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[57] ABSTRACT

In a semiconductor memory circuit device wherein
each memory cell is constituted by a series circuit of a
memory cell selecting MISFET and an information
storing capacitor of a stacked structure, there are pres-
ent in a first region, which is a memory cell array re-
gion, a first MISFET having a gate electrode and
source and drain regions; first and second capacitor
electrodes and a dielectric film extended over a first
insulating film and over the gate electrode; a second
insulating film disposed on the second capacitor elec-
trode; a third insulating film interposed between the
first insulating film and first capacitor electrode; and a
first wiring positioned on the second insulating film. In
a second region of the device, which is a peripheral
circuit region, there are present a second MISFET
having a gate electrode and source and drain regions; a
first insulating film on the gate electrode; a second insu-
lating film on a third insulating film, the third insulating
film being interposed between the first and second insu-
lating films; and a second wiring on the second insulat-
ing film. The second wiring is formed by the same level
conductor layer as that forming the first wiring. Simi-
larly, the first through third insulating films of the first
region are correspondingly associated with the first
through third insulating films of the second region,
respectively.

4,951,175 8/1990 Kurosawa et al. . ... 357/23.6
5,081,515 1/1992 Murata et al. ..c.coeevvvvvecnnnns 357/43 10 Claims, 20 Drawing Sheets
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SEMICONDUCTOR MEMORY CIRCUIT DEVICE
AND METHOD FOR FABRICATING SAME

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor
memory circuit device, particularly a technique effec-
tive in its application to a DRAM (Dynamic Random
Access Memory).

A memory cell for holding 1 bit of information in a
DRAM is constituted by a series circuit comprising a
memory cell selecting MISFET and an information
storing capacitor. A gate electrode in the memory cell
selecting MISFET is connected to a word line extend-
ing in a row direction. One (or first) semiconductor
region of the memory cell selecting MISFET is con-
nected to one of complementary data lines which are
formed from a first metallic wiring layer, while the
other (or second) semiconductor region is connected to
one (first) electrode of the information storing capaci-
tor. To the other (second) electrode of the information
storing capacitor is applied a predetermined fixed po-
tential. A word line is composed of two layers which
are the gate electrode of the memory cell selecting
MISFET and a second metallic wiring layer.

This type of a DRAM tends to be increased in its
integration density for attaining a larger bit storage
capacity and reduced in the size of each memory cell.
When the memory cell size is reduced, the size of the
information storing capacitor is also reduced, so that the
amount of an electric charge which serves as informa-
tion is also decreased. This decrease in the amount of an
electric charge stored causes deterioration of the a-ray
soft error resistance. In particular, in a DRAM of 1 M
bits or larger capacity, the improvement of the a-ray
soft error resistance is one of important technical sub-
jects.

Along such technical subject, there is now a tendency
towards adoption of a stacked structure (STC struc-
ture)for the information storing capacitor of each mem-
ory cell in a DRAM. The information storing capacitor
is constituted by laminating a lower electrode layer, a
dielectric film and an upper electrode layer successively
" in this order on a semiconductor substrate. The lower
(or first) electrode layer is connected to the other (or
second) semiconductor region of the memory cell se-
lecting MISFET and is extended up to above the gate
electrode. The lower electrode layer is patterned to
have a predetermined plane shape by the application of
a photolithographic technique and an etching technique
to a polycrystalline silicon film deposited according to a
CVD method. The dielectric film is provided along
upper and side faces of the lower electrode layer. The
upper (second) electrode layer is provided on the sur-
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face of the dielectric films and it is constituted integrally 55

with the upper electrode layer of the information stor-
ing capacitor of a stacked structure in other memory
cells adjacent thereto and is used as a common plate
electrode. Like the lower electrode layer, the upper
electrode layer is formed using a polycrystalline silicon
film.

In order to attain a higher integration density and a
larger bit storage capacity in the DRAM of such a
stacked structure there has been developed a technique
of forming the lower electrode layer in a fin shape, or
extending the lower electrode layer vertically upwards,
or using the side faces (surfaces) of the lower electrode
layers positively as a capacitance portion. Such DRAM
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is shown, for example, in U.S. Pat. No. 4,742,018 or
IEDM 88, pages 592-595.

SUMMARY OF THE INVENTION

According to a study made by the present inventor, it
turned out that the aforementioned DRAM involved
the following problems.

In the DRAM in question, since the lower electrode
layer in the information storing capacitor of each mem-
ory cell extends vertically upwards, the difference in
height between a memory cell array region (or area)
and a peripheral circuit region (or area) is very large.
Particularly, such difference in height is marked: be-
tween the portion where the gate electrode of each
memory cell selecting MISFET and the upper and
lower electrode layers of the information storing capac-
itor in the memory cell array region overlap each other
and the portion of source and drain regions of each
MISFET in the peripheral circuit region. As to the
difference in height, note is taken of the difference in
height at the time of formation of the first metallic wir-
ing layer.

In the case of such a large difference in height be-
tween the memory cell array region and the peripheral
circuit region, both regions are not positioned within
the depth of focus of an aligner in the exposure process,
thus making it impossible to process both regions at a
time.

The depth of focus of an aligner for forming a pattern
of 0.5 uwm or so is considered to be 1.5 pm or so. There-
fore, the difference in height between the memory cell
array and the peripheral circuit region must be kept to
a value not larger than 0.75 pm from a predetermined
reference position.

The difference in height mentioned above sometimes
causes a partial etch residue in the etching process or a
base layer damage due to overetching, thus leading to
deterioration of the product yield.

Moreover, in the exposure process and the etching
process, since the processing accuracy is different be-
tween the memory cell array region and the peripheral
circuit region, there occur variations in size between
both regions, thus causing decrease of the processing
margin and the resultant lowering of the integration
density.

Further, the difference in height in question may
cause breaking of a metallic (e.g. aluminum) line which
spans the memory cell array region and the peripheral
circuit region, thus resulting in deterioration of the
product yield or of reliability.

Objects of the present invention reside in: -

(1) providing a technique capable of improving the

" integration density in a semiconductor memory cir-
cuit device;

(2) providing a technique capable of improving the
product yield in a semiconductor memory circuit
device;

(3) providing a technique capable of improving the
electrical reliability in a semiconductor memory cir-
cuit device;

(4) providing a technique capable of improving the
processing margin in a semiconductor memory cir-
cuit device; and

(5) providing a technique capable of shortening the
fabrication process in a semiconductor memory cir-
cuit device. :
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The above and other objects and novel features of the
present invention will become more apparent from the
following description and the accompanying drawings.

The following are brief summaries of typical inven-
tions disclosed herein.

(1) In a semiconductor memory circuit device includ-
ing memory cells each constituted by a series circuit of
a memory cell selecting MISFET and an information
storing capacitor of a stacked structure, there are pres-
ent in a first region as a memory cell array region a first
MISFET having a gate electrode and source and drain
regions, first and second capacity electrodes and a di-
electric film extending on a first insulating film above
the gate electrode, a second insulating film positioned
on the second capacity electrode, and a first wiring
positioned on the second insulating film, while in a
second region as a peripheral circuit region there are
present a second MISFET having a gate electrode and
source and drain regions, a first insulating film on the
gate electrode, a third insulating film on the first insulat-
ing film, a second insulating film on the third insulating
film, and a second wiring on the second insulating film.

