US 20040155289A1

a2 Patent Application Publication (o) Pub. No.: US 2004/0155289 A1l

a9 United States

Murata et al.

43) Pub. Date: Aug. 12, 2004

SEMICONDUCTOR INTEGRATED CIRCUIT
DEVICE HAVING SWITCHING MISFET AND
CAPACITOR ELEMENT AND METHOD OF
PRODUCING THE SAME, INCLUDING
WIRING THEREFOR AND METHOD OF
PRODUCING SUCH WIRING

(54

(76) Inventors: Jun Murata, Tokyo (JP); Yoshitaka
Tadaki, Tokyo (JP); Isamu Asano,
Tokyo (JP); Mitsuaki Horiuchi, Tokyo
(JP); Jun Sugiura, Tokyo (JP); Hiroko
Kaneko, Tokyo (JP); Shinji Shimizu,
Tokyo (JP); Atsushi Hiraiwa, Tokyo
(JP); Hidetsugu Ogishi, Tokyo (JP);
Masakazu Sagawa, Tokyo (JP);
Masami Ozawa, Tokyo (JP); Toshihiro
Sekiguchi, Tokyo (JP)

Correspondence Address:

ANTONELLI, TERRY, STOUT & KRAUS,
LLP

1300 NORTH SEVENTEENTH STREET
SUITE 1800

ARLINGTON, VA 22209-9889 (US)

@D
(22

Appl. No.: 10/774,524

Filed: Feb. 10, 2004
Related U.S. Application Data

(60) Continuation of application No. 08/620,867, filed on

Mar. 25, 1996, now Pat. No. 5,753,550, which is a

continuation of application No. 08/254,562, filed on
Jun. 6, 1994, now Pat. No. 5,504,029, which is a
division of application No. 07/894,351, filed on Jun.
4, 1992, now abandoned, which is a division of
application No. 07/246,514, filed on Sep. 19, 1988,
now Pat. No. 5,153,685.

(30) Foreign Application Priority Data

Sep. 19, 1987

Sep. 19, 1987

Sep. 19, 1987 .

Sep. 19, 1987 (IP) ceeveereccrecrecrerrcrecnaenne 62-235912
Sep. 19, 1987 (IP) ceeveereccrecrecrerrcrecnaenne 62-235910
Sep. 19, 1987  (IP)..... . 62-235913
Sep. 19, 1987 (IP) ceeveereccrecrecrerrcrecnaenne 62-235914

Publication Classification

(51) Int.Cl7
(52) U.S.CL

......................... HO1L 29/76; HO1L 21/336
........................... 257/335; 257/336; 438/306

(7) ABSTRACT

A method of manufacturing a semiconductor integrated
circuit device having a switching MISFET and a capacitor
element formed over a semiconductor substrate, such as a
DRAM, is disclosed. The dielectric film of the capacitor
element is formed to be co-extensive with the capacitor
electrode layer over it. The upper electrode of the capacitor
element is formed to be larger than the lower electrode.
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SEMICONDUCTOR INTEGRATED CIRCUIT
DEVICE HAVING SWITCHING MISFET AND
CAPACITOR ELEMENT AND METHOD OF
PRODUCING THE SAME, INCLUDING WIRING
THEREFOR AND METHOD OF PRODUCING
SUCH WIRING

[0001] This application is a Continuation application of
application Ser. No. 08/620,867, filed Mar. 25, 1996, the
contents of which are incorporated herein by reference in
their entirety, which application Ser. No. 08/620,867 is a
Continuation application of Ser. No. 08/254,562, filed Jun.
6, 1994, which is a Divisional application of Ser. No.
07/894,351, filed Jun. 4, 1992, which is a Divisional appli-
cation of Ser. No. 07/246,514, filed Sep. 19, 1988.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a semiconductor
integrated circuit-device, particularly a semiconductor inte-
grated circuit memory device, and more particularly to
structure which is effective when applied to a semiconductor
integrated circuit device having dynamic random access
memories (DRAMs), and methods for the production
thereof. The present invention is further directed to a semi-
conductor integrated circuit device having a capacitor ele-
ment, particularly a semiconductor integrated circuit
memory device, such as a DRAM, having a stacked capaci-
tor element, and methods of production thereof.

[0003] The present invention is further directed to wiring
techniques having applicability in connection with various
devices, including in connection with semiconductor inte-
grated circuit devices, particularly semiconductor integrated
circuit memory devices such as DRAMs.

[0004] Each of the memory cells constituting a DRAM
includes a memory cell selecting MISFET and a capacitor
element for storing information, such capacitor element
being connected in series to one semiconductor region of the
MISFET. The gate electrode of the memory cell selecting
MISFET is connected to a word line which extends in the
row direction so that the MISFET is controlled through this
word line. The other semiconductor region of the memory
cell selecting MISFET is connected to a data line which
extends in the column direction.

[0005] Attempts are continuously being made, with
respect to this type of DRAM, to increase its integration
density, for the purpose of increasing the memory capacity,
and therefore there is a tendency for the memory cell sizes
to shrink. When the memory cell sizes are reduced, the size
(area) of the capacitor elements, for storing the information,
is also reduced which results in a decrease in the capacity of
such capacitor elements for storing charges which constitute
information. As the charge storing capacity decreases, the
effect of minority carriers generated due to a-particles
increases, so that so-called soft errors are likely to occur.
This occurrence of soft errors is particularly a problem in
DRAMSs having high integration density, such as 1 Mbit or
more.

[0006] In view of this problem of soft errors generated due
to a-particles, stacked capacitor elements (STCS) have been
adopted as information storage capacitor elements of the
memory cells of DRAMs. A stacked capacitor element
includes a first electrode layer, a dielectric film and a second
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electrode layer, which are successively stacked on a semi-
conductor substrate. The first electrode layer is formed in
such a manner that, after memory cell selecting MISFETSs of
the memory cells have been formed, when part of the first
electrode layer of the stacked capacitor elements is con-
nected to one semiconductor region of the corresponding
MISFET, another part thereof is extended above the gate
electrode of the corresponding memory cell selecting MIS-
FET. The first electrode layer is formed from a polycrystal-
line silicon film having an impurity (such as P or As, for
example) introduced therein, for the purpose of lowering the
resistance value of the polycrystalline silicon. The dielectric
film is defined by a silicon oxide film formed by oxidizing
the surface of the polycrystalline silicon film constituting the
first electrode layer. The second electrode layer is formed
integrally with the second electrode layers of other adjacent
memory cells, thus providing a common plate electrode (as
the second electrode layer). The second electrode layer is
formed from a polycrystalline silicon film like that of the
first electrode layer.

[0007] The aforementioned memory cell selecting MIS-
FET of the memory cell is constructed into an n-channel
type. This MISFET has its shape specified by the element
insulating isolating film and a p-type channel stopper region,
and is electrically isolated from the elements of other
regions.

[0008] There is connected a data line with the other
semiconductor region of the memory cell selecting MISFET
of each memory cell in the array, such data line being
connected to such other semiconductor region through an
intermediate conducting layer which is formed in the same
fabrication step as the first electrode layer of the storage
capacitor element. Since this intermediate conducting layer
is connected in self-alignment with the other semiconductor
region, the data line is connected in self-alignment with the
other semiconductor region even if a masking displacement
is caused at the fabrication steps of the intermediate con-
ducting layer and the data line.

[0009] Information stored in each memory cell of the
DRAM is input through the above-described data line to a
sense amplifier of a peripheral circuit, where it is amplified,
and the amplified information is then output to a common
data line through a Y-switch. The Y-switch is controlled by
a column decoder circuit (Y-decoder circuit) through a
Y-select signal line. The Y-select signal line is formed from
the same conductive layer as that for the above-described
data line and extends in the same column direction as the
data line.

[0010] The memory cell comprising the above-described
stacked capacitor elements has the advantage that incidence
of soft errors can be reduced because such capacitor ele-
ments do not use the semiconductor substrate in which
minority carriers are generated due to a-particles incident
thereon. In addition, the stacked capacitor element enables
areas of the first and second electrode layers to be increased
in the heightwise direction (direction extending perpendicu-
lar to the semiconductor substrate) by making use of the
stepped configuration of the memory cell selecting MISFET.
Due to such increased size, an increase in the capacity of
storing charge which constitutes information is achieved, so
that it is further possible to reduce soft errors.

[0011] The data lines of the DRAMs, mentioned previ-
ously, consist of an aluminum wiring having a small specific
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resistivity. An element for reducing electromigration and
stress migration is added to the aluminum wiring forming
the data line. For example, copper (Cu) is generally used as
such element for reducing electromigration and stress migra-
tion; however, palladium (Pd) or titanium (Ti) can also be
used as such element. In addition, silicon or the like has also
been added to the aluminum wiring, in addition to the
element(s) discussed above, in order to prevent an aluminum
spike. Thus, a common wiring for the data line is an
aluminum-copper-silicon wiring.

[0012] The aluminum wiring technique of a DRAM is
described, for example, in “Nikkei Micro-Devices”, May
Issue, 1987, pgs. 16-31, Special Issue No. 1, published by
Nikkei-McGraw-Hill Co.

[0013] It should also be noted that a DRAM in which each
memory cell includes a stacked capacitor element is
described, for example, in Japanese Patent Laid-Open No.
183952/1986. The contents of this Japanese patent laid-open
application are incorporated in their entirety herein.

SUMMARY OF THE INVENTION

Problems Found and Addressed by the Inventors

[0014] In attempting to develop a DRAM having
increased capacity, the present inventors have found various
problems in the above-described prior art structure, and in
the methods of forming such structure.

[0015] A. In connection with a first aspect of the present
invention, the inventors have found that when the informa-
tion storage capacitor of the stacked structure is formed after
the memory cell selecting MISFET has been formed, the
source and drain region of the MISFET being formed by ion
implantation at a relative high implantation flux of or above
10** atoms/cm? (providing a high impurity concentration
region of or above 10?° atoms/cm”), crystal defects are often
caused in the principal surface portion of the semiconductor
substrate (for example, a well region formed in the substrate)
due to such ion implantation. Such crystal defects cannot be
satisfactorily removed by annealing at a later step in the
manufacturing process. Due to such defects, charges stored
in the stacked capacitor element leak to the substrate, so that
the information retention characteristics of the DRAM
degrade. Such degradation of the information retention
characteristics results in the requirement that the frequency
of refreshing the information increases, so that the operating
speed of the DRAM decreases.

[0016] B. In connection with a second aspect of the
present invention, the present inventors have found that,
where each of the memory cells is disposed under the
above-described data line, and if the aforementioned Y-se-
lect signal line is provided using the same conductive layer
as that for the data line, the region where this Y-select signal
line is provided becomes a useless space. This useless space
hinders a decrease in the memory cell area, and results in a
failure to further increase the integration density of the
DRAM.

[0017] C. In connection with a third aspect of the present
invention, as the integration density increases, and in order
to protect against minority carriers below the memory cell
forming region, it becomes desirable to form a potential
barrier layer below the memory cell forming region. This
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potential barrier layer can be formed, for example, by
introducing a P-type impurity at a high dosage into the
memory cell forming region by ion implantation. This
P-type impurity can be introduced at various stages during
the manufacturing process. Thus, this P-type impurity can be
introduced into the entire surface of the memory cell array,
including locations for the memory cell, before the element
isolating insulating film and the channel stopper region are
formed. In addition, this introduction of the P-type impurity
can be accomplished by using the element isolating insu-
lating film as an impurity introducing mask, after the ele-
ment isolating insulating film and the channel stopper region
are formed.

[0018] The introduction of the P-type impurity for forming
the potential barrier layer increases the impurity concentra-
tion of the aforementioned channel stopper region in the
peripheral region of the memory cell. This increase in turn
drops the PN junction breakdown strength between one
semiconductor region (forming part of the information stor-
ing capacitor element, that is, a storage node) of the MISFET
of a memory cell and the channel stopper region. This drop
in the junction breakdown strength causes the electric
charges stored in the stacked capacitor element to leak,
thereby degrading its information holding characteristics, so
that the frequency of refreshing such information is
increased. As a result, the reading and writing rates of the
DRAM increases, thus decreasing the speed of the DRAM.
Moreover, such DRAM, having such potential barrier layer,
requires an increased number of fabrication steps, due to the
addition of the step of forming the aforementioned potential
barrier layer.

[0019] As a technique for solving the problems specified
above, in connection with this third aspect of the present
invention, it is possible to form both the channel stopper
region and the potential barrier layer in the same processing
step, with the channel stopper region being formed by
introducing a P-type impurity through the element isolating
insulating film by ion implantation using a high energy. If,
however, the impurity is introduced with a high energy, a
number of crystal defects is caused in the substrate surface
at the memory cell forming region, thereby degrading the
information holding characteristics of the DRAM.

[0020] D. In connection with a fourth aspect of the present
invention, the inventors have found the following problems
arising upon increasing the integration density of the
DRAM. Thus, the memory cell is required to have an
isolating space between the first electrode layer of the
stacked capacitor element and an intermediate conducting
layer which connects a data line to a semiconductor region
of the memory cell selecting MISFET. Such isolating space
causes a decrease in the area of the first electrode layer of the
stacked capacitor element, and accordingly decreases the
amount of storage of electrical charges which can be
achieved in the stacked capacitor element. Moreover, when
the second electrode layer of the stacked capacitor element
is to be patterned, the intermediate conducting layer uses a
dielectric film formed thereover as an etching stopper;
however, since this dielectric film is very thin, the interme-
diate conducting layer can be damaged or broken as a result
of over-etching in patterning the second electrode layer. This
causes a poor connection between the data line and the other
semiconductor region of the MISFET.
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[0021] In order to prevent this, it is conceivable not to
sandwich an intermediate conducting layer between the
other semiconductor region and the data line. The omission
of the intermediate conducting layer can extend the first
electrode layer to the data line, so as to increase the area of
the same, so that the amount of storage of the electric
charges of the stacked capacitor element can be increased.
However, since the other semiconductor region has its
principal surface substantially exposed to the outside, when
the intermediate conducting layer is omitted, its principal
surface is damaged by the etching upon patterning the first
and second electrode layers of the stacked capacitor element.

[0022] In order to solve this problem, an inter-layer insu-
lating film can be formed as an etching stopper layer all over
the surface of the substrate after the MISFET is formed and
before forming the first electrode layer; such inter-layer
insulating film can be made of a silicon oxide film which is
prepared by a deposition technique, such as chemical vapor
deposition (CVD). The first electrode layer is then formed
over the inter-layer insulating film, and the connection
between the one semiconductor region of the memory cell
selecting MISFET and the first electrode layer of stacked
capacitor element can be accomplished through a connection
hole which is formed in the aforementioned inter-layer
insulating film. However, the inter-layer insulating film over
the other semiconductor region of the memory cell selecting
MISFET has to be removed before the data line is connected,
so that there arises the problem that the number of manu-
facturing steps for forming the semiconductor device dis-
advantageously increases. Furthermore, since the removal of
the inter-layer insulating film requires a mask alignment
margin, there arises a further problem, in connection with
use of the inter-layer insulating film, that the memory cell
area is disadvantageously increased, so as to decrease the
degree of integration of the device.

[0023] On the other hand, where the dielectric film of the
stacked capacitor element is used as an etching stopper when
the second electrode layer is patterned, and when patterning
of the second electrode layer is accomplished by plasma
etching, for example, the further problem arises that the
dielectric film left uncovered by the second electrode layer
is charged up with electric charges during patterning of the
second electrode layer, so that its dielectric breakdown
strength decreases; this deteriorates the reliability of the
DRAM. Accordingly, according to this fourth aspect of the
present invention, it is desired to provide a technique
wherein the integration density of the DRAM can be
increased without deteriorating the reliability of the DRAM,
while still satisfactorily providing the stacked capacitor
element and data line connection to the other semiconductor
region of the memory cell selecting MISFET.

[0024] E. In connection with a fifth aspect of the present
invention, the present inventors have found that the dielec-
tric film of the stacked capacitor element of each of the
memory cells, defined by a silicon oxide film formed by
oxidizing the surface of a polycrystalline silicon film which
defines the first electrode layer, has a lower dielectric
strength and a larger number of defects per unit area than
those of a silicon oxide film formed by oxidizing the surface
of a single crystal silicon substrate. Due to such lower
dielectric strength and larger number of defects, the stacked
capacitor element has a relatively large leakage current, and
therefore suffers from deterioration of information holding
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characteristics. While it has been considered to adopt a
single-layer silicon nitride film, deposited by CVD, as the
dielectric film of the stacked capacitor element, such single-
layer silicon nitride film has a relatively large leakage
current, and therefore the information holding characteris-
tics of the capacitor element having such nitride film as the
dielectric layer is deteriorated. Accordingly, there is still a
need, according to this fifth aspect of the present invention,
to provide a dielectric film of the stacked capacitor element
whereby the stacked capacitor element has a relatively small
leakage current.

