
EP 0 389 762 B1 Description The present invention relates to a structure of
an electrically rewritable non-volatile memory which em- ploys a
ferroelectric substance. 5      Recently utilized semiconductor
non-volatile memories of the prior art are EPROMs (Erasable Program- mable
Read-Only Memories or ultraviolet ray erasable non-volatile memories) and
EEPROMs (Electrically Erasable Programmable Read-Only Memories or
electrically rewritable non-volatile memories) which typically involve the
use of MIS transistors and take advantage of such a phenomenon that a
surface potential of a silicon substrate is modulated by injecting electric
charges from the silicon substrate into traps within an insulating 10  gate
or into a floating gate. There are produced, however, defects inherent in
these non-volatile memories, wherein a voltage at which the information is
rewritten is typically as high as 20V or thereabouts, and a rewrite time is
amazingly long (e.g., several tens of milliseconds In the case of the
EEPROM). Besides, the number of information rewriting operations is as
small as approximately [err] times. The repetitive use presents a good
number of problems. 15      A non-volatile memory, which employs
ferroelectric substances capable of electrically inverting the polar-
ization, has a possibility of being ideal, because a write time is in
principle the same as a read time, and because the polarization is held
even when turning off the power supply. Geometries of the non-volatile
memories using the ferroelectric substances have already been exemplified
in, e.g., US-A-4,149,302 where a capacitor com- posed of the ferroelectric
substance Is integrated on a silicon substrate, and US-A-3,832,700 wherein
a fer- 20  roelectric substance film is disposed at a gate of a MIS
transistor. Still another geometry of the non-volatile memory has recently
been proposed In IEDM' 87 pp. 850-851 wherein films are laminated on a MOS
semi- conductor device depicted in Fig. 11. Referring to Fig. 11, the
numeral 1101 represents a P-type silicon sub- strate; 1102 a LOCOS oxide
film forseperating an element; 1103 an N-type diffused layer serving as a
source; and 1104 an N-type diffused layer serving as a drain. 25      The
numerals 1105 indicates a gate electrode, and 1106 denotes an inter-layer
insulating film. Designated at 1108 is a ferroelectric substance film
sandwiched in between electrodes 1107 and 1109, thus constituting a
capacitor. The numeral 1110 standsfora second interlayer insulating film;
and 1111 a wiring electrode formed of Al. Based on this structure of
laminating the films on the MOS semiconductor device, an element area is
not so increased. Manufacturing. however, entails a larger number of steps
(to additionally form the upper and 30  lower electrodes, a ferroelectric
substance film and a second inter-layer insulating film as compared with an
ordinary semiconductor device). Supposing that a ferroelectric substance
film exhibiting satisfactory proper- ties can be obtained, there still
exists a problem of being costly because of an Increment in the numberof
man- ufacturing steps. The document EP-A- 0338 157 (prior art according to
Art. 54(3) EPC) discloses a memory cell comprising 35  an MOS transistor
and a capacitor element Integrated on the same semiconductor substrate. The
capacitor element is formed by a ferroelectric layersandwiched between an
upperand a lower electrode. The lowerelec- trode passes through a contact
hole formed in an Insulating layer on the substrate to contact the source
of the transistor, which is a high-concentration diffused region In the
substrate. The contact area between the lower electrode and the source is
smaller than that between the lower electrode and the ferroelectric layer
the latter 40  being, however, equal to that between the ferroelectric
layer and the upper electrode. The document EP-A-0 238 698 discloses a
semiconductor memory device having the features of the pre- characterizing
portion of claim 1. In this prior art plural memory cells each including an
MOS transistor and a capacitor are formed on a the substrate. Each memory
cell is associated with an additional capacitor element formed by a
ferroelectric layer sandwiched between a lower electrode and an upper
electrode. The lower elec- 45  trode is formed by a metal wiring
layerwhich, ata different place, contacts one of the diffused drain and
source regions of the MOS transistor through a contact hole formed in an
interlayer insulating film. The document IBM Technical Disclosure Bulletin,
vol. 17, no. 12, May 1975, pages 3548-3549 discloses a threshold switch
protected ferroelectric memory having a plurality of memory cells each
comprising between a lower electrode or word line and an upper electrode or
bit line a ferroelectric layer and a threshold switching 50  alloy layer
one put on the other. By placing the switching alloy on the ferroelectric
layer a capacitive voltage divider is formed which decreases the voltage
applied to the ferroelectric layer by disturb voltages at unad- dressed
bits. It is primary object of the present invention, which obviates the
foregoing problems peculiar to the prior art semiconductor devices, to
provide a novel semiconductor device, particularly a non-volatile memory
device 55  which can be manufactured at low costs with a reduction in the
numberof manufacturing steps even by using a ferroelectric substance film.
Another object of the invention is to provide a method of manufacturing
such device. 



This objects are achieved with a semiconductor device, a memory device and
methods of manufacturing 2    EP 0 389 762 B1 them, respectively, as
claimed. In this configuration of the semiconductor device of the present
invention, the lower electrode Is any one of Pt, Mo, Ti, W, Ta and Ni or a
metal silicide thereof. A contact area between the ferroelectric substance
film and the lower electrode is smaller than that be- 5   tween the
ferroelectric substance film and the upper electrode. In the thus
constructed ferroelectric substance memories, the silicide is any one of
metal silicides of Pt, Mo, Ti, W, Ta and Ni. Otherobjects and advantages of
the present Invention will become apparentfrom the following discussion
taken in conjunction with the accompanying drawings, In which: 10  Figs. 1,
7 and 9                   are sectional views each showing the principal
portion of a semicon- ductor device; Figs. 3, 5, 8 and 10              are
sectional views of asemiconductor device according to the pres- ent
invention; Figs. 2(a) to 2(c), 4 and 6       are views of assistance in
explaining the fundamental steps of man- 15
ufacturing the semiconductor devices of the invention; and Fig. 11
is a sectional view depicting the principal portion of a conventional
semiconductor device. Turning first to Fig. 1, there Is illustrated one
embodiment of a semiconductor device. For convenience of the explanation,
the embodiment will herein deal with a case in which there are employed a
silicon substrate 20  and an N-channel transistor. Designated at 101 is a
P-type silicon substrate constructed by using a wafer having a specific
resistance of, e.g., 20 [err] An insulating film 102 for seperating an
element is obtained by forming an oxide film of 0.6 [err] by a conventional
technique, I.e., a LOCOS method. Indicated at 103 Is an N-type diffused
layer serving as a source and formed by effecting phosphorus
ion-implantation of [err] for example. An N-type 25  diffused layer 104
serving as a drain is formed concurrently with the diffused layer 103.
