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DECLARATION

I, Mikio Mori, of 3-27-5 Chiharadai, Ichihara-shi,
Chiba-ken, Japan, hereby declare as follows:.

Thaﬁ I understand the English language and the
Japanese languagé;

That I-am'able to translate from the Japanese into
" English;

. That to the best of my knowledge and belief the
following is a true translation made by me of the
International Application under No.PCI/JP96/03343 which was

filed on November 14, 1996-in the name of HITACHI, LTD.

Dated this 20 th day of April, 1998.

Hebis Pl

Translator, Mikio Mori
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SPECIFICATION
Semiconductor Memory Device And Manufacturing Method Thereof

TECHNICAL FIELD
The present invention relates to a semiconductor memaxy
device and a rﬁanufacturing method thereof, in detail rel‘ates to
a sem;i.conductcr memory device which can b-e miniaturized and its
manufacturing methlod in which such a semico_nductor memory device

can be manufactured readily and precisely.

BACKGROUND ART

A s.en\;conductor memory device used in great volume fo:.:' a
éers'onal computer, a workstation, a main'fra.me computer and others -
is a dynamic-.;:'andgm access memory. (hereiq;fter ¢alled DRAM)-
consisting of one tran;istor which functions as a switch and one
capacitor as the smallest unit. This DRAM has been heretofore

enhanced'in the ratio of four times in three years in the degree

»
.

bf intégration and at present,. the mass production of a 64-megabit
DRAM which'is to be manufactu:.c'-ed using nd.cro—.'fabrication technology
in the next generation and the minimum fe_atp;'e size of which i's
O.35Ip.m is being developed.

Heretofore, the high integration of a s.endconductor memory
device has been achievea by reducing the device size, however, the

amount of charge which can be stored in a capacitor as information

is reduced because the area of the capacitor is reduced for

" miniaturization. As a result, as signal to noise ratio is

deteriorated and reliability is deteriorated because a problem such
as the signal reversal caused by the incidence of alpha rays occurs,

it is indispensable and the g;‘e_aLtest task of a semiconductor memory
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device to secure the sufficient stored charge so as to keep
reliability.

The amount of charge stored in a capacitor is determined by
the product éf the capacity of the capacitor and applied voltage,
'the c;apacity of the capacitor is proportiénal to the area of the
capacitor and the diélectric constant of the dielect.ric film of
the capapitor and is inversely proportional to the thickness of
the capacitor dielectric film. Therefore, a stacked-type
capacitor wherein a part of a c_apacitor is formed on the switching
transistor and an oxide film for device isolation and a trench-type
capacitor wherein a deep trench is forxﬁed on a semiconductor
substrate and the side wall of the trench is utilized as a capé.citor
are used in a memory'device _(hereinafter called a memory cell) of
a 4- or more-megabit DRAM so as to prevent storage capacity from
being reduced by the reduction of the area of a cr;tp_acitqr caused
by microminiaturization. A 64~ megabit DRAM can be realized by
using a capacitor w:l.th such structure..

However, when the area of a memory cell is rt.educeii in the
ratio of 1/3 of the previous generation according to a trend, even
a memory cell uéing a stereoscopic capacitor such as the
stacked-type capacitor and trench-type capacitor cannot compensate
the reduction of | the area of the capacitor completely and i'l'; is
difficult to secure required capacity.

To solve such a problem, a charge storage capacitor called
. a crown type is proposed. This crown-type capacitor is a
stereoscopic one ufilizing the inner and outer walls of a concave

(crown-type) electrode 19 shown in Fig. 2 as the electrode of the
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capa_ci'ﬁor. Referring to Fig. 2, a reference number 1 denotes a
semiconductor substrate, 2 -denot'es an oxide f£ilm for device
isélation, 3 denotes the gate oxide £ilm of a transistor, 4 denotes
the gate electrode of the switching transistor ,l 5 and 5' denote
a diffused region differen.t from the substrate in a conductivity
type, 6 denotes an interlayer dielectric filr‘n, 7 denotes a bit line
connected to the diffused region 5', 8 denotes an interlaltye_r
die_lecj:ric film, 13 denotes metal for connecting the diffused
region 5 and the lower electrode_ of a capacitor, 19 denotes the
lower electrode of the capacitor, 20 denotes a capaci_tor-‘d::l.electric
film, 21 denotes a plate electrode of the capacitor, 22 denotes

an interlayer dielectric £ilm, 23 denotes wiring connected to the

diffused region of the substrate, 24 denotes an interlayer

dielectric film and 25 denotes the uppermost wiring.

Storage capacity can be increased by adopting structure
using such a crown-type capaci_torl electrode 19 for the capacitor
of a DRAM, however, ﬁot only an extré.mély complicated I:aroeess is
required to realize such structure, but there exists a prob.:l.em that
there is great step height.

That is, as showr; in Fig. 2, great step height is caused by
the crown-type electrode 19 between a memory cell (a left section
in Fig. 2) and a transistor (a right section ﬁ.n Fig. 2} in the -
vicinity and as a result, it is difficult to form wiring 23 on this
step height. As the dep.th of the focus of a used reduction
projection aligner is shallow and the tolerance of the focus (depth
of focus) is small in optical lithography used for forming wiring

23 with a predetermined pattern, this is because it is difficult
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to focﬁs on both the upper and lower portions of the steép height
suitably. In addition, this is bécause the smaller the dimension
of a pattern is, the smaller depth of focus is and a range in which
a focus is suitably adjusted is further smaller.