[0025] F. In connection with a sixth aspect of the present
invention, the inventors have discovered that, in connection
with aluminum wiring (such as the data line) used in, e.g.,
a DRAM, shape defect and disconnection occur frequently
due to electrolytic corrosion. As a result of analysis of the
aluminum wiring, the inventors believe that such electrolytic
corrosion occurs during a wet treatment after forming such
wiring. Specifically, the aluminum wiring to which the
element for reducing migration is added is formed by
anisotropic etching, such as reactive ion etching (RIE) using
a photoresist film as an etching mask. After this anisotropic
etching step, the aluminum wiring is subjected to water
washing and a cleaning treatment, and to a wet treatment,
using a liquid, to remove the photoresist film utilized as an
etching mask during the anisotropic etching. During this wet
treatment, a battery (galvanic) reaction occurs with the base
(aluminum) of the aluminum wiring serving as an anode and
an intermetallic compound formed by aluminum and the
element for reducing electromigration added to the wiring,
as described above, serving as a cathode. This galvanic
reaction corrodes the base of the wiring around the inter-
metallic compound as a nucleus, with shape defects or
disconnection of the aluminum wiring resulting from this
galvanic reaction; such result lowers the electrical reliability
of the wiring used in the DRAM.

[0026] In order to improve electrical reliability of the
aluminum wiring resulting from the galvanic reaction
described above, the inventors of the present invention
dispose a protective film on the aluminum wiring to protect
it from the liquid used in the wet treatment. A refractory
metal film or a refractory metal silicide film having resis-
tance to wet treatment, and high reliability in a semicon-
ductor fabrication process, is used as the protective film.
This protective film is formed by first depositing an alumi-
num film by sputtering, by use of a sputtering apparatus, and
then depositing the protective film by use of another sput-
tering apparatus, or a CVD apparatus. However, the inven-
tors have found that an aluminum oxide film is instanta-
neously formed on the aluminum film, while the formed
structure is transferred between, for example, the sputtering
apparatus for depositing the aluminum film and another
sputtering apparatus, or a CVD apparatus, for forming the
protective film. This aluminum oxide functions as an etching
stopper when the aluminum film is patterned and results in
the problem that the aluminum film cannot be etched. Thus,
according to this sixth aspect of the present invention, there
is a desire to provide a structure of aluminum film and
protective film, without such aluminum oxide film.

[0027] G. In connection with a seventh aspect of the
present invention, and in order to provide DRAMSs having
large integration density, applicants have found that when
MoSi, is utilized as the protective film for protecting the
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aluminum wiring from a liquid used for wet treatment to
remove the photoresist mask utilized for anisotropic etching
to form the wiring, with an upper layer aluminum wiring
being provided on the MoSi, (for example, such MoSi,
being provided in a through-hole in an inter-layer insulating
film to provide electrical conductivity between upper and
lower aluminum wiring layers), the contact resistance value
increases abnormally at the interface portion between the
MoSi and the upper aluminum wiring. As a result of analy-
sis, the inventors have found that aluminum particles of the
lower layer aluminum wiring precipitate at the interface
through MoSi, and an aluminum oxide is formed at the
interface. The increase in contact resistance value between
the lower and upper layer aluminum wirings reduce the yield
of the through-holes.

Solutions to the Foregoing Problems

[0028] A. Accordingly, it is an object of the first aspect of
the present invention to provide, in a semiconductor inte-
grated circuit device (e.g., a DRAM), wherein a memory cell
is constructed utilizing a capacitor element (e.g., a stacked
capacitor element) formed on a substrate, a technique
capable of enhancing information retention characteristics
of the device.

[0029] Tt is a further object of this first aspect of the
present invention to provide a technique of capable of
accomplishing the aforementioned object, thereby to raise
the operating speed of the DRAM.

[0030] Tt is a still further object of this first aspect of the
present invention to provide a technique capable of reducing
the area of the memory cell, thereby to increase the inte-
gration density of the DRAM.

[0031] Tt is a further object of this first aspect of the
present invention to provide a technique capable of lowering
the resistance of the connection portion between one of the
semiconductor regions of the memory cell selecting MIS-
FET of the memory cell and, e.g., the stacked capacitor
element of such memory cell.

[0032] Tt is a still further object of this first aspect of the
present invention to provide a technique capable of prevent-
ing short-circuiting between a substrate and a data line
which is connected to the memory cell selecting MISFET of
the memory cell.

[0033] The foregoing objects, and other objects, of the first
aspect of the present invention are achieved by the presently
described structure, which will be briefly summarized in the
following. Such summary of this aspect of the present
invention, achieving the objects in connection with the first
aspect of the present invention, as well as the following
summaries in connection with the other aspects of the
present invention, are illustrative, and not limiting. More-
over, while these summaries set forth the various aspects of
the present invention in terms of DRAMSs having stacked
capacitor elements, the present invention in all of its aspects
is not to be limited thereto.

[0034] Thus, in each memory cell of a DRAM, the semi-
conductor region of the memory cell selecting MISFET to
which the stacked capacitor element is connected is formed
by ion implantation at an impurity concentration lower than
that of the semiconductor regions of the MISFETs of periph-
eral circuits of such DRAM.
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[0035] In addition, the semiconductor region of the
memory cell selecting MISFET to which the stacked capaci-
tor element is connected is made up of a first semiconductor
region of low impurity concentration which is formed by ion
implantation, which has formed therein a further semicon-
ductor region of high impurity concentration which is
formed by diffusion of an impurity introduced in the elec-
trode layer of the stacked capacitor element, connected to
the semiconductor region.

[0036] In addition, the other semiconductor region of the
memory cell selecting MISFET of the memory cell, electri-
cally connected to a data line, is formed of a semiconductor
region of low impurity concentration which is formed by ion
implantation, and a still further semiconductor region, of
high impurity concentration, which is formed by ion implan-
tation carried out through a contact hole for connecting such
other semiconductor region and the data line, is provided in
such other semiconductor region.

[0037] According to such structure as discussed above, the
occurrence of crystal defects in the semiconductor substrate,
attributed to ion implantation when forming the semicon-
ductor regions of the memory cell selecting MISFET, can be
decreased, and leakage of charges that store information in
the stacked capacitor element can be reduced, so that the
information retention characteristics of the DRAM can be
enhanced. As a result, the frequency of refresh of the DRAM
can be reduced, whereby the operating speed of the DRAM
can be increased.

[0038] Furthermore, since the semiconductor region of the
memory cell selecting MISFET has a relatively low impurity
concentration, as compared to that of MISFETs of the
peripheral circuit, the short channel effect can be suppressed,
so that the area of the memory cell can be reduced. As a
result, a higher integration density of the DRAM can be
achieved. Furthermore, through use of diffusing the impu-
rity-from the electrode layer of the stacked capacitor ele-
ment into the semiconductor region of the memory cell
selecting MISFET, the contact resistance therebetween can
be reduced.

[0039] Furthermore, since the semiconductor region of the
memory cell selecting MISFET in contact with the data line
is formed in part by ion implantation through a contact hole
for the data line to be connected therewith, short-circuiting
of the data line and the substrate attributed to mask misreg-
istration between the other semiconductor region of the
memory cell selecting MISFET and the data line can be
avoided.

[0040] B. In connection with the second aspect of the
present invention, it is an object to provide a technique
which enables an increase in the integration density of, e.g.,
a DRAM in which each memory cell includes an informa-
tion storing capacitor element over a substrate (e.g., a
stacked capacitor element).

[0041] Tt is a further object of this second aspect of the
present invention to provide a technique which enables
effective utilization of space where select signal lines
extend, in a DRAM utilizing a select signal line formed of
the same conductive layer as the data line.

[0042] Ttis astill further object of this second aspect of the
present invention to provide a technique which enables an
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increase in the charge storage capacity of each stacked
capacitor element in such a DRAM utilizing the select signal
lines.

[0043] Ttis a still further object of this second aspect of the
present invention to provide a technique which achieves
reduction in the incidence of soft errors in, e.g., a DRAM
utilizing such select signal lines.

[0044] The foregoing objects are achieved by the second
aspect of the present invention, providing structure wherein
each memory cell includes a stacked information storage
capacitor element, a pair of complementary data lines and a
select signal line for selecting the data line, with the data
lines and select signal line being formed from the same
conductive layer and extending in the same column direc-
tion, and wherein the lower electrode layer of the stacked
capacitor element is extended to a position where it is
overlapped by the select signal line.

[0045] By utilizing such structure wherein the lower elec-
trode layer of the, e.g., stacked capacitor element is over-
lapped by the select signal line, it is possible to increase the
area of the lower electrode layer by making use of the space
below the select signal line, whereby it is possible to
increase the charge storing capacity of, e.g., the stacked
capacitor element. Such increase in the charge storage
capacity enables a decrease in the incidence of soft errors in
the DRAM to be achieved. Furthermore, since the incidence
of soft errors can be reduced, it is possible to increase the
integration density of the DRAM.

[0046] C.In connection with the third aspect of the present
invention, it is an object to provide a technique capable of
improving the information holding characteristics of the
memory device (e.g., DRAM).

[0047] 1t is a further object of this third aspect of the
present invention to provide a technique capable of increas-
ing the operating speed of the DRAM.

[0048] Tt is a still further object of this third aspect of the
present invention to provide a technique capable of increas-
ing the integration density of the DRAM.

[0049] Tt is a still further object of this third aspect of the
present invention to provide a technique capable of reducing
the number of steps of fabricating the DRAM.

[0050] The foregoing objects of the third aspect of the
present invention are achieved by the following technique.

[0051] Thus, in a DRAM, there is disposed below the
semiconductor region of the memory cell selecting MISFET,
to be connected with the stacked capacitor element, a
potential barrier layer, which is formed by diffusing an
impurity for forming a channel stopper region. In such
DRAM, it is particularly advantageous that such potential
barrier layer, formed by diffusing an impurity for forming a
channel stopper region, is provided below both semicon-
ductor regions of the memory cell selecting MISFET.

[0052] Furthermore, the objectives of this third aspect of
the present invention are further achieved by forming the
channel stopper region and potential barrier layer in the
same manufacturing step.

[0053] By forming such potential barrier layer as in this
third aspect of the present invention, the minority carriers
trapped by the capacitor element of the memory cell can be
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reduced, so that it is possible to prevent soft error of the
memory cell mode. Moreover, by such third aspect of the
present invention, the impurity concentrations of the channel
stopper region and the potential barrier layer can be made
substantially equal, to improve the PN junction breakdown
voltage between the potential barrier layer and the semicon-
ductor region to which the electrode of the stacked capacitor
cell is connected, so that leakage of electrical charges of the
stacked capacitor element (whereby information of the
stacked capacitor element is lost) can be reduced, to improve
the information holding characteristics. As a result, the
frequency required to refresh information in the DRAM can
be reduced, thereby to increase the operating speed of the
DRAM.

[0054] In addition, by providing the potential barrier layer
beneath the semiconductor region of the memory cell select-
ing MISFET to which the data line is connected, it is
possible to prevent soft error of the data line mode.

[0055] Furthermore, since the step of forming the potential
barrier layer is performed simultaneously with the step of
forming the channel stopper region, it becomes possible to
reduce the number of steps for fabricating the DRAM.
Moreover, since the potential barrier layer is formed in
self-alignment with the channel stopper region, the mask
alignment margin of the fabrication process can be elimi-
nated, which can improve the degree of integration of the
DRAM.

[0056] Furthermore, since diffusion of the impurity intro-
duced for forming the channel stopper region is utilized for
forming the potential barrier layer, damage to the substrate
caused by ion implantation to introduce the impurity for
forming the channel stopper region can be reduced, so as to
reduce the crystal defects caused by the impurity introduc-
tion. As a result, it is possible to improve the refreshing
characteristics of the DRAM.

[0057] D. In accordance with the fourth aspect of the
present invention, it is an object to provide a technique of
improving the breakdown strength of the dielectric film of
the memory device (e.g., DRAM) which utilizes, e.g., a
stacked capacitor element for storage of information.

[0058] 1t is a further object of this fourth aspect of the
present invention to provide a technique capable of improv-
ing the electrical reliability of the DRAM.

[0059] 1t is a further object of this fourth aspect of the
present invention to provide a technique capable of highly
integrating the DRAM by reducing the area of the memory
cell.

[0060] Tt is still another object of this fourth aspect of the
present invention to provide a technique capable of reducing
the number of steps of fabricating the DRAM.

[0061] Each of the foregoing objects are achieved by the
structure of this fourth aspect of the present invention, which
will be summarized below. Generally, the stacked capacitor
element of this fourth aspect of the present invention has a
dielectric film thereof constructed to have the same shape as
that of the second electrode layer, which lies thereover.

[0062] In addition, an inter-layer insulating film is
removed from the semiconductor region of the memory cell
selecting MISFET which is to be connected with the data
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line, by using the second electrode layer or its patterning
mask as a mask in such removal.

[0063] By the technique specified in the foregoing, in
connection with this fourth aspect of the present invention,
the dielectric film of the stacked capacitor element can be
coated (laminated) with the second electrode layer to reduce
electrical charges stored in the dielectric film (for example,
at the time of plasma etching to form the second electrode
layer), so that the insulating breakdown voltage of the
dielectric film can be improved. As a result, it is possible to
improve the electrical reliability of the DRAM.

[0064] Furthermore, by this fourth aspect of the invention,
the inter-layer insulating film over the semiconductor region
of the memory cell selecting MISFET to be connected to the
data line can be removed by using the second electrode
layer, or its patterning mask, as a mask, so that the number
of steps of fabricating the DRAM can be reduced. Further-
more, such removal of the inter-layer insulating film can be
accomplished in self-alignment with respect to the second
electrode layer or its patterning mask, so that the area of the
memory cell can be reduced so as to improve the integration
density of the DRAM.

[0065] E.In accordance with the fifth aspect of the present
invention, it is an object to provide a technique which
enables an improvement in the information holding charac-
teristics of a memory device (e.g., a DRAM) having a
capacitor element over the substrate (e.g., a stacked capaci-
tor element).

[0066] 1t is a further object of this fifth aspect of the
present invention to provide a technique which permits
enhancement in the dielectric strength of the dielectric film
of the stacked capacitor element of the DRAM, and also
permits a reduction in the number of defects per unit area
thereof.

[0067] Tt is still another object of this fifth aspect of the
present invention to provide a technique which permits
reduction in the time required to complete a heat treatment
carried out to form the dielectric film of the stacked capaci-
tor element.

[0068] 1t is a still further object of this fifth aspect of the
present invention to provide a technique which achieves an
increase in the integration density of such DRAM having a
stacked capacitor element.

[0069] The foregoing objects are achieved by the presently
described structure and process for forming such structure.
Briefly, a dielectric film of the stacked capacitor element is
comprised of a silicon nitride (e.g., Si;N,) film deposited on
the first electrode layer, with a silicon oxide film formed on
the silicon nitride film, such silicon oxide film being formed
by subjecting the surface of the silicon nitride film to
high-pressure oxidation. Thereafter, a second electrode layer
is provided on the dielectric film. By the above-described
structure, and process of forming such structure, wherein a
silicon oxide film, formed by high-pressure oxidation of a
silicon nitride film, is utilized as part of the dielectric film of
the stacked capacitor cell, it is possible to form a dielectric
film, including a silicon nitride film, having a uniform
thickness independently of the crystalline state and configu-
ration of the surface of the underlying first electrode layer,
and to form a silicon oxide film of good quality on the silicon
nitride film. Accordingly, it is possible to improve the
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dielectric strength of the dielectric film, reduce the number
of defects per unit area of the dielectric film, and minimize
the leakage current; it is also possible to reduce the time
required for forming the silicon oxide film on the silicon
nitride film. Thus, since the silicon oxide is formed at high
pressures, the time period necessary for forming the oxide is
reduced. Furthermore, since the time required to form the
silicon oxide film of the dielectric film is reduced, the
junction depth of semiconductor regions such as source and
drain regions of MISFETs is reduced, so that the sizes of the
elements are reduced, whereby integration density can be
increased.

[0070] F. According to the sixth aspect of the present
invention, it is an object to provide a technique which can
prevent formation of an oxide on the surface of a metal
wiring (for example, of aluminum) of a lower layer, in a
wiring technique which utilizes a metal wiring having at
least a two-layered structure.