(2) In a semiconductor memory circuit device having
a memory cell array formed in a first region of a main
surface of a semiconductor substrate and a peripheral
circuitry formed in a second region thereof, the differ-
ence between the distance of a second wiring connected
to a source or drain region of a MISFET positioned in
the second region from the back of the semiconductor
substrate and the distance of a first wiring in the same
layer as the second wiring positioned in the first region
from the back of the semiconductor substrate is not
larger than 1.5 pm.

(3) In a semiconductor memory circuit device having
a memory cell array of memory cells each comprising a
first MISFET and an information storing capacitor
connected in series with each other and arranged in a
matrix form and also having a peripheral circuitry com-
posed of plural second MISFETs there are performed:
(a) a step of forming a first gate electrode of a first

MISFET and a second a gate electrode of a second

MISFET in first and second regions on a first con-

ductivity type semiconductor substrate;

(b) a step of forming first semiconductor regions of a
second conductivity type in the first and second re-
gions in self-alignment manner with respect to the
first and second gate electrodes;

(c) a step of forming a side wall insulating film at end
portions of the first and second gate electrodes; of
forming a second semiconductor region of

(d) a step of forming a second semiconductor region of
a second conductivity type in self-alignment manner
with respect to the second gate electrode and the side
wall insulating film;

(e) a step of forming a third insulating film on the first
and second regions provided on the semiconductor
substrate;

(f) a step of forming a first opening in the third insulat-
ing film for exposing one of the source and drain
regions of the first MISFET;

(g) a step of forming a first capacity electrode of the
information storing capacitor for contact with one of
the source and drain regions of the first MISFET
through the first opening;

(h) a step of forming a dielectric film and a second
capacity electrode of the information storing capaci-
tor on the first capacity electrode;
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(i) a step of forming a second insulating film on the third
insulating film in the first and second regions of the
semiconductor substrate; and

(j) a step of forming a wiring layer on the second insu-
lating film in the first and second regions.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a sectional view of a principal portion of a
DRAM according to an embodiment I of the present
invention;

FIG. 2 is a partially sectional plan view of a resin
molded type semiconductor device with the DRAM
sealed therein;

FIG. 3 is a chip layout diagram of the DRAM;

FIG. 4 is an equivalent circuit diagram of a principal
portion of the DRAM;

FIG. § is a plan view of a principal portion of the
DRAM;

FIGS. 6 to 13 are sectional views fabrication pro-
cesses for the DRAM;

FIG. 14 is a sectional view of a principal portion of a
DRAM according to another embodiment II of the
present invention;

FIG. 15 is a sectional view of a principal portion of a
DRAM according to a further embodiment III of the
present invention; and

FIGS. 16 to 20 are sectional views showing fabrica-
tion processes for the DRAM of the embodiment III.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention will be described below with
respect to an embodiment thereof applied to a DRAM
wherein each memory cell is constituted by a series
circuit consisting of a memory cell selecting MISFET
and an information storing capacitor of a stacked struc-
ture.

In all of the drawings for explanation of this embodi-
ment, the portions having the same functions are indi-
cated by the same reference numerals and repeated
explanation thereof will be omitted.

(Embodiment I)

FIG. 2 (a partially sectional plan view) illustrates a
resin molded type semiconductor device witha DRAM
according to an embodiment I of the present invention
sealed therein.

As shown in the same figure, the DRAM (semicon-
ductor pellet), indicated at 1, is sealed by a resin molded
type semiconductor device 2 of an SOJ (Small Out-line
J-bend) type. The DRAM 1 is mounted through an
adhesive onto the surface of a tab 3A of the resin
molded type semiconductor device 2.

The DRAM 1, which has a large capacity of 4 M bits,
is sealed in the resin molded type semiconductor device
2 of 350 mils. On a main surface of the DRAM 1 there
is disposed a memory cell array comprising a plurality
of memory cells arranged in a matrix form. In the other
portion of the main surface of the DRAM 1 than the
memory cell array there are disposed a direct peripheral
circuitry and an indirect peripheral circuitry. The direct
peripheral circuitry is for directly controlling informa-
tion writing and reading operations for each memory
cell and includes a row address decoder circuit, a col-
umn address decoder circuit and a sense amplifier cir-
cuit. The indirect peripheral circuitry is for indirectly
controlling the operation of the direct peripheral cir-
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cuitry and includes a clock signal generating circuit and
a buffer circuit.

At the outermost peripheral portion of the DRAM 1,
external terminals (bonding pads) BP are arranged cen-
trally of the long side and the short side of the DRAM
1. The bonding pads BP are connected to inner leads 3B
through bonding wires 4. As the bonding wires 4 there
are used aluminum (Al) wires, or there may be used
gold (Au) wires, copper (Cu) wires or coated wires
obtained by coating the surfaces of metallic wires such
as gold (Au) wires or copper (Cu) wires with an insulat-
ing resin. The bonding wires 4 are bonded by a bonding
method which utilizes both thermal compression and
ultrasonic vibration.

The inner leads 3B are formed integrally with outer
leads 3C. The inner leads 3B, outer leads 3C and tab 3A
are cut from a lead frame and molded. For example, the
lead frame is formed using Cu or Fe-Ni (e.g. Ni content
42%) alloy. To the tab 3A are connected tab supporting
leads 3D on the short sides.

The outer leads 3C are numbered and a signal to be
applied to each of them is defined according to a stan-
dard. In FIG. 2, the left upper end, left lower end, right
Jower end and right upper end leads are No. 1, No. 10,
No. 11 and No. 20 leads, respectively.

The DRAM 1, tab 3A, bonding wires 4, inner leads
3B and tab supporting leads 3D are molded by a resin
molding compound 5. As the resin molding compound
5 there is used an epoxy resin with a phenolic curing
agent, a silicone rubber and a filler incorporated therein
for attaining the reduction of stress. The silicone rubber
functions to decrease the thermal expansion coefficient
of the epoxy resin. The filler, which is in the form of
spherical silicon oxide grains, also functions to decrease
the thermal expansion coefficient.

Referring now to FIG. 3 (a chip layout diagram),
there is illustrated a schematic construction of the
DRAM 1 which is a Semiconductor memory circuit
device in the resin molded type semiconductor device 2.

As shown in FIG. 3, memory cell arrays (MA) 11 are
arranged on the surface of a central portion of the
DRAM 1. The DRAM 1 of this embodiment comprises
a total of sixteen memory cell arrays 11 though this does
not constitute any limitation. Each memory cell array
11 has a capacity of 256 K bits.

Two memory arrays 11 are disposed on both sides of
a column address decoder circuit (YDEC) 12 and a
sense amplifier circuit (SA) 13. The sense amplifier
circuit 13 is constituted by a complementary MISFET
(CMOS), and a portion thereof is constituted by an
n-channel MISFET. The remaining portion, ie., p-
channel MISFET, of the sense amplifier circuit 13, is
disposed at an end portion of the memory cell array 11
in a position opposed to the said one portion of the sense
amplifier circuit. From one end side of the sense ampli-
fier circuit 13 there extend complementary data lines
(two data lines) onto the memory cell array 11. In the
DRAM 1 of this embodiment there is adopted a folded
bit line method.

A row address decoder circuit (XDEC) 14 and a
word driver circuit (WD) 15 are disposed at one end on
the central side of each of the subdivided sixteen mem-
ory cell arrays 11.

A memory mat is constituted by a column address
decoder (YDEC) 12, a sense amplifier circuit (SA) 13,,
two memory cell arrays 11 disposed on both sides of the
YDEC 12 and the SA 13, and row address decoder
circuits (XDECs) 14 and word driver circuits (WDs)
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15. Thus, the DRAM 1 of this embodiment is composed
of eight memory mats.