To sol\'re such a problem in forming a wiring pattern caused -
by step height, a method of planarizing the surface of a substrate
by a chemical mechanical polishing (CMP) method is proposed and
is already applied to planarizing the interlayer dielectric film

of the multilayer interconnection of a logic large scale integrated

circuit (LSI).

However, it is difficult because of the following reasons
to apply this CMP method to a substrate wherein the crown-type
electrode 19 approximately 1 pm in height is already formed. The
first reason is that when meéhanical polishiné‘ by applying
mechanical force is applied to a capacitor wherein a very thin
capacitor dielect.ric film is formed, possibility that a pinhole
or a crack is made on the capacitor dielectric £ilm and as a._result,
failure of electric isolation occurs is high. The second reason
is large the internal stress of a thick oxide film is caused because
an oxide film with at least double thickness of step height ié
required so as to bury a capacitor with large step height in the
oxide film and thus failure of electric insulation of the cépa_citor
dielectric £ilm is caused by this large internal stress as described
in the first reason.

A method of lowering tﬁe surface of a sil.icon substrate in
a memory cell array in an initial process is proposed in Japanese

published unexamined patent application No. Sho 63-266866,



howevei', if step height is large, the method is difficult to apply.

A memory cell provided with the crown-type capacitor is
described in Japanese published unexamined patent applications No.
sh062;48062 and No. Sho62-1281268. Fig. 73 shows the plane
arrangement of this memory cell and Fig. 74 shows the section viewed
along a line X-X' in Fig. 73 and the section of the main part of
peripheral circuits. The structure of the sectipn shown in Fig.
75 is a prior embodiment utilizing the internal face of a storage
electrode in a trench as a capacitor. This structure has an
advantage that it is easier in manufacturing than a crown-type
.capacitor.- - - - -

Referring to Figs. 73, 74 and 75, a reference number 101
denotes a silicon substrate, 102 denotes a field oxide film, 103,
104 and 105 denote highly concentrated impurity regions which are
a source or a drain, ;06 and 107 denote gate electrodes,' 111 denotes
a storage electrode, 112 denotes the dielectric £film of a capacitor,
113 denotes 5 piate electrode, 114 denotes a silicon oxide £ilm,
127 denotes an active area, 128 denotes a word line, 1305denotes
a data line, 129 denotes a contact hole and 131 denoteg a connecting
hole. As shownin Figs. 74 and 75, these conventional semiconductor
memories wherein a capacitor is formed on a silicon substrate have
"large step height between a memory cell and its peripheral circuits.

In a tfench capacitor cell wherein a capacitor is formed
inside a substrate, large step height is not formed on the substrate.
As storage capacity can be increased by deepening a trench formed
on a substra;:e ;, it can be prevented from being reduced the capacity -

of the storage capacitoi' by reducing the area of a cell.
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However , as the size of an area in which a trench can be formed
is limited, a trench the aspect ratio of which is approximately
40 and w_hich is extremely deep and narrow in width is required to
be formed. E‘urther-, there are many problerﬁs in a process -sﬁch as
an electrodg of a capacitor buried J':n a substrate and the diffused
region of a switching transistor are required to be connected in
the substrate and practical use is difficult.

If material with a large dielectric constant, for example
leaci zirconate titanate (PZT) which is a ferr’oelectri.c substance
and others are used for a capacitor dielectric film, large storage
capacity can be realized without the complicated shépe pf a
capacitor.

However, a film consisting of noble metal such as platinum
is required to be used for the. electrode of a capacitor so as to
use PZT with a large dielectric constant for a capacitor dielectric
film. Noble metal such as platinum is a source of contamination
for silicon ana not only deteriorates the charat'..:tez:isftics of an
element but it is difficulf to pr.oc'ess noble metal by conventional
photo-etching so that it is in a predetermined shape.

Further, there are many probleins that an dielectric film
itself consisting of the PZT or others cannot be proof against heat
treatment of approximately 400 °C or more and long-term reliability
is unclear and there is no prospect of practical use. )

Fig. 91 shows a conventional memory cell provided with a
crown'-type capacitor on a d_ata line and a metal oxide silicon
field-effect transistor (MOSFET) in its adjacent peripheral

circuits area. As shown'in Fig. 91, a MOSFET in a memory cell area
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is constituted.by'a gate dielectric f£ilm 303, a gaté electrode 304
and high-density N-type impurity areas 306 and 307, and the storage
electrode 317 of a crown-type capacitor consisting of
polycrystalline silicon is connected to this MOSFET via an opening
formed on the high-density N-type impurity area 307 in clearance
betwegn a word line (the gate electrode 304) énd a data line (a
wiring electrode 310). Further, a capacitor dielectric film 318
is formed on this storage electrode 317 and a plate electrode 319
is provided on it.

The storage electrode 317 is cylindrical and the effective
area of the capacitor ié increased utilizing not only a flat portion
but the inner face and the ouﬁéréwall of a vertical.bortion. The
effective area of the capécitor can be maximized by providing the
storage electrode on the data line and further, the static
capacitance of the capacitor caﬁ be readily increased by extending
the héight'of the vertical region, that is, arranging the
cylindrical storage electrode in a higher positioﬁ.