[0071] Tt is a further object of this sixth aspect of the
present invention, to provide a technique which can reliably
provide a shaped wiring.

[0072] Tt is a still further object of this sixth aspect of the
present invention to provide an integrated circuit semicon-
ductor device, and a method of utilizing such device, having
a metal wiring over the substrate, which metal wiring has a
two-layered structure.

[0073] 1t is a still further object of this sixth aspect of the
present invention to provide an integrated circuit memory
device, such as a DRAM, which uses a metal wiring over the
semiconductor substrate, which metal wiring has at least a
two-layered structure.

[0074] The foregoing objects of this sixth aspect of the
present invention are achieved by the technique described as
follows. Thus, the above objects are achieved by providing
a first metal wiring and a second metal wiring stacked on
each other, with the first and second metal wirings being
formed continuously inside the same vacuum system, with-
out breaking of such vacuum between forming the first and
second metal layers.

[0075] According to the procedure of this sixth aspect of
the present invention, the second metal wiring can be formed
on the surface of the first metal wiring without permitting the
surface of the first metal wiring to come in contact with the
atmosphere. Accordingly, formation of an oxide on the
surface of the first metal wiring can be reduced. As a result,
the first metal wiring can be removed (for example, etched)
reliably, and the resistivity value of the composite film
consisting of the first and second metal wirings can be
reduced.

[0076] G. In accordance with the seventh aspect of the
present invention, it is an object thereof to provide a
technique which restricts the galvanic reaction, and can
prevent shape defects and disconnection of the wiring, in
forming wiring layers stacked on each other.

[0077] 1t is another object of this seventh aspect of the
present invention to provide a technique which can improve
the electrical reliability of the wiring.

[0078] TItis astill further object of the seventh aspect of the
present invention to provide a technique which prevents
precipitation of an oxide at an interface of an interconnec-
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tion layer between two wiring layers, and which can reduce
the contact resistance value between upper and lower level
layer wirings.

[0079] 1t is a still further object of this seventh aspect of
the present invention to provide interconnections between
upper and lower wiring layers of an integrated circuit device
(for example, an integrated circuit memory device such as a
DRAM), having wiring layers above the semiconductor
substrate, the wiring layers being connected via through-
holes, wherein precipitation of an oxide is avoided so as to
improve the electrical connection between the upper and
lower wiring layers via the through-holes.

[0080] The foregoing objects in accordance with this
seventh aspect of the present invention are achieved by the
present structure, as described in the following.

[0081] Thus, in providing the connection between the
upper and lower wiring layers, a refractory metal silicide
film whose silicon content is greater than O but less than 2
(that is, QSi_, where Q is a refractory metal such as Mo, Ta,
Ti and W, etc., and 0x2) is disposed between the first
aluminum wiring, to which an element for reducing migra-
tion is included, and a second aluminum wiring provided as
an upper layer with respect to the first aluminum wiring.
Furthermore, a protective film, for protecting the first alu-
minum wiring from a liquid used in processing the wiring,
is disposed on the first aluminum wiring to which the
element for reducing migration is included.

[0082] According to such structure as discussed above, it
is possible to prevent particles of the first aluminum wiring
from precipitating at the interface between the refractory
metal silicide film and the second aluminum wiring, through
the refractory metal silicide film, so as to reduce contact
resistance between the first and second aluminum wirings.
Accordingly, electrical connection via the through-holes
(including the yield of devices having such through-holes)
can be improved.

[0083] Furthermore, since the galvanic reaction of a bat-
tery constituted by the first aluminum wiring and the inter-
metallic compound of aluminum and the element for reduc-
ing electromigration, can be prevented during etching or wet
treatment, damage of the first aluminum wiring resulting
from this galvanic reaction can be prevented.

[0084] Accordingly, by all of the foregoing aspects of the
present invention, a DRAM having large integration density
(for example, at least 1 Mbit), can easily be attained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0085] FIG. 1 is an equivalent circuit diagram of a prin-
cipal part of a DRAM according to one embodiment of the
present invention;

[0086] FIG.?2 is a fragmentary plan view of a memory cell
array of the DRAM,;

[0087] FIG. 3 is a fragmentary sectional view of the
memory cell array and peripheral circuit of the DRAM;

[0088] FIGS. 4 and 5 are fragmentary plan views show-
ing the memory cell array in predetermined manufacturing
steps, respectively;

[0089] FIGS. 6 to 8 are graphs showing data concerning
the compositions of interconnections used in the DRAM
measured by Auger electron spectroscopy;
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[0090] FIGS. 9 to 26 are fragmentary sectional views
showing the memory cell array and peripheral circuit of the
DRAM in various individual manufacturing steps, respec-
tively;

[0091] FIG. 27 is a graph showing the impurity concen-
tration distribution in a channel stopper region that provides
isolation between elements in the DRAM;

[0092] FIG. 28 is a graph showing the oxidation charac-
teristics of a silicon nitride film which defines a dielectric
film of each of the information storage capacitor elements in
the DRAM; and

[0093] FIG. 29 schematically shows the arrangement of
sputtering equipment for forming interconnections used in
the DRAM.

DETAILED DESCRIPTION OF THE
INVENTION

[0094] While each of the various aspects of the present
invention will be described in connection with a specific
embodiment, it will be understood that such description is
not intended to limit the invention. On the contrary, the
present invention is intended to cover all alterations, modi-
fications and equivalents as may be included within the spirit
and scope of the invention, as defined by the present claims.

[0095] The present invention, in all of its aspects, springs
forth from various problems found and addressed in attempt-
ing to provide an integrated circuit semiconductor device,
such as a memory device (e.g., a DRAM), formed using a
semiconductor material, having increased integration den-
sity such as an integration density of at least 1 Mbit. By
semiconductor material, we generally mean the semicon-
ductor in which active regions are provided (e.g., semicon-
ductor substrate, well region formed in a substrate, epitaxial
layer, etc.). While the specific embodiment is discussed in
connection with such a DRAM, all of the various aspects of
the pr sent invention are not limited thereto, and can be
utilized in corresponding structure, for achieving the pur-
poses as set forth above in connection with each of the
aspects of the present invention.

Embodiment of the Invention

[0096] The DRAM of large memory capacity which is one
embodiment of the present invention is shown in FIG. 1 (an
equivalent circuit diagram of principal portions).

[0097] As shown in FIG. 1, the DRAM is constructed in
the folded bit line organization. A memory cell array
(memory cell mats) is arranged centrally of FIG. 1.

[0098] The memory cell array has complementary data
lines DL and DL extended in the direction of columns. The
complementary data lines DL and DL in a plurality of sets
are arranged in the direction of rows. One end side of each
set of the complementary data lines DL and DL is connected
to a sense amplifier SA.

[0099] Word lines WL are extended in the row direction
intersecting the complementary data lines DL and DL. A
plurality of word lines WL are used, arranged in the column
direction. Each of the word lines WL is laid so as to be
connected to and selected by a row decoder circuit X-DEC
arranged at an end part of the memory cell array, though this
circuit is not shown.



US 2004/0155289 A1l

[0100] A memory cell M for storing information of 1 bit
is arranged at the intersection part between each of the
complementary data lines DL and DL and the word line WL.
The memory cell M is constructed of an n-channel MISFET
Q, for selecting this memory cell, and an information storing
capacitor C, one electrode of which is connected in series
with one of the semiconductor regions of the MISFET.

[0101] The MISFET Q, of the memory cell M has the
other semiconductor region thereof connected to one of the
complementary data lines DL and DL, and has the gate
electrode thereof connected to the word line WL. The other
electrode of the information storing capacitor C is connected
to a power source voltage of

1
5 Vee-

[0102] The power source voltage,
1
3 Vee

[0103] is the intermediate potential between the reference
voltage V,, (=0 V) of the circuitry and the power source
voltage V.. (=5 V) of the circuitry. The power source
voltage,

1V
5 Vee

[0104] applied to the other electrode is adapted to lower an
electric field intensity which acts across the electrodes of the
information storing capacitor C, and to mitigate degradation
in the dielectric strength of the dielectric film of the capaci-
tor.

[0105] The sense amplifier SA is constructed so as to
amplify the information of the memory cells M which is
transmitted by the complementary data lines DL and DL.
The information amplified by the sense amplifier SA is
delivered to common data lines I/O and I/O through
Y-switching n-channel MISFETs Qy.

[0106] The Y-switching MISFETs Q, are so constructed
that their gates are connected to and controlled by a Y-select
signal line YSL. Each Y-select signal line YSL is laid in
correspondence with one set of complementary data lines
DL and DL. The Y-select signal lines YSL are extended in
the column direction similarly to the complementary data
lines DL and DL, and are arranged between the adjacent sets
of complementary data lines DL and DL. In other words, the
sets of complementary data lines DL and DL and the
Y-select signal lines YSL are alternately arranged in the row
direction. The Y-select signal lines YSL are constructed so as
to be connected to and selected by a column decoder circuit
Y-DEC which is arranged at an end part of the memory cell
array.

[0107] The common data lines I/O are connected to main
amplifiers MA which are arranged at an end part of the
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memory cell array. Each main amplifier MA is connected to
an output transistor Dout through switching MISFETs (with
no symbols assigned thereto), output signal lines DOL and
DOL, and a data output buffer circuit DoB. That is, the
information of the memory cells M amplified by the main
amplifier MA is delivered to the output transistor Dout
through the output signal lines DOL and DOL, data output
buffer circuit DoB, etc.

[0108] Next, there will be described the concrete struc-
tures of elements which constitute the memory cells M of the
DRAM and the peripheral circuits (sense amplifiers SA,
column decoder circuit Y-DEC, etc.) of the DRAM.

[0109] The memory cell array of the DRAM is shown in
FIG. 2 (a plan view of principal portions), while the
elements of the memory cell array and the peripheral circuits
are shown in FIG. 3 (a sectional view of principal portions).
The left side in FIG. 3 shows the section of the portion of
the memory cells M as taken along a cutting-plane line I-1
in FIG. 2, and the central part in FIG. 3 shows the section
of a guard ring portion as taken along a cutting-plane line
II-IT in FIG. 2. The right side in FIG. 3 shows the section
of complementary MISFETs (CMOS) which constitute the
peripheral circuit.

[0110] As shown in FIGS. 2 and 3, the DRAM is con-
structed using a p~-type semiconductor substrate 1 made of
single-crystal silicon. A p-type well region 2 is provided in
the principal surface parts of the memory cell M (memory
cell array)-forming region and n-channel MISFET Q, -form-
ing region of the semiconductor substrate 1. An n-type well
region 3 is provided in the principal surface part of the
p-channel MISFET-forming region Q,, of the semiconductor
substrate 1. That is, the DRAM of the present embodiment
adopts the twin well structure.

[0111] An element isolating insulator film (field insulator
film) 5 is provided on the principal surface parts of the well
regions 2 and 3 between the regions for forming the indi-
vidual semiconductor elements. The element isolating insu-
lator film § is formed so as to electrically isolate the
semiconductor elements. A p-type channel stopper region
4Ais provided in the principal surface part of the well region
2 under the element isolating insulator film 5. Since a
parasitic MOS whose gate insulator film is the element
isolating insulator film § is liable to inversion into the
n-type, the channel stopper region 4A is provided in the
principal surface of at least the well region 2.

[0112] A p-type potential barrier layer 4B is provided in
the principal surface part of the memory cell M-forming
region of the well region 2. The potential barrier layer 4B is
provided substantially in the whole surface of the memory
cell M-forming region. As will be detailed later, the potential
barrier layer 4B is formed by the same manufacturing step
and the same manufacturing mask as those of the channel
stopper region 4A. The potential barrier layer 4B is con-
structed in such a way that a p-type impurity (B) introduced
into a channel stopper-forming region in order to form the
channel stopper region is brought under the memory cell
M-forming region by drive-in diffusion.

[0113] As shown in FIG. 2, FIG. 3 and FIG. 4 (a plan
view of principal portions at predetermined manufacturing
steps), the memory cell selecting MISFETs Q, of the
memory cells M are constructed in the principal surface part



US 2004/0155289 A1l

of the well region 2 (actually, the potential barrier layer 4B).
Each MISFET Qs has its region surrounded with and its
shape defined by the element isolating insulator film § and
the channel stopper region 4A. Basically, this MISFET Q, is
mainly configured of the well region 2, a gate insulator film
6, a gate electrode 7, and a pair of n-type semiconductor
regions 9 which are a source region and a drain region,
respectively.

[0114] The well region 2 is used as the channel forming
region of the MISFET Q..

[0115] The gate insulator film 6 is made of a silicon oxide
film formed by oxidizing the principal surface of the well
region 2.

[0116] The gate electrode 7 is provided on the gate insu-
lator film 6, and is made of a polycrystalline silicon film
deposited by CVD by way of example. An n-type impurity
(P or As) for lowering a resistance is introduced in this
polycrystalline silicon film.

[0117] Alternatively, the gate electrode 7 may well be
formed of the single layer of a refractory metal (Mo, Ti, Ta
or W) film or a refractory metal silicide (MoSi,, TiSi,, TaSi,
or WSi,) film. Further, the gate electrode 7 may well be
formed of a composite film in which the above metal film is
stacked on a polycrystalline silicon film.

[0118] As shown in FIGS. 2 and 4, the gate electrodes 7
are constructed to be integral with the word line (WL) 7
which extends in the row direction. That is, the gate elec-
trodes 7 and the word line 7 are formed of the same
conductor layer. The word line 7 is laid so as to connect the
gate electrodes 7 of the respective MISFETs Q, of the
plurality of memory cells M arranged in the row direction.

[0119] Regarding the semiconductor regions 9, at least the
side (one) to which the information storing capacitor C is
connected is formed by ion implantation at an impurity
concentration lower than that of the semiconductor regions
(17) of a MISFET Q_ constituting the peripheral circuit.
Concretely, one of the semiconductor regions 9 is formed by
ion implantation at an impurity flux of below 1x10** atoms/
cm? (an impurity concentration below 1x10'® atoms/cm?).
The inventors’ basic research has revealed that, with the
semiconductor region 9 formed by the ion implantation at
the flux below 1x10'* atoms/cm?, only a small number of
crystal defects appear in the principal surface part of the well
region 2 due to the introduction of an impurity, and they can
be satisfactorily remedied by annealing which is carried out
after the introduction of the impurity.

[0120] The semiconductor regions 9 are formed in self-
alignment to the gate electrode 7. The semiconductor
regions 9 construct the MISFET Q, of the LDD (Lightly
Doped Drain) structure because the channel forming region
side thereof is made the low impurity concentration.

[0121] As shown in FIG. 2, FIG. 3 and FIG. 5 (a plan
view of principal portions at predetermined manufacturing
steps), the information storing capacitor C of the memory
cell M is mainly configured of a first electrode layer (lower
electrode layer) 13, a dielectric film 14 and a second
electrode layer (upper electrode layer) 15 which are stacked
in succession. The information storing capacitor C is con-
structed in the so-called stacked structure (STC).
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[0122] A part (the central part) of the first electrode layer
13 of the information storing capacitor C of the stacked
structure is connected to one semiconductor region 9 of the
MISFET Q.. The connection is done through a contact hole
12A which is formed in an inter-layer insulator film 12. The
opening size of the contact hole 12A in the column direction
is made larger than the length between side-wall spacers 11
which are provided at the respective side walls of the gate
electrode 7 of the MISFET Q, and the word line 7 adjacent
thereto. Therefore, the substantial opening size of the con-
tact hole 12A is defined by the length between the side-wall
spacers 11. The difference of the opening size of the contact
hole 12A and the length between the side-wall spacers 11 is,
at least, greater than a component which corresponds to the
dimension of a mask registration allowance at a manufac-
turing step. Other parts (the peripheral parts) of the first
electrode layer 13 are respectively extended on the gate
electrode 7 and the word line 7 with the side-wall spacers 11
and inter-layer insulator. films 8, respectively, interposed
therebetween.

[0123] The first electrode layer 13 is made of, for example,
a polycrystalline silicon film in which an n-type impurity
(As or P) for lowering a resistance is introduced at a high
concentration. The n-type impurity introduced in the poly-
crystalline silicon film is diffused to the side of one semi-
conductor region 9 from the connection part between the
first electrode layer 13 and one semiconductor region 9 as
defined by the side-wall spacers 11, thereby to form an
n*-type semiconductor region 13A of high impurity concen-
tration which is integral with the semiconductor region 9.

