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ond field-effect transistors formed on a semiconductor sub-
strate. A capacitor composed of a capacitor lower electrode,
a capacitor msulating film composed of an 1insulating metal
oxide film, and a capacitor upper electrode 1s formed on the
protective 1nsulating film. A first contact plug formed in the
protective insulating film provides a direct connection
between the capacitor lower electrode and an impurity difiu-
sion layer of the first field-etlect transistor. A second contact
plug formed 1n the protective insulating film provides a
direct connection between the capacitor upper electrode and
an 1impurity diffusion layer of the second field-effect transis-
tor.
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SEMICONDUCTOR DEVICE AND METHOD
OF FABRICATING THE SAME

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

The present mvention relates to a semiconductor device
comprising a capacitor having a capacitor isulating film
composed of an msulating metal oxide film such as a ferro-
clectric film or a high-dielectric-constant film and to a
method of fabricating the same.

With the advancement of digital technology in recent
years, there have been increasing tendencies to process or
store a larger amount of data. Under such circumstances,
clectronic equipment has been more sophisticated than ever,
which has rapidly increased the integration density of a
semiconductor integrated circuit used in the electronic
equipment and promoted the miniaturization a semiconduc-
tor element used therein.

To 1ncrease the integration density of a dynamic RAM
composing the semiconductor integrated circuit, research
and development has been conducted widely on a technique
using a ferroelectric film or a high-dielectric-constant film as
a capacitor isulating film 1n place of a silicon oxide film or a
silicon nitride film that has been used conventionally.

To implement an actually usable nonvolatile RAM which
operates at a low voltage and permits a high-speed write or
read operation performed thereto, vigorous research and
development has been conducted on a ferroelectric film hav-
ing the property of spontaneous polarization.

The most significant challenge to the implementation of a
semiconductor device comprising a capacitor having a
capacitor msulating film made of an 1nsulating metal oxide
such as a ferroelectric film or a high-dielectric-constant film
1s the development of a process which allows the integration
of the capacitor mnto a CMOS integrated circuit without
degrading the properties of the capacitor. In particular, the
most 1mportant point 1s to prevent the degradation of the
properties of the capacitor due to the reduction of an msulat-
ing metal oxide composing the capacitor msulating film by
hydrogen.

Referring now to FIG. 8, a conventional semiconductor
device comprising a capacitor msulating film made of an
insulating metal oxide and a fabrication method therefor will

be described.

As shown 1n FIG. 8, a device 1solation region 11 1s formed
in a surface portion of a semiconductor substrate 10, fol-
lowed by a gate electrode 13 formed on the semiconductor
substrate 10 with a gate mnsulating film 12 interposed ther-
cbetween. Then, impurity ions at a low concentration are
implanted by using the gate electrode 13 as a mask.
Subsequently, impurity 1ons at a high concentration are
implanted by using the gate electrode 13 and the gate protec-
tive msulating film 14 as a mask, whereby impurity diffusion
layers 15 each having an LDD structure and serving as a
source or drain region of the field-effect transistor 1s formed.

Next, a first protective insulating film 16 1s deposited over
the entire surface of the semiconductor substrate 10. Then, a
first contact hole 1s formed in the first protective msulating
film 16 and a conductive film 1s filled in the first contact hole,
whereby a first contact plug 17 connected to one of the
impurity diffusion layers 15 which serves as the source or
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2

drain region of the first field-effect transistor forming a
memory cell 1s formed.

Next, a capacitor lower electrode 18 composed of a multi-
layer film consisting of a titamum film, a titanium nitride
film, an 1ridium oxide film, and a platinum film and con-
nected to the first contact plug 17 and a capacitor insulating
f1lm 19 composed of an insulating metal oxide are formed on
the first protective insulating film 16. Thereafter, an msulat-
ing film 20 1s formed on the first protective insulating film 16
to be located between the capacitor lower electrode 18 and
the capacitor insulating film 19.

Next, a capacitor upper electrode 21 composed of a multi-
layer film consisting of a platinum {ilm and a titanium film 1s
formed over the plurality of .capacitor nsulating films 19
and the insulating film 20 to have a peripheral portion
extending over the first protective insulating film 16. The
foregoing capacitor lower electrode 18, the capacitor insulat-
ing film 19, and the capacitor upper electrode 21 constitute a
capacitor for storing data. The capacitor and the first field-
cifect transistor constitute a memory cell. A plurality of
memory cells constitute a memory cell array.

Next, a hydrogen barrier film 22 composed of a silicon
nitride film or a boron nitride film 1s formed to cover the
capacitor upper electrode 21. Then, a second protective 1nsu-
lating film 23 1s deposited entirely over the hydrogen barrier
film 22 and the first protective insulating film 16. The hydro-
gen barrier layer 22 has the function of preventing a hydro-
gen atom from being diffused in the capacitor upper elec-
trode 21, reaching the capacitor insulating film 19, and
reducing the insulating metal oxide composing the capacitor
insulating film 19.

Next, a second contact hole 27 (see FIG. 9(a)) 1s formed 1n
the second protective imsulating film 23 and then a third
contact hole 28 (see FIG. 9(b)) 1s formed 1n the first and
second protective mnsulating films 16 and 23. Subsequently, a
conductive film 1s deposited on the second protective 1nsu-
lating film 23 such that the second and third contact holes 27
and 28 are filled therewith and then patterned, thereby form-
ing a second contact plug 24 connected to the capacitor
upper electrode 21, a third contact plug 25 connected to the
impurity diffusion layer 135 of the second field-eflect transis-
tor forming a sense amp, and a wiring layer 26 for providing

a connection between the second and third contact plugs 24
and 25.

In a semiconductor memory comprising a capacitor for
storing data which has the capacitor insulating film 19 made
of an insulating metal oxide, a voltage 1s applied to the
capacitor lower electrode 18 for every one bit so that the
capacitor lower electrode 18 1s connected to the impurity
diffusion layer 15 of the first field-effect transistor via the
first contact plug 17. On the other hand, since a voltage 1s
applied to the capacitor upper electrode 21 for every plural
bits, the capacitor upper electrode 21 1s connected to the
impurity diffusion layer 135 of the second field-eflect transis-
tor forming a sense amp via the second contact plug 24, the
wiring layer 26, and the third contact plug 25.