A method of manufacturing a semiconauctor memory device
provided with such a crown-type or a cylinder-type capacitor will
be briefly described bélow. First, a field oxide film 302 for
insulating between elements is grown on a single
crystalline silicon substrate 301 and the gate oxide film 303 of
a MOSFET is formed. Next, a polycrystalline silicon film
containing impurities in high density is formed as the gate
electrode 304 and after patterning in a éredetermined shape,
high-density N-type impurity regions 306, 307 and 308 which are

to function as the source and the drain regions of the MOSFET are
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formed on the single crystalline silicon substrate 301 by ion
implantation in .self—ali.gnment. Next, after a silicon oxide f£ilm
309 is formed, an opening not shown is formed on the high-density
N- type. impurity region 306 of the MOSFET in a memo.{:'y cell area,
apolycrystalline silicon film inecluding impurities in high density
and a tungsten silicide film are formed in order as the data line
310 and are patterned in a predetermined shape. Next, after the
silicon oxide film 311 is formed, an opening is formed oﬁ the
high-density N-type impurity region 307 which is the source or the
drain of the MOSFET in the memory cell area, a polycrystalline
silicon film and a silicon oxide film are foﬁned in order, after
they are patterhed in a 'predete_i-mined shape, a polycrystalline
silicon film is' further formed, and the polycrystalline silicon
film is left on the side wall of the silicon oxide film by removing
the polycrystalline silicon lfilm exposed in the flat portion by
applying anisotropic dry etching to be thé crown-type storage
electro;'le 517. Next, after the capacitor dielectric film 318 is
formed,- a polycrystalline silicon £ilm which is to function as the
plate electrode 319 is further formed and is patterned so that it
is in a predetermined shape. At last, a silicon oxide £ilm 316 which
is an interlayer dielectric £film and aluminum wiring which is metal
wiring 315 are formed, and the MOSFET and the memory cell of
peripheral circuits are manufactured.

As described above, to further enhance the degree of

integration of a DRAM, it is difficult to enhance the degree of

integration of a DRAM consisting of the conventional stereoscopic .

cell and a semiconductor memory device which can sclve the problem
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is stféngly desired.

The conventional DRAM is described in, for example Japanese
published unexamined utility model application No. Sho55-178894
and Japanese published unexamined patent applications No.
Sho56-58253, No. Sho56-58254, I:Io. Sho56~ 58255, No. Sho57-1120686,
No. Sho59-231351, No. Sho62-128168, No. Sho63-293967, No.
Sho59-231851, No. H1-137666, No. Hl~ 179.449, No. H3-214670, No.
H5-291526, No. Sho59-82761 and No. Sho62-213273.

In this specification, as shown in, for example Fig. 91, a
capacitor wherein the section of a storage el'ectrode is c'onc'ave
upward, and a capacitor dielectric film and a plate electrode are
formed on the inner and ocuter faces of such a storage electrode
is called a crown-type capacitor and a éapaci.tor wherein a storage
electrode, a cap_ac_itor dielectric £ilm and a plate electrode are

formed on the inner face of a trench is called a trench capacitor.

DISCLOSURE OF THE INVENTION

The object of the present invention is to solve the problems
of the conventional stereoscopic memory cell and to provide a
© further minuter semiconductor memo.i'y device and its manufacturing
method. |

Another object of the present invention is to provide a
semiconductor memory device provided with a capacitor which can
secure sufficiently large storage capacity and its manufacturing
method.

Further another obj ect of the present invention is.t'o proyide

a semiconductor memory device which can obtain sufficiently large
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storagé capacity with forming a french on a substrate and its
manufacturing method.

The other object of the present invention is to provide a
semiconductor memory device provided with large storage capacity
wherein no large step height exists between a memory cell and its
peripheral circuits and its manufacturing method.

To achieve the objects, according to the present invention,
a trench which passes through a plurality of dielectrié films
laminated on a substrate is formed and a capacitor is formed using '
this trench.

Further another plural dielectric films are provided under
the plural .dielectric films and:plural wiring layers are formed
on these another plural dielectric films. Further another
dielectric film is formed on the capacitor and another wiring iayer
is formed on it. Wiring which is not required to be pulled out on
the dielectric film of the uppermost layer is formed in the plural
wiring layers formed under the capacitor and oniy required.minimﬁ.m
wiring is pulled out from each wiring layer under the capacitor
onto the dielectric f£ilm of the uppermost layer via a conductive
plug for interconnection which passes through the plural dielectric
films. Therefore, as wiring can be formed without minute
processing and the density of wiring may be low, the formation of
wiring is extremely easy.

Referring to Fig. 1, the present invention will be described
further in detail below. As shown in Fig. 1, a metal oxide
semiconductor field-effect transistor (MOSFET) which functions as

the switching transistor of a memory cell is connected with a word
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line 4 -(the gate electrode of tﬁe MOSFET) and a bit line 7 for
supplying and taking out charge are formed on a semiconductor
substrate 1, further plural dieléctric films 6, B, 10, 12, 14, 16
and 18 are laminated and the surfaces are flattened.

