
SEMICONDUCTOR DEVICE AND                    METHOD FOR FABRICATING THE SAME
BACKGROUND OF THE INVENTION  5      The present invention generally relates
to a semiconduc-     tor device and a method for fabricating the same. More
par-     ticularly, the present invention relates to a semiconductor
device including a capacitor device having a capacitive insu-     lating
film of insulating metal oxide film such as a ferroe-  10 lectric film or a
high dielectric film (i.e., a film made of     a material having a high
dielectric constant) and to a method     for fabricating the same.
In recent years, as various electronic units such as mi-     crocomputers
operating at an even higher speed and with even  15 lower power consumption
have been developed, the performance     of consumer-use electronic units
have also been further en-     hanced. Correspondingly, the sizes of
semiconductor devices     used for these units have also been rapidly
reduced drasti-  



cally.  20      As semiconductor devices have been miniaturized, unwant-
ed radiation, i.e., electromagnetic wave noise generated from
electronic units, has become a serious problem. Technology     for
incorporating a large-capacity capacitor device, includ-     ing a
ferroelectric film or a high dielectric film as a ca-  25 pacitive
insulating film, into a semiconductor integrated              circuit is
now the object of much attention as a means for     reducing the unwanted
radiation.          On the other hand, since a very highly integrated dy-
namic RAM is now provided, researches have been widely car-  5 ried out on
technology for using a high dielectric film as a     capacitive insulating
film, instead of a silicon oxide film     or a silicon nitride film, which
has been conventionally     used.          Furthermore, in order to put
into practical use a non-  10 volatile RAM operating with a low voltage and
enabling high-     speed write and read operations, researches and
developments 



have also been vigorously carried out on a ferroelectric film     having
spontaneous polarization properties. A ferroelectric     memory using a
ferroelectric film as a capacitive insulating  15 film takes advantage of a
phenomenon that the amount of charge     flowing into/out of a data line of
a ferroelectric memory dif-     fers depending upon whether or not the
spontaneous polariza-     tion of the ferroelectric film is inverted.
In all of these types of semiconductor devices mentioned  20 above, it is
an urgent task to develop technology for realiz-     ing very high
integration for a capacitor device without de-     teriorating the
characteristics thereof.          Hereinafter, a conventional semiconductor
device will be     described with reference to Figure 13.  25      Figure
13 illustrates a cross-sectional structure of a
2               conventional semiconductor device. As shown in Figure 13, a



lower electrode 2 made of a first platinum film, a capacitive
insulating film 3 made of a ferroelectric film and an upper     electrode 4
made of a second platinum film are formed in this  5 order on a
semiconductor substrate 1 made of silicon. The     lower electrode 2, the
capacitive insulating film 3 and the     upper electrode 4 constitute a
capacitor device. An interlev-     el insulating film 5 made of a silicon
oxide film, a silicon     nitride film or the like is deposited to cover
the entire  10 surface of the semiconductor substrate 1 as well as the ca-
pacitor device. A lower-electrode contact hole 6 and an up-
per-electrode contact hole 7 are formed through the interlevel
insulating film 5. Metal interconnections 8, each consisting     of a
titanium film 8a, a first titanium nitride film 8b, an  15  aluminum film
8c and a second titanium nitride film 8d, are     formed to cover the
interlevel insulating film 5 as well as     the inner surfaces of the
lower-electrode contact hole 6 and     the upper-electrode contact hole 7.
Hereinafter, a method for fabricating the conventional  20 semiconductor
device will be described with reference to Fig-     ures 14(a) through
14(e).          First, as shown in Figure 14(a), the first platinum film
2A, the ferroelectric film 3A and the second platinum film 4A 



are sequentially stacked over the entire surface of the semi-  25 conductor
substrate 1. Thereafter, as shown in Figure 14(b),
3               the second platinum film 4A is selectively etched, thereby
forming the upper electrode 4. Then, in order to recover and     stabilize
the crystal structure of the ferroelectric film 3A,     the ferroelectric
film 3A is subjected to a heat treatment  5 within oxygen ambient.
Next, as shown in Figure 14(c), the ferroelectric film     3A and the first
platinum film 2A are selectively etched,     thereby forming the capacitive
insulating film 3 out of the     ferroelectric film 3A and the lower
electrode 2 out of the  10 first platinum film 2A. Then, in order to
recover and stabi-     lize the crystal structure of the ferroelectric film
consti-     tuting the capacitive insulating film 3, the capacitive
insulating film 3 is subjected to a heat treatment within 



oxygen ambient.  15      Subsequently, as shown in Figure 14(d), the
interlevel     insulating film 5 made of a silicon oxide film or a silicon
nitride film is deposited over the entire surface of the semi-
conductor substrate 1. And the lower-electrode contact hole 6     and the
upper-electrode contact hole 7 are formed through the  20  interlevel
insulating film 5.  Then, in order to recover and     stabilize the crystal
structure of the ferroelectric film     constituting the capacitive
insulating film 3, the capacitive     insulating film 3 is subjected to a
heat treatment within     oxygen ambient.  25      In order to prevent the
lower electrode 2 or the upper                                    4
electrode 4 from being oxidized as a result of the reaction     between the
lower electrode 2 or the upper electrode 4 with     the capacitive
insulating film 3 during the heat treatment 



conducted to recover and stabilize the crystal structure of  5 the
ferroelectric film, the lower and the upper electrodes 2,     4 are made of
platinum, which is hard to react with the fer-     roelectric film 3A
constituting the capacitive insulating     film 3 during the heat treatment
and exhibits anti-oxidation     properties even at a high temperature.  10
Then, as shown in Figure 14(e), the titanium film 8a,     the first
titanium nitride film 8b, the aluminum film 8c and     the second titanium
nitride film 8d are sequentially deposit-     ed to cover the entire
surface of the semiconductor substrate     1 as well as the inner surfaces
of the lower-electrode con-  15 tact hole 6 and the upper-electrode contact
hole 7, thereby     forming the metal interconnections 8, each consisting
of the     titanium film 8a, the first titanium nitride film 8b, the
aluminum film 8c and the second titanium nitride film 8d. The     titanium
film 8a functions as an adhesive film for improving  20 the adhesion
between the aluminum film 8c and the platinum     film constituting the
upper electrode 4. The first titanium     nitride film 8b functions as a
barrier film for preventing     aluminum in the aluminum film 8c from
diffusing into the ca-     pacitive insulating film 3. The second titanium
nitride film  25 8d functions as an anti-reflection film while an upper
inter- 



5               level insulating film deposited over the metal interconnec-
tions 8 is etched.          Next, in order to further improve the adhesion
between     the titanium film 8a constituting the metal interconnections  5
8 and the interlevel insulating film 5, the metal intercon-     nections 8
are subjected to a heat treatment.          However, during the heat
treatment conducted to stabi-     lize the crystal structure of the
ferroelectric film, the     platinum film constituting the upper electrode
comes to have  10  column like crystal structure.  Thus, during the heat
treat-     ment conducted to improve the adhesion between the metal in-
terconnections and the interlevel insulating film, the     titanium atoms
in the titanium film constituting the metal     interconnections adversely
pass through the grain boundary of  15 the column like crystals of the
platinum film constituting 



the upper electrode so as to diffuse into the capacitive in-     sulating
film.  As a result, since the composition of the     ferroelectric film or
the high dielectric film constituting     the capacitive insulating film is
varied, the electrical  20 characteristics of the capacitor device are
disadvantageously     deteriorated.          It is not only when the upper
electrode is made of     platinum but also when the upper electrode is made
of irid-     ium, ruthenium, rhodium, palladium or the like that the upper
25 electrode ordinarily has a column like crystal structure.
6               Thus, in the latter case, the titanium atoms in the
titanium     film constituting the metal interconnections also adversely
pass through the grain boundary of the column like crystals
constituting the upper electrode so as to diffuse into the  5 capacitive
insulating film. 