In the process of inspecting the properties of the capacitor
ol the semiconductor device obtained by the method
described above, the present inventors noticed that the 1nsu-
lating metal oxide composing the capacitor insulating film
19 was reduced wrrespective of the hydrogen barrier film 22
provided on the capacitor upper electrode 21 with the view
to preventing the reduction of the msulating metal oxide and
the properties of the capacitor were degraded thereby.

As a result of making a wide variety of examinations on
the cause of the reduction of the msulating metal oxide, the
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present inventors found that the imnsulating metal oxide was
reduced in accordance with the following mechanism. A
description will be given to the mechanism whereby the
insulating metal oxide film 1s reduced 1irrespective of the
hydrogen barrier film 22 provided on the capacitor upper
clectrode 21.

In the step of forming the second contact hole 27 1n the
second protective msulating film 23 by using the first resist
pattern 29 and removing the first resist pattern 29 by using
an oxygen plasma, as shown 1n FIG. 9(a), and in the step of
forming the third contact hole 28 in the first and second
protective msulating films 16 and 23 by using the second
resist pattern 30 and removing the second resist pattern 30
by using an oxygen plasma, as shown in FIG. 9(b), the
capacitor upper electrode 21 1s exposed 1n the second contact
hole 27 via the opening formed in the hydrogen barrier film
22, as shown 1n FIG. 10(a). Although FIG. 10(a) shows the
state 1n which the second resist pattern 30 1s formed on the
second protective insulating film 23, the capacitor upper
clectrode 21 1s also opposed to the ﬁrst resist pattern 29 via
the opening formed 1n the hydrogen barrier film 22 even it
the second contact hole 27 1s formed in the second protective
msulating film 23 by using the first resist pattern 29.

As aresult, most of OH groups generated in removing the
first and second resist patterns 29 and 30 by using the oxy-
gen plasma are evaporated but some of the generated OH
groups are decomposed by the catalytic reaction of platinum
present on a surface of the capacitor upper electrode 21, so
that active hydrogen 1s generated on the surface of the
capacitor upper electrode 21 as shown 1 FIG. 10(b). Oxy-
gen generated through the decomposition of the OH group 1s
combined with carbon in the resist pattern to form CO,
which 1s evaporated. The active hydrogen generated on the
surface of the capacitor upper electrode 21 1s diffused in the
capacitor upper electrode 21 through the opening of the
hydrogen barrier film 22 of the capacitor upper electrode 22
to reach the capacitor insulating film 19 and reduce the 1nsu-
lating metal oxide composing the capacitor insulating film
19, as shown 1 FI1G. 10(c), which degrades the properties of

the capacitor.

If the wiring layer 26 formed by patterming the conductive
film deposited on the second protective msulating film 23 1s
subjected to an annealing process (sintering) performed 1n a
hydrogen atmosphere, a hydrogen atom 1s diffused in the
second contact plug 24 and 1n the capacitor upper electrode
21 to reach the capacitor insulating film 19 and reduce the
insulating metal oxide composing the capacitor msulating
film 19, as shown 1n FIG. 11, which also degrades the prop-
erties of the capacitor.

SUMMARY OF THE INVENTION

In view of the foregoing, 1t 1s therefore an object of the
present invention to prevent the reduction of an insulating
metal oxide composing a capacitor msulating film and
thereby prevent the degradation of the properties of the
capacitor.

To attain the object, a semiconductor device according to
the present mvention comprises: a protective insulating film
deposited on a semiconductor substrate having first and sec-
ond field-effect transistors formed thereon; a capacitor com-
posed ol a capacitor lower electrode, a capacitor insulating,
film made of an insulating metal oxide, and a capacitor
upper electrode which are formed in upwardly stacked rela-
tionship on the protective msulating film; a first contact plug,
formed 1n the protective msulating film to provide a direct
connection between an impurity diffusion layer serving as a
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4
source or drain region of the first field-effect transistor and
the capacitor lower electrode; and a second contact plug
formed 1n the protective msulating film to provide a direct
connection between an impurity diffusion layer serving as a

source or drain region of the second field-effect transistor
and the capacitor upper electrode.

In the semiconductor device according to the present
invention, the capacitor upper electrode of the capacitor 1s
connected directly to the impurity diffusion layer of the sec-
ond field-effect transistor by the second contact plug formed
in the protective insulating film, not by the wiring layer
formed on the protective insulating film deposited on the
capacitor as in the conventional semiconductor device. This
obviates the necessity to form a contact hole for providing a
connection between the wiring layer formed on the protec-
tive msulating film on the capacitor and the capacitor upper
clectrode and hence the necessity for a resist pattern for
forming the contact hole. As a result, there can be circum-
vented a situation 1n which hydrogen generated 1n removing
the resist pattern by using an oxygen plasma reaches the
capacitor msulating film. Since the capacitor upper electrode
1s covered with the protective insulating film on the capacitor
during the formation of the contact hole for providing a con-
nection between the wiring layer formed on the protective
insulating film on the capacitor and the impurity diffusion
layer of the second field-effect transistor, there can be cir-
cumvented a situation in which hydrogen generated in
removing the resist pattern for forming the contact hole by
using an oxygen plasma reaches the capacitor msulating
film. Even i1 the wiring layer formed on the protective 1nsu-
lating {ilm on the capacitor 1s treated with heat 1n a hydrogen
atmosphere, hydrogen 1n the hydrogen atmosphere 1s pre-
vented from reaching the capacitor insulating film since the
wiring layer 1s not connected to the capacitor upper elec-
trode. This prevents the reduction of the insulating metal
oxide composing the capacitor msulating film and improves
the properties of the capacitor.

In the semiconductor device according to the present
invention, the capacitor insulating film 1s preferably formed
conformally to the capacitor lower electrode, the semicon-
ductor device preferably further comprising: insulating side-
walls formed on respective side surfaces of the capacitor
lower electrode and the capacitor insulating film, wherein
the capacitor upper electrode 1s preferably formed over the
capacitor msulating film and the sidewalls.