Formation of a gate electrode 105 involves the use of phosphorus-doped
polysilicon. Designated at 106 is an inter-layer insulating film obtained
by depositing a phosphorus glass of 0.6 Am on the basis of, e.g., a
chemical vapor deposition method. A contact hole 109 formed In the
Inter-layer insulating film 106 and In other portions (not illustrated)
serves to connectthe wiring electrode to the diffused layerorthe
polysilicon. Indicated at 107 is a ferroelectric 30  substance film formed
via the contact hole 109 directly on the N-type high-concentration diffused
layer 103. A material of the ferroelectric substance film includes, e.g.,
[err] and PLZT (La, [err]. An electrode 108 is made of, for instance, Al
and also serves as a wiring electrode in other portions (not shown).
Referring to Fig. 1, a capacitor using the ferroelectric substance film is
arranged such that the N-type high- 35  concentration diffused layer 103 is
conceived as a lower electrode, while the wiring electrode 108 made of Al
is conceived as an upper electrode. Based on this geometry, there Is added
only a step of forming the ferro- electric substance film 107 as compared
with the steps of manufacturing an ordinary MOS semiconductor de- vice.
Hence, a semiconductor device employing the ferroelectric substance film
can be attained at low costs. The size 110 of the upper electrode of Al is
set larger than the contact hole size 109, as a result of which an 40
effective area of the capacitor can be determined by the contact hole size
109. Thus, a capacitor with a small amount of scattering can be
constructed. The description will next be focused on a method of
manufacturing the semiconductor device of with ref- erence to Fig. 2. Fig.
2 is a view of assistance in explaining the fundamental steps according to
the present invention. 45      Referring first to Fig. 2(a), on a silicon
substrate 101 there are formed an element separating film 102, an N-type
diffused layer 104, a gate electrode 105 and an inter-layer insulating film
106. Subsequently, a contact hole 109 is formed therein. This configuration
can sufficiently be obtained by conventional techniques. Refer- ring next
to Fig. 2(b), thereafter a ferroelectric substance film is shaped by
depositing [err] up to approxi- mately 0.5 [err] on the basis of a
sputtering method. Sputtering is effected under such conditions that, for
in- 50  stance: a gas ratio of Ar to oxygen is 90% to 10%; as a target
there is employed [err] to which Pb of 5-10% is extra added; and RF power
is set at 200W. Then, annealing Is effected at [err] for an hour In an N2
atmos- 



phere, thereby improving crystalline properties of the ferroelectric
substance film. Subsequently, the ferroelectric substance film 107 is
formed to a predetermined pattern by a prior art ex- posing method. Etching
of the ferroelectric substance film involves the use of a mixed liquid of,
e.g., hydro- 55  chloric acid and hydrofluoric acid. Methods of etching the
ferroelectric substance film may include ion milling which uses Ar gas or
dry etching which employs an adequate reactive gas. Turning to Fig. 2(c),
an upper electrode 108 is formed of Al of 1 pm by sputtering. An electrode
pattern is shaped by the conventional exposing technique. An electrode
pattern size 110 may be set sufficiently larger 3    EP 0389 762 B1 than
the contact hole size 109. The semiconductor device is obtained in the
manner discussed above. The description given above has dealt with [err]
However, the present invention can, as a matter of course, be applied to a
case where other ferroelectric substance films of, e.g., PZT or PLZT are
employed. 5      Fig. 3 is a sectional view illustrating the principal
portion of an embodiment of the semiconductor device of the invention. The
different point from the first embodiment is a lower electrode 111 a
material of which in- cludes refractory metals such as Pt, Mo, Ti, W, Ta
and Ni and also refractory metal suicides associated with Pt, Mo, Ti, W, Ta
and Ni. Apropos of electric characteristics, the lower electrode according
to the present invention can be defined 10  as a metal electrode, which
brings about an amelioration of the crystalline properties. This in turn
improves, when a Pt metal is used for the electrode, the number of
operations of rewriting the information - i.e., from 108 times to [err]
times - as compared with a case where no metal electrode is proviced. The
like effects yielded by using Pt are, though they are more or less
different in degree, exhibited in other metals such as Mo, Ti and W and in
silicides of these metals as well. 15      Next, a method of manufacturing
the semiconductor device In the second embodiment of the invention will
hereinafter be explained in conjunction with Fig. 4 Fig. Fig. 4 is a view
of assistance in explaining the fun- damental steps according to the
present Invention. Formed on a silicon substrate 101 are, as depicted In
Fig. 4(a), an element separating film 102, N-type diffused layers 103 and
104, a gate electrode 105 and an interlayer insulating film 106.
Subsequently, a con- 20  tact hole 109 is formed therein. The geometry up
to this stage can sufficiently be attained by the conventional techniques.