SUMMARY OF THE INVENTION          In view of the foregoing, the object of
the present in-     vention is to prevent titanium atoms in a titanium film
from  10 passing through the grain boundary of metal crystals compos-
ing the upper electrode of a capacitor device and diffusing     into a
capacitive insulating film during a heat treatment     conducted on metal
interconnections, which are formed on the     capacitor device and include
the titanium film.  15      In order to accomplish the object, the
semiconductor de-     vice according to the present invention includes: a
sub-     strate; a capacitor device, which is formed on the substrate
and includes a capacitive lower electrode, a capacitive insu-     lating
film made of an insulating metal oxide film and a ca-  20 pacitive upper
electrode; an interlevel insulating film, which     is formed on the
capacitor device and has an opening reaching     the capacitive upper
electrode; a metal interconnection, which     is formed on the interlevel
insulating film so as to be elec-     trically connected to the capacitive
upper electrode through  25 the opening and includes a titanium film; and
an anti-                                     7 



diffusion film, which is formed between the capacitive upper     electrode
and the metal interconnection, has conductivity and     prevents titanium
atoms composing the titanium film of the     metal interconnection from
passing through the capacitive up-  5 per electrode and diffusing into the
capacitive insulating     film.          In the semiconductor device of the
present invention, an     anti-diffusion film for preventing titanium atoms
composing     the titanium film of the metal interconnection from passing
10 through the capacitive upper electrode and diffusing into the
capacitive insulating film is formed between the capacitive     upper
electrode and the metal interconnection. Thus, during     the heat
treatment on the metal interconnection, the titanium     atoms in the
titanium film do not pass through the grain  15 boundary of metal crystals
composing the capacitive upper     electrode and do not diffuse into the
capacitive insulating     film. Accordingly, a semiconductor device
including a highly 



reliable capacitor device can be formed.          In the semiconductor
device of the present invention, the  20 anti-diffusion film is preferably
a metal nitride film or     metal oxide film having conductivity.
In such an embodiment, since the conductive metal ni-     tride film or
metal oxide film has no grain boundary and has     a dense structure, the
film can prevent the passage of tita-  25 nium atoms with certainty. In
particular, if the anti-                                    8
diffusion film is a conductive metal oxide film, the conduc-     tivity of
the film is not damaged even when a heat treatment     is conducted within
oxygen ambient in order to recover the     crystal structure of the
ferroelectric film constituting the  5 capacitive insulating film. This is
because the metal oxide     film has conductivity in the state of an oxide.
In the semiconductor device of the present invention, if 



the capacitive insulating film is a ferroelectric film, a     highly
reliable nonvolatile memory can be obtained. On the  10 other hand, if the
capacitive insulating film is a high di-     electric film, a highly
reliable dynamic memory can be ob-     tained.          In the
semiconductor device of the present invention,     the titanium film is
preferably an adhesive layer, formed as  15 a lowermost layer of the metal
interconnection, for improving     adhesion between the metal
interconnection and the upper     electrode, and the anti-diffusion film is
preferably a tita-     nium nitride film.          In such an embodiment,
since the titanium film is an ad-  20 hesive layer, the adhesion between
the metal interconnection     and the upper electrode can be improved. In
addition, if the     anti-diffusion film is a titanium nitride film, then
no by-     product is formed during the deposition of the anti-diffusion
film. Moreover, even if titanium in the titanium film dif-  25 fuses toward
the anti-diffusion film over a certain distance,
9     



the nature of the anti-diffusion film is not changed and the
characteristics of the capacitor device are stabilized.          In the
semiconductor device of the present invention,     the  capacitive  upper
electrode  preferably  has  a  crystal  5 structure including a grain
boundary.          In such an embodiment, although the titanium atoms are
more likely to pass through the capacitive upper electrode,     the
titanium atoms do not diffuse into the capacitive insu-     lating film
because the atoms are prevented by the anti-  10. diffusion film from
reaching the capacitive upper electrode.          A first method for
fabricating a semiconductor device     according to the present invention
includes the steps of:     forming a capacitor device, including a
capacitive lower elec-     trode, a capacitive insulating film made of an
insulating  15 metal oxide film and a capacitive upper electrode, on a sub-
strate; forming an interlevel insulating film, having a con-     tact hole
reaching the capacitive upper electrode, on the     capacitor device;
depositing a conductive film, preventing the     passage of titanium atoms
therethrough, so as to cover the en-  



20 tire surface of the interlevel insulating film as well as the
contact hole; patterning the conductive film such that at     least a part
of the conductive film located inside the contact     hole is left, thereby
forming an anti-diffusion film out of     the conductive film; and forming,
on the interlevel insulating  25 film, a metal interconnection including a
titanium film such                                     10              that
the metal interconnection is electrically connected to     the capacitive
upper electrode via the anti-diffusion film.          In the first method
for fabricating a semiconductor de-     vice, a conductive film, preventing
the passage of titanium  5 atoms, is deposited over an interlevel
insulating film formed     on the capacitor device and including a contact
hole. Then,     the conductive film is patterned, thereby leaving the part
of     the conductive film located inside the contact hole. Thus, the
anti-diffusion film for preventing the titanium atoms from  10 passing
through the capacitive upper electrode and diffusing 



into the capacitive insulating film can be formed between the     upper
electrode of the capacitor device and the metal inter-     connection with
certainty.          A second method for fabricating a semiconductor device
15 according to the present invention, includes the steps of:     forming a
capacitor device, including a capacitive lower elec-     trode, a
capacitive insulating film made of an insulating     metal oxide film and a
capacitive upper electrode, on a sub-     strate; forming an interlevel
insulating film, having a con-  20 tact hole reaching the capacitive upper
electrode, on the     capacitor device; forming, on the interlevel
insulating film,     a resist pattern having an opening at a site
corresponding to     the contact hole; depositing a conductive film,
preventing the     passage of titanium atoms therethrough, so as to cover
the en-  25 tire surface of the resist pattern; lifting off the conductive
film together with the resist pattern such that a part of the
conductive film located inside the contact hole is left,  



thereby forming an anti-diffusion film out of the conductive     film; and
forming, on the interlevel insulating film, a metal  5 interconnection
including a titanium film such that the metal     interconnection is
electrically connected to the capacitive     upper electrode via the
anti-diffusion film.          In the second method for fabricating a
semiconductor de-     vice, a resist pattern having an opening at a site
correspond-  10 ing to a contact hole is formed on the interlevel
insulating     film formed on the capacitor device and including the
contact     hole, and a conductive film, preventing the passage of titani-
um atoms therethrough, is deposited thereon. Thus, the anti-     diffusion
film for preventing the titanium atoms from passing  15 through the
capacitive upper electrode and diffusing into the     capacitive insulating
film can be formed between the upper     electrode of the capacitor device
and the metal interconnec-     tion with certainty.          A third method
for fabricating a semiconductor device  20 according to the present
invention includes the steps of: se-     quentially stacking a first metal
film, an insulating metal     oxide film, a second metal film and a
conductive film, pre-     venting the passage of titanium atoms
therethrough, on a sub-     strate; patterning the second metal film and
the conductive  