[0124] The other part of the first electrode layer 13 is led
out in the row direction (upwards or downwards) from a
region defined by one set of complementary data lines (21)
DL and DL. That is, the first electrode layer 13 is led out of
the memory cell M-forming region surrounded with the
element isolating insulator film 5. The first electrode layer
13 is spaced so as not to come into contact with the first
electrode layer 13 (formed of the same conductor layer) of
the information storing capacitor C of another memory cell
M adjacent in the row direction, and the plan shape thereof
is made pentagonal in the present embodiment. The first
electrode layer 13 is formed so as to extend to a position
where this first electrode layer and the Y-select signal line
(21) YSL adjacent in the row direction to the complementary
data line (21) DL or DL to which the corresponding memory
cell M is connected lic one above the other. Since, in
actuality, the Y-select signal line (21) YSL overlies the first
electrode layer 13, the first electrode layer 13 is formed so
as to extend to the position where the Y-select signal line
(21) YSL overlaps this first electrode layer.

[0125] The dielectric film 14 is basically constructed of a
double-layer structure in which a silicon nitride film 14A
deposited on the first electrode layer (polycrystalline silicon
film) 13 by CVD and a silicon oxide film 14B obtained by
oxidizing the silicon nitride film 14A under a high pressure
are stacked. Since, in actuality, a natural silicon oxide film
is formed on the surface of the polycrystalline silicon film
(in which the n-type impurity is introduced) being the first
electrode layer 13, the dielectric film 14 is constructed of a
triple-layer structure in which the natural silicon oxide film
(not shown, because it has a very small thickness less than
50 A, the silicon nitride film 14A and the silicon oxide film
14B are successively stacked.
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[0126] Since the silicon nitride film 14A of the dielectric
film 14 is deposited by the CVD, it is not affected by the
crystal state or stepped shape of the underlying polycrystal-
line silicon film (first electrode layer 13) and can be formed
by process conditions independent of the underlying layer.
More specifically, as compared with a silicon oxide film
which is formed by oxidizing the surface of the polycrys-
talline silicon film, the silicon nitride film 14A exhibits a
higher dielectric strength and involves a smaller number of
defects per unit area, so that it generates a reduced (only a
slight) leakage current. Besides, the silicon nitride film 14A
has the feature of a higher permittivity over the silicon oxide
film. Since the silicon oxide film 14B can be formed into a
film of very good quality, the aforementioned characteristics
of the silicon nitride film 14A can be further enhanced. In
addition, as will be detailed later, the silicon oxide film 14B
is formed by high-pressure oxidation (e.g., under 1.5-10
torr) and can therefore be produced in an oxidation time,
namely, annealing time shorter than in normal-pressure
oxidation.

[0127] The dielectric film 14 is provided along the upper
surface and side walls of the first electrode layer 13, and
acquires an area in the height direction owing to the utili-
zation of the side wall parts of the first electrode layer 13.
The increase of the area of the dielectric film 14 can enlarge
the quantity of storage of the charges in the information
storing capacitor C of the stacked structure. The dielectric
film 14 has its plan shape defined by the shape of the
overlying second electrode layer 15, and is formed substan-
tially in the same shape as that of the second electrode layer
15.

[0128] The second electrode layer 15 is provided on the
dielectric film 14 so as to cover the first electrode layer 13
through this dielectric film. The second electrode layer 15 is
made integral with the second electrode layer 15 of the
information storing capacitor C of another memory cell M
adjoining the corresponding memory cell. The second elec-
trode layer 15 is constructed so as to have the power source
voltage of

1V
5 Yee

[0129] applied thereto. It is formed of, for example, a
polycrystalline silicon film in which an n-type impurity for
lowering a resistance is introduced.

[0130] The memory cell M thus constructed is connected
with another memory cell M adjacent thereto in the column
direction. The connection is effected by integrally forming
the other semiconductor regions 9 of the respective memory
cell selecting MISFETs Q, of both the memory cells M.

[0131] The complementary data lines (DL and DL) 21 are
connected to the other semiconductor regions 9 of the
MISFETs Q, of the memory cells M. The complementary
data lines 21 are connected to the semiconductor regions 9
through a contact hole 19C which is formed in an inter-layer
insulator film 19.

[0132] As shown in FIGS. 2 and 3, an n*-type semicon-
ductor region 20 of high impurity concentration is provided
in the connection part between the complementary data lines
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21 and the semiconductor regions 9. The semiconductor
region 20 is formed in such a way that an n-type impurity
(As or P) is introduced through the contact hole 19C by ion
implantation. That is, the semiconductor region 20 is formed
to be integral with the semiconductor regions 9. When the
contact hole 19C undergoes a mask misregistration at a
manufacturing step relative to the semiconductor regions 9
and extends to an end part of the element isolating insulator
film 5, the well region 2 and the complementary data lines
21 short-circuit. Therefore, the semiconductor region 20 is
provided in order to prevent this drawback.

[0133] Inthe present embodiment, the inter-layer insulator
film 19 is constructed of a double-layer structure in which a
silicon oxide film 19A, and a silicon oxide film (for example,
a boron-phosphosilicate glass (BPSG)) 19B capable of glass
flow are stacked. The upper silicon oxide film 19B is so
constructed that the surface thereof can be flattened by
performing the glass flow. The lower silicon oxide film 19A
is provided in order to secure a dielectric strength and to
prevent boron (B) and phosphorus (P), contained in the
upper silicon oxide film 19B, from leaking to the element.

[0134] The complementary data lines 21 are constructed
of a triple-layer structure in which a barrier metal film 21A
(metal wiring), an aluminum film 21B (metal wiring) and a
protective film 21C (metal wiring) are stacked in succession.

[0135] The aluminum film 21B is doped with an element
for preventing aluminum spikes (Si) and an element for
decreasing migration (such as Cu, Pd or Ti). While not
limiting, the aluminum film 21B of the present embodiment
is formed by adding about 1.5 weight-% of Si and about 0.5
weight-% of Cu.

[0136] The barrier metal film 21A is constructed so as to
prevent single-crystal silicon from precipitating in the con-
nection part between the aluminum film 21B and the semi-
conductor region 9 (actually, the semiconductor region 20)
and prevent the resistance of this connection part from
increasing. The barrier metal film 21A is made of MoSi,.
Alternatively, the barrier metal film 21A may well be made
of a film of any refractory metal silicide other than the above
or a film of refractory metal.

[0137] The protective film 21C is constructed so as to
protect the aluminum film 21B from a liquid which is used
in a wet process for forming the aluminum film 21B (for
example, a peeling solution process or a water washing
process for removing a photoresist film as an etching mask).
The aluminum film 21B doped with the element for miti-
gating the migration (Cu) forms a cell in which aluminum
being the base material thereof acts as an anode, while an
intermetallic compound produced by the aluminum and Cu
acts as a cathode. The cell gives rise to a galvanic reaction
with the liquid which is used in the wet process. The
protective film 21C is formed so as to prevent the galvanic
reaction. In a case where the galvanic reaction has arisen, the
intermetallic compound forms a nucleus, and the surround-
ing aluminum is scraped off (corrosion takes place).

[0138] The protective film 21C is made of MoSi,. Alter-
natively, the protective film 21C may well be made of a film
of any refractory metal silicide (TiSi,, TaSi, or WSi,) other
than the above or a film of refractory metal. It is formed at
a small thickness of about 100-4000 A.

[0139] In the case where the protective film 21C is made
of the refractory metal silicide film of MoSi or the like,
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aluminum particles diffuse from the aluminum film 21B,
depending upon the content of silicon (Si), so that an
aluminum oxide (Al,O5) precipitates on the surface of the
protective film 21C. The precipitation of the aluminum
oxide causes an inferior contact between the protective film
21C and an overlying wiring layer (23). As the result of the
inventors’ basic research, the content of silicon in MoSi,_ (or
the like) for the protective film 21C is set to be greater than
0 and less than 2 (0<x<2) as illustrated in FIGS. 6 thru 8
(diagrams showing the compositions of wiring as based on
the Auger electron spectrometry).

[0140] Each of FIGS. 6 thru 8 illustrates data obtained in
such a way that samples having a structure specified in FIG.
6 (Al—Cu—Si/MoSi_/Si substrate) were annealed at 475°
C. for 3 hours and thereafter had Al—Cu—Si of the upper
layers removed with aqua regia, and that the resulting
samples were measured by the Auger electron spectrometry.
The axis of abscissas represents the period of time min. of
sputter etching from the surface of MoSi.. The axis of
ordinates represents the intensity of Auger electrons emitted
from each of the elements (Mo, Si, O and Al) of the surfaces
of the samples in correspondence with various sputtering
times. With the Auger electron spectrometry, each time a
sample surface is sputter-etched for a predetermined time,
the energy of Auger electrons emitted from the sample
surface is measured while the sample surface is irradiated
with electrons, whereby elements can be identified, and
besides, the contents of the elements can be found.

[0141] FIG. 6 illustrates the data in the case where the
content x of silicon was 2, that is, the metal silicide was

. (M0:5i21:2). As seen from FIG. 6, in a case where the
content X of silicon exceeds 2, aluminum particles having
passed through the MoSi, precipitate at the boundary
between the MoSi, and the Si substrate, and the aluminum
particles and oxygen combine to produce the aluminum
oxide (AL,05).

[0142] FIG. 7 illustrates the data in the case where the
content x of silicon was less than 2, that is, the metal silicide
was MoSi; , (Mo:Si=1:1.2), while FIG. 8 illustrates the data
in the case where the content x of silicon in the metal silicide
was 0.8, that is, the metal silicide was MoSi, ; (Mo:Si=
1:0.8). As shown in FIGS. 7 and 8, in the cases where the
content X of silicon is less than 2, the aluminum particles
having passed through the MoSi, do not precipitate at the
boundary between the MoSi, (x=0<x=1.2) and the Si sub-
strate, and hence, the aluminum oxide is not produced. The
inventors’ basic research has revealed that the content x of
silicon in the protective film 21C should preferably lie in a
range greater than O and smaller than 1.2.

[0143] In the same column direction as the direction in
which the complementary data lines (DL and DL) 21 extend,
the Y-select signal line (YSL) 21 formed of the same
conductor layer (the same triple-layer structure) is extended.
As stated before, the first electrode layer 13 of the informa-
tion storing capacitor C of the stacked structure is led out so
as to be positioned under the Y-select signal line 21.

[0144] The complementary data lines 21 and the Y-select
signal lines 21 (wiring 21) are formed by the step of forming
the first layer of wiring in the manufacturing process. The
complementary data lines 21 and the Y-select signal lines 21
which are formed by the step of forming the first layer of
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wiring, are made thinner than the overlying wiring layer (23)
in order to moderate a stepped shape peculiar to a multilayer
wiring structure.

[0145] As shown in FIGS. 2 and 3, shunting word lines
(WL) 23 are laid on the complementary data lines 21 and
Y-select signal lines 21 through an inter-layer insulator film
22 s0 as to extend in the row direction. Although this is not
shown in the drawings, the shunting word line 23 is once led
down to an intermediate conductor layer (not shown)
through the same contact hole 22D as depicted on the right
side (in the peripheral circuit) in FIG. 3 and is connected to
the intermediate conductor layer, in every predetermined
region which corresponds to several tens (for example,
30)—several hundred (for example, 300) memory cells M.
The intermediate conductor layers are formed by the step of
forming the first layer of wiring, and are connected to the
word lines 7 through the contact holes 19C. The shunting
word line 23 is constructed so as to lower the resistance of
the word line 7. That is, the shunting word line 23 is so
constructed that the selection speed of the memory cell M
can be raised. The intermediate conductor layer is con-
structed so as to moderate a stepped shape in the case of
connecting the shunting word line 23 and the word line 7,
and to prevent the breaking of the shunting word line 23.

[0146] As shown in FIG. 3, the inter-layer insulator film
22 is constructed of a triple-layer structure in which a silicon
oxide film 22A deposited by plasma CVD, a silicon oxide
film 22B formed by coating (for example, by a spin-on
technique) and subsequent baking, and a silicon oxide film
22C deposited by plasma CVD are stacked in succession. In
the inter-layer insulator film 22, the middle silicon oxide
film 22B is formed in order to flatten the surface of the upper
silicon oxide film 22C.

[0147] The contact hole 22D formed in the inter-layer
insulator film 22 has a stair shape-in vertical section, in
which the opening size of an upper side is large, and that of
a lower side is small. Such a stair shape contact hole
structure, and process of forming such structure, is described
in U.S. patent application Ser. No. 117,855, filed Nov. 6,
1987, the contents of which are incorporated herein in their
entirety. The contact hole 22D is provided so as to moderate
a stepped shape in the case of connecting the shunting word
line 23 and the intermediate conductor layer, and to prevent
the breaking of the shunting word line 23.

[0148] As shown in FIG. 3, the shunting word line 23 is
constructed of a triple-layer structure in which an underlying
film 23A and an aluminum film 23B are stacked in succes-

sion, with a protective film 23C stacked on aluminum film
23B.

[0149] The underlying film 23A is made of MoSi,. The
MoSi, can decrease stress migration because Mo enters the
aluminum film 23B and can suppress the growth of the
crystal grains of the aluminum film 23B. The underlying
film 23A may well be made of a film of any refractory metal
silicide other than the above or a film of refractory metal.

[0150] Likewise to the aluminum film 21B, the aluminum
film 23B is doped with Si and Cu.

[0151] Similarly to protective film 21C, protective film
23C is constructed so as to protect aluminum film 23B from
a liquid which is used in a wet process for forming alumi-
num film 23B (for example, a peeling solution process or a
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water washing process for removing a photoresist film as an
etching mask). Note the discussion, with respect to protec-
tive film 21C, as to the corrosion of aluminum film 21B
which is avoided through use of protective film 21C; use of
protective film 23C prevents corresponding corrosion of
aluminum film 23B.

[0152] The protective film 23C is made of a refractory
metal silicide (e.g., MoSi,, TiSi_, TaSi_, WSi_, etc.). As with
protective film 21C, the content of silicon (x) in protective
film 23C is 0<x<2, s0 as to avoid aluminum oxide formation,
as discussed previously in connection with protective film
21C.

[0153] The shunting word lines 23 are formed by the step
of forming the second layer of wiring in the manufacturing
process. As compared with the underlying wiring layer (21)
formed by the step of forming the first layer of wiring, the
shunting word lines 23 which are formed by the step of
forming the second layer of wiring are made thicker so as to
lower its resistance.

[0154] The upper side in FIG. 2 and the central part in
FIG. 3 show an end part of the memory cell array, and a
guard ring GL is provided at this part. The guard ring GL is
formed so as to enclose the memory cell array, and it is
constructed so as to capture minority carriers which are
chiefly emitted from a substrate bias generator circuit, not
shown. The guard ring GL is formed of a semiconductor
region 9 provided in the principal surface part of the well
region 2, within a region which is defined by the element
isolating insulator film 5 and the channel stopper region 4A.
The wiring 21 formed by the step of forming the first layer
of wiring is connected to the guard ring GL through the
contact hole 19C. The power source voltage of

1V
5 Vee

[0155] is applied to this wiring 21. In addition, the wiring
21 is connected to the second electrode layer 15 through the
contact hole 19C so as to apply the power source voltage of

1V
5 Vee

[0156]

[0157] In this manner, in a DRAM, one set of comple-
mentary data lines (DL and DL) 21 and one Y-select signal
line (YSL) 21 for selecting the set of complementary data
lines 21 are made of the same conductor layer and are
extended in the same column direction, such complementary
data lines 21 and Y-select signal lines 21 being alternately
arranged in a row direction. Memory cells M,each of which
is configured of a MISFET Q, for selecting the memory cell
and an information storing capacitor C of stacked structure
connected in series with one of the semiconductor regions 9
of the MISFET,are connected to the complementary data
lines 21. A first electrode layer 13 constituting the informa-
tion storing capacitor C of the stacked structure is extended
to a position where this electrode layer and the Y-select

thereto.
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signal line 21 adjoining the complementary data line 21 to
which the corresponding memory cell M is connected lie
one above the other, whereby the area of the first electrode
layer 13 of the information storing capacitor C of the stacked
structure can be increased by utilizing a space where the
Y-select signal line 21 is extended, and hence, the quantity
of storage of charges in the information storing capacitor C
of the stacked structure can be increased. The first electrode
layer 13 of the information storing capacitor C of the stacked
structure is not formed in a shape symmetric with respect to
the complementary data line 21, but is formed in an asym-
metric shape led out under the Y-select signal line 21. The
fact that the quantity of storage of charges in the information
storing capacitor C of the stacked structure can be increased,
makes it possible to diminish soft errors in the memory cell
mode of the DRAM. In addition, the fact makes it possible
to widen the noise margin of the information readout signals
of the DRAM.