A lower electrode Is formed by depositing, e.g., Pt to have a thickness of
approximately 0.1 [err] by sputtering. Based on a prior art exposing
method, a resist pattern is shaped, and the Pt electrode is etched by a
sputter-etching method. Referring to Figs. 4(b) and 4(c), the second
embodiment can be completed by performing the same steps 25  as those in
the first embodiment. Fig. 5 Is a sectional view depicting the principal
portion in a third embodiment of the invention. Refractory metal silicides,
which will serve as a lower electrode, are formed on a gate, a source and a
drain. This is a different geometryfrom those in the first and second
embodiments. Indicated at 112,113 and 114 are silicides formed on a drain
diffused layer 104, a gate electrode 105 and a source diffused layer 103 at
the same time. 30  The method of manufacturing those silicide layers (112,
113, 144) will be explained later. Referring to Fig. 5, a capacitor using
the ferroelectric substance film has the lower electrode consisting of
silicide 114 composed chiefly of a refractory metal. If, for instance, Pt
is employed, it is possible to obtain a ferroelectric substance film
exhibiting excellent crystalline properties. Annealing intended to improve
the crys- talline properties after forming the ferroelectric substance film
is allowed to be effected in the vicinity of, e.g., 35  [err] because of
the refractory metal being used. It is therefore feasible to shape a
ferroelectric substance film having more excellent crystalline properties.
In connection with the electric characteristics, the lower electrode
consists of the refractory metal silicide according to the present
invention; and the amelioration of the crystalline properties leads to such
an Improve- ment that when the electrode is formed of, for example, a Pt
silicide, the information rewriting number increases 40  from [err] times
to [err] times as compared with a case where no metal electrode is
provided. The like effects yielded by employing the Pt silicide can, though
they are more or less different in degree, be exhibited in other refractory
metals such as Mo, Ti, Pt and W. A method of manufacturing the
semiconductor device according to the third embodiment of the invention
will hereinafter be described with referenceto Fig. 6. Fig. 6 Is aviewof
assistance in explaining the fundamental 45  steps according to the present
invention. 



Formed on a silicon substrate 101, as depicted in Fig. 6(a), are an element
separating film 102, N-type diffused layers 103 and 104 and a gate
electrode 105. In the wake of this step, as explained earlier, for ex-
ample, Ti metal 611 is deposited so that the film thickness becomes 0.1
[err] (see Fig. 6(b)). Then, annealing is carried out at [err] for 30
seconds, thereby forming [err] at the place where Ti contacts Si. 50
Then only Ti (601, 602, 613) at the place where Ti does not contact Si is
etched by wet etching (mixture of [err]). Herein, since the place where
[err] is formed is prevented from being etched, [err] is retained on the
diffused layers 103, 104 and poly Si 105 (see Fig. 6(c)). A refractory
metal silicide other than TiSi can be formed in the similar manner as the
above. Then asshown in Figs. 6(d), (e), (f), the layer insulating film
(108) is formed, contact hole (109) Is formed, 55  and then the upper
electrode (108) of ferroelectric film (107) is formed. The method (d), (e)
and (f) is the same as the method of the first embodiment shown in Fig. 1.
There will next be exemplified a case where the present invention is
applied to a memory. Fig. 7 is a sectional view depicting the principal
portion of one embodiment of the semiconductor device. 4    EP 0389 762 B1
The semiconductor device of the invention will be explained in conjunction
with Fig. 7. The description will here- in deal with an example where a
silicon substrate and an N-channel transistor are employed for convenience
of discussion. Designated at 701 is a P-type silicon substrate which uses a
wafer having a specific resistance of, e.g., 5   20 [err] indicated at 702
is an insulating film for separating the element, which is obtained by
depositing an oxide film up to 0.6 [err] on the basis of the prior art
LOCOS method. An N-type diffused layer 703 functioning as a source is
shaped by effecting, e.g., phosphorus ion-implantation of [err] for
example. An N- type diffused layer 704 serving as a drain is formed at the
same time with N-type diffused layer 703. Formation of a gate electrode 705
Involves the use of, for instance, phosphorus-doped polysilicon. Insulating
film 711 is 10  formed so that It covers the polysilicon gate electrode.
After formation of the polysilicon gate, wet oxidization (or oxidization in
steam) is carried out at [err] for one hour, for example. As a result, an
SiO2 film having 0.2 [err] is formed so that it covers the polysilicon
gate. During the oxidization, the oxide film on the Si substrate, where
source 703 and drain 704 are formed, grows only to 50 nm. Therefore, the
oxide film on the source 703 and drain 704 is removed by a prior art
method, such as etching back or wet-etching after oxidization, thereby 15
the oxide film being left only at the peripheral portion of the polysilicon
gate. The numerals 706 and 707 rep- resent insulating film side walls
shaped on both sides of the gate electrode and defined as one of the compo-
nents of the present invention. The formation of the side walls is based on
the steps of depositing, e.g., a [err] film over the surface to have a
thickness of, e.g., 0.6 [err] by the chemical vapor deposition method, and
there- after performing etch-back on the entire surface. The method of
shaping the side walls is identical with a meth- 20  od of forming a
transistor of an LDD (Lightly Doped Drain) structure. Formation of a
ferroelectric substance film 708 constituting a ferroelectric substance
capacitor requires the steps of depositing, e.g., PZT of 0.5 [err] over the
surface by sputtering and subsequently effecting a patterning process on a
predetermined pattern by dry etching. An upper electrode 709 formed of,
e.g., Al is to serve as a wiring electrode of the transistor. In the
embodiment of Fig. 7, the lower electrode is conceived as a
high-concentration diffused layer 703 25  and constructed of the element
separating region 702 and the side wall 706 in a self-matching manner, as a
result of which the efficiency of a capacitor area 710 becomes large.
Besides, the capacitor can be constituted with a small amount of scattering
in area. In terms of manufacturing steps, there suffices an addition of
only the step of forming the ferroelectric substance film 708 to the prior
art steps, thereby attaining the integration with facility. 30      Fig. 8
shows as a modification of the embodiment shown in Fig. 7 an embodiment of
the present invention, in which refractory metal silicide 802 is used as
the lower electrode of a ferroelectric capacitor. Here, 801 as well as 802
is refractory metal silicide. The method shown in Fig. 6 can be applied to
this method, except for that in the embodiment shown in Fig. 8, silicide is
not formed on the gate portion since the gate portion is cov- ered with
[err] As stated earlier, the silicide serves as the lower electrode, which
arrangement makes possible 35  an improvement of crystalline properties of
theferroelectric substance film, because a lattice constant is, when using,
e.g., a Pt silicide, relatively approximate in the case of employing, e.g.,
PZT for the ferroelectric sub- stance film. A material of the ferroelectric
substance film includes, for example, [err] PZT and PLZT. The description
given above has dealt with the LOCOS film as an element separating film.