A trench is formed through the dielectric films 14, 16 .and
18 and a capacitor constituted by a lower electrode 19, a capacitor
dielectric £ilm 20 and a plate electrode 21 is formed inside this
trench. .

If a thick dielectric film is formed on the word line 4 and
the bit line 7, electric connection to the word line 4 and the bit
line 7 is required to be made via a plug for interconnection which
passes through this thick dielec:tzjic film and it is difficult to
form a contact hole and to e.mbed_ metal. However, according to the
present invention, plural layers of wiring 9 and 11 are provided
among the lower electrode 19 of the trench capacitor, thé word line
4 and the bit line 7 and are used for a global word line for selecting
a wc;rd line and a selector line for selectingabit line. Therefore,
wiring which is not required to be connected to the uppermosgt layer
may be left buried as described above and a plug for interconnection
which passes ﬁhrough the thick dielectric film is not required.

As the capacitor is provided over the plural layers of wiring
9 and 11 and heat treatment at approximately 800 °C is performed, .
it is desirable that for thematerial of the wiring 9 and 11, tungsten
and silicide which are proof against such heat-treatment are used.
Copper is desirable in that it has small resistance, however, the
temperature oi_:_' heat treatment against which it can be proof is 500

°C oxr ' less. If a dielectric film with a high dielectric constant



such as BST and P2T is used for a capacitor dielectric £film, copper
can be used for wiril_'xg material because the temperature at which
a capacitor itself is formed is 400 °C or less.

Referring to Fig. 1, the séveral wirings 9, 11 buried in an
oxide are also used for a part of the wiring of a ti‘ansistor' in
the peripheral circuits in addition to thé word line 4 and the bit
line 7 in the memory cell. Diffused regions 5 and 5! and wiring
9' are connected via wiring 7' ‘in the same layer as the bit line
7. , however, the wi.ring 9' may be directly connected to the diffused
r'e_gions 5 and 5'. However, in that case, a part of the wiring 9!
_is required to be barrier metal so as to prevent reaction between
the diffused regions 5 and 5' ag@d the wiring 9" respectively.

The capacitor is substé.ntially formed only in the trench.
The reason is to simplify a process of forming a capacitor. The
lower electrode 19 of the capacitor consists of a polycrystalline
silicon fiim including impurities in high density and is connected
to tﬁe diffused region 5 of the MOSFET'vié. polycrystalline f£ilm
13 for interconnection.

For the capacitor dielectric £film 20, well-known various
dielect;:'ic films such as a laminated film consisting of a silicon
oxide film and a silicon nitride f£ilm, a laminated f:i.lm consisting
of a si_licén oxide film and a tantalum pentoxide film, a stacked
film consisting of a silicon nitride £ilm and a tantalum pentoxide
£ilm, a stacked film consisting of a silicon oxide film, a silicon
nitride £ilm and a tantalum pentéxide film and a ferroelectric £film
such as BST and PZT may be used. However, when BST and PZT are used,

noble metal such as platinum is required to be used for the lower



electrode 19 and the platé electrode 21. Irregularities may be
‘formed on the surface _q_f the lower electrode 19. to increase its
surface area. |

It is desirable that the depth of the trench is approximately
2 um, however, when the trench is deep, the distance between'the
buried wiring 9 and 11 and wiring 23 in the uppermost layer
respectively is long and it is difficult to form a plug for
interconnection for connecting both because a connecting hole with.
extremely large as;'>ect ratio is required to be formed and such a
connecting hole is required to be filled with metal.
- However, according to the present invention, as shown in Fig.
1, the trench is formed through:not a thick dielectric film but
stacked plural dielectric films 14, 16 and 18. Therefore, when each
dielectric f£film 14, 16 and 18 is formed, each connecting hole can
be formed and can be filled with metal for connection. Hereby,
métal 13 for connectiﬁg the lower éléctrode 19 and the diffused -
region 5 can be readily formed without fo:r.;ming the donneci:fi.ng hole
with extremely large aspect ratio and filling it with metal
especially. In ad_dition, as described aboye , as the number of
wiring which is required to be connected to the uppermost wiring
layer is not many, high patterning accuracy is not réquired for
the plug for interconnection used for pulling out wiring to the _
uppermost layer. This is one of the advantages of the present
invention obtained by forming buried wiring.

Referring to Fig. 1, a réference number 1 denotes a
semiconductor substrate, 2 denotes an element separating oxide

£ilm, 3 denotes the gate oxide f£ilm of a MOSFET, 4 denotes the gate
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electrcde of the MOSFET which functions as a word line in a memcry
ceil', 5 and 5' denote the diffused 'regions of the MOSFET, 6 denotes
an interlayer dielectric film, 7 deno.tes a bit line, 7' denotes
an interlayer for connecting the diffused region of a peripheral

MOSFET and its wiring, 8, 10, 12, 16, 18 and 22 denote an ihterlayer

" dielectric film, 9 and 11 denote buried wiring, 14 denotes an

dielectric £ilm, 15, 17 and 23 denote a plug for interconnection
and 24 denotes wiring in the uppermost layer.