25 film by using the same etching mask, thereby forming a ca-
12               pacitive upper electrode out of the second metal film and
an     anti-diffusion film out of the conductive film; patterning     the
insulating metal oxide film to form a capacitive insulat-     ing film and
patterning the first metal film to form a ca-  5 pacitive lower electrode;
forming an interlevel insulating     film, having a contact hole reaching
the capacitive upper     electrode, over a capacitor device constituted by
the ca-     pacitive lower electrode, the capacitive insulating film and
the capacitive upper electrode; and forming, on the interlev-  10 el
insulating film, a metal interconnection including a tita-     nium film
such that the metal interconnection is electrically     connected to the
capacitive upper electrode via the. anti-     diffusion film.          In
the third method for fabricating a semiconductor de-  



15 vice, among the sequentially stacked first metal film, insu-     lating
metal oxide film, second metal film and conductive     film preventing the
passage of titanium atoms therethrough,     the second metal film and the
conductive film are patterned     first, thereby forming a capacitive upper
electrode and an  20 anti-diffusion film. Then, a metal interconnection
including     a titanium film is formed over the interlevel insulating film
having a contact hole. Thus, the anti-diffusion film for pre-     venting
the titanium atoms from passing through the capacitive     upper electrode
and diffusing into the capacitive insulating  25 film can be formed between
the upper electrode of the. capaci-                                     13
tor device and the metal interconnection with certainty.          A fourth
method for fabricating a semiconductor device     according to the present
invention includes the steps of:     forming a capacitive lower electrode
and a capacitive insu-  



5 lating film made of an insulating metal oxide film on a sub-     strate;
depositing an interlevel insulating film so as to     cover the substrate
as well as the capacitive insulating     film; forming a resist pattern
over the interlevel insulating     film, the resist pattern having an
opening over a region  10 where a capacitive upper electrode is to be
formed; etching     the interlevel insulating film by using the resist
pattern as     a mask, thereby forming an upper electrode forming opening
through the interlevel insulating film; sequentially deposit-     ing a
metal film and a conductive film preventing the passage  15 of titanium
atoms therethrough so as to cover the entire sur-     face of the resist
pattern as well as the upper electrode     forming opening; lifting off the
metal film and the conduc-     tive film together with the resist pattern
such that part of     the metal film and part of the conductive film, which
are lo-  20 cated in the upper electrode forming opening, are left,
thereby forming the capacitive upper electrode out of the     metal film
and an anti-diffusion film out of the conductive     film; and forming, on
the interlevel insulating film, a metal     interconnection including a
titanium film such that the metal  25 interconnection is electrically
connected to the capacitive    



14               upper electrode via the anti-diffusion film.          In
the fourth method for fabricating a semiconductor de-     vice, the
interlevel insulating film is etched by using, as a     mask, a resist
pattern including an opening over the region  5 where the capacitive upper
electrode is to be formed, thereby     forming an upper electrode forming
opening through the inter-     level insulating film. Then, a metal film
and a conductive     film preventing the passage of titanium atoms
therethrough     are deposited, and a metal interconnection including a
tita-  10 nium film is formed thereon. Thus, the anti-diffusion film
for preventing the titanium atoms from passing through the ca-     pacitive
upper electrode and diffusing into the capacitive in-     sulating film can
be formed between the upper electrode of the     capacitor device and the
metal interconnection with certainty.  15      Therefore, in accordance
with the first to fourth methods     for fabricating a semiconductor
device, the semiconductor de-  



vice of the present invention can be fabricated with cer-     tainty.
In the first to fourth methods for fabricating a semicon-  20 ductor
device, the conductive film is preferably a metal ni-     tride film or
metal oxide film having conductivity.          In the first to fourth
methods for fabricating a semicon-     ductor device, the capacitive
insulating film is preferably a     ferroelectric film or a high dielectric
film.  25      In the first to fourth methods for fabricating a semicon-
15              ductor device, the titanium film is preferably an adhesive
layer, formed as a lowermost layer of the metal interconnec-     tion, for
improving adhesion between the metal interconnec-     tion and the
capacitive upper electrode, and the anti-  5 diffusion film is preferably a
titanium nitride film.          In the first to fourth methods for
fabricating a semicon-     ductor device, the capacitive upper electrode
preferably has 



a crystal structure including a grain boundary.    10               BRIEF
DESCRIPTION OF THE DRAWINGS          Figure 1 is a cross-sectional view of
a semiconductor     device in the first embodiment of the present
invention.          Figure 2 is a cross-sectional view of a semiconductor
device in the second embodiment of the present invention.  15      Figure 3
is a cross-sectional view of a semiconductor     device in a variation of
the second embodiment of the present     invention.          Figure 4 is a
cross-sectional view of a semiconductor     device in the third embodiment
of the present invention.  20      Figure 5 is a cross-sectional view of a
semiconductor     device in the fourth embodiment of the present invention.
Figures 6(a) through 6(c) are cross-sectional views il-     lustrating
respective process steps in a method for fabricat-     ing the
semiconductor device of the first embodiment of the  25 present invention.
16     



Figures 7(a) through 7(o) are cross-sectional views il-     lustrating
respective process steps in the method for fabri-     cating the
semiconductor device of the first embodiment of     the present invention.
5      Figures 8(a) through 8(o) are cross-sectional views il-
lustrating respective process steps in a method for fabricat-     ing the
semiconductor device of the second embodiment of the     present invention.
Figures 9(a) through 9(o) are cross-sectional views il-  10 lustrating
respective process steps in the method for fabri-     cating the
semiconductor device of the second embodiment of     the present invention.
Figures 10(a) through 10(e) are cross-sectional views     illustrating
respective process steps in a method for fabri-  15 cating the
semiconductor device of the third embodiment of     the present invention.
Figures 11(a) through 11(o) are cross-sectional views     illustrating
respective process steps in a method for fabri-     cating the
semiconductor device of the fourth embodiment of  



20 the present invention.          Figures 12(a) through 12(o) are
cross-sectional views     illustrating respective process steps in the
method for fab-     ricating the semiconductor device of the fourth
embodiment of     the present invention.  25      Figure 13 is a
cross-sectional view of a conventional
17               semiconductor device.          Figures 14(a) through 14(e)
are cross-sectional views     illustrating respective process steps in a
conventional     method for fabricating a semiconductor device.  5
DESCRIPTION OF THE PREFERRED EMBODIMENTS     EMBODIMENT 1
Hereinafter, a semiconductor device according to the     first embodiment
of the present invention will be described  



