according to claim 21, wherein

15

before the step of forming the interconnection,

a step of forming a third insulation film on the second

hydrogen diffusion preventing film.

24. A method for fabricating a semiconductor device
according to claim 17, further comprising, after the step of
forming second contact holes and before the step of forming
third contact holes,

a step of thermally processing the capacitor in an atmo-

sphere containing oxygen or ozone.
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