Thé step height can be prevented from being made effectively
by the following methed. That is, as schematically shown in Fig.
23, a stereoscopic capacitor 33 formed in a memory cell area and
a ﬁiring layer 34 in a peripher.é-l circuit area arc respectively
provided on an dielectric film 32 formed on a silicon substrat_é
31 on which a MOSFET is formed or so that th-e upper face of the
dielectric film 32 is in contact with the side portion of the
capacitor 33. These wiring layer 34‘émc.1 capacitor 33 are covered
by an dielectric film 35,and wiring 36 in a memory cell array and
wiring 37 in peripheral circuit are provided on the dielectric film
35. |

As hereby the wiring layer 34 of the peripheral circuit is
formed on the dielectric film 32 in which a lower portion of the
high stereoscopic capacitor 33 is formed, steb height made by a
capacitor 33 in a memory cell is reduced by the wiring layer 34.
Therefore, even if the dielectric film '35.the surface of which is
flat is formed and covers the capacitor 33 and the wiring layer
34, a through hole and a contact hole are not deepened in the

peripheral circuit é.nd the minute wiring 36 and 37 can be readily



formed.on the dielectric film 35 without disconnecting the wiring
in the through hole and the contact hole.

Further, according to the present invention, a wiring layer
con;isting of a first conductive film in the peripheral circuit
area is pro'vided on 'a first dielectric filn-x and a second dielectric
film can be further provided on it. A crown-type capacitor is
formed in a concavée portion formed by removing the predetermined
portion of the first and éecond dielectric films. In this case,
as shown in, for example Fig. 76, the upper face of a plate electrode
219 can be flattened and voltage can be applied to the plate

electrode 219 from the top.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view showing a semiconductor memory
device according to the present invention;

Fig. 2 is a sectional view showing a conventional
semiconductor memory device; -

Fig. 3 shows a process of manufacturing a semiconductor
memory device according to the present invention;

Fig. 4 shows a'process of manufacturing a semiconductor
memory device according to the presen£ invention; |

Fig. 5 shows a process of manufacturing a semiconductor
memory device according to the present invention;

Fig. 6 shows a process of manufacturihg a semiconduétor
memory device according to the present invention;

Fig. 7 shows a process of manufactu;ing a semiconductor

memory device according to the present invention;
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Fig.

8 shows a process of manufacturing a semiconductor

memory device according to the present invention;

Fig.

S8 shows a process of manufacturing a semiconductor

memory device according to the present invention;

Fig.

10 shows a proceés of manufacturing a semiconductor

memory device according to the present invention;

Fig.

11 shows a process of manufacturing a semiconductor

memory device according to the present invention;

Fig. 12 shows a process of manufacturing a semiconductor

memory device according to the present invention;

Fig.

13 shows a process of manufacturing a semiconductor

memory device according to the present invention;

Fig.

14 shows a process of manufacturing a semiconductor

memory device according to the present invention;

Fig.

15 shows a process of manufacturing a semiconductor

memory device according to the present invention;

Fig.

16 shows a process of manufacturing a semiconductor

memory device according to the present invention;

Fig.
embodimen£
Fig.
embodimeﬁt
Fig.
embodiment
Fig.
embodiment

Fig.

17 is a conceptual drawing for explaining a second

according to the present invention;

18 is a pattern layout drawing showing the second

according to the present .invention;
18 is a conceptual drawing for explaining a third
according to the present invention;
20 is a pattérn layout drawing showing the third
according to the présent invention;

21 is a conceptual drawing for explaining a fourth



embodiment according to the present invention;

Fig. 22 is a pattern layodt drawing showing the fourth

embodiment according to the present invention;

Fig. 23 is a sectional view for explaining constitution

according to the present invention;

Fig. 24 is a plan showing a fifth embodiment according to

the present invention;

Fig. 25 is a sectional view showing the fifth embodiment

according to the present invention;

Fig. 26 is a process drawing showing
according to the present invention;

Fig. 27 is a process drawing showing
according to the present invention;

Fig. 28 is a process dr#wing showing
according to the present invention;

Fig. 29 is a process drawing showing
according to the present invention;

Fig. 30 is a process drawing showing
according to the present invention:;

Fig. 31 is a proceés drawing showing
according to the present invention;

Fig. 32 is a process drawing showing

according to the present invention;

Fig. 33 is a process drawing showing

according to the present invention;
Fig. 34 is a process drawing showing

acéording to the present invention;
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fig. 35 is a sectional view showing the fifth embodiment

according to ‘the present invention;

Fig. 36 is a sectional wview showing the fifth embodiment

according to the present invention;

Fig. 37 is a sectional view showing the fifth embodiment

according to the present invention;

Fig. 38 is a sectional view showing a sixth embodiment

according to the present invention;

Fig. 39 is a process drawing showing
according to the presgnt invention;

Fig. 40 is a process drawing showing
according to the present invention;

Fig. 41 is a process drawing showing
according to thé present invention;

Fig. 42 is a process drawing showing
according to the present invention;

Fig. 43 is a proces; drawing showing
according to the present iﬁvéntioﬁ;

Fig. 44 is a process drawing showing
according to the preseﬂt invention;

Fig. 45 is a process drawing showing
.according to the present invention;

Fig. 46 is a process drawing showing
according to the present invention;

Fig. 47 is a process drawing showing

according to the present invention;
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sixth
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embodiment

embodiment

embodiment

embodiment

embodiment

embodiment

embodiment

embédiment

Fig. 48 is a sectional view showing a seventh embodiment
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according to the present irivention;