The peripheral circuits 12 to 15 which constitute such
memory cell mats are called direct peripheral circuits of
the DRAM 1.

On the upper side of the DRAM 1 is disposed an
upper peripheral circuit 16 while on the lower side
thereof is disposed a lower peripheral circuit 17. A
middle peripheral circuit 18 is disposed between the
four memory mats arranged on the upper side of the
DRAM 1 and the four memory mats arranged on the
lower side. Further, a central peripheral circuit 19 is
disposed between two of the memory mats arranged on
the upper side of the DRAM 1 and the other two ar-
ranged on the same side and it is also disposed between
two of the memory mats arranged on the lower side and
the other two arranged on the same side. These periph-
eral circuits 16 to 19 are constituted as indirect periph-
eral circuits of the DRAM 1. '

Next, a principal portion of the memory mats and that
of the indirect peripheral circuits in the DRAM 1 will
be described below with reference to FIG. 4 (an equiva-
lent circuit diagram of a principal portion).

As shown in FIG. 4, in the memory cell arrays (MAs)
11 of the DRAM 1 which adopts the folded bit line
method, complementary data lines DL, DL, extend in
the column direction. The complementary data lines
DL are arranged plural sets in the row direction and
connected to the sense amplifier circuits (SAs) 13.

In the memory cell arrays 11, word lines WL extend
in the row direction intersecting the complementary
data lines DL. The word lines WL are arranged plurally
in the column direction. Though not shown in FIG. 4,
each word line WL is connected to the row address
buffer circuit (XDEC) 14 and selected. ‘

A memory cell M for storing a 1 bit of information is
disposed at each of intersecting points of one of the
complementary data lines DL, DL and the word lines
WL. The memory cell M is constituted by a series cir-
cuit of a memory cell selecting n-channel MISFET Qs
and an information storing capacitor C.

One semiconductor region of the memory cell select-
ing MISFET Qs in the memory cell M is connected to
the one of complementary data lines DL, DL, while the
other semiconductor region thereof is connected to one
electrode of the information storing capacitor C. A gate
electrode is connected to the word line WL. The other
electrode of the information storing capacitor C is con-
nected to a fixed potential 3 Vcc. The fixed potential 3
Vcc is an intermediate potential between the reference
voltage Vss and power-supply voltage Vcc and is, say,
2.5 V or so. The fixed potential § Vcc can decrease the
intensity of an electric field applied to the information
storing capacitor C and reduce the deterioration in
dielectric strength of the dielectric film.

The sense amplifier circuit 13 is constructed so as to
amplify the information of the memory cell M which is
transmitted through the complementary data line DL.
The information thus amplified in the sense amplifier
circuit 13 is outputted to common data lines I/0, 1/0,
through an n-channel MISFET Qy for column switch.
The MISFET Qy for column switch is controlied by
the column address decoder circuit (YDEC) 12.

The common data line I/0 is connected to a main
amplifier circuit (MAP) 1620. The main amplifier cir-
cuit 1620 is connected to an external terminal (Dout) BP
for output signal through MISFET (with no symbol
affixed thereto) for switch, output signal lines DOL,
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DOL, and data output buffer circuit (DoB) 1604. The
information of the memory cell M further amplified in
the main amplifier circuit 1620 is outputted to the exte-
rior of the DRAM 1 through the signal output line
DOL, data output buffer circuit 1604 and bonding pad
BP.

The following description is now provided about
concrete structures of the elements which constitute
each memory cell M and the peripheral circuitry (e.g.
the sense amplifier circuit and the decoder circuit) in
the DRAM 1. FIG. § (a plan view of a principal por-
tion) shows a plane structure of each memory array 11.
A sectional structure of the memory array 11 and that of
the peripheral circuit elements are illustrated in FIG. 1
(a sectional view of a principal portion). The sectional
structure of the memory cell M shown on the left-hand
side of FIG. 1 is of the portion cut along line I—I in
FIG. 5, while the right-hand side of FIG. 1 shows a
sectional structure of CMOS which constitutes the pe-
ripheral circuitry.

As shown in FIGS. 1 and 5, the DRAM 1 is consti-
tuted by a p—-type semiconductor substrate 20 formed
of a single crystal silicon. The semiconductor substrate
20 uses (100) crystal plane as an element forming sur-
face, which is formed at a resistance value of, say, 10
Ql.cm or so.

A p—-type well region 22 is provided on a main sur-
face portion of an n-channel MISFET Qn forming re-
gion of the semiconductor substrate 20, while an n—-
type well region 21 is provided on a main surface por-
tion of a p-channel MISFET Qp of the semiconductor
substrate 20. Thus, the DRAM 1 of this embodiment has
a twin-well structure.

On the main surface between semiconductor element
forming regions of the well regions 21 and 22 there is
provided an insulating film (field insulating film) 23 for
element isolation. In a main surface portion of the p—-
type well region 22, a p-type channel stopper region
24A is provided below the insulating film 23 for element
isolation. Since the surface of the p—-type well region
22 is apt to undergo an n-type inversion, the channel
stopper region 24A is provided in the main surface
portion of at least the p—-type well region.

In the memory cell forming region of the memory
cell forming region of the memory cell array 11, a p-
type semiconductor region 24B is provided in the main
surface portion of the p—-type well region 22. The
p-type semiconductor region 24B is provided substan-
tially throughout the whole surface of the memory
array 11. The p-type semiconductor regions 24B is
formed by a lateral diffusion of a p-type impurity (B)
which forms the p-type channel stopper region 24A,
through the same fabrication process and using the same
fabrication mask as in the formation of the p-type chan-
nel stopper region 24A. By a lateral diffusion of the
p-type impurity there is formed the p-type semiconduc-
tor region 24B substantially throughout the whole sur-
face of the memory cell M. The p-type semiconductor
region 24B is formed at an impurity concentration still
higher than that of the p—-type well region 22 whose
impurity concentration is higher than that of the p—-
type semiconductor substrate 20. The p-type semicon-
ductor region 24B permits an increase of a threshold
voltage of the memory cell selecting MISFET Qs and
also permits an increase in the amount of an electric
charge stored of the information storing capacitor C.
The p-type semiconductor region 24B also functions as
a potential barrier region against minority carrier cre-
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8

ated in the interior of the semiconductor substrate due
to the entry of a-ray.

The memory cell selecting MISFET Qs of the mem-
ory cell M is constituted in the main surface portion of
the p—-type well region 22 (actually the p-type semi-
conductor region 24B), as shown in FIGS. 1and 5. The
MISFET Qs is constituted within the region defined by
the insulating film 23 for element isolation and the p-
type channel stopper region 24A. It mainly comprises
the p—-type well region 22, a gate insulating film 25, a
gate electrode 26 and a pair of n-type semiconductor
regions 28 which are source or drain regions.

The p—-type well region 22 is used as a channel form-
ing region. The gate insulating film 25 is formed by a
silicon oxide film of 15 to 20 nm thickness obtained by
oxidizing the main surface of the p—-type well region
22.

The gate electrode 26 is provided on the gate insulat-
ing film 25 and it is formed at a film thickness of 200 nm
or so using a polycrystalline silicon film deposited by
CVD for example, with an n-type impurity (p or As)
being introduced therein for decreasing the resistance
value. The gate electrode 26 may be constituted by a
single layer of film of a refractory metal (Mo, Ti, Ta, or
W) or film of a refractory metal silicide (MoSis, TiSiy,
TaSiz, or WSiy). Also, the gate electrode 26 may be
constituted by a composite film obtained by laminating
the said refractory metal film or refractory metal sili-
cide film onto a polycrystalline silicon film.