In the arrangement, 1t 1s suificient for the insulating metal
oxide film serving as the capacitor insulating film to be
formed excellently over an upper portion of the capacitor
lower electrode having a flat configuration, so that the 1nsu-
lating metal oxide film 1s formed easily.

In this case, the sidewalls are preferably made of silicon
oxide.

In the semiconductor device according to the present
invention, the capacitor lower electrode preferably includes
a plurality of capacitor lower electrodes formed on the pro-
tective 1msulating film, the semiconductor device preferably
further comprising: an insulating film formed between the
plurality of capacitor lower electrodes, wherein the capacitor
insulating film 1s preferably formed over the plurality of
capacitor lower electrodes and the msulating film.

In the arrangement, the insulating metal oxide film serv-
ing as the capacitor imnsulating film 1s formed over the plural-
ity of capacitor lower electrodes and the insulating film hav-
ing a flat configuration, so that the msulating metal oxide
f1lm 1s formed easily.

In this case, the msulating film 1s preferably composed of
s1licon oxide.
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The semiconductor device according to the present inven-
tion preferably further comprises: a hydrogen barrier film
entirely covering the capacitor upper electrode.

The arrangement positively prevents a situation in which a
hydrogen atom 1s diffused 1n the capacitor upper electrode to
reach the capacitor isulating film and reduce the msulating,
metal oxide film composing the capacitor insulating film.

In the semiconductor device according to the present
invention, each of the first and second contact plugs 1s pret-
crably made of polysilicon or tungsten.

In the semiconductor device according to the present
invention, the capacitor insulating film 1s preferably made of
a ferroelectric material having a bismuth layered perovskite
structure, lead zirconate titanate (PZT), barium strontium
titanate, or tantalum pentaoxide.

A method of fabricating a semiconductor device accord-
ing to the present invention comprises the steps of: deposit-
ing a protective msulating film on a semiconductor substrate
having first and second field-effect transistors formed
thereon; forming a first contact plug and a second contact
plug 1n the protective insulating film, the first contact plug
being connected to an impurity diffusion layer serving as a
source or drain region of the first field-effect transistor, the
second contact plug being connected to an impurity diffu-
s1on layer serving as a source or drain region of the second
field-effect transistor; forming, on the protective insulating
film, a capacitor lower electrode connected directly to the
first contact plug; forming, on the capacitor lower electrode,
a capacitor insulating film made of an insulating metal
oxide; and forming, on the capacitor insulating film, a
capacitor upper electrode having a peripheral portion located
on the protective insulating film and connected directly to
the second contact plug.

In the method of fabricating a semiconductor device
according to the present invention, the capacitor upper elec-
trode of the capacitor 1s connected directly to the impurity
diffusion layer of the second field-effect transistor by the
second contact plug formed 1n the protective insulating film,
not by the wiring layer formed on the protective msulating,
film deposited on the capacitor as 1n the conventional semi-
conductor device. This obviates the necessity to form a con-
tact hole for providing a connection between the wiring layer
formed on the protective insulating film on the capacitor and
the capacitor upper electrode and therefore the necessity for
a resist pattern for forming the contact hole. As a result, there
can be circumvented a situation 1n which hydrogen gener-
ated 1n removing the resist pattern by using an oxygen
plasma reaches the capacitor msulating film. Since the
capacitor upper electrode 1s covered with the protective 1nsu-
lating film on the capacitor during the formation of the con-
tact hole for providing a connection between the wiring layer
formed on the protective insulating film on the capacitor and
the 1mpurity diffusion layer of the second field-ettfect
transistor, there can be circumvented a situation in which
hydrogen generated 1n removing the resist pattern for form-
ing the contact hole by using an oxygen plasma reaches the
capacitor msulating film. Even 1f the wiring layer formed on
the protective insulating film on the capacitor 1s treated with
heat 1n a hydrogen atmosphere, hydrogen in the hydrogen
atmosphere 1s prevented from reaching the capacitor insulat-
ing film since the wiring layer 1s not connected to the capaci-
tor upper electrode. This prevents the reduction of the 1nsu-
lating metal oxide composing the capacitor insulating film
and 1mproves the properties of the capacitor.

The method of fabricating a semiconductor device
according to the present invention preferably further com-

10

15

20

25

30

35

40

45

50

55

60

65

6

prises the step of: forming a hydrogen barrier film covering
the capacitor upper electrode.

The arrangement positively prevents a situation in which a
hydrogen atom 1s diffused in the capacitor upper electrode to
reach the capacitor msulating film and reduce the msulating
metal oxide composing the capacitor mnsulating film.

In the method of fabricating a semiconductor device
according to the present invention, the step of forming the
capacitor insulating film preferably includes the step of
forming a capacitor mnsulating film which i1s conformal to the
capacitor lower electrode, the method preferably further
comprising, between the step of forming the capacitor 1nsu-
lating film and the step of forming the capacitor upper
clectrode, the step of: forming insulating sidewalls on
respective side surfaces of the capacitor lower electrode and
the capacitor insulating film, wherein the step of forming the
capacitor upper electrode preferably includes the step of
forming the capacitor upper electrode over the capacitor
insulating film and the sidewalls.

In the arrangement, 1t 1s suificient for the insulating metal
oxide film serving as the capacitor insulating film to be
formed excellently over an upper portion of the capacitor
lower electrode having a flat configuration, so that the insu-
lating metal oxide film 1s formed easily.

In the method of fabricating a semiconductor device
according to the present invention, the step of forming the
capacitor lower electrode preferably includes the step of
forming a plurality of capacitor lower electrodes on the pro-
tective insulating film, the method preferably further
comprising, between the step of forming the capacitor lower
clectrode and the step of forming the capacitor insulating
film, the step of: forming an insulating film between the
plurality of capacitor lower electrodes, wherein the step of
forming the capacitor insulating film preferably includes the
step of forming the capacitor insulating film over the plural-
ity of capacitor lower electrodes and the insulating film.