Fig. 49 is a process drawing showing the
according to the present invention;

Fig. 50 is a process drawing showing the
according to the present invention;

Fig. 51 is a process d;‘awing showing the
according to the present invention;

Fig. 52 is a process drawing showing the
according to the present invention;

Fig. 53 is a process drawing showing the

according to the present invention;:

seventh embodiment
seventh ex;'lbodiment
seventh embodiment"
seventh embodiment

seventh embodiment

"Fig. 54 is a process drawing showing a seventh embodiment

according to the present invention;

Fig. 55 is a process. drawing showing the
according to ﬁhe present invention;

FJ.g 56 is a process drawing showing 'the
according to the present in-veni-:ion;

Fig. 57 is a sectional view showing an
according to the present invention;

Fig. 58 is a sectional view showing the
~according to the present invention;

Fig. 59 is a sectional view showing the
according to the present invention;

Fig. 60 is a sectional view showing the
according to the pfesent invention;

Fig. 61 is a sectional view showing the

according to the present invention;

seventh embodiment
seventh embodiment
eighth emb_pdiment
eighth embodiment
eighth embodiment
eighth gnnbodiment

eighth embodiment



nfig. 62 is a sectional view showing the
according to the present invention;

Fig. 63 is a sectional view showing the
according to the present invention;

Fig. 64 is a sectional view showing the
according to the present invention;

Fig.'65 is a sectional view showing the

according to the present invention;

eighth embodimert

eighth embodiment

eighth embodiment

eighth embodiment

Fig. 66 is a sectional view showing a ninth embodiment

acceording to the present invention;

Fig. 67 is a process drawing showing the ninth embodiment

according to the present invention;‘

Fig. 68 is a process drawing showing the ninth embodiment

according to the present invention;

Fig. 69 is a process drawing showing the ninth embodiment

according tc the present invention;

Fig. 70 is a process drawing showing the ninth embodiment

according to the present invention;

Fig. 71 is a process drawing showing the ninth embodiment

according to the present invention;

Fig. 72 is a process drawing showing the ninth embodiment

according to the present invention;

Fig. 73 is a plan showing a conventional semiconductor

integrated circuit;

Fig. 74 is a sectional view showing the conventional

semiconductor integrated circuit;

Fig. 75 is a sectional view showing a conventional

— 20—



semiconductor integrated circuit;

Fig. 76 is a sectional view showing a tenth embodiment

according to the present invention;

Fig. 77 is a plan showing the tenth embodiment according to

the pfésent invention;

Fig. 78 is a process drawing showing
according to the present invention;

Fig. 79 is a process drawing showing
according to_the present invention;

Fig. 80 is a process drawing showing
according to the present invention}

Fig. 81 is a process drawing showing
according to the présent invention;

Fig. 82 is a process drawing showing
according to the present invention;
| Fig. 83 is a process drawing showing
acéording to the présegt invention{

Fig. B4 is a process drawing showing
according to the present invention;

Fig. 85 is.a process drawing showing
according to the present invention:;

Fig. 86 is a process drawing showing
according to the present invention;

Fig. 87 is a process drawing showing
according to the present invention;

Fig. 88 is a process drawing showing

according to the present invention;
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:Fig_. 89 is a sec‘tiona_l view sh.owing an eleventh embodiment
according to the present invention;

Fig. 90 is a sectional view showing a twelfth émbodiment
according to the present invention;

Fig. 91 is a sectional view showing'a conventional
semiconductor memory device; an_d

Fig. 92 is a sectional view showing a thirteenth embodiment

according to the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

<F;'Lrst Embodiment>

First, as shown in Fig. 3,.an element isolating oxide film
2 for separating a. MOSFET is formed on the surface of a semiconductor
substrate 1 using a well-known device isolation technology.

Next, after the surface of the se__micondt._zctor substrate 1 is
cle_a'ned, a gate oxide f£ilm 3 with the thickness of 7 nm is formed
at the temperature for.oxidation of 800 °C bl.r well-known .thermal
oxidation. A polycrystalline silicon film 4 with the thic]g.ness of
100 nm including high—;lensity impurities is formed by well-known
CVD and further, after a metal .film 4' with the thickness of 100
nm consisting of a stacked film constituted by a tungsten f£film and
a barrier metal film is formed on the polycrystalline silicon film
4 so as to reduce resistance, a word line and a gate electrode 4
are formed by .well-known dry etching so that t};ey are in a
predetermined._shape , arsenic apprqximateiy 5 x 1034 /em? is
implanted as impurity ion with a conductive type reverse to the

substrate 1 using this gate electrode 4 as a mask and, the implanted
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arsenié is activated by annealing at the température of 950 °C for
10 seconds to be diffused regioné_s and 5'. The quantity of ion
implanted into a switching transistor in memory cell and an N-
type MOSFET in periphe'ral circuit is equalized and the same quantity
of boronis implantéd into a P-type MOSFET in the peripheral circuit.

After a silicon oxide film 6 with the thickness of 0.5 pm
is formed overall, the surface is flattened by well-known CMP
technique so that the silicon oxide film 6 on the gate.,electrode
4 is approximately 0.15 pum thick.