10 with reference to Figure 1.          Figure 1 illustrates a
cross-sectional structure of the     semiconductor device in the first
embodiment. As shown in     Figure 1, a lower electrode 11 made of a first
platinum film,     a capacitive insulating film 12 made of an insulating
metal  15 oxide film such as a ferroelectric film or a high dielectric
film, and an upper electrode 13 made of a second platinum     film are
sequentially formed on a semiconductor substrate 10     made of silicon.
The lower electrode 11, the capacitive insu-     lating film 12 and the
upper electrode 13 constitute a ca-  20 pacitor device. In this embodiment,
the size of the lower     electrode 11 is larger than that of the upper
electrode 13     such that a metal interconnection can be extended upward
to     pass by the sides of the upper electrode 13 and be electri-
cally connected to the lower electrode 11.  25      An interlevel
insulating film 14 made of a silicon oxide
18          



film, for example, is deposited to cover the entire surface of     the
semiconductor substrate 10 as well as the capacitor device.     A
lower-electrode contact hole 15 and an upper-electrode con-     tact hole
16 are formed through the interlevel insulating film  5 14.          The
first embodiment is characterized by including an     anti-diffusion
conductive film 17 made of a conductive metal     nitride film (e.g., a
titanium nitride film) on the. inner     bottom surface and inner wall
surfaces of the upper-electrode  10 contact hole 16 and on a part of the
interlevel insulating     film 14 surrounding the upper-electrode contact
hole 16.          Metal interconnections 18, each consisting of a titanium
film 18a, a first titanium nitride film 18b, an aluminum film     18c and a
second titanium nitride film 18d, are formed over  15 the interlevel
insulating film 14 as well as the inner sur-     faces of the
lower-electrode contact hole 15 and the upper-     electrode contact hole
16. In this embodiment, one of the     metal interconnections 18 is
electrically connected to the     lower electrode 11 directly inside the
lower-electrode contact  20 hole 15. The other metal interconnection 18 is
electrically     connected to the upper electrode 13 via the anti-diffusion
conductive film 17 inside the upper-electrode contact hole 16. 



It is noted that the titanium film 18a functions as an     adhesive layer
for improving the adhesion between the alumi-  25 num film 18c and the
lower electrode 11 and between the alu-
19               minum film 18c and the upper electrode 13. The first
titanium     nitride film 18b functions as a barrier layer for preventing
aluminum in the aluminum film 18c from diffusing into the ca-     pacitive
insulating film 12. The second titanium nitride film  5  18d functions as
an anti-reflection film while an upper in-     terlevel insulating film to
be deposited on the metal inter-     connections 18 is etched.
Hereinafter, a method for fabricating the semiconductor     device in the
first embodiment of the present invention will  10 be described with
reference to Figures 6(a) through 6(c) and     Figures 7(a) through 7(c).
First, as shown in Figure 6(a), the first platinum film 



11A, the ferroelectric film 12A and the second platinum film     13A are
sequentially stacked over the entire surface of the  15 semiconductor
substrate 10.          Thereafter, as shown in Figure 6(b), the second
platinum     film 13A is selectively etched, thereby forming the upper
electrode 13. Then, the ferroelectric film 12A and the first     platinum
film l1A are selectively etched, thereby forming the  20 capacitive
insulating film 12 out of the ferroelectric film     12A and the lower
electrode 11 out of the first platinum film     11A. In this embodiment,
the ferroelectric film 12A and the     first platinum film 11A are
preferably etched by using the     same mask, because mask misalignment can
be prevented by do-  25  ing so.  Alternatively, the ferroelectric film 12A
and the                                     20              first platinum
film 11A may be etched separately by using re-     spectively different
masks. Then, the capacitive insulating  



film 12 is selectively etched in order to form a region from     which a
metal interconnection to be electrically connected to  5 the lower
electrode 11 is extended upward. Subsequently, in     order to recover and
stabilize the crystal structure of the     ferroelectric film constituting
the capacitive insulating     film 12, the capacitive insulating film 12 is
subjected to a     heat treatment within oxygen ambient.  10      Next, as
shown in Figure 6(c), the interlevel insulating     film 14 made of a
silicon oxide film is deposited over the en-     tire surface of the
semiconductor substrate 10. And the inter-     level insulating film 14 is
selectively etched, thereby     forming the lower-electrode contact hole 15
and the upper-  15 electrode contact hole 16. Then, in order to recover and
sta-     bilize the crystal structure of the ferroelectric film con-
stituting the capacitive insulating film 12, the capacitive     insulating
film 12 is subjected to a heat treatment within     oxygen ambient.  20
Next, as shown in Figure 7(a), the titanium nitride film     17A is
deposited so as to cover the entire surface of the     semiconductor
substrate 10 as well as the inner surfaces of     the lower-electrode
contact hole 15 and the upper-electrode     contact hole 16. Then, a resist
pattern 19 having an opening  



25 over the upper-electrode contact hole 16 and the surrounding
21              region thereof is formed over the titanium nitride film
17A.          Subsequently, as shown in Figure 7(b), the titanium ni-
tride film 17A is etched by using the resist pattern 19 as a     mask,
thereby forming the anti-diffusion conductive film 17  5 out of the
titanium.nitride film 17A so as to cover the inner     bottom surface and
inner wall surfaces of the upper-electrode     contact hole 16 and part of
the upper surface of the inter-     level insulating film 14 surrounding
the upper-electrode con-     tact hole 16.  10      Then, as shown in
Figure 7(o), the metal interconnec-     tions 18, each consisting of the
titanium film 18a, the first     titanium nitride film 18b, the aluminum
film 18c and the sec-     ond titanium nitride film 18d, are formed over
the anti-     diffusion conductive film 17 and the interlevel insulating
15 film 14. The titanium film 18a functions as an adhesive layer 



for improving the adhesion between the aluminum film 18c and     the lower
electrode 11 and between the aluminum film 18a and     the upper electrode
13. The first titanium nitride film 18b     functions as a barrier layer
for preventing aluminum in the  20 aluminum film 18c from diffusing into
the capacitive insulat-     ing film 12. The second titanium nitride film
18d functions     as an anti-reflection film while an upper interlevel
insulat-     ing film to be deposited over the metal interconnections 18
is etched.  25      Next, in order to further improve the adhesion between
22              the titanium film 18a constituting the metal
interconnections     18 and the interlevel insulating film 14, the metal
intercon-     nections 18 are subjected to a heat treatment.          In
the first embodiment, the inner bottom surface and  5 inner wall surfaces
of the upper-electrode contact hole 16  



and the part of the upper surface of the interlevel insulat-     ing film
14 surrounding the upper-electrode contact hole 16     are covered with the
anti-diffusion conductive film 17 made     of the titanium nitride film.17A
including no grain boundari-  10 es and having a dense structure. Thus, the
titanium atoms in     the titanium film 18a constituting the metal
interconnections     18 do not pass through the anti-diffusion conductive
film 17.     Accordingly, during the heat treatment conducted on the metal
interconnections 18, it is possible to prevent the titanium  15  atoms in
the titanium film 18a from passing through the grain     boundaries of
metal crystals composing the upper electrode 13     and diffusing into the
capacitive insulating film 12.  As a     result, in the first embodiment, a
semiconductor device in-     cluding a highly reliable capacitor device can
be formed.  20      In addition, in the first embodiment, not only the
inner     surfaces of the upper-electrode contact hole 16 but also the
part of the upper surface of the interlevel insulating film     14
surrounding the upper-electrode contact hole 16 are cov-     ered with the
anti-diffusion conductive film 17. Thus, even  25 when a mask used for
patterning the titanium nitride film 17A
23  



is out of alignment to a certain degree, the inner bottom     surface of
the upper-electrode contact hole 16 can be covered     with the
anti-diffusion conductive film 17 with certainty.          Hereinafter, the
evaluation of the semiconductor device  5 of the first embodiment will be
described.          Table 1 shows in comparison the characteristics of the
capacitor device in the semiconductor device of the first em-     bodiment
and the characteristics of a capacitor device in a     conventional
semiconductor device.  10 [Table 1]                          Breakdown
voltage (V)   Data retention time
(years)    First Embodiment             40                   10
Conventional Capacitor       20                    1          As can be
understood from Table 1, in the first embodi-     ment, the breakdown
voltage of the capacitor device is 40 V,     which is twice as high as that
of the conventional capacitor     device. The data retention time of the
capacitor device of  15 the first embodiment is 10 years, which is ten
times as long  