In the arrangement, the isulating metal oxide film serv-
ing as the capacitor insulating film 1s formed over the plural-
ity of capacitor lower electrodes and the insulating film hav-
ing a flat configuration, so that the msulating metal oxide
film 1s formed easily.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a cross-sectional view of a semiconductor device
according to a first embodiment of the present invention;

FIGS. 2(a) and (b) are cross-sectional views illustrating a
method of fabricating the semiconductor device according to
the first embodiment;

FIGS. 3(a) and (b) are cross-sectional views illustrating a
method of fabricating the semiconductor device according to
the first embodiment;

FIG. 4 1s a cross-sectional view of a semiconductor device
according to a second embodiment of the present invention;

FIGS. 5(a) and (b) are cross-sectional views illustrating a
method of fabricating the semiconductor device according to
the second embodiment;

FIG. 6 1s a cross-sectional view of a semiconductor device
according to a third embodiment of the present invention;

FIGS. 7(a) and (b) are cross-sectional views illustrating a
method of fabricating the semiconductor device according to
the third embodiment;

FIG. 8 1s a cross-sectional view of a conventional semai-
conductor device;

FIGS. 9(a) and (b) are cross-sectional views each 1llustrat-
ing a process step of a conventional method of fabricating a
semiconductor device;
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FIGS. 10(a) to (c) are cross-sectional views illustrating
problems associated with the conventional semiconductor
device and the fabrication method theretor; and

FIG. 11 1s a cross-sectional views illustrating problems
assoclated with the conventional semiconductor device and
the fabrication method therefor.

DETAILED DESCRIPTION OF THE INVENTION

EMBODIMENT 1

A semiconductor device according to a first embodiment
of the present invention will be described with reference to

FIG. 1.

As shown 1n FIG. 1, a device 1solation region 101 and
impurity diffusion layers 105 each serving as the source or
drain region of a first field-eflect transistor or the source or
drain region of the second field-effect transistor are formed
in a surface portion of a semiconductor substrate 100. A gate
clectrode 103 1s formed on the semiconductor substrate 100
to be located between the pair of impurity diffusion layers
105 with a gate msulating film 102 interposed therebetween.
The top and side surfaces of the gate electrode 103 are cov-
ered with a gate protective insulating film 104.

A first protective msulating film 106 1s deposited over the
gate protective insulating film 104 and the semiconductor
substrate 100. In the first protective insulating film 106, there
are Tormed first and second contact plugs 107 and 108 each
composed of a tungsten or polysilicon film. The first contact
plug 107 1s connected to one of the impurity diffusion layers
105 which serves as the source or drain region of the first
field-etlect transistor forming a memory cell and a second
contact plug 108 1s connected to one of the impurity difiu-
sion layers 105 which serves as the source or drain region of
the second field-effect transistor forming a sense amp.

A plurality of capacitor lower electrodes 109 each com-
posed of a multilayer film consisting of a titanium film, a
titanium nitride film, an iridium oxide film, and a platinum
film and connected to the first contact plug 107 are formed
on the first protective msulating film 106. A capacitor insu-
lating film 110A made of SrBi1,(Ta,_Nb )O, having a bis-
muth layered perovskite structure 1s formed over the plural-
ity of capacitor lower electrodes 109 to extend to the exterior
thereol.

A capacitor upper electrode 111 composed of a multilayer
film consisting of a platinum film and a titanium film or a
titantum nitride film and connected to the second contact
plug 108 1s formed on the capacitor msulating film 110A.
The capacitor upper electrode 111 1s covered with a hydro-
gen barrier film 112 composed of a silicon nitride film or a
boron nmitride film.

The foregoing capacitor lower electrode 109, the capaci-
tor msulating film 110A, and the capacitor upper electrode
111 constitute a capacitor for storing data. The capacitor and
the first ficld-effect transistor constitute a memory cell. A
plurality of memory cells constitute a memory array.

A second protective insulating film 113 1s deposited on
the first protective insulating film 106. A third contact plug
114 connected to the other of the impurity diffusion layers
105 serving as the source or drain region of the second field-
elfect transistor 1s formed in the first and second protective
insulating films 106 and 113. A wiring layer 115 connected
to the third contact plug 114 1s formed on the second protec-
tive insulating film 113. Each of the third contact plug 114
and the wiring layer 115 1s composed of a multilayer film
consisting of a titanium film, a titanium nitride film, an alu-
minum {ilm, and a titamium nitride film which are deposited
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in upwardly stacked relationship or a multilayer film consist-
ing of a titantum film, a titanium nitride film, a tungsten film,
a titanium film, a titanium nitride film, an alumimmum film,
and a titanium nitride film which are deposited in upwardly
stacked relationship.

Reterring to FIGS. 2(a) and (b) and FIGS. 3(a) and (b), a

description will be given to a method of fabricating the semi-
conductor device according to the first embodiment.

First, as shown in FIG. 2(a), the device 1solation region
101 1s formed 1n the surface portion of the semiconductor
substrate 100, followed by the gate electrode 103 formed on
the semiconductor substrate 100 with the gate insulating film
102 interposed therebetween. Then, impurity 10ons at a low
concentration are implanted by using the gate electrode 103
as a mask and the gate protective oxide insulating film 104 1s
formed on the top and side surfaces of the gate electrode
103. Subsequently, impurity 1ons at a high concentration are
implanted by using the gate electrode 103 and the gate pro-
tective msulating film 104 as a mask, whereby the impurity
diffusion layers 105 each having an LDD structure and serv-
ing as the source or drain region of the first field-efiect tran-
sistor or the source or drain region of the second field-effect
transistor are formed.

Next, the first protective insulating film 106 1s deposited
over the entire surface of the semiconductor substrate 100
and a contact hole 1s formed by dry etching in the first pro-
tective insulating film 106. Then, a conductive film com-
posed of a tungsten film or a polysilicon film 1s deposited by
CVD over the entire surface of the first protective imsulating
film 106. Subsequently, the portion of the conductive film
located over the first protective insulating film 106 1s
removed by an etch-back or CMP process, whereby the first
contact plug 107 connected to one of the impurity diffusion
layers 105 which serves as the source or drain region of the
first field-effect transistor forming the memory cell 1s
tormed and the second contact plug 108 connected to one of
the impurity diffusion layers 105 which serves as the source
or drain region of the second field-effect transistor disposed
in the peripheral portion of the memory cell array to form a
sense amp 1s formed.