As shown in FIG. 5, the gate electrode 26 is formed
integrally with a word line (WL) extending in the row
direction. That is, the gate electrode 26 and the word
line 26 are formed by the same conductive layer. The
word line 26 is formed for connection with the gate
electrode 26 in each of the memory cell selecting MIS-
FETs Qs of plural memory cells M arranged in the row
direction.

The gate length of the gate electrode 26 in each mem-
ory cell selecting MISFET Qs is larger than the width
of the word line 26, as shown in FIG. 5. For example,
the gate length of the gate electrode 26 is 1.0 um, while
the width of the word line is 0.6 pm.

The n-type semiconductor region 28 is lower in impu-
rity concentration than an n+-type semiconductor re-
gion 37 of the MISFET Qn which constitutes the pe-
ripheral circuitry. More particularly, the n-type semi-
conductor region 28 is formed by an ion implantation
method using phosphorus of a low impurity concentra-
tion lower than 1 1014 atoms/cm?.

The source and drain regions of the memory cell
selecting MISFET Qs are constituted by n-type semi-
conductor regions 28 and n+-type semiconductor re-
gions 33A and 41 which will be described later. Thus,
the n+t-type semiconductor regions 37 formed by an ion
implanted layer of As in the source and drain regions of
the MISFET which constitutes the peripheral circuitry
is not present in the source and drain regions of the
memory cell selecting MISFET Qs. This is for dimin-
ishing the occurrence of crystal defects caused by the
introduction of high impurity ions and fully remedying
crystal defects by heat treatment after the introduction
of impurity. Since the amount of leakage current in the
pn junction between the n-type semiconductor regions
28 and the p—-type well region 22 is small, the n-type
semiconductor regions 28 can stably hold the electric
charge stored as information in the information storing
capacitor C. ’
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The n-type semiconductor regions 28 are formed by
self-alignment with respect to the gate elecirode 26 and
the channel forming region side thereof is formed at a
low impurity concentration, so a memory cell selecting
MISFET Qs of an LDD (Lightly Doped Drain) struc-
ture is constituted thereby.

One n-type semiconductor region 28 (the comple-
mentary data line connection side) of the said memory
cell selecting MISFET Qs is constituted integrally with
the n+-type semiconductor region 41, while the other
n-type semiconductor region 28 (the information stor-
ing capacitor C connection side) is constituted inte-
grally with the n+-type semiconductor region 33A. The
n+-type semiconductor region 41 is formed in the re-
gion defined by a connection hole 40A which is for
connection between a complementary data line 50 and
one n-type semiconductor region 28. The n+-type semi-
conductor region 41 is constituted to prevent the short
circuit between the complementary data line (50) and
the p—-type well region 22. The n+-type semiconduc-
tor region 33A is formed in the region defined by a
connection hole 32 which is for connection between a
lower electrode layer 33 of the information storing
capacitor C of a stacked structure which will be de-
scribed later and the other n-type semiconductor region
28. The n+-type semiconductor region 33A is formed
by diffusing an n-type impurity introduced into the
lower electrode layer 33.

An insulating film 27 is formed on the gate electrode
26 of the memory cell selecting MISFET Qs, and a side
wall spacer 29 is provided on the side walls of the gate
electrode 26 and the insulating film 27. The insulating
film 27, having a thickness of about 200 nm, is formed
mainly for electrical separation between the gate elec-
trode 26 and the electrodes (especially 33) of the infor-
mation storing capacitor C formed thereon. The side
wall spacer 29 mainly constitutes a memory selecting
MISFET Qs of an LDD structure. The insulating film
27 and the side wall spacer 29 are each formed by a
silicon oxide film deposited by CVD using inorganic
silane gas and nitrogen oxide gas as a source gases.

The side wall spacer 29 is formed on the side walls of
the gate electrode 26 and the insulating film 27 by the
application of RIE (Reactive Ion Etching) after the
deposition of silicon oxide film.

The information storing capacitor C of the memory
cell M is formed by laminating a lower electrode layer
33, a dielectric film 34 and an upper electrode layer 35
successively in this order, as shown in FIGS. 1 and 5. It
is of a so-called stacked structure (STC). .

A portion (central portion) of the lower electrode 33
of the information storing capacitor C of a stacked
structure is connected to the other n-type semiconduc-
tor region 28 of the memory cell selecting MISFET Qs.
This connection is performed through a connection
hole 31A formed in an interlayer insulating film 31 and
the connection hole 32 defined by the side wall spacer
29. The opening size in the column direction of the
connection hole 32 is defined by the spacing of the gate
electrodes 26 in memory cell selecting MISFETs Qs
and adjacent word lines 26. The difference between the
opening size of the connection hole 31A and that of the
connection hole 32 is at least larger than the size corre-
sponding to a mask alignment margin in the fabrication
process. An end portion (peripheral portion) of the
lower electrode layer 33 is extended up to above the
gate electrode 26 and the word line 26.
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The interlayer insulating film 31 is formed at a thick-
ness of 500 nm or so by the same insulating film as the
underlying insulating film 27 and side wall spacer 29.
That is, it is formed by silicon oxide film deposited by
CVD using inorganic silane gas and nitrogen oxide gas
as ‘source gases. ‘

The lower electrode layer 33 is formed by a polycrys-
talline silicon film deposited by CVD for example. Into
this polycrystalline silicon film is introduced at a high
concentration an n-type impurity (As or P) which re-
duces the resistance value. The lower electrode layer 33
utilizes the stepped shape of the base and the side walls
of the connection hole 31A of the interlayer insulating
film 31 to increase the amount of the electric charge
stored in the information storing capacitor C of a
stacked structure. It has a thickness of about 100 nm.

Thus, by forming the interlayer insulting film 31 thick
and forming the lower electrode layer 33 along the side
walls of the connection hole 31A it is made possible to
increase the amount of the electric charge stored while
keeping a plane area of the information storing capaci-
tor C (the side of the lower electrode layer 33 as viewed
from above) small.

In the information storing capacitor C of such as
structure, an increase in thickness of the interlayer insu-
lating film 31 leads to an increase of the value of capaci-
tance, but the difference in height between the memory
cell array region and the peripheral circuitry region
becomes larger.

In the peripheral circuit region, the interlayer insulat-
ing film 31 is not removed and is allowed to remain.
This is a feature of the present invention. By so doing it
is made possible to reduce the difference in height be-
tween the memory cell array region and the peripheral
circuit region.

In the information storing capacitor C which utilizes
the side wall of the interlayer insulating film 31 as de-
scribed above, it is possible to reduce the thickness of
the upper and lower electrode layers 35, 33 in compari-
son with 2 DRAM of the type wherein a lower elec-
trode layer is made thick and the side wall thereof is
utilized. Therefore, even in a structure wherein the
upper and lower electrode layers 35, 33 protrude from
the connection hole 31A of the interlayer insulating film
31 onto the same film, it is possible to reduce the differ-
ence in height between the memory cell array region
and the peripheral circuit region.

The dielectric film 34 is formed by laminating of a
silicon nitride film and a silicon oxide film having a
thickness of 1 to 6 nm, the silicon nitride film being
deposited at a thickness of 5 to 10 nm onto the lower
electrode layer 33 by CVD, and the silicon oxide film
being obtained by oxidizing the silicon nitride film at a
high pressure of 1.5 to 10 atm. The silicon oxide film
may be obtained by oxidizing the silicon nitride film at
a atmospheric pressure. The dielectric film 34 is not
limited to such a laminate of the silicon nitride film and
the silicon oxide film. For example, it may be a tantalum
oxide film of a high dielectric constant.