as that of the conventional capacitor device.       EMBODIMENT 2
Hereinafter, a semiconductor device according to the  20 second embodiment
of the present invention will be described     with reference to Figure 2.
Figure 2 illustrates a cross-sectional structure of the
24               semiconductor device in the second embodiment.   As shown
in     Figure 2, a lower electrode 21 made of a first platinum film,     a
capacitive insulating film 22 made of an insulating metal     oxide film
such as a ferroelectric film or a high dielectric  5 film, and an upper
electrode 23 made of a second platinum     film are sequentially formed on
a semiconductor substrate 20     made of silicon. The lower electrode 21,
the capacitive insu-     lating film 22 and the upper electrode 23
constitute a ca- 



pacitor device.  10      An interlevel insulating film 24 made of a silicon
oxide     film, for example, is deposited to cover the entire surface of
the semiconductor substrate 20 as well as the capacitor device.     A
lower-electrode contact hole 25 and an upper-electrode con-     tact hole
26 are formed through the interlevel insulating film  15 24.          The
second embodiment is characterized in that an anti-     diffusion
conductive film 27 made of a titanium nitride film     is filled in the
upper-electrode contact hole 26.          Metal interconnections 28, each
consisting of a titanium  20 film 28a, a first titanium nitride film 28b,
an aluminum film     28c and a second titanium nitride film 28d, are formed
so as     to cover the interlevel insulating film 24 as well as the in-
ner surfaces of the lower-electrode contact hole 25. In this
embodiment, one of the metal interconnections 28 is electri-  25 cally
connected to the lower electrode 21 directly inside the
25       



lower-electrode contact hole 25. The other metal interconnec-     tion 28
is electrically connected to the upper electrode 23     via the
anti-diffusion conductive film 27 above the upper-     electrode contact
hole 26. In other words, the latter metal  5 interconnection 28 is
electrically connected to the upper     electrode 23 without being bent in
the vertical direction.     Thus, the latter metal interconnection 28 can
be electrically     connected to the upper electrode 23 with more
certainty.          Hereinafter, a semiconductor device according to a  10
variation of the second embodiment of the present invention     will be
described with reference to Figure 3.          Figure 3 illustrates a
cross-sectional structure of the     semiconductor device in the variation
of the second embodi-     ment. Only the difference between the second
embodiment and  15 this variation will be described below.          The
variation of the second embodiment is characterized     in that the
anti-diffusion conductive film 27 made of a tita-     nium nitride film,
for example, is deposited only in the low-     er part inside the
upper-electrode contact hole 26.  Thus,  20 part of the metal
interconnection 28 consisting of the tita-  



nium film 28a, the first titanium nitride film 28b, the alu-     minum film
28c and the second titanium nitride film 28d is     located inside the
upper-electrode contact hole 26. Accord-     ingly, one of the metal
interconnections 28 is electrically  25 connected to the lower electrode 21
directly inside the lower-                                    26
electrode contact hole 25. The other metal interconnection 28     is
electrically connected to the upper electrode 23 via the     anti-diffusion
conductive film 27 inside the upper-electrode     contact hole 26.  5
Hereinafter, a method for fabricating the semiconductor     device in the
second embodiment of the present invention will     be described with
reference to Figures 8(a) through 8(c) and     Figures 9(a) through 9(c).
First, as shown in Figure 8(a), the first platinum film  10 21A, the
ferroelectric film 22A and the second platinum film     23A are
sequentially stacked over the entire surface of the 



semiconductor substrate 20.          Thereafter, as shown in Figure 8(b),
the second platinum     film 23A is selectively etched, thereby forming the
upper  15 electrode 23. Then, the ferroelectric film 22A and the first
platinum film 21A are selectively etched, thereby forming the
capacitive insulating film 22 out of the ferroelectric film     22A and the
lower electrode 21 out of the first platinum film     21A. Then, the
capacitive insulating film 22 is selectively  20 etched in order to form a
region from which a metal intercon-     nection to be electrically
connected to the lower electrode 21     is extended upward. Subsequently,
in order to recover and     stabilize the crystal structure of the
ferroelectric film     constituting the capacitive insulating film 22, the
ca-  25 pacitive insulating film 22 is subjected to a heat treatment
27              within oxygen ambient.  



Next, as shown in Figure 8(c), the interlevel insulating     film 24 made
of a silicon oxide film is deposited over the en-     tire surface of the
semiconductor substrate 20. And the inter-  5 level insulating film 24 is
selectively etched, thereby     forming the lower-electrode contact hole 25
and the upper-     electrode contact hole 26. Then, in order to recover and
sta-     bilize the crystal structure of the ferroelectric film con-
stituting the capacitive insulating film 22, the capacitive  10 insulating
film 22 is subjected to a heat treatment within     oxygen ambient.
Thereafter, as shown in Figure 9(a), a resist pattern 29     having an
opening in a region corresponding to the upper-     electrode contact hole
26 is formed over the interlevel insu-  15 lating film 24 and the titanium
nitride film 27A is deposited     over the entire surface of the
semiconductor substrate 20.          Subsequently, as shown in Figure 9(b),
the resist pat-     tern 29 is removed and the titanium nitride film 27A
deposit-     ed on the resist pattern 29 is lifted off, thereby forming  20
the anti-diffusion conductive film 27 out of the titanium ni-     tride
film 27A so as to fill in only the inside of the upper-     electrode
contact hole 26.          Then, as shown in Figure 9(c), the metal
interconnec-  



tions 28, each consisting of the titanium film 28a, the first  25 titanium
nitride film 28b, the aluminum film 28c and the sec-
28              ond titanium nitride film 28d, are formed over the anti-
diffusion conductive film 27 and the interlevel insulating     film 24.
Next, in order to further improve the adhesion be-     tween the titanium
film 28a constituting the metal intercon-  5  nections 28 and the
interlevel insulating film 24, the metal     interconnections 28 are
subjected to a heat treatment.          In the second embodiment and the
variation thereof, the     anti-diffusion conductive film 27 made of the
titanium ni-     tride film 27A including no grain boundaries and having a
10 dense structure is formed inside the upper-electrode contact     hole
26. Thus, the titanium atoms in the titanium film 28a     constituting the
metal interconnections 28 do not pass     through the anti-diffusion
conductive film 27. Accordingly,     during the heat treatment conducted on
the metal interconnec- 



15 tions 28, it is possible to prevent the titanium atoms in the
titanium film 28a from passing through the grain boundaries     of metal
crystals composing the upper electrode 23 and dif-     fusing into the
capacitive insulating film 22. As a result,     in the second embodiment
and the variation thereof, a semi-  20 conductor device including a highly
reliable capacitor device     can be formed.          In addition, in the
second embodiment, since the anti-     diffusion conductive film 27 is
filled in the. upper-electrode     contact hole 26, the metal
interconnection 28 is not bent  25  over the upper-electrode contact hole
26.  Thus, the contact                                    29
between the metal interconnection 28 and the upper electrode     23 is
satisfactory.          Hereinafter, the evaluation of the semiconductor
device     of the second embodiment will be described.  