The essence 



40  of the present invention, however, lies in the arrangement wherein the
lower electrode is constructed of the element separating film and the side
walls in the self-matching manner. Hence, the present invention can, as a
matter of course, be applied to a separating method which uses a trench. It
is also obvious that there exists a diversity in geometry, i.e. the
invention can be applied to a CMOS structure, a bipolarstructure and a
bipo- lar/CMOS structure. 46      Fig. 9 shows a modified embodiment of the
embodiment shown in Fig. 7. In Fig. 7, the oxide film 711 is formed so that
it surrounds the whole gate electrode. In the embodiment of Fig. 9 the
oxide film 911 is formed only on gate electrode 905 and side-wall
insulating films 906 and 907 are formed on the side wall of gate elec-
trode 905 and insulating film 911. This structure brings two advantages:
(1) The lower electrode region (710) of the ferroelectric capacitor is
determined in a self-aligning manneratthe element Insulating film 702 and
side- 50  wall insulating film 906; and (2) since the insulating film on
the gate electrode is formed so that it has a full thickness, the
Insulation between the gate electrode and another wiring electrode, such as
Al (not shown) can be fully kept. The insulating film 911 conceived as one
of the components of the invention Is formed on the gate electrode to
assume the same configuration. A method of shaping the gate electrode 905
and the insu- lating film 911 comprises the steps of: firstly depositing,
e.g., polysilicon, which will become a gate electrode, 55   on the entire
surface up to approximately 0.4 [err] by a depressurization CVD method;
doping the polysilicon by thermal diffusion with the aid of e.g., [err]
thereafter depositing, for example, [err] of approximately 0.5 [err]
similarly by the chemical vapor deposition method to thereby obtain the
insulating film 911; forming a pre- determined resist pattern by the
conventional exposing method in this state; and simultaneously etching
[err] 5    EP 0 389 762 B1 of the insulating film 911 and polysilicon of
the gate electrode 905 by, e.g., dry etching. The geometry depicted in the
Figure is thus obtained. Side walls 906 and 907 defined as one of the
components of the invention are formed, on both sides of the gate electrode
and on side surfaces of the insulating film shaped on this gate electrode.
The side walls are shaped in such a way that, for instance, an SiO2 film
having a thickness of 1 jim 5   is formed on the whole surface by, e.g.,
the vapor growth method, and subsequently the etch-back is effected over
the surface. The method of forming these side walls is identical with an
approach to formation of a tran- sistor having an LDD structure. Denoted at
708 is the ferroelectric substance film constituting a ferroelectric
substance capacitor, which is acquired by depositing, e.g., PZT over the
surface to have a thickness of 0.5 [err] by sputtering, and subsequently
patterning It on a predetermined pattern by dry etching. The upper
electrode 10  709 made of, e.g. Al is to serve as a wiring electrode of the
transistor. In accordance with the embodiment shown in Fig. 9, the
high-concentration diffused layer 703 functions as a lower electrode
constructed of an element separating region 702 and the side wall 906 in
the self-aligning manner. With this arrangement, the efficiency of a
capacitor area 710 increases, and it is also possible to con- stitute the
capacitor having a small amount of scattering in area. An insulating film
assuming the same con- 15  figuration as that of the gate electrode is
formed thereon, which makes it feasible to manufacture a ferroelectric
substance memory having a small quantity of parasitic capacity between the
gate electrode and an upper elec- trode 709 or undergoing no Influence of a
potential of the gate electrode on the ferroelectric substance film. In
terms of the manufacturing steps, an addition of the step of forming the
ferroelectric substance film 708 to those in the prior art may suffice,
thereby attaining the integration with facility. 20      Fig. 10 shows as a
modification of the embodiment shown in Fig. 9 an embodiment of the
invention, in which refractory metal sllicide 1002 is used as the lower
electrode of the ferroelectric capacitor. Here, 1001 as well as 1002 is
refractory metal silicide. the method shown in Fig. 6 can be applied to
this method, except for that in the embodiment shown in Fig. 10, silicide
is not formed on the gate portion since the gate portion is covered with
[err] As discussed above, the silicide serves as the lower electrode,
whereby in the case of 25  using, e.g., a Pt silicide, a lattice constant
is, when PZT is used for the ferroelectric substance film,relatively
approximate. It is therefore possible to improve the crystalline properties
of the ferroelectric substance film. As materials of the ferroelectric
substance film, there will be given, for example, [err] PZT and PLZT. As
discussed above, the semiconductor device of the invention as defined in
the claims is characterized by the arrangement in which the ferroelectric
substance film is formed, via the lower electrode, directly on the 30
diffused layer serving as the source or the drain; the lower electrode for
sandwiching the ferroelectric scib- stance film in cooperation with another
electrode is composed mainly of a metal, and at a contact hole in an
Insulating layer, the ferroelectric substance film is connected via the
foregoing electrode directly to the high- concentration diffused
layerformed on the semiconductor substrate; alternatively, a silicide
composed chiefly 



of a refractory metal is formed on the high-concentration diffused
layerserving as the source or the drain which 35  is shaped on the
semiconductor substrate, and the ferroelectric substance film exhibiting
excellent crystalline properties is formed directly on the silicide by
performing a small numberof steps. Hence, the present invention creates
such advantages that it is possible to manufacture the semiconductor
device, particularly the non-vol- atile memory at low costs by a small