[0158] CMOS constituting the peripheral circuit are con-
structed as shown on the right side in FIG. 3. The n-channel
MISFET Q, of the CMOS is formed in the principal surface
part of the well region 2, within the region which is
surrounded with the element isolating insulator film 5 and
the channel stopper region 4A. The MISFET Q, is mainly
configured of the well region 2, a gate insulator film 6, a gate
electrode 7, and a pair of n-type semiconductor regions 9
and a pair of n*-type semiconductor regions 17 which form
source and drain regions.

[0159] The well region 2, the gate insulator film 6, the gate
electrode 7 and the semiconductor regions 9 are respectively
formed by the same manufacturing steps as those of the
memory cell-selecting MISFET Q,, and they have similar
functions. That is, the MISFET Q,, is constructed in the LDD
structure.

[0160] The semiconductor regions 17 of high impurity
concentration are constructed so as to lower the respective
specific resistances of the source region and the drain region.
The semiconductor regions are formed in self-alignment to
the gate electrode, 7 in such a manner that they are defined
by side-wall spacers 11 formed in self-alignment to the side
walls of the gate electrode 7.

[0161] The wiring 21 to which the reference voltage V is
applied,is connected through the contact hole 19C to the
semiconductor region 17 which is used for the source region.
Wiring 21 for an output signal is connected through the
contact hole 19C to the semiconductor region 17 which is
used for the drain region. A semiconductor region 20 for
preventing the short-circuiting between the well region 2
and the wiring 21 is provided in the principal surface part of
the well region 2 corresponding to the connection part
between the semiconductor region 17 and the wiring 21.
These wiring leads are formed by the step of forming the
first layer of wiring.

[0162] The p-channel MISFET Q,, of the CMOS is formed
in the principal surface part of the well region 3, within the
region which is surrounded with the element isolating insu-
lator film 5. The MISFET Q,, is mainly configured of the
well region 3, a gate insulator film 6, a gate electrode 7, and
a pair of p-type semiconductor regions 10 and a pair of
p*-type semiconductor regions 18 which are a source region
and a drain region.
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[0163] The well region 3, the gate insulator film 6 and the
gate electrode 7 have functions substantially similar to those
of the corresponding constituents of the MISFET Q, or Q,,
respectively.

[0164] The p-type semiconductor regions 10 of low impu-
rity concentration are provided between the p*-type semi-
conductor regions 18 of high impurity concentration and a
channel forming region, and they constitute the MISFET Q,
of LDD structure.

[0165] The wiring 21 to which the power source voltage
V_ is applied, is connected through the contact hole 19C to
the semiconductor region 18 which is used for the source
region. Wiring 21 for an output signal, which is laid to be
integral with the output signal wiring 21 mentioned before,
is connected through the contact hole 19C to the semicon-
ductor region 18 which is used for the drain region. These
wiring leads 21 are formed by the step of forming the first
layer of wiring.

[0166] Wiring 23 for an output signal, formed by the step
of forming the second layer of wiring, is connected through
the contact hole 22D to the wiring 21 for an output signal.

[0167] Next, a concrete method of manufacturing the
DRAM will be briefly described with reference to FIGS. 9
thru 26 (sectional views of principal portions showing
respective predetermined steps of manufacture).

[0168] First, a p~-type semiconductor substrate 1 made of
single-crystal silicon is prepared. The semiconductor sub-
strate 1 is constructed so as to have a resistivity of, for
example, about 8-12 Q-cm.

[0169] Subsequently, a silicon oxide film 24 is formed on
the principal surface of the semiconductor substrate 1. The
silicon oxide film 24 is formed by steam oxidation at a high
temperature of about 900-1000° C., and to a thickness of, for
example, about 400-500 A.

[0170] Subsequently, an oxidation-impermeable film 25 is
formed on the silicon oxide film 24. The oxidation-imper-
meable film 25 is made of, for example, a silicon nitride film
deposited by CVD and is formed to a thickness of, for
example, about 400-600 A.

[0171] Subsequently, the selected part of the oxidation-
impermeable film 25 corresponding to an n-type well
region-forming region is removed, to form an impurity
introducing mask and an oxidation-impermeable mask. The
selective removal of the oxidation-impermeable film 25 is
performed by, for example, photolithography in which etch-
ing is carried out with a photoresist film, as conventionally
done.

[0172] Subsequently, as illustrated in FIG. 9, an n-type
impurity 3n is introduced selectively into the principal part
of the semiconductor substrate 1 through the silicon oxide
film 24 in such a way that the oxidation-impermeable film 25
and the photoresist film (not shown) for patterning it are
employed as the impurity introducing mask. The n-type
impurity 3n used is, for example, P at an impurity flux on the
order of 10*® atoms/cm?, and is introduced by ion implan-
tation at an energy level of about 120-130 keV.

[0173] Subsequently, the photoresist film on the oxidation-
impermeable film 25 is removed. Thereafter, as illustrated in
FIG. 10, using the oxidation-impermeable film 25 as the
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oxidation-impermeable mask, the exposed part of the silicon
oxide film 24 is grown to form a silicon oxide film 24A. The
silicon oxide film 24A is formed on only the n-type well
region-forming region. The silicon oxide film 24A is formed
by steam oxidation at a high temperature of about 900-1000°
C. so as to finally become a thickness of, for example, about
1100-1200 A. This silicon oxide film 24A is used as an
impurity introducing mask in the case of forming a p-type
well region. By the oxidation step of forming the silicon
oxide film 24A, the introduced n-type impurity 3n is some-
what diffused, so that an n-type semiconductor region (to
finally become the well region) 3A is formed.

[0174] Subsequently, the oxidation-impermeable film 25
is selectively removed. It is removed with, for example, hot
phosphoric acid. Thereafter, as illustrated in FIG. 11, a
p-type impurity 2p is introduced selectively into the princi-
pal surface part of the semiconductor substrate 1 corre-
sponding to a p-type well region-forming region, through
the silicon oxide film 24 by employing the silicon oxide film
24A as the impurity introducing mask. The p-type impurity
2p used is, for example, BF, (or B) at an impurity flux on the
order of 10**-10"* atoms/cm®, and is introduced by ion
implantation. This p-type impurity 2p is not introduced into
the principal surface part of the semiconductor region 3A to
become the n-type well region because the silicon oxide film
24A is located thereon.

[0175] Subsequently, as illustrated in FIG. 12, the n-type
impurity 3n and the p-type impurity 2p are, respectively
subjected to drive-in diffusions, to form the n-type well
region 3 and the p-type well region 2 as shown in FIG. 12.
The well regions 2 and 3 are formed by annealing the
substrate in an atmosphere at a high temperature of about
1100-1300° C. The p-type well region 2 is consequently
formed in self-alignment to the n-type well region 3.

[0176] Subsequently, an oxidation-impermeable film 26 is
formed on the whole surface of the substrate including both
the silicon oxide films 24 and 24A. The oxidation-imper-
meable film 26 is used as an impurity introducing mask and
an oxidation-impermeable mask. The oxidation-imperme-
able film 26 employed is, for example, a silicon nitride film
deposited by CVD and is formed to a thickness of about
400-1400 A.

[0177] Subsequently, the oxidation-impermeable film 26
is coated with a photoresist film, and the part of the
photoresist film corresponding to a region for forming an
element isolating insulator film (5) is removed, to form an
etching mask and an impurity introducing mask (not
shown). Using the mask, the exposed part of the oxidation-
impermeable film 26 is selectively removed.

[0178] Subsequently, a p-type impurity 4p is introduced
into the principal surface of the well region 2 through the
exposed silicon oxide film 24 in such a way that a mask
which is made up of the oxidation-impermeable film 26 and
the photoresist film having patterned it is employed as the
impurity introducing mask. The p-type impurity 4p is not
introduced into the principal surface part of the well region
3 because the silicon oxide film 24A which is thicker as
compared with the silicon oxide film 24 is formed on the
principal surface of the well region 3. That is, the p-type
impurity 4p is introduced selectively into the principal
surface of the well region 2. It is adapted to form a channel
stopper region and a potential barrier layer. It is introduced
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by ion implantation by employing BF, or B at an impurity
flux on the order of 10 atoms/cm* After the p-type impu-
rity 4p has been introduced, the photoresist film on the
oxidation-impermeable film 26 is removed as shown in FIG.
13.

[0179] Subsequently, using the oxidation-impermeable
film 26 as the oxidation-impermeable mask, the exposed
parts of both the silicon oxide films 24 and 24A are grown
to form the element isolating insulator film (field insulator
film) 5. The element isolating insulator film 5 is formed, for
example, in such a way that annealing for about 110-130
min. is carried out in a nitrogen gas atmosphere at a high
temperature of about 1000° C., whereupon steam oxidation
is carried out for about 150-160 min. Alternatively, it is
formed by the use of only a steam oxidation atmosphere. The
element isolating insulator film 5 is formed to a thickness of,
for example, about 6000-8000 A.

[0180] By substantially the same manufacturing step as
the step of forming the element isolating insulator film §, the
p-type impurity 4p introduced in the principal surface part of
the well region 2 undergoes the drive-in diffusion, and the
p-type channel stopper region 4A is formed. In forming this
channel stopper region 4A, the annealing which is compara-
tively long as stated above is carried out, so that the lateral
diffusion is extensive as illustrated in FIG. 27 (an impurity
concentration profile). Especially in a memory cell array, the
p-type impurity 4p is diffused (from locations outside the
plane of the cross-section in FIG. 13) into nearly the whole
surface of a region for forming memory cells M, and the
p-type potential barrier layer 4B is formed.

[0181] In FIG. 27, the axis of abscissas represents the
depth [um] of the well region 2 from the surface thereof, and
the axis of ordinates the concentration of the p-type impurity
(boron) 4p. As seen from FIG. 27, when the distribution of
the p-type impurity 4p at the introduction thereof (a dotted
line) is compared with the distribution thereof after the
execution of the above-stated annealing (a solid line), the
impurity diffuses about 0.4-0.6 um. In a DRAM of large
memory capacity, the dimension of the gate width (channel
width) of the memory selecting MISFET Q, of the memory
cell M and the dimension of the semiconductor region 9 of
the MISFET in the direction of the gate width are about 1.0
um. Therefore, the p-type impurity 4p forming the channel
stopper region 4A diffuses into nearly the whole surface of
the memory cell M-forming region, and the potential barrier
layer 4B is formed in nearly the whole surface of the
memory cell M-forming region as stated before.

[0182] In a region for forming an n-channel MISFET Q,
which constitutes the CMOS of a peripheral circuit, the
p-type impurity 4p is diffused into only a part of the vicinity
of the element isolating insulator film 5, and in effect, the
potential barrier layer 4B is not formed, because the size of
the MISFET Q,, is larger than that of the memory cell M.
That is, the potential barrier layer 4B is not formed in the
region for forming the MISFET Q,, of the peripheral circuit,
and it is formed selectively in the memory cell array-
forming region. Moreover, it can be formed by the same
manufacturing step as that of the channel stopper region 4A.

[0183] Both the channel stopper region 4A and the poten-
tial barrier layer 4B are constructed at an impurity concen-
tration on the order of 10*°-10'7 atoms/cm? after the anneal-
ing. After the channel stopper region 4A and the potential
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barrier layer 4B have been formed, the oxidation-imperme-
able film 26 is selectively removed as illustrated in FIG. 14.

[0184] In this manner, in a DRAM wherein each memory
cell M is surrounded with an element isolating insulator film
5 and a channel stopper region 4A, a p-type impurity 4p
which has the same conductivity type as that of a well region
2 and which is at a concentration higher than that of the well
region 2 is introduced into the principal surface part of the
well region 2 among the MISFETs Q, of the memory cells
M. Such p-type impurity is also introduced in the principal
surface part of the well region 2. The p-type impurity 4p is
thereafter diffused to, at least, under a region for forming one
semiconductor region (a side to be connected with an
information storing capacitor C) 9 of the MISFET Q,, to
form the channel stopper region 4A and a potential barrier
layer 4B, and to form the element isolating insulator film 5§
on the principal surface of the well region 2 among the
MISFETs, whereby the step of forming the channel stopper
region 4A serves also as the step of forming the potential
barrier layer 4B, and hence, the number of the manufactur-
ing steps of the DRAM can be decreased. That is, a mask
forming step and an impurity introducing step for forming
the potential barrier layer 4B can be dispensed with.

[0185] In addition, since the potential barrier layer 4B can
be formed in self-alignment to both the element isolating
insulator film 5 and the channel stopper region 4A, the
dimension of a mask registration allowance in the manufac-
turing process can be dispensed with. The exclusion of the
dimension of the mask registration allowance makes it
possible to reduce the area of the memory cell M of the
DRAM, and therefore to increase the density of integration.

[0186] Besides, since the p-type impurity 4p introduced
for forming the channel stopper region 4A is sufficiently
diffused in the potential barrier layer 4B by annealing, the
damage of the well region 2 attributed to the impurity
introduction can be relieved, to decrease crystal defects. The
decrease of the crystal defects can enhance the refresh
characteristics of the DRAM.

[0187] By the way, in a case where the potential barrier
layer 4B is formed in the whole surface of a memory cell
M-forming region, a memory cell array need not be provided
with the well region 2.

[0188] After the step of removing the oxidation-imperme-
able film 26 as illustrated in FIG. 14, the silicon oxide film
24 on the principal surface of the well region 2 and the
silicon oxide film 24A on the principal surface of the well
region 3 are removed to expose the principal surfaces of the
respective well regions 2 and 3.

[0189] Subsequently, a silicon oxide film 6A is formed on
the exposed principal surfaces of both the well regions 2 and
3. The silicon oxide film 6A is formed for the purpose of
oxidizing so-called white ribbons, which is a nitride film of
silicon which is formed at the end parts of the element
isolating insulator film 5 by the oxidation-impermeable film
(silicon nitride film) 26 in forming the element isolating
insulator film 5. The silicon oxide film 6A is formed by
steam oxidation at a high temperature of about 900-1000°
C., and to a thickness of about 400-1000 A.

[0190] Subsequently, a p-type impurity 27p for adjusting
the threshold voltage of each n-channel MISFET is intro-
duced into the principal surface parts of both the well
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regions 2 (the potential barrier layer 4B in the memory cell
array) and 3, namely, the whole surface of the substrate,
within an element forming region which is defined by the
element isolating insulator film 5. The p-type impurity 27p
used is B at an impurity flux on the order of 10'! atoms/cm?,
and is introduced by ion implantation at an energy level of
about 30 keV.

[0191] Subsequently., as illustrated in FIG. 15, a p-type
impurity 28p for adjusting the threshold voltage of each
p-channel MISFET is introduced selectively into the prin-
cipal surface of the well region 3 within the element forming
region which is defined by the element isolating insulator
film 5. The p-type impurity 28p used is B at an impurity flux
on the order of 10'* atoms/cm?, and is introduced by ion
implantation at an energy level of about 30 keV. These steps
of introducing the respective p-type impurities 27p and 28p
for adjusting the threshold voltages can be omitted in some
ways of setting the impurity concentrations of the respective
well regions 2 and 3.

[0192] Subsequently, the silicon oxide film 6A is selec-
tively removed to expose the principal surfaces of both the
well regions 2 and 3. It is removed by wet etching, conven-
tionally known in the art.

[0193] Subsequently, a gate insulator film 6 is formed on
the exposed principal surfaces of both the well regions 2 and
3. The gate insulator film 6 is formed by steam oxidation at
a high temperature of about 800-1000° C., and to a thickness
of about 150-250 A.

[0194] Subsequently, a polycrystalline silicon film is
formed on the whole surface of the substrate including the
gate insulator film 6 and the element isolating insulator film
5. The polycrystalline silicon film is deposited by CVD, and
is formed to a thickness of about 2000-3000 A. This
polycrystalline silicon film is formed by the step of forming
the first layer of gate wiring in the manufacturing process.
Thereafter, P is introduced into the polycrystalline silicon
film by thermal diffusion so as to lower the resistance of this
polycrystalline silicon film.

[0195] Subsequently, an inter-layer insulator film 8 is
formed on the whole surface of the polycrystalline silicon
film. The inter-layer insulator film 8 is chiefly intended to
electrically isolate the polycrystalline silicon film and a
conductor layer overlying it. The inter-layer insulator film 8
used is, for example, a silicon oxide film deposited by CVD,
and it is formed to a thickness of about 3500-4500 A.