Next, the multilayer film consisting of the titanium film,
the titanium nitride film, the iridium oxide film, and the
platinum film which are deposited 1n upwardly stacked rela-
tionship 1s formed over the entire surface of the first protec-
tive msulating film 106 and then patterned by dry etching,
thereby forming the capacitor lower electrode 109 connected
to the first contact plug 107, as shown 1 FIG. 2(b).

Next, a ferroelectric film made of SrBi,(Ta,_ Nb_)O, hav-
ing a bismuth layered perovskite structure and having a
thickness of about 100 nm to 200 nm 1s deposited entirely
over the capacitor lower electrodes 109 and the first protec-
tive insulating film 106 by metal organic decomposition
(MOD), metal organic chemical vapor deposition
(MOCVD), or sputtering and then patterned, thereby form-
ing the capacitor msulating film 110A extending over the

plurality of capacitor lower electrodes 109 to the exterior
thereof.

Next, a multilayer film consisting of a platinum {ilm and a
titanium film which are deposited 1n upwardly stacked rela-
tionship or a multilayer film consisting of a platinum film
and a titanium mitride film which are deposited 1n upwardly
stacked relationship 1s formed entirely over the capacitor
insulating film 1010A and the first protective film 106 and
then patterned by dry etching, thereby forming the capacitor
upper electrode 111 connected to the second contact plug

108, as shown 1n FIG. 3(a).
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Next, a silicon nitride film or a boron nitride film 1s depos-
ited entirely over the capacitor upper electrode 111 and the
first protective insulating film 106 by CVD or sputtering and
then patterned by dry etching, thereby forming the hydrogen
barrier film 112 covering the capacitor. 5

Next, as shown 1n FIG. 3(b), the second protective insulat-
ing film 113 1s deposited entirely over the hydrogen barrier
film 112 and the first protective insulating film 106. Then, a
contact hole 1s formed 1n the second protective isulating
film 113 and in the first protective insulating film 106. 10
Thereatter, a multilayer film consisting of a titanium film, a
titanium nitride film, an aluminum film, and a titanium
nitride film which are deposited 1in upwardly stacked rela-
tionship or a multilayer film consisting of a titanium film, a
titanium nitride film, a tungsten film, a titanium film, a tita- 1°
nium nitride film, an aluminum film, and a titanium nitride
film which are deposited in upwardly stacked relationship 1s
formed over the entire surface of the second protective 1nsu-
lating film 113 and then patterned, thereby forming the third
contact plug 114 connected to the other of the impurity dif- 2¢
tusion layers 105 which serves as the source or drain region
of the second field-effect transistor and the wiring layer 1135
connected to the third contact plug 114.

In the semiconductor device according to the first embodi-
ment and the fabrication method therefor, the capacitor
upper electrode 111 of the capacitor for storing data which
forms the memory cell 1s connected directly to the impurity
diffusion layer 105 of the second field-effect transistor by
the second contact plug 108 formed 1n the first protective
insulating film 106. Unlike the conventional embodiment
shown 1n FIG. 8, the capacitor upper electrode 111 1s not
connected to the impurity diffusion layer 105 via the second
contact plug 24, the wiring layer 26, and the third contact
plug 25. Since an opening 1s not formed 1n the hydrogen
barrier film 112 covering the capacitor lower electrode 111,
there can be circumvented a situation 1n which active hydro-
gen generated by the catalytic reaction of platinum 1s dii-
fused 1n the capacitor upper electrode 111 to reach the
capacitor msulating film 110A 1n the step of removing the
resist pattern used to form the second or third contact plug
24 or 25 by using an oxygen plasma and a situation 1n which
a hydrogen atom 1s diffused in the capacitor upper electrode
111 to reach the capacitor insulating film 110A 1n the step of
performing an annealing process with respect to the wiring,
layer 115 formed on the second protective msulating film.
113 1n a hydrogen atmosphere. Accordingly, the insulating
metal oxide composing the capacitor insulating film 110A 1s
not reduced by hydrogen and the properties of the capacitor
are 1mproved.
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EMBODIMENT 2

A semiconductor device according to a second embodi-

ment of the present invention will be described with refer-
ence to F1G. 4.

As shown 1n FIG. 4, a device 1solation region 101 and
impurity diffusion layers 105 each serving as the source or
drain region of a first field-effect transistor or as the source
or drain region of a second field-effect transistor are formed
in a surface portion of a semiconductor substrate 100, simi- 4
larly to the first embodiment. A gate electrode 103 1s formed
on the semiconductor substrate 100 to be located between
the pair of impurnity diffusion layers 1035. The top and side
surfaces of the gate electrode 103 are covered with the gate
protective msulating film 104. 65

55

Similarly to the first embodiment, a first protective 1nsu-
lating film 106 1s deposited over the semiconductor substrate

10

100 and the gate protective msulating film 104. In the first
protective isulating film 106, there are formed a first con-
tact plug 107 and a second contact plug 108 each composed
of a tungsten or polysilicon film. The first contact plug 107 1s
connected to one of the impurity diffusion layers 105 which
serves as the source or drain region of the first field-effect
transistor forming a memory cell. The second contact plug
108 1s connected to one of the impurity diffusion layers 105
which serves as the source or drain region of the second
field-etlect transistor disposed 1n a peripheral portion of the
memory cell to serve as a sense amp.

A capacitor lower electrode 109 composed of a multilayer
film consisting of a titanium {ilm, a titanium nitride film, an
iridium oxide film, and a platinum film and connected to the
first contact plug 107 1s formed on the first protective 1nsu-
lating film 106. A capacitor msulating film 110B made of
SrBi1,(Ta, _Nb_)O, having a bismuth layered perovskite
structure and conformal to the capacitor lower electrode 109
1s formed on the capacitor lower electrode 109. The capaci-
tor lower electrode 109 and the capacitor insulating film
110B have respective side surfaces covered with sidewalls
116 composed of a silicon oxide film.