The upper electrode layer 35 is formed over the
lower electrode layer 33 through the dielectric film 34.
It is formed integrally with the upper electrode layer 35
of the information storing capacitor 35 in the adjacent
memory cells M. A predetermined fixed potential } Vcc
is applied to the upper electrode layer 35. The upper
electrode layer 35, having a thickness of 100 nm, is
formed by a polycrystalline silicon film deposited by
CVD. Into this polycrystalline silicon film is introduced
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an n-type impurity (P or As) for reducing the resistance
value.

As shown in FIGS. 1 and 5, one of complementary
data lines (DL, DL) 50 is connected to one n-type semi-
conductor region 28 of the memory cell selecting MIS-
FET Qs in the memory cell M through the connection
hole 40A formed in the interlayer insulating films 39
and 40. The connection between the complementary
data line 50 and the n-type semiconductor region 28 is
done through the n+-type semiconductor region 41.

The interlayer insulating film 39 is formed by a silicon
oxide film of about 200 nm thickness deposited by CVD
for example. The interlayer insulating film 40 is formed
by a silicon oxide film (BPSG) of about 500 nm thick-
ness containing phosphorus and boron and capable of
being flattened by reflow. The interlayer insulating film
39 is provided for the purpose of ensuring dielectric
strength and preventing the leakage of B and P con-
tained in the overlying interlayer insulating film 40 to a
constituent element (e.g. gate insulating film 25).

The complementary data line 50 is a laminate of a
titanium nitride film 50A and a tungsten film 50B, of
which the underlying titanium nitride film 50A is for
preventing the reaction of the tungsten film 50B with
silicon in the n-type semiconductor region 28. The
thickness of the titanium nitride film 50A is 100 nm and
that of the tungsten film is 500 nm.

In place of the combination of th titanium nitride film
S0A and the tungsten film 50B there may be used a
laminate of a polysilicon film or aluminum film 50A and
a tungsten film 50B.

The complementary data line 50 is formed by a first
metallic wiring layer.

Above the complementary data line 50 there extends
a word line (WL) 53 for shunt in the row direction
through an interlayer insulating film 5§1. The word line
53 for shunt is formed by a second metallic wiring layer
and is connected electrically to the word line 26 integral
with the gate electrode 26 of the memory cell selecting
MISFET in a predetermined region. The word line 53
permits reducing the resistance value of the word line
26 and attaining high-speed information writing and
reading operations.

The second metallic wiring layer is a laminate of
three layers which are a 100 nm thick titanium-tungsten
film 53A, a 500 nm thick aluminum film 53B and a 100
nm thick titanium tungsten film 53C. The titanium tung-
sten film 53A as a lower layer is for improving the
electromigration resistance and also for preventing the
reaction of the tungsten film 50B and the aluminum film
53B. The aluminum film 53B is an alloy film consisting
of aluminum as the main component, silicon and copper.
The titanium-tungsten film 53C as an upper layer is
provided for lowering the reflectivity of the second
metallic wiring layer and thereby diminishing the dif-
fraction phenomenon in the exposure process.

The interlayer insulating film 51 is a composite film
formed by laminating a silicon oxide film (a deposited
insulating film) 51A, a silicon oxide film (an applied
insulating film) 51B and a silicon oxide film (a deposited
insulating film) 51C successively in this order.

The silicon oxide films 51A and 51C as lower and
upper layers, respectively, of the interlayer insulating
film 51 are each formed by deposition according to a
plasma CVD method. The silicon oxide film 51B as a
middle layer is formed by application according to an
SOG (Spin On Glass) method followed by baking. The
middle silicon oxide film 51B is formed for the purpose
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of flattening the surface of the interlayer insulating film
51 and it is formed so as to be buried into only the con-
cave of the stepped portion by the application, subse-
quent baking and further applying an etching treatment
to the whole surface. The middle silicon oxide film 51B
is removed by etching so as not to remain in the connec-
tion (connection hole 52) between the first wiring layer
(50) and the second wiring layer (53). In other words,
the silicon oxide film 50B as a middle layer is formed so
as not to be exposed to the side wall of the connection
hole 52 in order that the corrosion of the aluminum film
of the wiring (each of 50 and 53) caused by the moisture
contained in the film 50B can be diminished.

Over the word line 53 for shunt there is formed a
passivation film 54 which is a silicon nitride film formed
by a plasma CVD method and having a thickness of
about 1 pm.

The CMOS which constitutes the peripheral cir-
cuitry of the DRAM 1 is formed as shown on the right-
hand side of FIG. 1. The n-channel MISFET Qn of the
CMOS is formed in the main surface portion of the
p—-type well region 22 within the region surrounded by
an insulating film 23 for element isolation and a p-type
channel stopper region 24A. The n-channel MISFET
Qn mainly comprises the p—-type well region 22, gate
insulating film 25, gate electrode 26, a pair of n-type
semiconductor regions 28 which are source and drain
regions, and a pair of n+-type semiconductor regions
37.

The p—-type well region 22, gate insulating film 25,
gate electrode 26 and n-type semiconductor regions 28
are formed by the same fabrication process and have
substantially the same functions as in the foregoing
memory cell selecting MISFET Qs. That is, the n-chan-
nel MISFET Qn is of LDD structure.

The n+-type semiconductor regions 37 of a high
impurity concentration are constituted to reduce the
resistance value of source region and that of drain re-
gion. The regions 37 are each formed while being de-
fined by a side wall spacer 29 which has been formed by
self alignment along the side wall of the gate electrode
26, and each formed by self-alignment with respect to
the gate electrode 26 and the side wall spacer 29.

To the n+-type semiconductor region 37 used as the.
source region is connected a wiring line 50 to which is
applied the reference voltage Vss through a connection
hole 40A formed in interlayer insulating films 31, 39 and
40, while to the n+-type semiconductor region 37 used
as the drain region is connected a line 50 for output
signal through the connection hole 40A formed in the
interlayer insulating films 31, 39 and 40. The n+-type
semiconductor regions 37 and the wiring lines 50 are
electrically connected to each other through an n+-
type semiconductor region 41 formed within the region
defined by the connection hole 40A. The wiring line 50
is formed by the same electroconductive layer as that of
the foregoing complementary data line 50.

The p-channel MISFET Qp of the CMOS is consti-
tuted in a main surface portion of an n—-type well re-
gion 21 in the region surrounded by an insulating film 23
for element isolation. The p-channel MISFET Qp
mainly comprises the n—-type well region 21, gate insu-
lating film 25, gate electrode 26, a pair of p-type semi-
conductor regions 30 which are source and drain re-
gions, and a pair of p*-type semiconductor regions 38.

The n—-type well region 21, gate insulating film 25
and gate electrode 26 have substantially the same func-
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tions as in the memory cell selecting MISFET Qs and
n-channel MISFET Qn.

The p-type semiconductor regions 30 of a low impu-
rity concentration constitutes the p-channel MISFET
Qp of LDD structure. To the p+-type semiconductor
region 38 used as the source region is connected a wir-
ing line 50 to which is applied the power-supply voltage
Vec through a connection hole 40A formed in inter-
layer insulating films 31, 39 and 40, while to the p+-type
semiconductor region 38 used as the drain region is
connected a wiring line 50 for output signal formed
with the same layer as the foregoing complementary
data line 50 through a connection hole 40A which is
formed in the interlayer insulating films 31, 39 and 40.
To this output signal line 50 is connected an overlying
line 53 through a connection hole 52. The line 53 is
formed by the same electroconductive layer as the fore-
going word line 53 for shunt. On condition that the
interlayer insulating film 31 by which the capacitance of
the information storing capacitor C is increased, re-
mained in peripheral circuit region, a connection hole
40A is formed in interlayer insulating films 31, 39, 40 so
process margin for the connection hole 40A can be
improved.