[0196] Subsequently, as illustrated in FIG. 16, the inter-
layer insulator film 8 and the polycrystalline silicon film are
successively etched to form gate electrode films 7 and word
lines 7(WL), by employing an etching mask formed of a
photoresist film not shown. Since the inter-layer insulator
film 8 and the polycrystalline silicon film are stackedly
etched, parts of the inter-layer insulator film 8 in the same
shapes are left on both gate electrodes 7 and the word lines
7(WL). The step of forming the first layer of gate wiring
forms the gate electrodes 7 of the MISFETs Q, and the word
lines 7(WL) in the memory cell array, and also forms the
gate electrodes 7 of the MISFETs Q,, and Q, of the periph-
eral circuits. Besides, the step of forming the first layer of
gate wiring is adapted to form resistors and wiring leads for
connecting elements though they are not shown. As the
above etching, anisotropic etching such as RIE is employed.
Thereafter, the photoresist film is removed.
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[0197] Subsequently, in order to mitigate contamination
ascribable to the impurity introduction, a silicon oxide film
(not shown) is formed on the exposed principal surfaces of
both the well regions 2 and 3 (including the side walls of the
gate electrodes 7 and the word lines 7(WL). by way of
example, the silicon oxide film is formed in an oxygen gas
atmosphere at a high temperature of about 850-950° C., and
to a thickness of about 100-800 A.

[0198] Subsequently, using the element isolating insulator
film 5 and the inter-layer insulator film 8 as an impurity
introducing mask, an n-type. impurity is introduced selec-
tively into the principal surface parts of the well region 2
corresponding to the memory cell array-forming region and
the n-channel MISFET Q_-forming region. By the introduc-
tion of the n-type impurity, n-type semiconductor regions 9
of low impurity concentration are formed in self-alignment
to the respective gate electrodes 7 and word lines 7(WL). As
the n-type impurity for forming the semiconductor regions
9, P (or As) at an impurity flux on the order of 10%
atoms/cm? is employed, and it is introduced by ion implan-
tation at an energy level of about 60-120 keV. As described
before, at least that semiconductor region 9 of the memory
cell-selecting MISFET Q, of the memory cell M which is
connected to the information storing capacitor C is formed
by ion implantation at a low impurity flux less than 10**
atoms/cm?. Since the semiconductor region 9 is formed at
the low impurity concentration, each of the MISFETs Q, and
Q,, can be constructed in the LDD structure. In forming the
semiconductor regions 9, the p-channel MISFET Q_-form-
ing region is covered with an impurity introducing mask
which is formed of a photoresist film. In addition, as will be
described later, the MISFET Q, constituting the CMOS of
the peripheral circuit has its source region and drain region
constructed of the semiconductor regions 9, and semicon-
ductor regions 17 which are formed by ion implantation at
a high impurity flux of or above 10™* atoms/cm>. The
memory cell-selecting MISFETs Q, of the memory cells M
are substantially finished up by the step of forming the
semiconductor regions 9.

[0199] In this manner, in a DRAM wherein each memory
cell M includes an information storing capacitor C of
stacked structure, one of the semiconductor regions 9 of the
MISFET Q, of the memory cell M is constructed by ion
implantation at an impurity concentration lower than that of
the high impurity concentration-semiconductor regions 17
of each of the MISFETs Q, of peripheral circuits other than
the memory cells M. Accordingly, the appearance of crystal
defects in the surface of a well region 2 attributed to the ion
implantation for forming a source region or a drain region
can be mitigated, and the leakage of charges stored in the
information storing capacitor C and to serve as information
can be lessened, so that the refresh characteristics of the
DRAM can be enhanced. The enhancement of the refresh
characteristics can increase the speed of the information
writing operation and information reading operation of the
DRAM.

[0200] Besides, since the MISFET Q, of the memory cell
M has the channel forming region side thereof constructed
of the semiconductor region 9 of low impurity concentra-
tion, the short-channel effect can be suppressed, and the area
of the memory cell M can be reduced. That is, the semi-
conductor region 9 can raise the density of integration of the
DRAM.
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[0201] Moreover, the semiconductor regions 9 of the
MISFET Q, of the memory cell M are formed by the same
manufacturing step as that of semiconductor regions 9 for
constructing the LDD structure of the MISFET Q, of the
CMOS of the peripheral circuit, whereby the step of the ion
implantation of low impurity concentration for the MISFET
Q, is not separately added, but it is simultaneously per-
formed by the step of forming the semiconductor regions 9
of the MISFET Q,, so that the number of the manufacturing
steps of the DRAM can be decreased.

[0202] Besides, especially in a memory cell M-forming
region, a potential barrier layer 4B is formed by the diffusion
of the p-type impurity 4p of a channel stopper region 4A,
and the impurity concentrations of the two can be set within
a low range on the order of 10'°-10'7 atoms/cm?, so that the
breakdown voltage of the p-n junction between the semi-
conductor region 9 of the MISFET Q, and the potential
barrier layer 4B or channel stopper region 4A can be
enhanced. That is, in a DRAM wherein each memory cell M
is surrounded with an element isolating insulator film 5 and
a channel stopper region 4A, a potential barrier layer 4B
formed by diffusing the p-type impurity 4p of the channel
stopper region 4A is provided in the principal surface part of
a well region 2 under at least one semiconductor region (on
a side connected to an information storing capacitor C) 9 of
the MISFET Q. of the memory cell M. The capture of
minority carriers into the information storing capacitor C
can be avoided by the potential barrier layer 4B, so that the
soft errors of a memory cell mode can be prevented. Besides,
the impurity concentration of the channel stopper region 4A
and that of the potential barrier layer 4B can be made
substantially the same impurity concentration, to enhance
the breakdown voltage of the p-n junction between the
channel stopper region 4A or potential barrier layer 4B and
the one semiconductor region 9 mentioned above, so that the
leakage of the charges of the information storing capacitor
C to serve as information can be lessened to enhance
information retention characteristics. The enhancement of
the information retention characteristics can enhance the
refresh characteristics of the DRAM, and can increase the
speed of the information writing operation and information
reading operation thereof.

[0203] Further, in the DRAM stated above, the potential
barrier layer 4B is provided in the principal surface parts of
the well region 2 under the one semiconductor region 9 and
the other semiconductor region (on a side connected to a
complementary data line 21) 9 of the MISFET Q, of the
memory cell M, whereby in addition to the aforementioned
effects, the soft errors of a data line mode can be prevented,
so that the information retention characteristics can be more
enhanced.

[0204] Subsequently, after the step of forming the semi-
conductor regions 9, using the element isolating insulator
film 5 and the inter-layer insulator film 8 as an impurity
introducing mask, a p-type impurity is introduced selec-
tively into the principal surface part of the well region 3
corresponding to a p-channel MISFET Q,-forming region.
As shown in FIG. 17, p-type semiconductor regions 10 of
low impurity concentration self-aligned to the gate electrode
7 are formed by the introduction of the p-type impurity. As
the p-type impurity for forming the semiconductor regions
10, BF, (or B) at an impurity flux on the order of 10*3
atoms/cm? is employed, and it is introduced by ion implan-
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tation at an energy level of about 60-100 ke V. In forming the
semiconductor regions 10, the memory cell array-forming
region and the n-channel MISFET Q_-forming region are
covered with impurity introducing masks which are formed
of photoresist films.

[0205] Subsequently, although not illustrated in the draw-
ings, an n-type impurity is introduced at a high impurity
concentration into, at least, a region for forming the drain
region of an n-channel MISFET (an electrostatic breakdown
preventing circuit) which constitutes the input/output circuit
of the DRAM. Owing to the additional introduction of the
n-type impurity, this MISFET constituting the input/output
circuit can provide for an excess voltage, entering the drain
region and giving rise to electrostatic breakdown, to easily
leak to the side of the well region 2, and can enhance an
electrostatic breakdown voltage.

[0206] Subsequently, as illustrated in FIG. 18, side-wall
spacers 11 are formed on the side walls of each of the gate
electrodes 7 and the word lines 7(WL). The side-wall
spacers 11 can be formed in such a way that a silicon oxide
film deposited by CVD is subjected to anisotropic etching
such as RIE. The silicon oxide film is formed at a thickness
of, for example, about 3500-4500 A. The length of the
side-wall spacer 11 in the gate length direction (channel
length direction) thereof is made about 2500-4000 A. On
this occasion, if necessary, the side-wall spacers may well be
formed by etching after their regions have been limited with
a photoresist film.

[0207] Subsequently, an inter-layer insulator film 12 is
formed on the whole surface of the substrate including the
inter-layer insulator film 8, the side-wall spacers 11, etc. The
inter-layer insulator film 12 is used as an etching stopper in
the case of patterning each of a first electrode layer (13) and
a second electrode layer (15) which constitute the informa-
tion storing capacitor C of stacked structure. For this reason,
the inter-layer insulator film 12 is formed at a thickness
greater than the total thickness of oxide scrape ascribable to
over-etching in the operations of etching the first electrode
layer and the second electrode layer, the thickness of oxide
scrape at washing steps to be carried out before the forma-
tion of the second electrode layer, and so on. The inter-layer
insulator film 12 is formed so that, especially in patterning
the first electrode layer and the second electrode layer,
damages attributed to the etching operations may be pre-
vented from arising in the surface of the other semiconduc-
tor region (to which the complementary data line 21 is
connected) 9 of the memory cell-selecting MISFET Q,. By
way of example, the inter-layer insulator film 12 is made of
a silicon oxide film deposited by CVD at a high temperature
of about 700-800° C., and it is formed at a thickness of about
1000-2000 A.

[0208] Subsequently, as illustrated in FIG. 19, the part of
the inter-layer insulator film 12 on one semiconductor region
(to which the first electrode layer 13 of the information
storing capacitor C is connected) 9 of each of the MISFETs
Q, in the memory cell M-forming region is selectively
removed to form a contact hole 12A. In the direction of
columns, the contact hole 12A is formed into a size which
is larger, at least, by a component corresponding to the
dimension of a mask registration allowance in the manufac-
turing process, as compared with a size that is defined by the
side-wall spacer 11 on the side wall of the gate electrode 7
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of the MISFET Q, and the side-wall spacer 11 on the side
wall of the word line 7(WL), adjoining this gate electrode.
That is, as regards the contact hole 12A, the substantial size
thereof in which the semiconductor region 9 is exposed is
defined by the side-wall spacers 11.

[0209] Subsequently, as illustrated in FIG. 20, there are
formed the first electrode layers 13 each of which has a part
connected to the semiconductor region 9 through the contact
hole 12A and has other parts extending on the gate electrode
7 and the word line 7(WL) through the inter-layer insulator
films 8 and 12. The first electrode layer 13 constitutes the
lower electrode layer of the information storing capacitor C
of the stacked structure. This first electrode layer 13 is
formed to be larger, at least, by a component corresponding
to the dimension of a mask registration allowance in the
manufacturing process, as compared with the size of the
contact hole 12A formed in the inter-layer insulator film 12.
In a case where the size of the first electrode layer 13 is not
larger than that of the contact hole 12A by the above value,
an end part of the first electrode layer 13 falls into the contact
hole 12A, and an unnecessary groove appears between the
peripheral wall of the contact hole 12A and the side wall of
the end part of the first electrode layer 13. When a photo-
resist film for patterning the first electrode layer 13 is
applied, it is formed to be thicker in the part of the groove
than in the other area, and halation occurs in the developing
operation of the photoresist film, resulting in an inferior
shape of the first electrode layer 13.

[0210] The first electrode layer 13 is formed of polycrys-
talline silicon deposited by CVD, to a thickness of about
800-3000 A. The polycrystalline silicon film is formed in
such a way that a silicon oxide film is first formed on the
surface, that an n-type impurity for lowering a resistance is
introduced through the silicon oxide film, and that the silicon
oxide film is removed after annealing. The silicon oxide film
is formed by oxidizing the surface of the polycrystalline
silicon film in steam, and to a thickness of about 100 A. The
n-type impurity used is As or P at an impurity flux on the
order of 10*® atoms/cm?, and is introduced by ion implan-
tation at an energy level of about 75-85 keV. The patterning
of the polycrystalline silicon film is performed by dry
etching. In etching the polycrystalline silicon film, the
inter-layer insulator film 12 is used as the etching stopper
layer. This first electrode layer 13 is formed by the step of
forming the second layer of gate wiring.

[0211] The n-type impurity introduced into the first elec-
trode layer (polycrystalline silicon film) 13, by the annealing
after the n-type impurity introduction, is diffused into that
principal surface part of the well region 2 (actually, the
semiconductor region 9) in which the first electrode layer 13
and one semiconductor region 9 are connected. An n*-type
semiconductor region 13A of high impurity concentration is
formed by the diffusion. The semiconductor region 13A is
constructed to be integral with the semiconductor region 9.
While the semiconductor region 13A constitutes one semi-
conductor region of the memory cell-selecting MISFET Q,,
it is chiefly intended to enhance the ohmic contact between
the semiconductor region 9 and the first electrode layer 13
(lowering the contact resistance).

[0212] Incidentally, the first electrode layer 13 inside the
contact hole 12A is electrically isolated from each of the gate
electrode 7 and the word line 7(WL) through the inter-layer
insulator film 8 and the side-wall spacer 11.
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[0213] The region 13A, while having a higher impurity
concentration than region 9, desirably has a lower impurity
concentration than the semiconductor regions of MISFETs
of the peripheral circuit. For example, MISFETs of the
peripheral circuit can have LDD structure. In such case, the
region 13A has a lower impurity concentration than the high
impurity concentration regions of the LDD structure. Of
course, regions 9 have a lower impurity concentration than
the high impurity concentration regions of LDD structure of
MISFETs of the peripheral circuit.

[0214] The region 13A extends to a shallower depth than
do regions 9. For example, region 13A extends a depth of
approximately 0.1 um from the surface of well region 2,
while region 9 extends to a depth of approximately 0.25 um
from the surface.

[0215] Subsequently, as illustrated in FIG. 21, a dielectric
film 14 is formed on the whole surface of the substrate
including the first electrode layer 13. As stated before, the
dielectric film 14 is basically formed of a double-layer
structure in which a silicon nitride film 14A and a silicon
oxide film 14B are successively stacked.

[0216] The silicon nitride film 14A is deposited on the first
electrode layer (polycrystalline silicon ﬁlm) 13 by CVD, and
is formed at a thickness of about 50-110 A. In forming this
silicon nitride film 14A, the involvement of oxygen is
suppressed to the utmost. In a case where the silicon nitride
film 14A is formed on the polycrystalline silicon film at an
ordinary production level, a very slight amount of oxygen is
involved, and hence, a natural silicon oxide film (not shown)
is formed between the first electrode layer 13 and the silicon
nitride film 14A. Accordingly, the dielectric film 14 is
constructed of a triple-layer structure in which the natural
silicon oxide film, the silicon nitride film 14 A and the silicon
oxide film 14B are successively stacked.

[0217] The natural oxide film lowers the dielectric capac-
ity of the capacitor element, and thus is disadvantageous in
connection with the DRAM as described in this embodi-
ment. Accordingly, it is desired either not to form the natural
silicon oxide film, or to form such silicon oxide film to be
sufficiently thin (for example, 30 Aor less) so as to avoid the
above-described disadvantageous effect. One way of avoid-
ing a too-thick natural oxide film is to only raise the
semiconductor substrate (e.g., wafer) temperature after suf-
ficient oxygen has been removed from the atmosphere
surrounding the substrate so as to avoid a disadvantageously
thick natural oxide film. For example, the substrate can have
the CVD silicon nitride formed on the semiconductor sub-
strate in a tube furnace, the furnace having a temperature
ranging from 300° C., at the entry end, to 1000° C. By
moving the substrates from the entry end, to the portion of
the furnace having a temperature of 1000° C., only after the
atmosphere in the furnace has been changed to remove at
least part of the oxygen therein, a sufficiently thin natural
oxide film can be achieved.

[0218] Alternatively, the dielectric film 14 can be con-
structed of a double-layer structure by nitrifying the natural
silicon oxide film, though this measure adds to the manu-
facturing step.