A capacitor upper electrode 111 composed of a multilayer
film consisting of a platinum film and a titanium film or a
titanium nitride film 1s formed over the plurality of capacitor
lower electrodes 109 and the capacitor insulating film 110B
to extend to the exterior thereol and connected to the second
contact plug 108. The capacitor upper electrode 111 1s cov-
ered with a hydrogen barrier film 112 composed of a silicon
nitride film or a boron nitride film.

The foregoing capacitor lower electrode 109, the capaci-
tor msulating film 110B, and the capacitor upper electrode
111 constitute a capacitor for storing data. The capacitor and
the first field-effect transistor constitute a memory cell. A
plurality of memory cells constitute a memory array.

Similarly to the first embodiment, a second protective
insulating film 113 1s deposited on the first protective 1nsu-
lating film 106. A third contact plug 114 connected to the
other of the impunty diffusion layers 105 which serves as
the source or drain region of the second field-effect transistor
1s formed 1n the first and second protective insulating films
106 and 113. A wiring layer 115 connected to the third con-
tact plug 114 1s formed on the second protective mnsulating
film 113. Each of the third contact plug 114 and the wiring
layer 115 1s composed of a multilayer film consisting of a
titanium film, a titanium nitride film, an aluminum film, and
a titanium nitride film which are deposited in upwardly
stacked relationship or a multilayer film consisting of a tita-
nium {ilm, a titamum nitride film, a tungsten film, a titantum
film, a titanium nitride film, an aluminum film, and a tita-
nium nitride film which are deposited in upwardly stacked
relationship.

Retferring to FIGS. 5(a) and (b), a description will be

given to a method of fabricating a semiconductor device
according to the second embodiment.

First, as shown 1n FIG. 5(a), the device 1solation region
101 1s formed 1n the surface portion of the semiconductor
substrate 100, followed by the gate electrode 103 formed on
the semiconductor substrate 100 with the gate insulating film
102 interposed therebetween and the gate protective mnsulat-
ing {ilm 104 formed over the gate electrode 103. Thereafter,
the impurnity diffusion layers 105 each serving as the source
or drain region of the first field-effect transistor or as the
source or drain region of the second field-effect transistor
and having an LDD structure are formed. Then, the first
protective msulating film 106 1s deposited over the entire
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surface of the semiconductor substrate 100. After that, the
first contact plug 107 connected to one of the impurity difiu-
sion layers 105 which serves as the source or drain region of
the first field-efiect transistor forming the memory cell 1s
formed in the first protective insulating film, while the sec-
ond contact plug 108 connected to one of the impurity difiu-
sion layers 105 which serves as the source or drain region of
the second field-etlect transistor forming the sense amp 1s
formed 1n the first protective insulating film 106.

Next, a multilayer film consisting of a titanium film, a
titanium nitride film, an iridium oxide film, and a platinum
f1lm which are deposited in upwardly stacked relationship 1s
tformed by sputtering over the entire surface of the first pro-
tective insulating film 106. Then, a ferroelectric film made of
SrBi,(Ta, Nb_)O, having a bismuth layered perovskite
structure and having a thickness of 100 nm to 200 nm 1s
deposited on the multilayer film by metal organic
decomposition, metal organic chemical vapor deposition, or
sputtering. Thereafter, the multilayer film and the ferroelec-
tric {ilm are patterned by dry etching to form the capacitor
lower electrode 109 composed of the multilayer film and the
capacitor mnsulating film 110B composed of the ferroelectric

film.

Next, the silicon oxide film 108 having a thickness of 300
nm 1s deposited entirely over the capacitor lower electrode
109 and the capacitor msulating film 110B and subjected to
an 1sotropic etching, thereby forming the sidewalls 116 on
the respective side surfaces of the capacitor lower electrode
109 and the capacitor insulating film 110B, as shown in FIG.
5(b).

Next, a multilayer film consisting of a platinum film and a
titanium film which are deposited 1n upwardly stacked rela-
tionship or a multilayer film consisting of a platinum film
and a titanium nitride film which are deposited in upwardly
stacked relationship 1s deposited over the capacitor insulat-
ing film and the first protective film 106, similarly to the first
embodiment. Thereafter, the multilayer film 1s patterned by
dry etching, thereby forming the capacitor upper electrode
111 (see FIG. 4) connected to the second contact plug 108
and then forming the hydrogen barrier film 112 (see FI1G. 4)
covering the capacitor upper electrode 111.

Next, the second protective insulating film 113 1s depos-
ited over the hydrogen barrier film 112 and the first protec-
tive insulating film 106. Thereafter, the third contact plug
114 (see FIG. 4) connected to the other of the impurity dif-
tusion layers 105 which serves as the source or drain region
ol the second field-effect transistor 1s formed 1n the first and
second protective msulating films 106 and 113, while the
wiring layer 115 (see FIG. 4) connected to the third contact

plug 114 1s formed on the second protective msulating film
113.

In the semiconductor device according to the second
embodiment and the fabrication method therefor, the capaci-
tor upper electrode 111 of the capacitor for storing data
which forms the memory cell 1s connected directly to the
impurity diffusion layer 105 of the second field-effect tran-
sistor by the second contact plug 108 formed in the first
protective msulating film 106. Since an opening 1s not
formed 1n the hydrogen barrier film 112 covering the capaci-
tor lower electrode 111, there can be circumvented a situa-
tion 1n which active hydrogen generated by the catalytic
reaction of platinum and a hydrogen atom in a hydrogen
atmosphere 1n which the wiring layer 1135 1s annealed are
diffused 1n the capacitor upper electrode 111 to reach the
capacitor msulating film 110A. Accordingly, the capacitor
isulating film 110A 1s not reduced by hydrogen and the
properties of the capacitor are improved.
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In particular, the second embodiment has deposited the
terroelectric film serving as the capacitor insulating film
110B on the multilayer film serving as the capacitor lower
clectrode 109, 1.¢., the second embodiment has deposited the
terroelectric film on the flat multilayer film. This allows easy
formation of the ferroelectric film.