number of steps and also obtain the ferroelectric substance film having a
superb crystalline properties. 40 Claims 1. A semiconductor device
comprising: 45            a semiconductor substrate (101, 701), a
high-concentration diffusion layer (103,703) formed on the substrate and
being part of an active semiconductor element such as a MOS transistor,
aferroelectricsubstancefilm (107,708) sandwiched between an upperand a
lowerelectrode (108, 709, 111, 114, 802, 1002), the lower electrode (111,
114, 802, 1002) being composed mainly of a metal 50      and connected to
the diffusion layer (103, 703), characterized in that the lower electrode
(111, 114,802,1002) is formed on the diffusion layer(103,703) at an exposed
contact portion thereof, the contact area between the ferroelectric
substance film (107,708) and said low- er electrode (111, 114, 802,1002)
being smaller than that between said ferroelectric substance film (107, 55
708) and the upper electrode (108, 709). 2. The semiconductor device
according to claim 1, wherein the material of said lower electrode (111,
114) is any one of Pt, Mo, Ti, W, Ta and Ni. 6    EP 0 389 762 B1 of the
insulating film 911 and polysilicon of the gate electrode 905 by, e.g., dry
etching. The geometry depicted in the Figure is thus obtained. Side walls
906 and 907 defined as one of the components of the invention are formed,
on both sides of the gate electrode and on side surfaces of the insulating
film shaped on this gate electrode. The side walls are shaped In such a way
that, for instance, an [err] film having a thickness of 1 jim 5   is formed
on the whole surface by, e.g., the vapor growth method, and subsequently
the etch-back is effected over the surface. The method of forming these
side walls is identical with an approach to formation of a tran- sistor
having an LDD structure. Denoted at 708 Is the ferroelectric substance film
constituting a ferroelectric substance capacitor, which Is acquired by
depositing, e.g., PZT over the surface to have a thickness of 0.5 [err] by
sputtering, and subsequently patterning it on a predetermined pattern by
dry etching. The upper electrode 10  709 made of, e.g. Al is to serve as a
wiring electrode of the transistor. In accordance with the embodiment shown
In Fig. 9, the high-concentration diffused layer 703 functions as a lower
electrode constructed of an element separating region 702 and the side wall
906 in the self-aligning manner. With this arrangement, the efficiency of a
capacitor area 710 increases, and It is also possible to con- stitute the
capacitor having a small amount of scattering in area. An insulating film
assuming the same con- 15  figuration as that of the gate electrode is
formed thereon, which makes it feasible to manufacture a ferroelectric
substance memory having a small quantity of parasitic capacity between the
gate electrode and an upper elec- trode 709 or undergoing no influence of a
potential of the gate electrode on the ferroelectric substance film. In
terms of the manufacturing steps, an addition of the step of forming the
ferroelectric substance film 708 to those in the prior art may suffice,
thereby attaining the integration with facility. 20      Fig. 10 shows as a
modification of the embodiment shown in Fig. 9 an embodiment of the
invention, In which refractory metal silicide 1002 is used as the lower
electrode of the ferroelectric capacitor. Here, 1001 as well as 1002 is
refractory metal silicide. the method shown in Fig. 6 can be applied to
this method, except for that in the embodiment shown in Fig. 10, silicide
is not formed on the gate portion since the gate portion Is covered with
[err] As discussed above, the silicide serves as the lower electrode,
whereby in the case of 25  using, e.g., a Pt silicide, a lattice constant
is, when PZT is used for the ferroelectric substance film,relatively
approximate. It is therefore possible to improve the crystalline properties
of the ferroelectric substance film. As materials of the ferroelectric
substance film, there will be given, for example, [err] PZT and PLZT. As
discussed above, the semiconductor device of the invention as defined in
the claims is characterized by the arrangement in which the ferroelectric
substance film is formed, via the lower electrode, directly on the 30
diffused layer serving as the source or the drain; the lower electrode for
sandwiching the ferroelectric scib- 



stance film in cooperation with another electrode is composed mainly of a
metal, and at a contact hole in an insulating layer, the ferroelectric
substance film is connected via the foregoing electrode directly to the
high- concentration diffused layerformed on the semiconductor substrate;
alternatively, a silicide composed chiefly of a refractory metal is formed
on the high-concentration diffused layer serving as the source or the drain
which 35  is shaped on the semiconductor substrate, and the ferroelectric
substance film exhibiting excellent crystalline properties is formed
directly on the silicide by performing a small number of steps. Hence, the
present Invention creates such advantages that It Is possible to
manufacture the semiconductor device, particularly the non-vol- atile
memory at low costs by a small number of steps and also obtain the
ferroelectric substance film having a superb crystalline properties. 40
Claims 1. A semiconductor device comprising: 45            a semiconductor
substrate (101, 701), a high-concentration diffusion layer (103, 703)
formed on the substrate and being part of an active semiconductor element
such as a MOS transistor, a ferroelectric substance film (107,708)
sandwiched between an upper and a lower electrode (1 08, 709, 111, 114,
802, 1002), the lower electrode (111, 114, 802, 1002) being composed mainly
of a metal 50       and connected to the diffusion layer (103, 703),
characterized in that the lower electrode (111, 114, 802, 1002) Is formed
on the diffusion layer(103, 703) atan exposed contact portion thereof, the
contact area between the ferroelectric substance film (107, 708) and said
low- er electrode (111, 114, 802, 1002) being smaller than that between
said ferroelectric substance film (107, 55       708) and the upper