[0219] The silicon oxide film 14B is formed to a thickness
of about 10-60 A by oxidizing the silicon nitride film 14A of
the lower layer under a high pressure. When the silicon
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oxide film 14B is formed, the silicon nitride film 14A is
somewhat decreased in thickness, and hence, it is finally
formed to a thickness of about 40-80 A. Basically, the silicon
oxide film 14B is formed in an oxygen gas atmosphere
having a high pressure of 1.5-10 torr and a high temperature
of about 800-1000° C. In the present embodiment, the
silicon oxide film 14B is formed under a high pressure of
3-3.8 torr and by setting the flow rate of oxygen (a source
gas) at 2 1./min. and the flow rate of hydrogen (a source gas)
at 3-8 1./min. during the oxidation. As illustrated in FIG. 28
(a diagram showing the oxidation characteristics of silicon
nitride films), the silicon oxide film 14B which is formed by
the high-pressure oxidation can be formed to a desired
thickness in a shorter period of time as compared with a
silicon oxide film which is formed under the normal pressure
(1 torr). In FIG. 28, the oxidizing period of time min. is
indicated on the axis of abscissas, and the thickness Aofan
oxide film on a silicon nitride film (Si;N,) is indicated on the
axis of ordinates. That is, the high-pressure oxidation short-
ens the period of time of annealing at a high temperature and
can form a dielectric film of good quality. Since the short-
ening of the oxidizing period of time can decrease the p-n
junction depths of the source regions and drain regions of the
MISFETs Q,, Q, and Qp, the microfabrication of the MIS-
FETs can be achieved.

[0220] In this manner, in a DRAM having an information
storing capacitor C of stacked structure, the first electrode
layer 13 of the information storing capacitor C is made of a
polycrystalline silicon film in which an impurity for lower-
ing a resistance is introduced, and a dielectric film 14 is
configured of a silicon nitride film 14A deposited on the first
electrode layer 13 and a silicon oxide film 14B formed on
the silicon nitride film 14A by subjecting the surface thereof
to high-pressure oxidation. Accordingly, the silicon nitride
film 14A of uniform thickness can be formed without being
affected by the crystal state and shape of the surface of the
underlying first electrode layer 13, and the silicon oxide film
14B of good quality can be formed on this silicon nitride
film 14A, so that enhancement in the dielectric strength of
the dielectric film 14, decrease in the number of the defects
of the dielectric film 14 per unit area and decrease in the
leakage current of the dielectric film 14 can be achieved; and
a period of time for forming the silicon oxide film 14B can
be shortened, so that elements can be microfabricated to
increase the density of integration.

[0221] Alternatively, the dielectric film 14 of the informa-
tion storing capacitor C of the stacked structure may well be
constructed of a quadruple-layer structure in which the
natural silicon oxide film, the silicon nitride film 14A, the
silicon oxide film 14B and a silicon nitride film are succes-
sively stacked. With the dielectric film 14 of the triple-layer
structure described before, current flows more in a case
where the electrode layer (15) of the upper side is a negative
electrode, than in a case where it is a positive electrode, so
that the initial dielectric strength of the dielectric film is low.
The dielectric film 14 of the quadruple-layer structure is
provided with the silicon nitride film between the silicon
oxide film 14B and the electrode layer (15) of the upper
layer, and can enhance the initial dielectric strength thereof.

[0222] Subsequently, a polycrystalline silicon film for
constructing the second electrode layer (15) is formed on the
whole surface of the dielectric film 14. The polycrystalline
silicon film is deposited by CVD, and is formed at a
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thickness of about 1500-2500 A. This polycrystalline silicon
film is formed by the step of forming the third level
conductive layer,of gate wiring, in the manufacturing pro-
cess.

[0223] Subsequently, an n-type impurity for lowering a
resistance is introduced into the polycrystalline silicon film.
Phosphorus is used as the n-type impurity, and is introduced
into the polycrystalline silicon film by thermal diffusion. The
n-type impurity is introduced so that the sheet resistance of
the polycrystalline silicon film may become 20-100 Q/1.

[0224] Subsequently, the whole surface of the polycrys-
talline silicon film is coated with a photoresist film. There-
after, the parts of the photoresist film on regions for forming
the second electrode layers (15) of the information storing
capacitors C of the memory cells M are photolithographi-
cally left unetched, to form an etching mask 29 (indicated by
dotted lines in FIG. 22).

[0225] Subsequently, using the etching mask 29, the poly-
crystalline silicon film is etched to form the second electrode
layers 15. As the etching, conventional plasma etching can
be used. However, preferably this etching is performed by
the known RIE technique. Thereafter, as illustrated in FIG.
22, the exposed parts of the dielectric film 14 and the
underlying inter-layer insulator film 12 are successively
etched by employing the etching mask 29 (which may well
be replaced with the second electrode layers 15) again. As
this etching, conventional dry etching can be used. However,
preferably this etching is also performed by the known RIE
technique. The dielectric film 14 is formed substantially in
the same shape as that of the second electrode layer 15 so as
to exist only under this electrode layer. The parts of the
dielectric film 14 and the inter-layer insulator film 12 on the
other regions (to which the complementary data lines 21 are
connected) 9 of the MISFETs Q; of the memory cells M and
on the regions for forming both the MISFETs Q, and Qp of
the peripheral circuits, are removed by the etching.

[0226] By the step of forming the second electrode layers
15, the information storing capacitors C of the stacked
structure constituting the memory cells M are nearly finished
up. Simultaneously, the memory cells M are nearly finished
up.

[0227] In this manner, in a DRAM wherein each memory
cell M includes an information storing capacitor C of
stacked structure, the information storing capacitor C of the
stacked structure is configured of a first electrode layer 13
which is connected to one semiconductor region 9 of a
MISFET Q,, a second electrode layer 15 which is provided
over the first electrode layer 13 so as to cover it, and a
dielectric film 14 which is interposed between the first
electrode layer 13 and the second electrode layer 15 and
which has substantially the same shape as that of the second
electrode layer 15. Accordingly, the dielectric film 14 is
covered with the second electrode layer 15, and the accu-
mulation of charges in the dielectric film 14 (the charge-up
of the dielectric film 14) at the step of patterning the second
electrode layer 15 or at a later step can be relieved, so that
the degradation of the dielectric strength (characteristics) of
the dielectric film 14 attributed to the accumulation of the
charges can be prevented. The prevention of the degradation
of the dielectric strength of the dielectric film 14 can
enhance the electrical reliability of the DRAM.

[0228] Besides, in a DRAM wherein each memory cell M
includes an information storing capacitor C of stacked
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structure, (1) a MISFET Q, for selecting the memory cell is
formed, (2) an inter-layer insulator film 12 which covers the
MISFET Q, is formed, (3) the part of the inter-layer insulator
film 12 on one semiconductor region 9 of the MISFET Q, is
selectively removed to form a contact hole 12A through
which the aforementioned semiconductor region 9 is
exposed, that first electrode layer 13 of the information
storing capacitor C of the stacked structure which is con-
nected to the aforementioned semiconductor region 9
through the contact hole 12 and which is extended over the
gate electrode 7 of the MISFET Q through the insulator film
12 is formed, (4) a dielectric film 14 is formed on the first
electrode layer 13, (5) a second electrode layer 15 which
overlies the first electrode layer 13 through the dielectric
film 14 is formed, and (6) using the second electrode layer
15 or a mask 29 for patterning it as a mask, at least the part
of the inter-layer insulator film 12 on the other semiconduc-
tor region 9 of the MISFET Q, is removed, whereby the
second electrode layer 15 or the mask 29 can be used also
as a mask for removing the part of the inter-layer insulator
film 12 on the other semiconductor region 9 on a side which
is connected with the complementary data line (21) of the
MISFET, so that the step of forming the mask for removing
the inter-layer insulator film 12 can be omitted.

[0229] Moreover, the part of the inter-layer insulator film
12 on the other semiconductor region 9 of the MISFET Q,
can be removed in self-alignment to the second electrode
layer 15 because of the use of the same mask, so that the area
of the memory cell M can be reduced in correspondence
with the dimension of a mask registration allowance in a
manufacturing process. As a result, the density of integration
of the DRAM can be heightened.

[0230] Subsequently, an insulator film 16 is formed on the
whole surface of the substrate. The insulator film 16 is
formed on the semiconductor regions 9 and 10 being source
and drain regions, at least within the region for forming the
CMOS of the peripheral circuits. By way of example, the
insulator film 16 is formed of a silicon oxide film deposited
by CVD and to a thickness of about 300 A.

[0231] Subsequently, an n-type impurity is introduced
selectively into the principal surface of the well region 2
within each region for forming the n-channel MISFET Q,
which constitutes the CMOS of the peripheral circuit. The
introduction of the n-type impurity is carried out by mainly
employing the gate electrode 7 and the inter-layer insulator
film 8 as an impurity introducing mask, in the state in which
the memory cell M-forming region and the p-channel MIS-
FET Q-forming region are covered with a photoresist film.
The n-type impurity used is, for example, As at an impurity
flux on the order of 10*® atoms/cm?, and is introduced by ion
implantation at an energy level of about 70-90 keV.

[0232] Subsequently, a p-type impurity is introduced
selectively into the principal surface part of the well region
3 within each region for forming the p-channel MISFET Q,
which constitutes the CMOS of the peripheral circuit. The
introduction of the p-type impurity is carried out by mainly
employing the gate electrode 7 and the inter-layer insulator
film 8 as an impurity introducing mask, in the state in which
the memory cell M-forming region and the n-channel MIS-
FET Q_-forming region are covered with a photoresist film.
The p-type impurity used is, for example, BF, at an impurity
flux on the order of 10" atoms/cm?, and is introduced by ion
implantation at an energy level of about 70-90 keV.
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[0233] Thereafter, the n-type impurity and the p-type
impurity are subjected to drive-in diffusions, to form n*-type
semiconductor regions 17 in the principal surface parts of
the well region 2 and p*-type semiconductor regions 18 in
the principal surface parts of the well region 3 as shown in
FIG. 23. The drive-in diffusions are carried out at a high
temperature of about 900-1000° C. for about 10 min. The
MISFET Q,, is nearly finished up by the step of forming the
semiconductor regions 17, while the MISFET Q, is nearly
finished up by the step of forming the semiconductor regions
18.

[0234] Subsequently, an inter-layer insulator film 19 is
formed on the whole surface of the substrate. The inter-layer
insulator film 19 is constructed of a double-layer structure in
which a silicon oxide film 19A deposited by CVD, and a
silicon oxide film (such as BPSG) 19B deposited by CVD
and capable of glass flow, are stacked in succession.

[0235] The silicon oxide film 19A of the lower layer is
formed in order to prevent B and P, contained in the silicon
oxide film 19B, from leaking to the underlying element, and
to ensure the dielectric strength of each part of the silicon
oxide film 19B thinned by the glass flow. The silicon oxide
film 19A is formed at a thickness of, for example, about
500-2000 A.

[0236] The silicon oxide film 19B of the upper layer is
formed in order to flatten the surface thereof for the purpose
of enhancing the step coverage of overlying wiring (21). The
silicon oxide film 19B is formed at a thickness of, for
example, about 3000-7000 A.

[0237] Subsequently, the silicon oxide film 19B being the
upper layer of the inter-layer insulator film 19 is subjected
to the glass flow so as to flatten the surface thereof. By way
of example, the glass flow is carried out in a nitrogen gas
atmosphere at a high temperature of about 900-1000° C.

[0238] Subsequently, the part of the inter-layer insulator
film 19 on each of the semiconductor regions 9, 17 and 18,
the part thereof on the word line 7(WL) (not shown) and the
part thereof on the second electrode layer 15 (not shown) are
selectively removed to form contact holes 19C. The contact
holes 19C are formed by subjecting the upper part of the
inter-layer insulator film 19 to wet etching, and the lower
part thereof to anisotropic etching such as RIE. The contact
hole 19C is in a tapered shape in which the opening size of
the upper side of the inter-layer insulator film 19C is large,
and the opening size of the lower side thereof is small, so
that the breaking of the overlying wiring (21) can be
prevented. Alternatively, the contact holes 19C may well be
formed by only the anisotropic etching.

[0239] Subsequently, a silicon oxide film 30 is formed on
those parts of the silicon surfaces of the semiconductor
regions 9, etc. which are exposed through the contact holes
19C. The silicon oxide film 30 is formed in order to prevent
the B or P of the silicon oxide film 19B of the inter-layer
insulator film 19 from being introduced into the principal
surface parts of the semiconductor regions 9, etc. through
the contact holes 19C by annealing at a later step (the
drive-in diffusion of an impurity for forming semiconductor
regions 20). In a case where B has been introduced into the
semiconductor regions 9 or 17 of the n-type or where P has
been introduced into the semiconductor regions 18 of the
p-type, the effective impurity concentration of the semicon-
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ductor regions lowers, and the contact resistance between
each semiconductor region and wiring connected thereto
increases. The silicon oxide film 30 is formed into a thin film
whose thickness is about 120-300 A.

[0240] Subsequently, in the regions for forming the
memory cell-selecting MISFET Q, and the n-channel MIS-
FET Q,, the n-type impurity is introduced selectively into
the principal surface parts of the semiconductor regions 9
and 17 through the contact holes 19C. The n-type impurity
is passed through the silicon oxide film 30. This n-type
impurity is subsequently subjected to the drive-in diffusion,
to form the n*-type semiconductor regions 20 of high
impurity concentration as shown in FIG. 24. The semicon-
ductor region 20 is formed in order to prevent the situation
that, in a case where the semiconductor region 9 or 17 and
the contact hole 19C have not coincided due to a mask
misregistration in the manufacturing process, the well region
2 and the wiring (21) to be passed through the contact hole
19C short-circuit. By way of example, the n-type impurity
used for forming the semiconductor region 20 is As at a high
impurity flux on the order of 10*° atoms/cm?®, and it is
introduced by ion implantation at an energy level of about
110-130 keV. In the memory cell M, the semiconductor
region 20 is made integral with the other semiconductor
region 9 of the MISFET Q,, and it constructs a part of the
source region or drain region. Since the semiconductor
region 20 is formed by the ion implantation at the high
impurity concentration, the contact resistance thereof with
the complementary data line (21) can be lowered.

[0241] Subsequently, as illustrated in FIG. 25, there are
formed the wiring leads 21 which are respectively connected
with the semiconductor regions 9, 17, 18 etc. through the
contact holes 19C and which extend on the inter-layer
insulator film 19. The wiring leads 21 are formed by the step
of forming the first layer of wiring, and they construct the
complementary data lines 21, the Y-select signal lines 21,
etc. as described before. The wiring 21 is constructed of a
triple-layer structure in which a barrier metal film 21A, an
aluminum film 21B and a protective film 21C are succes-
sively stacked. This wiring 21 is patterned by the use of
anisotropic etching such as RIE.

[0242] The barrier metal film 21A is made of MoSi,
deposited by sputtering, and is formed to a thickness of
about 100-200 A. Since the barrier metal film 21A is formed
under the whole lower surface of the aluminum film 21B and
can introduce Mo into the aluminum film 21B, it can
suppress the growth of the crystal grains of aluminum and
mitigate stress migration.

[0243] The aluminum film 21B is doped with additives Cu
and Si. It is deposited by sputtering, and is formed to a
thickness of about 4000-6000 A.

[0244] The protective film 21C is made of MoSi,
(x=0<x<1.2), and is formed to a thickness of about 100-1000
A. As described before, this protective film 21C is formed in
order to protect the surface of the aluminum film 21B from
a liquid which is used in the wet process for forming the
wiring 21.

[0245] The respective layers of the wiring 21 are formed
by a sputtering apparatus 50 shown in FIG. 29 (a schematic
constructional view of a sputtering apparatus). As depicted
in FIG. 29, the sputtering apparatus 50 is mainly configured
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of a single-loader chamber 51, a twin-loader chamber 52, a
cleaning chamber 53 and a sputtering chamber 54.

[0246] The single-loader chamber 51 is so constructed that
a plurality of wafers S5A accommodated in a cassette 55 are
successively supplied into the cleaning chamber 53 and the
sputtering chamber 54 through wafer conveyance belts 56.
The cassette 55 is so constructed that the plurality of wafers
55A can be held in erect states. The cassette 55 is transported
to a feed position for the wafer S5A by an elevator unit S1A.
At this position, the cassette is erect so that the plane of the
wafer 55A and the conveyance direction thereof may coin-
cide to permit the smooth feed of the wafer S5A. When
continuous processing is performed, the single-loader cham-
ber 51 is used conjointly with the twin-loader chamber 52.

[0247] The twin-loader chamber 52 is so constructed that
wafers 55A can be supplied into the cleaning chamber 53
and the sputtering chamber 54, and that processed wafers
55A can be received therein. Although not shown, a cassette
55 in which the wafers 55A to be supplied are accommo-
dated is constructed so as to be transported by an elevator
unit S2A. A cassette 55 in which the processed wafers S5A
are accommodated is constructed so as to be transported by
an elevator unit 52B.