Thus, the wiring line 50 as the first metallic wiring
layer is subjected to patterning while the interlayer
insulating film 31 provided for increasing the capaci-
tance of the information storing capacitor C in the mem-
ory cell array region is allowed to remain in the periph-
eral circuit region, so it is possible to form the wiring
lines 50 in the memory cell array region and the lines 50
in the peripheral circuit region simultaneously with a
high accuracy. This is because the interlayer insulating
film 31 is allowed to remain in the peripheral circuit
region and hence the difference in height below the first
metallic wiring layer can be kept to a value not larger
than 0.75 from a predetermined reference position even
at the portions where the difference in height is the
largest in both the memory cell array region and the
peripheral circuit region.

The said portions where the difference in height is the
largest are the portion where the word line 26, inter-
layer insulating film 31 and upper and lower electrode
layers 35, 33 in the memory cell array region overlap
one another and the portion present above the source or
drain region in the peripheral circuit region.

In the DRAM 1 (semiconductor memory circuit
device) of the present invention, the difference in the
distance from the back of the semiconductor substrate
20 up to the first metallic wiring layer in both the mem-
ory cell array region and the peripheral circuit region
can be kept within 1.5 um, so the formation of the con-
nection hole 40A in the interlayer insulating films 31,
39, 40 and that of the line 50 as the first metallic wiring
layer can be done with a high accuracy. Consequently,
it is possible to improve the integration density.

Further, since the difference in height between the
memory cell array region and the peripheral circuit
region can be reduced at the time of formation of the
second metallic wiring layer, it is possible to effect the
formation of the line 53 as the second metallic wiring
layer on the first metallic wiring layer through the inter-
layer insulating film 51 also with a high accuracy.

Next, a concrete fabrication method for the DRAM 1
will be described below with reference to FIGS. 6 to 14.

There is first provided a p—-type semiconductor sub-
strate 20 formed of a single crystal silicon, and there are
formed a p—-type well region 22 and an n—-type well
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region 21, then gate electrodes 26 and interlayer insulat-
ing films 27 are formed on the surface of the p—-type
semiconductor substrate 20. The processes up to this
stage are described in detail in U.S. Ser. No. 497,537
filed Mar. 20, 1990, assigned to Hitachi, Ltd.

[Semiconductor Region Forming Process}

Then, in a memory cell array region and a peripheral
circuit region, n-type semiconductor regions 28 of a low
impurity concentration are formed in an n-channel
MISFET Qn forming region, as shown in FIG. 6. More
specifically, the n-type semiconductor regions 28 are
formed by ion implantation of phosphorus at an impu-
rity concentration of 10!3 atoms/cm? using an energy of
80 to 120 KeV by self-alignment with respect to the gate
electrodes 26.

Next, p-type semiconductor regions 30 of a low impu-
rity concentration are formed in a p-channel MISFET
Qp forming region in the peripheral circuit region.
More specifically, the p-type semiconductor regions 30
are formed by ion implantation of BF2 (or B) having an
impurity concentration 1013 atoms/cm? or so, using an
energy of 60 to 100 KeV, by self-alignment with respect
to the gate electrodes 26.

Then, side wall spacers 29 are formed on side walls of
each of the gate electrodes 26, word lines 26 and the
overlying interlayer insulating films. The side wall spac-
ers 29 can be formed by deposition of a silicon oxide
film followed by anisotropic etching such as RIE.

Next, n-type semiconductor regions 37 of a high im-
purity concentration are formed in the n-channel MIS-
FET Qn forming region in the peripheral circuit region.
More specifically, the n-type semiconductor regions 37
are formed by ion implantation of As having an impu-
rity concentration of 1015 to 10!6 atoms/cm?, using an
energy of 70 to 90 KeV, by self-alignment with respect
to the gate electrodes 26 and the side wall spacers 29.

The n-type semiconductor regions 37 are not formed
at both ends of the gate electrodes 26 (word lines 26) of
the memory cell selecting MISFET Qs in the memory
cell array region. The ion implantation for n-type semi-
conductor region 37 is done by using photo-resist mask
covering the memory cell array region. This is because
a crystal defect occurs on the surface of the p—-type
semiconductor substrate 20 in this ion implantation
process and the leakage of electric charge results.

Then, p-type semiconductor regions 38 of a high
impurity concentration are formed in the p-channel
MISFET Qp forming region in the peripheral circuit
region. More specifically, the p-type semiconductor
regions 38 are formed by ion implantation of BF; hav-
ing an impurity concentration of 1015 atoms/cm? or so,
using an energy of 60 to 90 KeV, by self alignment with
respect to the gate electrodes 26 and the side wall spac-
ers 29.

[Interlayer Insulating Film Forming Process}

Next, as shown in FIG. 7, an interlayer insulating film
31 is formed throughout the whole surface of the sub-
strate, including the upper surfaces of the interlayer
insulating films 27 and side wall spacers 29, and connec-
tion holes 31A are formed in information storing capaci-
tor C forming regions. -

The interlayer insulating film 31 is a silicon oxide film
or a silicon nitride film formed by CVD and having a
thickness of about 500 nm. The film 31 is used as an
etching stopper layer at the time of forming electrode
layers of each information storing capacitor C of a
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stacked structure in the memory array region and the
peripheral circuit region. It is also used for increasing
the capacitance of the information storing capacitor C
by utilizing the side faces of the interlayer insulating
film 31 in the connection holes 31A.

[Information Storing Capacitor Forming Process]

Next, as shown in FIG. 8, a lower electrode layer 33
of each information storing capacitor C is formed in
each connection hole 31A formed in the interlayer insu-
lating film 31. More specifically, the lower electrode
layer 33 is formed by introducing an n-type impurity,
e.g. P, into a polycrystalline silicon film deposited at a
thickness of 100 nm, or so by CVD followed by the
application of the photolithography or etching tech-
nique. The lower electrode layer 33 is patterned so that
end portions thereof extend onto the interlayer insulat-
ing film 31.

In one of source and drain regions of the memory cell
selecting MISFET Qs there is formed an n+-type semi-
conductor region 33A by diffusion of the n-type impu-
rity from the lower electrode layer 33 through a con-
nection hole 32 defined by the side wall spacers 29.

Then, as shown in FIG. 9, a dielectric film 34 is
formed throughout the whole substrate surface, includ-
ing the upper surfaces of the lower electrode layers 33
of the information storing capacitors C. The dielectric
film 34 has a two-layer structure comprising a silicon
nitride film and a silicon oxide film. The silicon nitride
film is formed at a thickness of 5 to 10 nm by deposition
according to a CVD method, while the silicon oxide
film is formed at a thickness of 1 to 6 nm by placing the
surface of the silicon nitride film in an oxygen atmo-
sphere under the conditions of 1.5 to 10 atm. and 800° to
1,000° C. As a result, the thickness of the silicon nitride
film becomes 4 to 8 nm.

Next, as shown in FIG. 10, a polycrystalline silicon
film is deposited throughout the whole substrate surface
at a thickness of 100 nm or so by CVD. An n-type
impurity, e.g. P, is introduced into this polycrystalline
silicon film.