electrode (108, 709). 2.  The semiconductor device according to claim 1,
wherein the material of said lower electrode (111, 114) Is any one of Pt,
Mo, Ti, W, Ta and Ni. 6    EP 0 389 762 B1 3. The semiconductor device
according to claim 1, wherein the material of said lower electrode (111,
114) is any one of metal silicides of Pt, Mo, Ti, W, Ta and Ni. 4.  The
semiconductordevice according to any one of claims 1 through 3, wherein the
ferroelectric substance 5       film (107) contacts the lower electrode
(114) through a contact hole (109) formed in an insulating layer (106)
which is provided on the lower electrode (114). 5. A memory device
comprising: a capacitor element composed of a ferroelectric substance film
(708) sandwiched between an up- 10      per and a lower electrode (709,
802), and an MOS transistor (703, 704,705) integrated together with the
capacitor element on the same sem- iconductor substrate (701) and having as
its source or drain a high-concentration diffusion layer (703) which is
formed on the substrate (701) and which is connected to the lower electrode
(802) of said ca- pacitor element, 15            characterized in that the
lower electrode (802) of said capacitor element is a silicide made of a
refractory metal and is formed on the diffusion layer (703) in a
self-aligned manner in an area determined by an element sepa- rating region
(702) and an insulating material (706) formed on a side wall of a gate
electrode (705) of the MOS transistor. 20 6. The memory device according to
claim 5, wherein the lower electrode (1002) is formed on the diffusion
layer (703) in a self-aligned manner In an area determined by an element
separating region (702) and an insulating material (906) formed on a side
wall of the gate electrode (905) and an insulating film (911) formed on the
gate electrode and having the same shape as the latter. 25 7.  The memory
device according to claim 5 or 6, wherein said suicide is any one of metal
silicides of Pt, Mo, Ti, W, Ta and Ni. 8. A method of manufacturing the
semiconductor device of claim 1, the method comprising the steps of 30
(a) forming on a silicon substrate (101) an element separating film (102)
such as to expose an element 



region of the substrate, (b) forming within said element region source and
drain diffused regions (103,104) and a gate electrode (105) of an MOS
transistor, (c) depositing a refractory metal film (611) on the substrate,
35        (d) annealing the substrate to form a refractory metal silicide
(601, 602,613) at portions where the re- fractory metal contacts silicon,
(e) removing the remaining refractory metal by etching, (f) forming an
interlayer insulating film (106) on the substrate, (g) forming a contact
hole (109) In the interlayer insulating film (106) at a position above one
(103) of 40        said source and drain diffused regions, (h) forming a
ferroelectric substance film (107) such as to contact the refratory metal
silicide portion (613) exposed through the contact hole (109), (i)
patterning the ferroelectric substance film (107) into a predetermined
shape, and (j) forming an upper electrode (108) on the ferroelectric
substance film (107). 45 9. A method of manufacturing the memory device of
claim 5, the method comprising the steps of (a) forming on a silicon
substrate (701) an element separating film (702) such as to expose an
element region of the substrate, (b) forming within said element region
source and drain diffused regions (703,704) and a gate electrode 50
(705) of an MOS transistor, (c) forming an oxide film to cover the gate
electrode (705), (d) forming on the sides of the gate electrode Insulating
film side walls (706, 707), (e) depositing a refractory metal film (611) on
the substrate, (f) annealing the substrate to form a refractory metal
silicide (601, 602, 613) at portions where the re- 55        fractory metal
contacts silicon, (g) removing the remaining refractory metal by etching,
(h) forming a ferroelectric substance film (708) such as to contact the
refratory metal silicide portion (802) in a self-aligned manner in the area
defined between one (706) of said insulating film side walls 7    EP 0389
762B1 and the element separating film (702), (i) patterning the
ferroelectric substance film (708) into a predetermined shape, and (j)
forming an upper electrode (709) on the ferroelectric substance film (708).
5   10. The method of claim 9, whereinstep (c) comprisesforming the
oxidefilm (911) onlyonthegate electrode such as to assume the same shape as
the gate electrode (905). Patentansprilche 10 1.  Halbleitervorrichtung
umfassend: eln Halbleitersubstrat (101, 701), elne Diffusionsschicht (103,
703) hoher Konzentration, die auf dem Substrat ausgebildet ist und Tell
eines aktiven Halbleiterelements wie etwa eines MOS-Transistors ist, t5
einen Film (107, 708) aus elner ferroelektrischen Substanz, der zwlschen
einer oberen und elner unteren Elektrode (108,709,111,114,802,1002)
sandwichartig eingeschlossen !st, wobei sich die untere Elektrode (111,
114, 802, 1002) hauptsachllch aus elnem Metall zusammensetzt und mit der
Diffusions- schicht (103, 703) verbunden ist, dadurch gekennzeichnet, 20
dag die untere Elektrode (111, 114,802,1002) auf der Diffusionsschicht
(103, 703) an einem frei- liegenden Kontaktabschnitt derselben ausgebildet
lst, wobei die Kontaktfliche zwischen dem Film (107, 708) der
ferroelektrischen Substanz und der unteren Elektrode (111, 114, 802, 1002)
kleiner ist als die zwischen dem Film (107, 708) der ferroedektrischen
Substanz und der oberen Elektrode (108, 709). 25  2.  Halbleitervorrichtung
nach Anspruch 1, be! derdas Material der unteren Elektrode (111, 114)
irgendelnes von Pt, Mo, Ti, W, Ta und Ni !st. 3.  Halbleitervorrichtung
nach Anspruch 1, bel derdas Material der unteren Elektrode (111, 114)
irgendeines von Metallsiliziden aus Pt, Mo, T1, W, Ta und Ni ist. 



30 4.  Halbleitervorrichtung nach elnem derAnspruche I bls 3, bei derder
Film (107) derferroelektrischen Sub- stanz die untere Elektrode (114) durch
ein Kontaktloch (109) kontaktiert, welches in einer lsolierschicht (106)
ausgebildet lt, die auf der unteren Elektrode (114) vorgesehen ist. 35  5.