[0248] The cleaning chamber 53 is so constructed that the
wafer S5A conveyed from the twin-loader chamber 52 by
the wafer conveyance belt 56 is held and rotated in the
direction of arrows by a quartz arm 53A. The quartz arms
53A are arranged in a number of four at equal intervals of 90
degrees, and the four quartz arms 53A are constructed so as
to rotate about an identical axis of rotation. The wafer S5A
held by the quartz arm S3A confronts a sputter-etching
electrode 53B and has its surface cleaned, or it is heated by
a pre-processing heater 53C (to a temperature of about 250°
C., for example). In addition, the quartz arm 53A is con-
structed so as to hold the processed wafer S5A conveyed
from the sputtering chamber 54 by the wafer conveyance
belt 56, and to transport it into the twin-loader chamber 52.

[0249] The sputtering chamber 54 is provided with a wafer
holder 54A which can hold the wafer 55A in the erect state.
Likewise to the quartz arms 53A, the wafer holders 54A are
arranged in a number of four at equal intervals of 90 degrees,
and the four wafer holders S4A are constructed so as to
rotate about an identical axis of rotation. Sputtering portions
541, 5411 and 54 III are respectively disposed at positions
which confront the surfaces (planes for holding the wafers
55A) of the three wafer holders 54A other than the wafer
holder 54A located at the wafer conveyance belt 56. A heater
54B is arranged on the rear side of each of the three wafer
holders 54A.

[0250] Each of the sputtering portions 541, 5411 and 54111
is provided with a shield plate 54C, a shutter 54D, a target
54E, a target 54F, a magnet 54G and a target rotating unit
54H in this order as viewed from the side of the wafer holder
54A. The target 54 of the sputtering portion 541 is made of
MoSi,. The target 54 of the sputtering portion 5411 is made
of Al—Cu—Si. The target 54F of the sputtering portion
54111 is made of MoSi,. Thus, the sputtering chamber 54 can
successively and continuously stack the barrier metal film
21A, aluminum film 21B and protective film 21C on the
wafer 55A, namely, on the inter-layer insulator film 19 of the
DRAM within a single vacuum system (a single chamber).

[0251] As scen in the foregoing, the apparatus of FIG. 29
can be used to deposit layers stacked one on the other, the
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layers being formed by sputter deposition, without breaking
the vacuum in the apparatus. As an exemplary technique for
forming stacked layers (such described technique not being
limiting), first the pressure within the sputtering chamber is
decreased to, at most, 1x107° Torr (that is, the pressure can
be decreased to a value less than 1x107° Torr); thereafter,
argon gas is introduced into the chamber so as to increase
pressure to about 1x107> Torr. The layers (e.g., wiring layers
and sub-layers) are formed by sputtering without breaking
the vacuum, that is, with the pressure remaining at about
1x10 Torr.

[0252] In a DRAM wherein the protective film 21C (the
metal wiring of the upper layer) is stacked directly on the
aluminum film 21B (the metal wiring of the lower layer) of
the wiring 21, the aluminum film 21B is formed by sput-
tering within the vacuum system, and thereafter, the protec-
tive film 21C is continuously formed on the aluminum film
21B by sputtering within the same vacuum system, the
production of an aluminum oxide on the surface of the
aluminum film 21B can be mitigated. Accordingly, the
specific resistance of the wiring 21 which is formed of the
aluminum film 21B and the protective film 21C can be
lowered. The lowering of the specific resistance of the
wiring 21 can raise the operating speed of the DRAM.

[0253] In addition, with the wiring 21 which is mainly
made of the aluminum film 21B doped with an element
(such as Cu) for reducing migration, the aluminum film 21B
doped with the element is formed, and this aluminum film
21B is overlaid with the protective film 21C for protecting
it from a liquid which is used in a wet process; an etching
mask (which is not shown and which is an etching mask for
the wiring 21) is formed on this protective film 21C, the
protective film 21C and the aluminum film 21B are etched
into a predetermined shape by the use of this etching mask,
and the wet process for removing the etching mask is
thereafter performed, whereby a galvanic reaction of a cell
which is constructed of the aluminum film 21B and an
intermetallic compound formed by the aluminum and the
element of this film can be prevented during the etching or
wet process, so that the damage of the aluminum film 21
attributed to the galvanic reaction can be prevented. As a
result, the wiring 21 can have any interior shapes decreased,
can have breaking prevented, and the migration reduced.

[0254] After the step of forming the wiring 21 illustrated
in FIG. 25, an inter-layer insulator film 22 is formed on the
whole surface of the substrate including the wiring 21. As
stated before, the inter-layer insulator film 22 is constructed
of a triple-layer structure.

[0255] A silicon oxide film 22A as the lower layer is
formed at a thickness of about 1000-2000 A.

[0256] A silicon oxide film 22B as the middle layer is
formed in order to flatten the surface thereof. The silicon
oxide film 22B is formed by several times (2-5 times) of
coating (coating to a total thickness of about 1000-2000 A,
for example, by a spin-on technique) and a baking treatment
(at about 450° C.), into a densified film. Alternatively, the
silicon oxide film 22B may well be formed by gradually
heightening the temperature of a baking treatment, into a
film of good quality.

[0257] A silicon oxide film 22C as the upper layer is
formed in order to raise the strength of the whole inter-layer
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insulator film 22. The silicon 0§ide film 22C is formed at a
thickness of about 4000-7000 A.

[0258] Subsequently, as illustrated in FIG. 26, a contact
hole 22D is formed in the inter-layer insulator film 22. The
contact hole 22D is formed into a stair shape in vertical
section by a resist retraction method which employs a
multilayer photoresist film (etching mask) and anisotropic
etching such as RIE. A method for forming the contact hole
with a stair shape is described in U.S. patent application Ser.
No. 117,855, filed Nov. 6, 1987, the contents of which, in its
entirety, have previously been incorporated herein by refer-
ence. Thereafter, annealing at about 400° C. is performed in
order to remedy damages ascribable to the etching.

[0259] Subsequently, as illustrated in FIGS. 2 and 3,
wiring 23 which extends on the inter-layer insulator film 22
and which is formed by the step of forming the second layer
of wiring is formed so as to connect to the wiring 21 through
the contact hole 22D. As stated before, the wiring 23 is
constructed of a triple-layer structure, corresponding to
wiring 21, in which an underlying film 23A and an alumi-
num film 23B are successively stacked, with a protective
film 23C (refractory metal silicide, having a silicon content
greater than O and less than 2, preferably greater than 0 and
at most 1.2) stacked on the aluminum film 23B.

[0260] The underlying film 23A of the lower layer is
formed of MoSi, deposited by sputtering, and to a thickness
of about 100-1000 A.

[0261] The aluminum film 23B of the upper layer is
deposited by sputtering, and it is formed to a thickness of
about 7000-12000 A, which is greater than the thickness of
the aluminum film 21B of the wiring 21. Likewise to the
aluminum film 21B, the aluminum film 23B is doped with
both Cu and Si in equal amounts.

[0262] Similarly to protective fiim 21C, protective film
23C is made of MoSi, (0<x<1.2), and is formed to a
thickness of about 100-1000 A. This protective film 23C
protects the surface of aluminum film 23B from a liquid
which is used in the wet process for forming wiring 23.

[0263] In this manner, the protective film 21C (refractory
metal silicide film, which is of MoSi, in the present embodi-
ment, having a silicon content greater than 0 and less than
2 (the optimum value being greater than O and at most 1.2))
is interposed between that aluminum film 21B of the wiring
21 which is doped with the element (Cu) for reducing
migration and that aluminum film 23B of the wiring 23
which is connected to the aluminum film 21B through the
contact hole 22D formed in the inter-layer insulator film 22.
Due to such protective film 21C, the grains of the aluminum
film 21B of the wiring 21 can be prevented from precipi-
tating at the boundary of the protective film 21C and the
aluminum film 23B (through the protective film 21C) and
forming an aluminum oxide, so that the contact resistance
between the aluminum film 21B and the aluminum film 23B
can be lowered. As a result, the available percentage con-
cerning the connected parts of the wiring 21 and the wiring
23 can be increased.

[0264] Moreover, since the contact resistance between the
wiring 21 and 23 can be reduced, the speed of signal
transmission can be increased, and the operating speed of the
DRAM can be increased.
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[0265] After the step of forming the wiring 23, annealing
is carried out in order to remedy damages ascribable to
etching (anisotropic etching) for forming the wiring 23.

[0266] Subsequently, a passivation film (not shown) is
formed on the whole surface of the substrate including the
wiring 23.

[0267] The DRAM of the present embodiment is substan-
tially finished up by performing these series of steps.

[0268] Although, in the above, the various aspects of the
present invention made by the inventors, have been con-
cretely described in conjunction with the embodiment, it is
a matter of course that the present invention is not restricted
to the foregoing embodiment, but that it can be variously
altered within a scope not departing from the purport
thereof.

[0269] For example, the various aspects of the present
invention are not limited to DRAMS, but can be directed to
other structure, including other semiconductor structure,
having wiring (e.g., multi-level wiring), and/or having
capacitor elements. Again, it is emphasized that the present
invention is particularly advantageous for microminiature
structure, for increasing charge contained in storage in a
capacitor element.

[0270] Furthermore, while the foregoing embodiment
describes the impurity flux for forming source/drain regions
of MISFET Q, as on the order to 10*° atoms/cm? (an
impurity concentration of 10*° atoms/cm?), the impurity flux
(concentration) can be greater than such value. Generally,
the impurity flux for source/drain regions of MISFET Q,, is
greater than 10'* atoms/cm? (the impurity concentration of
such regions being greater than 10'° atoms/cm?®), which is
the preferred maximum for the impurity region of the
MISFET Q, to which the information storing capacitor is
connected.

[0271] Moreover, while the foregoing embodiment
describes aluminum wiring layers of aluminum—1.5 wt. %
Si—0.5 wt. % Cu, the wiring layers can include 0-1.5 wt. %
Siand 0-2.0 wt. % Cu. Moreover, other alloy systems which
can be used for the aluminum wiring include Al—Ti—Si
and Al—Pd—Si.

[0272] Furthermore, the sixth aspect of the present inven-
tion, wherein stacked layers (e.g., stacked wiring layers) are
formed without breaking the vacuum, can be used with
deposition techniques other than sputtering; for example, a
chemical vapor deposition (CVD) technique can be used.
However, it is difficult to form stacked wiring layers accord-
ing to the embodiment of the present invention by CVD
technique, due to the difficulties in depositing aluminum by
CVD. Therefore, use of sputtering in accordance with the
sixth aspect of the present invention, to provide wiring
layers and sub-layers according to the embodiment of the
present invention, is preferred.

[0273] The various aspects of the present invention have
advantageous effects as set forth in the following para-
graphs.

[0274] Thus, by the first aspect of the present invention, by
forming at least the semiconductor region of the memory
cell selecting MISFET by ion implantation at a lower
concentration flux than that of MISFETs of the peripheral
circuit, providing the semiconductor regions of the memory
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cell selecting MISFET with a lower impurity concentration
than that of MISFETSs of the peripheral circuit, the refresh
characteristics can be enhanced, and hence a higher operat-
ing speed can be achieved.

[0275] In addition, by various other aspects of the present
invention, including the overlap of the Y-select line with the
capacitor electrode of the stacked capacitor element, pro-
viding the dielectric of the storage capacitor to have the
same shape as the upper capacitor electrode, and providing
the dielectric of the capacitor as stacked silicon nitride/
silicon oxide films, with the silicon oxide being formed by
subjecting the silicon nitride layer to high-pressure oxida-
tion, the charge holding characteristics of the capacitor,
particularly when utilized as the information storing element
of a DRAM, can be improved. In addition, the operating
speed of the DRAM can be improved, and the number of
steps required for fabricating the DRAM can be reduced.
Furthermore, the breakdown strength of the dielectric film,
and accordingly the electric reliability of the semiconductor
integrated circuit can be improved; such improvement
according to the present invention is particularly desirable in
a DRAM having a memory cell constructed of an informa-
tion storing capacitor element of stacked structure.

[0276] In addition, by the sixth and seventh aspects of the
present invention, the wiring can be reliably etched, due to
avoidance of an oxide film between the first and second
metal layers by forming the second metal wiring on the first
metal wiring without removal of the vacuum between depos-
iting of the two layers; and, by utilizing the MoSi_ layer as
an inter-layer between upper and lower wirings, the contact
resistance value between the lower and upper wiring layers
can be reduced, and a defect in the shape of the wiring and
disconnection of the wiring resulting from a galvanic reac-
tion can be prevented, so that the electrical reliability of the
wiring can be improved.

[0277] While we have shown and described a specific
embodiment in connection with all of the various aspects of
the present invention, it is to be understood that the present
invention, in all of its aspects, is not limited to such
embodiment, but is susceptible of numerous changes and
modifications as are known to one having ordinary skill in
the art; and we therefore do not wish to be limited to the
details shown and described herein, but intend to cover all
such modifications as are encompassed by the scope of the
appended claims.

What is claimed is:

1. A method of producing a semiconductor integrated
circuit device, comprising:

(a) forming a MISFET over a semiconductor substrate,
said MISFET including a word line as a gate electrode
and impurity regions as source/drain regions;

(b) forming a first insulating film covering said MISFET;

(c) forming a second insulating film over said first insu-
lating film;

(d) forming a conductive film over at least said second
insulating film and said impurity regions;

(e) patterning said conductive film to form a lower
electrode of a capacitor element;
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(f) forming a dielectric film over said lower electrode and
said second insulating film; and

(g) forming an upper electrode of said capacitor element
over said dielectric film,

wherein after said step (e), one end of said lower electrode

is left over said second insulating film.

2. A method of producing a semiconductor integrated
circuit device according to claim 1, wherein in said step (e),
said conductive film is patterned using a photoresist film.

3. A method of producing a semiconductor integrated
circuit device according to claim 1, wherein in said step (e),
said second insulating film is used as an etching stopper.

4. A method of producing a semiconductor integrated
circuit device according to claim 1, wherein said lower
electrode comprises a poly-silicon film.

5. A method of producing a semiconductor integrated
circuit device according to claim 1, wherein said second
insulating film comprises a silicon oxide film.

6. A method of producing a semiconductor integrated
circuit device performed using at least a sputtering apparatus
including a single-loader chamber, a twin-loader chamber, a
cleaning chamber and a sputtering chamber, comprising:

(a) forming a MISFET over a semiconductor substrate;
(b) forming an insulating over said MISFET; and

(c) forming a wiring layer over said insulating film within

said sputtering apparatus.

7. A method of producing a semiconductor integrated
circuit device according to claim 6, wherein said wiring
layer is stacked films, and wherein said stacked films are
continuously formed within said sputtering apparatus.

8. A method of producing a semiconductor integrated
circuit device according to claim 6, wherein said wiring
layer includes aluminum as the main ingredient.

9. A method of producing a semiconductor integrated
circuit device according to claim 6, wherein said step (c)
comprises:

(cl) after step (b), cleaning a main surface of said
semiconductor substrate including a surface of said
insulating film within said cleaning chamber; and

(c2) after said step (cl), forming said wiring layer over
said insulating film within said sputtering chamber.
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10. A method of producing a semiconductor integrated
circuit device, comprising:

(a) forming a first refractory metal film or a first refractory
metal silicide film over a main surface of a semicon-
ductor substrate;

(b) forming a metal film over said first refractory metal
film or first refractory metal silicide film; and

(c) forming a second refractory metal film or a second
refractory metal silicide film over said metal film,

wherein steps (a), (b) and (c) are performed using a
sputtering apparatus, and said sputtering apparatus
includes a single-loader chamber, a twin-loader cham-
ber, a cleaning chamber and a sputtering chamber, and

wherein said steps (a), (b) and (¢) are continuously

performed within said sputtering apparatus.

11. A method of producing a semiconductor integrated
circuit device according to claim 10, wherein said metal film
includes aluminum as the main ingredient.

12. A method of producing a semiconductor integrated
circuit device according to claim 10,

wherein said sputtering chamber includes a first sputter
portion, a second sputter portion and a third sputter
portion,

wherein said first sputter portion is provided with a first
target consisting of said first refractory metal or said
first refractory silicide,

wherein said second sputter portion is provided with a
second target consisting of said metal, and

wherein said third sputter portion is provided with a third
target consisting of said second refractory metal or said
second refractory metal silicide.

13. A method of producing a semiconductor integrated
circuit device according to claim 12, wherein said metal
includes aluminum as the main ingredient.

14. A method of producing a semiconductor integrated
circuit device according to claim 10, further comprising a

step (d):
(d) before said step (a), cleaning said main surface of said
semiconductor substrate within said cleaning chamber.
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