5      Table 2 shows in comparison the characteristics of the     capacitor
device in the semiconductor device of the second     embodiment and the
characteristics of a capacitor device in a     conventional semiconductor
device.     [Table 21                          Breakdown voltage (V)   Data
retention time                                                     (years)
Second Embodiment            40                   10    Conventional
Capacitor       20                    1  10      As can be understood from
Table 2, in the second embodi-     ment, the breakdown voltage of the
capacitor device is 40 V,     which is twice as high as that of the
conventional capacitor     device. The data retention time of the capacitor
device of     the second embodiment is 10 years, which is ten times as long
15 as that of the conventional capacitor device.       EMBODIMENT 3
Hereinafter, a semiconductor device according to the     third embodiment
of the present invention will be described  20 with reference to Figure 4.
Figure 4 illustrates a cross-sectional structure of the     semiconductor
device in the third embodiment.   As shown in
30 



Figure 4, a lower electrode 31 made of a first platinum film,     a
capacitive insulating film 32 made of an insulating metal     oxide film
such as a ferroelectric film or a high dielectric     film, and an upper
electrode 33 made of a second platinum  5  film are sequentially formed on
a semiconductor substrate 30     made of silicon. The lower electrode 31,
the capacitive in-     sulating film 32 and the upper electrode 33
constitute a ca-     pacitor device.          An interlevel insulating film
34 made of a silicon oxide  10 film, a silicon nitride film or the like, is
deposited to cov-     er the entire surface of the semiconductor substrate
30 as     well as the capacitor device. A lower-electrode contact hole
35 and an upper-electrode contact hole 36 are formed through     the
interlevel insulating film 34.  15      The third embodiment is
characterized in that an anti-     diffusion conductive film 37 made of a
titanium nitride film     having the same planar shape as that of the upper
electrode 



33 is formed on the upper electrode 33.          Metal interconnections 38,
each consisting of a titanium  20 film 38a, a first titanium nitride film
38b, an aluminum film     38c and a second titanium nitride film 38d, are
formed to cov-     er the interlevel insulating film 34 as well as the
inner sur-     faces of the lower-electrode contact hole 35 and the upper-
electrode contact hole 36. In this embodiment, one of the  25 metal
interconnections 38 is electrically connected to the
31              lower electrode 31 directly inside the lower-electrode
contact     hole 35. The other metal interconnection 38 is electrically
connected to the upper electrode 33 at the bottom of the up-
per-electrode contact hole 36 via the anti-diffusion conduc-  5 tive film
37.          Hereinafter, a method for fabricating the semiconductor
device in the third embodiment of the present invention will  



be described with reference to Figures 10(a) through 10(e).          First,
as shown in Figure 10(a), the first platinum film  10 31A, the
ferroelectric film 32A, the second platinum film 33A     and the titanium
nitride film 37A are sequentially stacked     over the entire surface of
the semiconductor substrate 30.          Thereafter, as shown in Figure
10(b), the titanium ni-     tride film 37A and the second platinum film 33A
are patterned  15 by using the same etching mask, thereby forming the anti-
diffusion conductive film 37 out of the titanium nitride film     37A and
the upper electrode 33 out of the second platinum     film 33A.
Subsequently, in order to recover and stabilize     the crystal structure
of the ferroelectric film 32A, the fer-  20 roelectric film 32A is
subjected to a heat treatment within     oxygen ambient.          Then, as
shown in Figure 10(c), the ferroelectric film     32A and the first
platinum film 31A are patterned, thereby     forming the capacitive
insulating film 32 out of the ferroe-  25  lectric film 32A and the lower
electrode 31 out of the first                                     32      



platinum film 31A. Thereafter, the capacitive insulating film     32 is
selectively etched in order to form a region from which     a metal
interconnection to be electrically connected to the     lower electrode 31
is extended upward. Subsequently, in order  5 to recover and stabilize the
crystal structure of the ferroe-     lectric film constituting the
capacitive insulating film 32,     the capacitive insulating film 32 is
subjected to a heat     treatment within oxygen ambient.          Next, as
shown in Figure 10(d), the interlevel insulating  10 film 34 made of a
silicon oxide film is deposited over the en-     tire surface of the
semiconductor substrate 30. And the inter-     level insulating film 34 is
selectively etched, thereby     forming the lower-electrode contact hole 35
and the upper-     electrode contact hole 36. Then, in order to recover and
sta-  15 bilize the crystal structure of the ferroelectric film con-
stituting the capacitive insulating film 32, the capacitive     insulating
film 32 is subjected to a heat treatment within     oxygen ambient.
Next, as shown in Figure 10(e), the metal interconnec-  



20 tions 38, each consisting of the titanium film 38a, the first
titanium nitride film 38b, the aluminum film 38c and the sec-     ond
titanium nitride film 38d, are formed over the anti-     diffusion
conductive film 37 and the interlevel insulating     film 34. Then, in
order to further improve the adhesion be-  25 tween the titanium film 38a
constituting the metal intercon-                                    33
nections 38 and the interlevel insulating film 34, the metal
interconnections 38 are subjected to a heat treatment.          In the
third embodiment, the anti-diffusion conductive     film 37 made of the
titanium nitride film 37A including no  5 grain boundaries and having a
dense structure is formed under     the bottom of the upper-electrode
contact hole 36. Thus, the     titanium atoms in the titanium film 38a
constituting the     metal interconnection 38 do not pass through the anti-
diffusion conductive film 37.  Accordingly, during the heat  10 treatment
conducted on the metal interconnections 38, it is 



possible to prevent the titanium atoms in the titanium film     38a from
passing through the grain boundaries of metal crys-     tals composing the
upper electrode 33 and diffusing into the     capacitive insulating film
32. As a result, in the third em-  15 bodiment, a semiconductor device
including a highly reliable     capacitor device can be formed.
Hereinafter, the evaluation of the semiconductor device     of the third
embodiment will be described.          Table 3 shows in comparison the
characteristics of the  20 capacitor device in the semiconductor device of
the third em-     bodiment and the characteristics of a capacitor device in
a     conventional semiconductor device.
34          



[Table 3]                           Breakdown voltage (V)   Data retention
time                                                     (years)    Third
Embodiment              40                  10    Conventional Capacitor
20                    1          As can be understood from Table 3, in the
third embodi-     ment, the breakdown voltage of the capacitor device is 40
V,     which is twice as high as that of the conventional capacitor  5
device.  The data retention time of the capacitor device of     the third
embodiment is 10 years, which is ten times as long     as that of the
conventional capacitor device.        EMBODIMENT 4  10      Hereinafter,  a
semiconductor  device according to the     fourth embodiment of the present
invention will be described     with reference to Figure 5.          Figure
5 illustrates a cross-sectional structure of the     semiconductor device
in the fourth embodiment.   As shown in  15 Figure 5, a lower electrode 41
made of a first platinum film,     a capacitive insulating film 42 made of
an insulating metal     oxide film such as a ferroelectric film or a high
dielectric     film, and an upper electrode 43 made of a second platinum  



film are sequentially formed on a semiconductor substrate 40  20 made of
silicon. The lower electrode 41, the capacitive in-     sulating film 42
and the upper electrode 43 constitute a ca-     pacitor device.
35                    An interlevel insulating film 44, made of a silicon
oxide     film, a silicon nitride film or the like, is deposited to cov-
er the entire surface of the semiconductor substrate 40 as     well as the
capacitor device. A lower-electrode contact hole  5 45 and an
upper-electrode contact hole 46 are formed through     the interlevel
insulating film 44.          The fourth embodiment is characterized in that
an anti-     diffusion conductive film 47 made of a titanium nitride film,
for example, is deposited so as to fill in only the lower  10 part inside
the lower-electrode contact hole 45 and the lower     part inside the
upper-electrode contact hole 46. 