Then, an etching mask 67 is formed in the region
forming an information storing capacitor, For example,
the etching mask 67 is a photoresist film. Thereafter,
using the etching mask 67, a polycrystalline silicon film
which constitutes upper electrode layers 35, and the
dielectric film 34, are etched successively.

[Interlayer Insulating Film Forming Process]

Next, as shown in FIG. 11, interlayer insulating films
39 and 40 are laminated successively onto the whole
substrate surface, including the surfaces of the constitu-
ent elements of the DRAM 1. The interlayer insulating
film 39 as a lower layer is a silicon oxide film deposited
at a thickness of 200 nm or so by CVD, while the inter-
layer insulating film 40 as an upper layer is a silicon
oxide film (BPSG film) deposited at a thickness of 500
nm or so by CVD and containing an impurity (P and B).
The surface of the upper interlayer insulating film 40 is
flattened by reflow in a nitrogen gas atmosphere at a
temperature of about 900° to 1,000° C. The lower inter-
layer insulating film 39 prevents the entry of the impu-
rity from the upper interlayer insulating film into the
underlying MISFET portion.
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[Connection Hole Forming Process]

Next, as shown in FIG. 12, connection holes 40A are
formed in the interlayer insulating films 39 and 40 by
anisotropic etching.

Then, in the memory cell selecting MISFET Qs and
the n-channel MISFET Qn which constitutes the pe-
ripheral circuitry, an n-type impurity is introduced into
main surface portions of the n-type semiconductor re-
gions 28 and n+-type semiconductor regions 37
through the connection holes 40A to thereby form n+-
type semiconductor regions 41. More specifically, the
n*-type semiconductor regions 41 are formed by ion
implantation of As having an impurity concentration of
1015 atoms/cm?, using an energy of 110 to 130 KeV. At
this time, the p-channel MISFET Qp forming region is
covered with a photoresist film for example.

Since the interlayer insulating film 31 is present also
in the peripheral circuit region at the time of formation
of the connection holes 40A, the difference in height
between the memory cell array region and the periph-
eral circuit region is smaller than 1.5 um the exposure
process for forming the connection holes 40A, there-
fore, both the memory cell array region and the periph-
eral circuit region can be placed simultaneously within
the depth of focus of the aligner and so can be subjected
to exposure at a time.

Further, since the difference in height between the
memory cell array region and the peripheral circuit
region is small, the processing accuracy for the connec-
tion holes 40A in the memory cell array region and that
for the connection holes 40A in the peripheral circuit
region can be made substantially the same, so it is possi-
ble to take a large processing margin.

[Wiring Process]

Next, as shown in FIG. 13, there are formed wiring
lines 50 as first metallic wiring layers in contact with the
n+-type semiconductor regions and the p+-type semi-
conductor regions 38 and extending onto the interlayer
insulating film 40. The wiring lines 50 are each a lami-
nate film of TiN and W and are used as complementary
data lines (DL) 50 in the memory cell array region. The
TiN film is formed at a thickness of about 100 nm by
sputtering, and the W film is formed at a thickness of
about 500 nm also by sputtering. Both photolithography
technique and etching technique are used for the forma-
tion of the wiring lines 50.

Since the interlayer insulating film 31 is present in the
peripheral circuit region, the difference in height be-
tween the memory cell array region and the peripheral
circuit region at the time of patterning of the wiring
lines 50 is smaller than 1.5 pm. In the exposure process
for patterning of the wiring lines 50, therefore, both the
memory cell array region and the peripheral circuit
region can be placed simultaneously within the depth of
focus of the aligner and so can be subjected to exposure
at a time.

Moreover, since the processing accuracy for the wir-
ing lines 50 in the memory cell array region and that in
the peripheral circuit region can be made substantially
the same, it is possible to take a large processing margin.

Further, since the difference in height between the
memory cell array region and the peripheral circuit
region is small, it is possible to prevent the breakage at
a stepped portion of the lines 50, e.g. data lines, extend-
ing from the memory celi array region continuously to
the peripheral circuit region. ’
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Thereafter, as shown in FIG. 1, an interlayer insulat-
ing film 51, a line 53 as the second metallic wiring layer,
and a passivation film 54, are formed to complete the
semiconductor memory circuit device of this embodi-
ment.

(Embodiment II)

According to another embodiment II of the present
invention, as shown in FIG. 14, the capacitance of the
information storing capacitor C in each memory array
in the DRAM of embodiment I can be increased.

This embodiment II is different from the previous
embodiment I in the shape of the interlayer insulating
film 31 provided in the memory cell array region. In the
embodiment I, as shown in FIG. 7, the connection hole
31A is formed only in the source or drain region of the
memory cell selecting MISFET Qs to which the infor-
mation storing capacitor C is connected. On the other
hand, in this embodiment II, an interlayer insulating
film 31 is aliowed to remain in the form of a ring so as
to surround the source or drain region of the memory
cell selecting MISFET Qs to which the information
storing capacitor C is connected.

The lower and upper electrode layers 33 and 35 of the
information storing. capacitor C are formed so as to
cover both side walls of the ring-like interlayer insulat-
ing film 31.

Thus, in the memory cell of this embodiment, since
the information storing capacitor C is formed along
both side walls of the interlayer insulating film 31, it is
possible to reduce the occupied area thereof and realize
a large capacitance.

Also in the memory cell of such a structure, the same
effect as in the embodiment I can be obtained by allow-
ing the interlayer insulating film 31 to remain in the
peripheral circuit region.

The materials and film thicknesses of the constituent
layers of DRAM 1 according to this embodiment, as
well as how to produce them, are the same as in the
embodiment I.

Both embodiments I and II are examples of memory
cells of the type which utilizes the side walls of the
interlayer insulating film 31 for enlarging the capaci-
tance value of the information storing capacitor C.

As another memory cell of a stacked structure there
is a memory cell of the type in which the lower elec-
trode layer 33 is extended vertically upwards to in-
crease the capacitance. The following is a further em-
bodiment of the present invention applied to such a type
of a memory cell.

(Embodiment IIT)

In a DRAM according to this embodiment III, as
shown in FIG. 15, an interlayer insulating film is thin
and instead a lower electrode layer 33 is formed thick in
comparison with the DRAM of embodiment I. Further,
an interlayer insulating film 85 for diminishing the dif-
ference in height between the memory cell array region
and the peripheral circuit region is provided in only the
peripheral circuit region.

In a memory cell of the type wherein the lower elec-
trode layer 33 is extended vertically upwards to in-
crease the capacitance, allowing the interlayer insulat-
ing film 31 to remain in the peripheral circuit region
does not directly lead to reducing the difference in
height between the memory cell array region and the
peripheral circuit region.
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Therefore, the interlayer insulating film 55 for dimin-
ishing the difference in height is provided in only the
peripheral circuit region. The thickness of this inter-
layer insulating film 55 corresponds to the sum of the
thicknesses of the lower electrode layer 33, dielectric
film 34 and upper electrode layer 35 of the information
storing capacitor C.

The following description is now provided about the
portion of the DRAM 1 illustrated in FIG. 15 which
portion is different from the DRAM of embodiment I
shown in FIG. 1.

In this embodiment III, the thickness of the interlayer
insulating 31 is 100 nm, that of the lower electrode layer
33 is 500 nm and that of the interlayer insulating film 55
is 500 nm.

The interlayer insulating film 55 may be provided
between or over interlayer insulating films 39 and 40 if
only it is located below the wiring line 50 as the first
metallic wiring layer.