Moreover, since the multilayer film serving as the capaci-
tor upper electrode 111 1s deposited after the sidewalls 116
are Tormed on the respective side surfaces of the capacitor
lower electrode 109 and the capacitor insulating film 110B,

there 1s no conduction between the capacitor lower elec-
trodes 109.

EMBODIMENT 3
As shown 1n FIG. 6, a device 1solation region 101 and
impurity diffusion layers 105 each serving as the source or

drain region of a first field-effect transistor or as the source
or drain region of a second field-effect transistor are formed
in a surface portion of a semiconductor substrate 100, simi-
larly to the first embodiment. A gate electrode 103 1s formed
on the semiconductor substrate 100 to be located between
the pair of impurnty diffusion layers 105. The top and side
surfaces of the gate electrode 103 are covered with the gate
protective msulating film 104.

Similarly to the first embodiment, a first protective 1nsu-
lating {ilm 106 1s deposited over the semiconductor substrate
100 and the gate protective msulating film 104. In the first
protective insulating film 106, there are formed a first con-
tact plug 107 and a second contact plug 108 each composed
of a tungsten or polysilicon film. The first contact plug 107 1s
connected to one of the impurity diffusion layers 105 which
serves as the source or drain region of the first field-effect
transistor forming a memory cell. The second contact plug
108 1s connected to one of the impurity diffusion layers 105
which serves as the source or drain region of the second
field-etlect transistor disposed 1n a peripheral portion of the
memory cell to serve as a sense amp.

A capacitor lower electrode 109 composed of a multilayer
f1lm consisting of a titanium {ilm, a titanium nitride film, an
iridium oxide film, and a platinum film and connected to the
first contact plug 107 1s formed on the first protective 1nsu-
lating {ilm 106. An mnsulating film 117 composed of a silicon
oxide film 1s formed on the first protective insulating film
106 to be located between the capacitor lower electrodes

109.

A capacitor msulating film 10C made of SrBi1,(Ta; Nb )
O, having a bismuth layered perovskite structure 1s formed
over the plurality of capacitor lower electrodes 109 and the
insulating film 117 to extend to the exterior thereof.

A capacitor upper electrode 111 composed of a multilayer
film consisting of a platinum film and a titanium film or a
titanium nitride film and connected to the second contact
plug 108 1s formed on the capacitor insulating film 10C to
extend to the exterior thereof. The capacitor upper electrode
111 1s covered with a hydrogen barrier film 112 composed of
a silicon nitride film or a boron nitride film.

The foregoing capacitor lower electrode 109, the capaci-
tor msulating film 110C, and the capacitor upper electrode
111 constitute a capacitor for storing data. The capacitor and
the first field-effect transistor constitute a memory cell. A
plurality of memory cells constitute a memory array.

Similarly to the first embodiment, a second protective
insulating {ilm 113 1s deposited on the first protective 1nsu-
lating film 106. A third contact plug 114 connected to the
other of the impunity diffusion layers 105 which serves as
the source or drain region of the second field-effect transistor
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1s formed 1n the first and second protective insulating films
106 and 113. A wiring layer 115 connected to the third con-
tact plug 114 1s formed on the second protective mnsulating
film 113. Each of the third contact plug 114 and the wiring
layer 115 1s composed of a multilayer film consisting of a
titanium film, a titanium nitride film, an aluminum film, and
a titanium nitride film which are deposited i upwardly
stacked relationship or a multilayer film consisting of a tita-
nium {ilm, a titamum nitride film, a tungsten film, a titanium
film, a titantum nitride film, an aluminum film, and a tita-
nium nitride film which are deposited 1in upwardly stacked
relationship.

Referring to FIGS. 7(a) and (b), a description will be

given to a method of fabricating a semiconductor device
according to the third embodiment.

First, as shown 1n FIG. 7(a), the device 1solation region
101 1s formed 1n the surface portion of the semiconductor
substrate 100, followed by the gate electrode 103 formed on
the semiconductor substrate 100 with the gate insulating film
102 interposed therebetween and the gate protective msulat-
ing film 104 formed over the gate electrode 103. Thereaftter,
the impurity diffusion layers 105 each serving as the source
or drain region of the first field-effect transistor or as the
source or drain region of the second field-effect transistor
and having an LDD structure are formed. Then, the first
protective insulating film 106 1s deposited over the entire
surface of the semiconductor substrate 100. After that, the
first contact plug 107 connected to one of the impurity difiu-
sion layers 105 which serves as the source or drain region of
the first field-efiect transistor forming the memory cell 1s
formed 1n the first protective mnsulating film, while the sec-
ond contact plug 108 connected to one of the impurity difiu-
sion layers 105 which serves as the source or drain region
of-the second field-effect transistor forming the sense amp 1s
formed 1n the first protective insulating film 106.

Next, a multilayer film consisting of a titanium film, a
titanium nitride film, an iridium oxide film, and a platinum
film which are deposited in upwardly stacked relationship 1s
formed by sputtering over the entire surface of the first pro-
tective insulating film 106. The multilayer film 1s then pat-

terned by dry etching, thereby forming the capacitor lower
clectrode 109.

Next, a silicon oxide film 117A having a thickness of 300
nm 1s deposited over the entire surface of the capacitor lower
clectrode 109. Subsequently, the portion of the silicon oxide
film 117A overlying the capacitor lower electrode 109 1is
removed by CMP, whereby the insulating film 117 com-
posed of the silicon oxide film 117A 1s formed on the first
protective insulating film 106 to be located between the
capacitor lower electrodes 109, as shown 1n FIG. 7(b).

Next, a ferroelectric film made of SrB1,(Ta;_Nb_)O, hav-
ing a bismuth layered perovskite structure and having a
thickness of 100 nm to 200 nm 1s deposited over the plurality
of capacitor lower electrodes 109 and the msulating film 117
by metal organic decomposition, metal organic chemical
vapor deposition, or sputtering. The ferroelectric film 1s then
patterned by dry etching to form the capacitor insulating film
10C extending over the plurality of capacitor lower elec-
trodes 109 to the exterior thereof.