Metal interconnections 48, each consisting of a titanium     film 48a, a
first titanium nitride film 48b, an aluminum film     48c and a second
titanium nitride film 48d, are formed to cov-  15  er the interlevel
insulating film 44 as well as the inner sur-     faces of the
lower-electrode contact hole 45 and the upper-     electrode contact hole
46. In this embodiment, one of the     metal interconnections 48 is
electrically connected to the     lower electrode 41 via the anti-diffusion
conductive film 47  20 inside the lower-electrode contact hole 45. The
other metal     interconnection 48 is electrically connected to the upper
electrode 43 via the anti-diffusion conductive film 47 inside     the
upper-electrode contact hole 46.          Hereinafter, a method for
fabricating the semiconductor  25 device in the fourth embodiment of the
present invention will                                     36
be described with reference to Figures 11(a) through 11(c) 



and Figures 12(a) through 12(c).          First, as shown in Figure 11(a),
the first platinum film     41A and the ferroelectric film 42A are
sequentially stacked  5 over the entire surface of the semiconductor
substrate 40.          Thereafter, as shown in Figure 11(b), the
ferroelectric     film 42A and the first platinum film 41A are selectively
etched, thereby forming the capacitive insulating film 42 out     of the
ferroelectric film 42A and the lower electrode 41 out  10 of the first
platinum film 41A. Then, the capacitive insulat-     ing film 42 is
selectively etched in order to form a region     from which a metal
interconnection to be electrically con-     nected to the lower electrode
41 is extended upward. Subse-     quently, in order to recover and
stabilize the crystal  15 structure of the ferroelectric film constituting
the ca-     pacitive insulating film 42, the capacitive insulating film
42 is subjected to a heat treatment within oxygen ambient.          Next,
as shown in Figure 11(c), the interlevel insulating     film 44 is
deposited over the entire surface of the semicon-  20 ductor substrate 40.
And a resist pattern 49, having openings     over the respective regions
where the lower-electrode contact     hole and the upper-electrode contact
hole are to be formed, is     formed over the interlevel insulating film
44. 



Then, as shown in Figure 12(a), the interlevel insulating  25 film 44 is
patterned by using the resist pattern 49 as an
37              etching mask, thereby forming the lower-electrode contact
hole     45 and the upper-electrode contact hole 46 through the inter-
level insulating film 44. Thereafter, the second platinum film     43A and
the titanium nitride film 47A are sequentially depos-  5 ited to cover the
entire surface including the inner surfaces     of the lower-electrode
contact hole 45 and the upper-electrode     contact hole 46.          Next,
as shown in Figure 12(b), the resist pattern 49 is     removed and the
second platinum film 43A and the titanium ni-  10 tride film 47A deposited
on the resist pattern 49 are lifted     off, thereby leaving the second
platinum film 43A inside the     lower-electrode contact hole 45 and
forming the anti-diffusion     conductive film 47 out of the titanium
nitride film 47A  



thereon.  Also, inside the upper-electrode contact hole 46,  15 the upper
electrode 43 is formed out of the second platinum     film 43A and the
anti-diffusion conductive film 47 is formed     out of the titanium nitride
film 47A.          Then, as shown in Figure 12(c), the metal interconnec-
tions 48, each consisting of the titanium film 48a, the first  20 titanium
nitride film 48b, the aluminum film 48c and the sec-     ond titanium
nitride film 48d, are formed over the anti-     diffusion conductive film
47 and the interlevel insulating     film 44. Next, in order to further
improve the adhesion be-     tween the titanium film 48a constituting the
metal intercon-  25 nections 48 and the interlevel insulating film 44, the
metal                                     38               interconnections
48 are subjected to a heat treatment.          In the fourth embodiment,
the anti-diffusion conductive     film 47 made of the titanium nitride film
47A including no  



grain boundaries and having a dense structure is formed in-  5 side the
upper-electrode contact hole 46. Thus, the titanium     atoms in the
titanium film 48a constituting the metal inter-     connections 48 do not
pass through the anti-diffusion conduc-     tive  film  47.  Accordingly,
during  the  heat  treatment     conducted on the metal interconnections
48, it is possible to  10 prevent the titanium atoms in the titanium film
48a from     passing through the grain boundaries of metal crystals com-
posing the upper electrode 43 and diffusing into the ca-     pacitive
insulating film 42. As a result, in the fourth     embodiment, a
semiconductor device including a highly reli-  15 able capacitor device can
be formed.          Hereinafter, the evaluation of the semiconductor device
of the fourth embodiment will be described.          Table 4 shows in
comparison the characteristics of the     capacitor device in the
semiconductor device of the fourth  20 embodiment and the characteristics
of a capacitor device in a     conventional semiconductor device.
[Table 4]                          Breakdown voltage (V)   Data retention
time                                                    (years)    Fourth
Embodiment            40                  10    Conventional Capacitor
20                   1    



39                   As can be understood from Table 4, in the fourth
embodi-     ment, the breakdown voltage of the capacitor device is 40 V,
which is twice as high as that of the conventional capacitor     device.
The data retention time of the capacitor device of  5 the fourth embodiment
is 10 years, which is ten times as long     as that of the conventional
capacitor device.          In the foregoing first to fourth embodiments, a
titanium     nitride film is used as the anti-diffusion conductive film 17,
27, 37, 47. Alternatively, a metal film made of at least one  10 element
selected from the group consisting of tungsten, irid-     ium, tantalum,
rhodium, palladium, zirconium, niobium and va-     nadium; a metal nitride
film made of at least one element     selected from the group consisting of
tungsten, tantalum,     zirconium, niobium and vanadium; or a metal oxide
film made  15 of at least one element selected from the group consisting of
iridium, rhodium, palladium, osmium and ruthenium may be used  



instead.  Since these metal films, metal nitride films and     metal oxide
films include no grain boundaries and have a     dense structure, these
films also prevent the passage of ti-  20 tanium atoms in the titanium film
composing the metal inter-     connections 18, 28, 38, 48, in the same way
as the titanium     nitride film.          If one of the above-enumerated
metal oxide film is used     as the anti-diffusion conductive film 17, 27,
37, 47, then  25 the conductivity of the metal oxide film is not damaged
even                                    40              when a heat
treatment is conducted within oxygen ambient in     order to recover and
stabilize the crystal structure of the     ferroelectric film constituting
the capacitive insulating film     12, 22, 32, 42. This is because the
metal oxide film has con-  5 ductivity in the state of an oxide.
Also, a multi-layer structure including at least two     types of films
selected from the metal films, the metal ni- 



tride films and the metal oxide films may be used as the anti-
diffusion conductive film 17, 27, 37, 47.  10      In the first to fourth
embodiments, a multi-layer film     including a platinum film and an
iridium oxide film, instead     of the platinum film, may be used as the
lower electrode 11,     21, 31, 41 and/or the upper electrode 13, 23, 33,
43.          In the third and fourth embodiments, a plurality of upper  15
electrodes 33, 43 and a plurality of anti-diffusion conductive     films
37, 47, each having a small thickness, may be alternate-     ly stacked. In
such an embodiment, a stable upper electrode,     which is very less likely
to be deformed because of thermal     expansion, can be formed.  20      In
the first to fourth embodiments, a perovskite ferroe-     lectric film made
of barium titanate, lead titanate zirconate     or the like, or a bismuth
layer shaped perovskite ferroelec-     tric film made of
SrBi[err]Ta[err]O[err] or the like may be used as the     ferroelectric
film constituting the capacitive insulating  25 film 12, 22, 32, 42.
41     



Also, if an insulating metal oxide film, such as a high     dielectric
film, other than the ferroelectric film is used as     the capacitive
insulating film 12, 22, 32, 42, then the ca-     pacitor device may be
applied to a dynamic RAM.  5      In the first to fourth embodiments, a
silicon nitride     film or a silicon oxynitride film, instead of the
silicon ox-     ide film, may be used as the interlevel insulating film 14,
24, 34, 44. The semiconductor substrate 10, 20, 30, 40 may     be an
insulating substrate (such as a glass substrate), a  10 conductive
substrate or a semiconductor substrate on which     transistors or the like
are formed.                 