Next, as shown in Fig. 4, a contact hole is forméd in a
predetermined portion of the silicon oxide film 6 to form a bit
line 7 connected to the diffused;region 5'. For this bit line 7,
a so-called polycide bit-line in which a tungéten silicide film
100 nm thick is stacked on the polycrystalline silicon film
approximately 100 nm thick doped with high-density impurities.

In Fig. 4 showing a memory cell area, two bits are shown as
a unit and therefore, one bit line contact is formed between two
word lines.

As shown in Fig. 4, a film with the polycide structure is
also used as an interlayer for eléctri cally connecting the diffused
region of an N-type MOSFET with wiring in the uppermost portion
in the peripheral circuit. By this interlayer, the contact of the
MOSFET is prevented fronlbeing'deepenéd, however, a semiconductor
memory device according to this embodiment can be realized without
providing such an interlayer. Nof only a polycide f.;i.lm used in this
embodiment but another film such as a stacked film consisting of

tungsten, barrier metal and polycrystalline silicon also can be



used for the word line may be used for the bit line 7. Further,
tungsten may be also directly in contact with the diffused region
5' via barrier metal without using polycrystalline silicqn.

Next, as shown in Fig. 5, after a silicon oxide film 8 is
fc'>rmed overall, the surface is flattened by using CMP. After a
contact hole reaching the bit line. 7 is formed, an intermediate
film 9' consisting of. a titanium nitride film is formed by CVD and
further, first buried wiring 9 consisting of a tungsten film 0.2
' pm thick which is proof against heat treatment at the temperalture
of 800 °C or more is formed.

‘As shown in Fig. 5, the buried wiring 9 is connected to the
diffused region of the MOSFET constituting the peripheral circuit
via the interlayer 9', however, the first buried wiring 9 consisting
tungsten may be directly in contac;t with the diffused region via
barrigr metal-. As a tungsten filfn can be formed by CVD, tungsten
can be.buried .in a contact hole with relatively high aspect ratio
in high step covéraée. At that time, as tungsten is also deposited
on the surface of the oxide film, the i:uried portion in the hole
(a plug for interconnection) and wiring can be simul taneously
formed. In this embodiment, a titanium nitride £ilm formed by CVD
is used for the barrier metal.

The buried wiring 9 formed in this process is used as a global
word line for selecting a specific word line in a memory cell. 1In
the peripheral circuit, the buried wiring is used not only for
interlayer wiring for connecting to .wiring in the upper layer but
for wiring for connecting MOSFETs with each other.

Next, as shown in Fig-. 6, after an interlayer oxide film 10



is formed overall and the surface is flattened by CMP, a plug for
interconnection (not shown) consisting‘of a tungsten film and
second buried wiring 11 are formed as the first buried wiring 9,
further an interlayer oxide film 12 is formed and the surface is
flattened as described above. The inférlayer oxide films 10 ana -
12 are both formed by plasma-assisted chemical vapor deposition
(2CVD)becauseburiednetalistungstenl This second buried wiring
11 is a selector line for selecting a specific bit line in a memory
cell and is used not only as.interléyer wiring for connecting to
wiring in the upper layer but as wiring for connecting MOéFETs with
each other in the ‘peripheral circuit. In this embodiment, the
second buried wiring 11 is not directly in contact with the diffused
region but is in contact with the diffused région of the MOSFET
via the first buried wiring 9. '

Néxt, as shown in Fig. 7, a contact hole approximately 1.5
pm deep which is not in contact with the word line 4, the bit line
7, the first and sécond.buried wiring 9 and 11 is fogmed and this
contact hole is filled with polycrystalline silicon 13. This
polycrystalline silicon 13 is used for connecting the lower
electrode of a capacitof with the diffused region 5.

As the diameter of the contact hole is approximately 0.2 pm
in a memory in the gigabit range, its éspect ratio is approximately
7 and large. However, as this contact hole is formed only in a
memory cell and the depth is equal, it can be formed by conventional
-anisoteric dry etching.

In forming the bit line 7, if polycrystalline silicon ls

beforehand buried in a i:ortion at which the diffused_ region and '
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the capacitor lower electrode are in contact, the aspect ratio of
the contact hole can be reduced.’

Next, as shown in Fig. 8, after an interlayer oxide £film 14
is formed overall, contact holes respectively r.eachin_g the buried
wiring 9 and 11 are formed. A trench is formed through this
interlaygr oxide film 14 and a trench capacitor is fémed on the
inner wall, however, the depth of this trench, that is, the total
thickness of interlayer oxide films 10, 12 and 14 is required to

be approximately 2 pum in the case of a memeory in the gigabit range..

If the total thickness is thick as described above, it is

-not easy to form a contact with wiring in the uppermost layer, -

however, as the number of wiring connected to the buried wiring.
9 and 11 is extremely small as described above in the present

invention, the diame_ter of the contact hole may be considerably
larger than the minimum processing dimension. For example, in this
embodiment in-which a memory in the gigabit range is formed, the
minimum dimension is 0.2 pum or less, however, as the <.iiameter of
the contact hole in this process is 0.5 um and large and th? aspect-
ratio is not large so much, it is easy to form the contact hole.