Next, a multilayer film consisting of a platinum film and a
titanium film which are deposited 1n upwardly stacked rela-
tionship or a multilayer film consisting of a platinum film
and a titanium nitride film which are deposited 1n upwardly
stacked relationship 1s deposited over the capacitor insulat-
ing film and the first protective film 106, similarly to the first
embodiment. Thereatiter, the multilayer film 1s patterned by
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dry etching, thereby forming the capacitor upper electrode
111 (see FIG. 6) connected to the second contact plug 108
and then forming the hydrogen barrier film 112 (see FIG. 6)
covering the capacitor upper electrode 111.

Next, the second protective msulating film 113 1s depos-
ited over the hydrogen barrier film 112 and the first protec-
tive insulating film 106. Thereafter, the third contact plug
114 (see FI1G. 6) connected to the other of the impurity dif-
tusion layers 105 which serves as the source or drain region
of the second field-effect transistor 1s formed 1n the first and

second protective msulating films 106 and 113, while the
wiring layer 115 (see FIG. 6) connected to the third contact
plug 114 1s formed on the second protective msulating film
113.

In the semiconductor device according to the third
embodiment and the fabrication method therefor, the capaci-
tor upper electrode 111 of the capacitor for storing data
which forms the memory cell 1s connected directly to the
impurity diffusion layer 105 of the second field-effect tran-
sistor by the second contact plug 108 formed in the first
protective msulating film 106. Since an opening 1s not

formed 1n the hydrogen barrier film 112 covering the capaci-
tor lower electrode 111, there can be circumvented a situa-

tion 1n which active hydrogen generated by the catalytic
reaction of platinum and a hydrogen atom in a hydrogen
atmosphere 1n which the wiring layer 1135 1s annealed are
diffused 1n the capacitor upper electrode 111 to reach the
capacitor msulating film 110A. Accordingly, the capacitor
insulating film 110A 1s not reduced by hydrogen and the
properties of the capacitor are improved.

In particular, the third embodiment has deposited the fer-
roelectric film serving as the capacitor msulating film 110C
over the plurality of capacitor lower electrodes 109 and the
insulating film 117 having their surfaces planarized. This
allows easy formation of the ferroelectric film.

Although the capacitor mnsulating films 110A, 110B, and
110C according to the first to third embodiments have been
tformed of SrBi1,(T,_Nb )O,, each of the capacitor insulat-
ing films 110A, 110B, and 110C may also be formed of a
terroelectric film having a bismuth layered perovskite struc-
ture having another composition or of a high-dielectric-
constant film such as lead zirconate titanate, barium stron-
tium titanate, or tantalum pentaoxide.

Although the capacitor upper electrode 111 according to
cach of the first to third embodiments has been formed of the
multilayer film consisting of the platinum film and the tita-
nium {ilm which are deposited 1n upwardly stacked relation-
ship or of the multilayer film consisting of the platinum film
and the titanium nitride film which are deposited in
upwardly stacked relationship, 1t 1s not limited thereto. The
capacitor upper electrode 111 may be formed appropriately
so long as it contains a platinum film, an iridium film, a
ruthenium film, a rhodium film, or a multilayer film consist-
ing of some of the films listed above.

Although the capacitor lower electrode 109 according to
cach of the first to third embodiments has been formed of the
multilayer film consisting of the titanium film, the titantum
nitride film, the iridium oxide film, and the platinum film
which are deposited 1n upwardly stacked relationship, 1t 1s
not limited thereto. The capacitor lower electrode 109 may
be formed appropriately so long as i1t contains a platinum
film, an 1r1idium film, a ruthenium film, a rhodium film, or a
multilayer film consisting of some of the films listed above.

What 1s claimed 1s:

1. A semiconductor device comprising:

a protective msulating film deposited on a semiconductor
substrate having first and second field-efiect transistors
formed thereon;




US RE41,625 E

15

a capacitor composed of a capacitor lower electrode, a
capacitor msulating film made of an insulating metal
oxide, and a capacitor upper electrode which are
formed 1n upwardly stacked relationship on the protec-
tive msulating {ilm;

[wherein an edge portion of the capacitor upper electrode
is formed onto the protective insulating film;}

a first contact plug formed 1n the protective insulating film
to provide a [direct] connection between an impurity
diffusion layer serving as a source or drain region of the
first field-effect transistor and the capacitor lower elec-
trode;

a second contact plug formed 1n the protective insulating,
film to provide a [direct] connection between an impu-
rity diffusion layer serving as a source or drain region
of the second field-effect transistor and [the edge por-
tion of] the capacitor upper electrode; and

a hydrogen barrier film entirely covering the capacitor

upper electrode.
2. The semiconductor device of claim 1, wherein the

capacitor insulating film 1s formed conformally to the
capacitor lower electrode, the semiconductor device further
comprising:
insulating sidewalls formed on respective side surfaces of
the capacitor lower electrode and the capacitor 1nsulat-
ing {ilm, wherein
the capacitor upper electrode 1s formed over the capaci-
tor insulting film and the sidewalls.
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3. The semiconductor device of claim 2, wherein the side-
walls are made of silicon oxide.

4. The semiconductor device of claim 1, wherein the
capacitor lower electrode includes a plurality of capacitor
lower electrodes formed on the protective insulating film, the
semiconductor device further comprising:

an isulating film formed between the plurality of capaci-

tor lower electrodes, wherein
the capacitor mnsulating film 1s formed over the plurality
of capacitor lower electrodes and the mnsulating film.

5. The semiconductor device of claim 4, wherein the 1nsu-
lating film 1s composed of silicon oxide.

6. The semiconductor device of claim 1, wherein each of
the first and second contact plugs 1s made of polysilicon or
tungsten.

7. The semiconductor device of claim 1, wherein the
capacitor msulating film 1s made of a ferroelectric material
having a bismuth layered perovskite structure, lead zirconate

titanate, bartum strontium titanate, or tantalum pentaoxide.
8. The semiconductor device of claim 1,

wherein the first contact plug includes materials different
from materials composing the capacitor lower
electrode, and

the second contact plug includes materials diffevent from
materials composing the capacitor upper electrode.
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