Now, how to fabricate the DRAM 1 of this embodi-
ment III will be described below with reference to
FIGS. 16 to 20.

[Semiconductor Region Forming Process]

As shown in FIG. 16, in the memory cell array region
and the peripheral circuit region, n-type semiconductor
regions 28 of a low impurity concentration are formed
in an n-channel MISFET Qn forming region, while
p-type semiconductor regions 30 of a low impurity
concentration are formed in a p-channel MISFET Qp

- forming region in the peripheral circuit region. This
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process corresponds to the process shown in FIG. 6 in
embodiment I. How to form the n- and p-type semicon-
ductor regions 28 and 30 is the same as in embodiment
L

In this embodiment III, n+-type semiconductor re-
gions 37 and p+-type semiconductor regions 38 are not
formed yet at this stage in the peripheral circuit region.

[Interlayer Insulating Film Forming Process]

Next, as shown in FIG. 17, interlayer insulating films
31 are formed in the same manner as in FIG. 7, provided
the thickness thereof is 100 nm, thinner than that in
embodiment 1.

[Information Storing Capacitor Forming Process]

Next, a lower electrode layer 33, a dielectric film 34
and an upper electrode layer 35 of each information
storing capacitor C are formed successively, as shown
in FIGS. 18 and 19. These are formed in the same man-
ner as in embodiment I, provided the thickness of the
lower electrode layer 33 is 500 nm. Further, although in
the process of FIG. 10 described in embodiment I the
polycrystalline silicon film which constitutes the upper
electrode layer 35 and the dielectric film 34 are etched
successively using the etching mask 67, the interlayer
insulating films 31 are also etched in this embodiment
II1.

[Semiconductor Region Forming Process)

Next, in the peripheral circuit region, n+-and p+-
semiconductor regions are formed in the n- and p-chan-
nel MISFETs Qn and Qp. How to form them is as
already explained in connection with the process of
FIG. 6 in embodiment 1. '
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[Interlayer Insulating Film Forming Process)

Then, as shown in FIG. 20, an interlayer insulating
film 55 is formed in only the peripheral circuit region.
The interlayer insulating film 55 is a silicon oxide film or
a silicon nitride film formed by CVD, having a thick-
ness almost equal to the sum of the thicknesses of the
lower electrode layer, dielectric film and upper elec-
trode layer of the information storing capacitor C. In
this embodiment, the thickness of the interlayer insulat-
ing film 5§ is 600 nm.

By providing the interlayer insulating film 55 in the
peripheral circuit region it is made possible to diminish
the difference in height between the memory cell array
region and the peripheral circuit region.

Thereafter, as shown in FIG. 15, interlayer insulating
films 39, 40 line 50 as the first metallic wiring layer,
interlayer insulating film 51, line 53 as the second metal-
lic wiring layer, and passivation film 54, are formed
successively to complete the DRAM 1 of this embodi-
ment III. In this embodiment, the interlayer insulating
film 55 may be formed between or after the interlayer
insulating films 39 and 40.

The interlayer insulating film 55 may be formed be-
fore the formation of the lower electrode layer 33 of the
information storing capacitor C and in this case it is not
necessary to form the interlayer insulating film 31.

The n+-type semiconductor regions 37 and p+-type
semiconductor regions 38 must be formed before the
formation of the interlayer insulating films 39, 40 and
55.

In the embodiments I to III, the difference in height
between the memory cell array region and the periph-
eral circuit region means the difference in height before
the formation of the first metallic wiring layer which
overlies the information storing capacitor C, that is,
after the formation of the interlayer insulating film 40.

The peripheral circuit region means the other region
than the memory cell array region, including a bonding
pad BP forming region in addition to direct and indirect
peripheral circuits.

Although the present invention has been described
above concretely in terms of embodiments of the inven-
tion, it is to be understood that the present invention is
not limited to those embodiments and that various mod-
ifications may be made within the scope not departing
from the gist of the invention. For example, the present
invention is applicable to a microcomputer which incor-
porates a DRAM therein, or a SRAM.

The following is a brief explanation of the effects
obtained by typical inventions out of those disclosed
herein.

(1) It is possible to improve the integration density of
the semiconductor memory circuit device.

(2) It is possible to improve the product yield of the
semiconductor memory circuit device.

(3) It is possible to improve the electrical reliability of
the semiconductor memory circuit device.

(4) It is possible to shorten the fabrication process for
the semiconductor memory circuit device.

What is claimed is:

1. A semiconductor memory circuit device compris-
ing:

a semiconductor substrate having a main surface and
an opposing, back surface, wherein at said main
surface there are provided a first region including a
memory cell array, and a separate, second region
including peripheral circuitry;
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a first MISFET formed in said first region and com-
prising a gate electrode and source and drain re-
gions;

a second MISFET formed in said second region and
comprising a gate electrode and source and drain
regions;

a first insulating film disposed on the gate electrode of
each of said first and second MISFETs;

a first capacitor electrode connected electrically to
one of the source and drain regions of said first
MISFET and extending onto said first insulating
film and over the gate electrode of said first MIS-
FET;

a second capacitor electrode disposed on a dielectric
film formed on said first capacitor electrode;

a second insulating film disposed on said second ca-
pacitor electrode in said first region and over said
first insulating film in said second region;

a conductor layer including a first wiring disposed on
said second insulating film and over the gate elec-
trode of said first MISFET, in said first region, and
a second wiring disposed on said second insulating
film and over the gate electrode of said second
MISFET, in said second region; and

a third insulating film interposed between said first
insulating film and said first capacitor electrode in
said first region, and between said first and second
insulating films in said second region.

2. A semiconductor memory circuit device according
to claim 1, wherein said third insulating film is a silicon
dioxide film.

3. A semiconductor memory circuit device according
to claim 1, wherein said third insulating film, in said first
region, is extended to be on said first insulating film and
over the gate electrode of said first MISFET.

4. A semiconductor memory circuit device according
to claim 1, wherein said first and second capacitor elec-
trodes are extended to overlie said first insulating film in
said first region.

5. A semiconductor memory circuit device according
to claim 1, wherein said conductor layer for providing
said first and second wirings includes a high melting
metal.

6. A semiconductor memory circuit device according
to claim 1, wherein said conductor layer for providing
said first and second wirings includes a silicide of a high
melting metal.

7. A semiconductor memory circuit device according
to claim 1, wherein said first wiring provides a data line.

8. A semiconductor memory circuit device according
to claim 7, wherein said first wiring is connected to the
other of the source and drain regions of said first MIS-
FET.

9. A semiconductor memory circuit device according
to claim 1, wherein the difference in the height dis-
tances as measured from the back surface of said semi-
conductor substrate to said first and second wirings,
respectively, is not larger than 1.5 um.

10. A semiconductor memory circuit device compns-
ing:

a semiconductor substrate having a main surface and
an opposing, back surface, wherein at said main
surface there are provided first and second regions;

a memory cell array formed in said first region and
including a plurality of memory cells arranged ina
matrix form;
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peripheral circuitry formed in said second region and used for connections to the source or drain region
comprising a plurality of MISFETs each having a of each said MISFET in said first and second re-
gate electrode and source and drain regions; and gions, respectively, and
a conductor layer including first wirings and second wherein the difference in the height distances as mea-
wirings, 5 sured from the back surface of said semiconductor
wherein said first wirings are disposed in said first substrate to said first and second wirings, respec-
region and said second wirings are disposed in said tively, is not larger than 1.5 pm.
second region, said first and second wirings are ok ok % s
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