42                                                   43
Substitute sheet  WHAT IS CLAIMED IS:
REPLACEMENT SHEET  1.    A semiconductor device comprising:         a
substrate (1 0);         a capacitor device, which is formed on the
substrate (10) and includes a capacitive         lower electrode (11), a
capacitive insulating film (12) made of an insulating metal         oxide
film and a capacitive upper electrode (13);         an interlevel
insulating film (14), which is formed over the capacitor device and has
an opening (16) reaching the capacitive upper electrode (13); 



a metal interconnection (18), which is formed on the interlevel insulating
film (14) so         as to be electrically connected to the capacitive
upper electrode (13) through the         opening (18) and includes a
titanium film (1 8a); and         an anti-diffusion film (17), which is
formed between the capacitive upper electrode         (13) and the metal
interconnection (18), has conductivity and prevents titanium         atoms,
composing the titanium film (18a) of the metal interconnection (18), from
passing through the capacitive upper electrode (13) and diffusing into the
capacitive         insulating film (12).  2.    The semiconductor device of
Claim 1, characterized in that the anti-diffusion film (17)         is a
metal nitride film or metal oxide film having conductivity.  3.    The
semiconductor device of Claim 1, characterized in that the capacitive
insulating         film (14) is a ferroelectric film or a highly dielectric
film.  4.    The semiconductor device of Claim 1, characterized in that the
titanium film (18a) is         an adhesive layer, formed as a lowermost
layer of the metal interconnection (18), for         improving adhesion
between the metal interconnection (18) and the upper electrode
(13),         and wherein the anti-diffusion film (17) is a titanium
nitride film.  5.    The semiconductor device of Claim 1, characterized in
that the capacitive upper         electrode (13) has a crystal structure
including a grain boundary.       



44                          Substitute sheet  6.    A method for
fabricating a semiconductor device, comprising the steps of:
forming a capacitor device including a capacitive lower electrode, a
capacitive         insulating film made of an insulating metal oxide film
and a capacitive upper         electrode on a substrate;         forming an
interlevel insulating film, having a contact hole reaching the capacitive
upper electrode, over the capacitor device;         depositing a conductive
film preventing the passage of titanium atoms therethrough         so as to
cover the entire surface of the interlevel insulating film as well as the
contact         hole;         patterning the conductive film such that at
least a part of the conductive film located         inside the contact hole
is left, thereby forming an anti-diffusion film out of the
conductive film; and         forming, on the interlevel insulating film, a
metal interconnection including a titanium         film such that the metal
interconnection is electrically connected to the capacitive         upper
electrode via the anti-diffusion film.  7.    A method for fabricating a
semiconductor device, comprising the steps of:         forming a capacitor
device including a capacitive lower electrode, a capacitive
insulating film made of an insulating metal oxide film and a capacitive
upper         electrode on a substrate;         forming an interlevel
insulating film, having a contact hole reaching the capacitive
upper electrode, on the capacitor device; 



forming, on the interlevel insulating film, a resist pattern having an
opening at a site         corresponding to the contact hole;
depositing a conductive film preventing the passage of titanium atoms
therethrough         so as to cover the entire surface of the resist
pattern;                    REPLACEMENT SHEET
- 28 September 2000         lifting off the conductive film together with
the resist pattern such that a part of the          conductive film located
inside the contact hole is left, thereby forming an anti-
diffusion film out of the conductive film; and          forming, on the
interlevel insulating film, a metal interconnection including a titanium
film such that the metal interconnection is electrically connected to the
capacitive          upper electrode via the anti-diffusion film.  8.    A
method for fabricating a semiconductor device, comprising the steps of:
sequentially stacking a first metal film, an insulating metal oxide film, a
second metal          film and a conductive film, which prevents the
passage of titanium atoms          therethrough, on a substrate;
patterning the second metal film and the conductive film by using the same
etching          mask, thereby forming a capacitive upper electrode out of
the second metal film and          an anti-diffusion film out of the
conductive film;          patterning the insulating metal oxide film to
form a capacitive insulating film and 



patterning the first metal film to form a capacitive lower electrode;
forming an interlevel insulating film, having a contact hole reaching the
capacitive          upper electrode, over a capacitor device constituted by
the capacitive lower          electrode, the capacitive insulating film and
the capacitive upper electrode; and          forming, on the interlevel
insulating film, a metal interconnection including a titanium          film
such that the metal interconnection is electrically connected to the
capacitive          upper electrode via the anti-diffusion film.  9.    A
method for fabricating a semiconductor device, comprising the steps of:
forming a capacitive lower electrode and a capacitive insulating film made
of an         insulating metal oxide film on a substrate;
depositing an interlevel insulating film so as to cover the substrate as
well as the         capacitive insulating film;
REPLACEMENT SHEET                                                       46
forming a resist pattern over the interlevel insulating film, the resist
pattern having an         opening over a region where a capacitive upper
electrode is to be formed;         etching the interlevel insulating film
by using the resist patter as a mask, thereby         forming an upper
electrode forming opening through the interlevel insulating film;
sequentially depositing a metal film and a conductive film preventing the
passage of         titanium atoms therethrough so as to cover the entire
surface of the resist pattern as  



well as the upper electrode forming opening;         lifting off the metal
film and the conductive film together with the resist pattern such
that part of the metal film and part of the conductive film which are
located in the         upper electrode forming opening, are left, thereby
forming the capacitive upper         electrode out of the metal film and an
anti-diffusion film out of the conductive film;         and
forming, on the interlevel insulating film, a metal interconnection
including a titanium         film such that the metal interconnection is
electrically connected to the capacitive         upper electrode via the
anti-diffusion film.  10.   The method for fabricating a semiconductor
device of Claims 6 to 9, characterized in         that the conductive film
is a metal nitride film or metal oxide film having conductivity. 11.   The
method for fabricating a semiconductor device of Claims 6 to 9,
characterized in         that the capacitive insulating film is a
ferroelectric film or a high dielectric film.  12.   The method for
fabricating a semiconductor device of Claims 6 to 9, characterized in
that the titanium film is an adhesive layer, formed as a lowermost layer of
the metal         interconnection, for improving adhesion between the metal
interconnection and the         capacitive upper electrode,         and
wherein the anti-diffusion film is a titanium nitride film. 13.   The
method for fabricating a semiconductor device of Claims 6 to 9, wherein the
capacitive upper electrode has a crystal structure including a grain
boundary.    