Halbleiterspelcher, umfassend: ein Kondensatorelement, das sich aus elnem
Film (708) einerferroelektrischen Substanz, der zwi- schen elner oberen und
elner unteren Elektrode (709,802) sandwichartig eingeschlossen !st,
zusammen- setzt, und elnen MOS-Transistor (703, 704, 705), der zusammen mit
dem Kondensatorelement auf demsel- 40      ben Halbleitersubstrat (701)
Integriert lst und als seine Source oder Drain elne Diffusionsschicht (703)
hoher Konzentration aufweist, die auf dem Substrat (701) ausgebildet ist
und mit der unteren Eleltrode (802) des Kondensatorelements verbunden !at,
dadurch gekennzeichnet, daB die untere Elektrode (802) des
Kondensatorelements ein Silizid aus einem feuerfesten Metall ist 45
und auf der Diffusionsschicht (703) in elner selbstausgerichteten Weise in
einer Flache ausgebildet !st, die von einem Elemententrennberelch (702) und
einem Isoliermaterial (706) bestimmt wird, welches an einer Seitenwand
einer Gateelektrode (705) des MOS-Transistors ausgebildet !st. 6.
Speichervorrichtung nach Anspruch 5, be! derdie untere Elektrode (1002) auf
der Diffusionsschicht (703) 50      in einer selbstausgerichtbten Weise in
elner Fliche ausgebildet lst, die von elnem Elementtrennbereich (702) und
elnem Isoliermaterial (708) bestimmt wird, welches an elner Seitenwand der
Gateelektrode (905) und eines auf der Gateelektrode ausgebildeten und
dieselbe Form wie die letztere aufwelsenden Isolierfilms (911) ausgebildet
let. 55   7.  Speichervorrichtung nach Anspruch 5 oder 6, be! der das
Silizid irgendeines von Metallsiliziden aus Pt, Mo, Ti, W. Ta und Nl ist 8.
Verfahren der Herstellung der Halbleitervorrichtung von Anspruch 1, wobel
das Verfahren die Schritte 8 l 111111111111111111 11111 I    EP 0 389 782
B1 umfaft (a) Ausbilden auf einem Siliziumsubstrat (101) eines
Elementtrennfilms (102) derart, da eln Element- bereich des Substrats
frelliegt, (b) Ausbilden von Source- und Draindiffusionszonen (103, 104)
und einer Gateelektrode (105) eines 5         MOS-Transistors innerhalb des
Elementbereichs, (c) Abscheiden eines feuerfesten Metallfilms (611) auf dem
Substrat, (d) Anlassen des Substrate zurAusbildung sinesfeuerfesten
Metallsilizids (801,602,613) an Stellen, wo das feuerfestb Metall Silizium
kontaktlert, (e) Entfernen des fibrigen feuerfesten Metalls durch Atzen, 10
(f) Ausbilden eines Zwischenschichtisolierf ilms (106) auf dem Substrat,
(g)Ausbilden oines Kontaktloches (109) In dem Zwischenschichtisolierfilm
(106) an einerPosition fiber einer (103) der Source- und
Draindiffusionszonen, (h) Ausbilden oines Films (107) aus
einerferroelektrlschen Substanz derart, daM erden durch das Kon- taktloch
(109) frelgelegten Abschnitt des feuerfesten Metallsilizids kontaktiert, 15
(i) Mustern des Films (107) der ferroelektrischen Substanz in esne
vorbestimmte Form, und 0) Ausbilden einer oberen Elektrode (108) auf dem
Film (107) der ferroelektrischen Substanz. 9. Verfahron der Herstellung der
Speichervorrlchtung von Anspruch 5, wobei das Verfahren die Schritte um-
falt: 20        (a) Ausbilden sines Elementtrennfilms (702) auf einem
Siliziumsubstrat (701) derart, dag ain Element- bereich des Substrats
freiliegt, (b) Ausbilden von Source- und Draindiffuslonazonen (703, 704)
und einer Gateelektrode (705) eines MOS-Transistors Innerhalb des
Elementberelchs, (c) Ausbilden eines Oxldfilms zum Bedecken der
Gateelektrode (705), 25        (d) Ausbilden von Isolierfilmseitenwalnden
(706, 707) auf den Selten der Gateelektrode, (e) Abscheiden eines
feuerfesten Metallfilms (611) auf dem Substrat, (f Anlassen des Substrats
zur Ausbildung aines feuerfesten Metallsilizids (601, 602, 613) an Stellen,



wo das feuerfestb Metall Silizium kontaktiert, (g) Entfernen des fibrigen
feuerfesten Metalls durch Atzen, 30         (h) Ausbilden eines Films (708)
einer forroelektrischen Substanz derart, daM sle den Abschnitt (802) des
fouerfesten Metallsilizids in dem zwischen ainer (706) der
Isolierfilmseitenwande und dem Elementtrennfilm (702) gebildeten Bereich In
selbstausgerichteter Weise kontaktiert, (1) Mustern des Films (708) der
ferroelektrischen Substanz in aine vorbestimmte Form, und () Ausbilden
einer oberen Elektrode (709) auf dem Film (708) derferroelektrischen
Substanz. 35 10. Verfahren nach Anspruch 9, be! dem Schritt (c) das
Ausbilden des Oxidfilms (911) allein auf der Gateelektrode umfalt, so daM
er dieselbe Form wie die Gateelektrode (905) annimmt. 40   Revendications
1. Un dispositif a semiconductaurs comprenant: un substrat semiconducteur
(101, 701), une couche de diffusion A concentration 6lev6e (103, 703),
formee sur le substrat et qui fait partle 45       d'un 6lement A
semiconducteurs actif tel qu'un transistor MOS, une pellicule de materlau
forroelectrique (107, 708) intercalee entre des electrodes sup6rieure et
inferieure (108,709,111, 114, 802,1002), lMectrode inf6rieure (111,114,
802, 1002) etant constitu6e es- sentiellement par un metal et connect6e a
la couche de diffusion (103, 703), caracterise en co qua 50
Iel'ectrode inf6rleure (111, 114,802,1002) est formee sur la couche de
diffusion (103, 703), dans une partie de contact A nu de cette derniere,
l'aire de contact entre la pellicule de materiau ferro6lectrique (107,
708)etl electrode inferieure (111,114,802,1002) 6tant inferieure Acells qui
existe entre la pellicule de substance ferro6lectrique (107, 708) et
I'electrode sup6rieure (108, 709). 55   2.  Le dispositif A semiconductaurs
solon la revendicatlon 1, dans lequel Is materiau de l'6ectrode inf6rieure
(111, 114) eat l'un quelconque des sulvants : Pt, Mo, Ti, W, Ta et NI. 3.
Le dispositif A semiconductburs selon la revendlcation 1, dans lequel le
mat6riau de l'electrode inferieure 9 C 11111111111111111    EP0389 762 BI
(111, 114) est l'un quelconque des siliciures de metal de Pt, Mo, Ti, W, Ta
et Ni. K....'   4.  Le dispositif a semloonducteurs selon l'une quelconque
des revendications I A 3, dans lequel la pellicule de materiau
ferroelectrique (107) vlent en contact avec l'electrode inferieure (114)
par un trou de contact 5       (109) forme dans une couche Isolante (106)
qul est formee sur l'electrode Inferieure (114). 5. Un dispositif de
memoire, comprenant: un element consistant en un condensateur, forme d'une
pellicule de materiau ferroelectrique (708) intercalee entre des electrodes
superieure et infirieure (709, 802), et 10            un transistor MOS
(703, 704, 705) integre avec l'element consistant en un condensateur, sur
le mime substrat semiconducteur (701), et qul comports, pour sa source ou
son drain, une couche de dif- fusion A concentration elevee (703) qul
estformee sur Is substrat (701) etqui est connectee A l'electrode
infirieure (802) de l'element consistent en un condensateur, caracterise en
co quo 15            l'electrode inferieure (802) de l'element consistent
en un condensatour est un siliciure constitue par un metal refractaire, et
oile est formes d'une manibre auto-alignie sur la couche de diffusion
(703), dans une zone qui est determinee par une region de separation
d'element (702) et un mat6riau isolant (706) forme sur une paroi laterale
d'une ilectrode de grille (705) du transistor MOS. 20   6.  Le dispositif
de memoire solon la revendication 5, dens loques l'dlectrode Inferieure
(1002) est formee d'une maniere auto-alignee sur la couche de diffusion
(703), dens une zone qui est determinee par une region de separation
d'element (702) et un matdrlau isolant (906) forme sur une paroi laterale
de 1'6lo- trode de grille (905), et une pellicule isolante (911) qui eat
formee sur l'electrode de grille et a la mime forms quo cotte derniere. 25
7.  Le dispositif de memoire selon la revendication 5 ou 6, dens Isquel le
siliciure eat l'un quelconque des siliclures de metal de Pt, Mo, Ti, W, Ta
et Ni. 8. Un procede de fabrication du dispositif A semiconducteurs de la
revendication 1, ce procede comprenant 



30      lee etapes suivantes: (a) on forme sur un substrat en siliclum
(101) une pellicule de separation d'element (102), de fagon A leisser A nu
une region d'element du substrat, (b) on forms A l'interieur de cettb
region d'element, des reglons diffusees de source et de drain (103, 104) et
une electrode de grille (105) d'un transistor MOS, 35         (C) on depose
une pellicule de metal refractaire (611) sur le substrat, (d) on recult Is
substrat pour former un siliclure de metal refractaire (601, 602, 613) dens
des parties dens lesquelles le metal refractaire est en contact avec Is
silicium, (e) on enleve par attaque Is metal refractaire restant, (f) on
forms une pellicule isolante Intbr-couche (106) sur le substrat, 40
(g) on forms un trou de contact (109) dans la pellicule Isolantb
Inter-couche (106), dans une position situes au-dessus de l'une (103) des
regions diffuseos de source et de drain, (h) on forms une pellicule de
materiau forroelectrique (107), de facon qu'elle vienne en contact avec la
partie de siliciure de metal refractalre (613) qui est A nu A travers le
trou de contact (109), (i) on definit un motif de forms predtebrminee dens
la pellicule de materiau ferroelectrique (107), at 45         0) on forms
une electrode suprisure (108) sur la pellicule de materiau ferroelectrique
(107). 9. Un procede de fabrication du dispositif de memoire de la
revendication 5, c0 procede compronant les eta- pes suivantos: (a) on forms
sur un substrat en sillclum (701) une pellicule de s6paration d'element
(702), de fagon A 50         laisser A nu une region d'element du substrat,
(b) on forms A l'interieur de cette region d'element des regions diffusies
de source et de drain (703, 704) et une electrode de grille (705) d'un
transistor MOS, (c) on forme une pellicule d'oxyde de fagon A recouvrir
l'electrode de grille (705), (d) on forms sur les cotes de l'Ilectrode de
grille des parols laterales (706, 707) constituees par une 55
pollicule isolantb, (e) on depose une pellicule de metal refractaire (611)
sur le substrat, (t) on recuit le substrat pour former un siliciure de
metal refractalre (601, 602, 613) dans des parties dans lesquelles le metal
rifractaire est on contact avec le silbicum, 10 C  L  H  S~~~~~~~~~~~~~~~~
EP 0389762 B1 (g) on enleve par attaque le metal refractalre restant, (h)
on forme une pellicule de materiau ferroelectrique (708) de facon qu'elle
vienno en contact avec la partle de siliciure de metal r6fractaire (802),
d'uns maniere auto-alignee, dans une zone qui est def inie entre 'une (706)
des parole lat6rales en pelllcule isolante et la pellicule de se6paration
d'6l6ment (702), s          (i) on df init un motif de formo predtebrminee
dans la pellicule de mat6riau feroelectrique (708), et (j) on forms une
6lectrode superieure (709) sur la pellicule de materiau ferroelectrique
(708). 10. Le procde6 do la revendicaton 9, dans lequel l'6tape (c)
comprend la formation de la pellicule d'oxyde (911) seulement sur
l'electrode de grille, de fagon qu'elle prenne la mime forms que
I'electrode de grille 10      (905). 15 20 25 30 35 40 45 50 55 11    