Next, as shown in Fig. 9, a tungsten £ilm 15 with the thickness
of approximately 0.3 pm is formed by CVD and the contact hglé is
filled with tungsten.

As shown in Fig. 10, the tungsten deposited on the interlayer
oxide film 14 is removed by well-known CMP using slurry containing
hydrogen peroxide as p.olisﬁing slurry and the tungsten 15 is left
only in the contact hole. As the CMP can remove tungsten at the

selectivity of 50 times or more for the oxide film 14 under it,
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tungstén 15 can be polished without reducing the thickness of the
oxide film 14 so much.

As shown in Fig. 11, after an interlayer oxide film 16 with
the thickness of approximately 1 pm and a tungsten plug 1.7 with
the diameter of 0.5 um are formed similarly, silicon oxide film
18 is formed overall to cover the upper face <_:f the tungsfen plug
17.

As the total thickness of the interlayer oxide films 14 and
16 is approximately 2 um ahd the diaméter of the contact hole is
approximately 0.5 pm, aspect ratio is approximate_ly 4 and a plug
can be formed by embedding tungsten once and the number of processes
can be reduced.

Next, as shown in Fig. 12, a trench which passes through the
interlayer oxide films 14, 16 and 18 and exposes the upper end of
the polycrystalline silicon 13 is formed. As this trench is formed
only in a memory cell area and in addition, the diameter and depth
of each tr'encl-'; are equal, the depth of etching can be readily
controlled and the surface of the polycrystalline silicox_n 13 can
be exposed only by controlling etching time.

As the aspeét ratio of this trench is approximately 7, such
a trench can be reédily'fomed by conventional dry etching. If a
nitride film is formed under the interlayer oxide film 14 as an
etching stopper film, the controllability of forming a trench is
enhanced.

As shown in Fig. 13, a polycrystalline silicon £ilm 19 wiﬁh
the thickﬁess of 50 nm which functions as the lower electrode of

a capacitor is formed overall. This polycrystalline silicon film |
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19 is eiectrical_ly connected to the diffused region S5 of a MOSFET
via the polycrystalline silicon i3.

Irregularities are formed on the surface of this
polycrystalline silicon £ilm 19.. The surface area can be doubled
or mere by forming ‘irregularitie__s on the surface and storage
capacity can be increased. For the lower electrode (storage
electrode) 19 of a capacitor, tungsten, titaniumnitride and others
can be used in addition to polycrystalline silicon and further,
if a high dielectric film and a ferroelectric film such as BST and:-l'
PZT are used as a capacitor dielectric film, noble metal such as
platinum is used.

Next, as shown in Fig. 14, CMP is applied so as to left the

"polycrystalline silicon £film 19 only in the trench and the capacitor
lower electrode 19 is formed with it separated every memory cell.

As shown in Fig. 15, a capacitor dielectric £ilm 20 and a
plate electrode 21 are stacked on the capacitor lower electrode
19. In thisA embodiment, a stacked film consis-tin—g of a tantalum
pentoxide £film and a silicon oxide film is used for the ca_.pacit.or
dielectri-c film 20 and a capacitor dielectric film 3 nm thick -is
realized in terms of the '_l:hickness of the silicon oxide film. A
capacitor dielectric film is not limited to this, a stacked film
used heretofore consisting of a silicon oxide film and a silicon
nitride film can be used and if a lower electrode consisting of
noble metai such as platinum is used, a ferroelectric f£film can be
also used as a capacitor dielectric film. For the plate electrode
21, a variety of well-known conduétive material can be also used,

however, in this embodiment, a titanium nitride film is used. If



a stac]éed film consisting of a silicon oxide film and a silicon
nitride film is used for a capacitor dielectric film, a
polycrystalline sj.licon fiim can be used and if a ferroelectric
film is used, platinum can be used.

Next, as shown in Fig. 16, after an interlayer oxide film
22 is formed overall, a contact hole is formed through this
interlayer oxide film 22 and the plate electrode 21 and the upper
"end of the tungsten plug.17 are exposed. After this .contact hole
is filled wit_h metal to form a plug 23, wiring 24 in the uppermost
layer is formed by a well-known xﬁethod and a semiconductor memory
device equivalent to this embodiment is completed. As the density
of the wiring in the uppermost iayer is extremely small, the
dimension may be extremely long and as a relaxed design rule can
be used, the wiring in the uppermost layer can be readily formed.

<Second Embodiment>

Fig. 17 is a conceptual drawing showing a memory érray
equivalent to a second embodiment according to .the present
invention. As showninFig. 17, word lines WL1 toWL16 are regularly
arranged vertically and bit lines BLla, BLlb, BLZa_t and BL2b are
connected to sense amplifiers 1 and 2 with BLla and BLlb forming
a group and BL2a and BL2b forming a group.

One bit line contact BCl (O) is shared by storage mode
contacts CCl and CC2 (@) connected to two memory cells.

As shown in Fig. 17, a straight line showing the active area
‘of the MOSFET of a switching transisto:;: between two storage mode

contacts @ via the bit line contact O is arranged slantwise for

the word lines WL1 to WL6 and the bit lines BLla to BL2b. Inaddition,
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the direction of the gradient is different between adjacent memory
cells. Therefore, each storage mode contact CCl and cc2 (@) can
be respectively formed in clearance between the word lines WL1 to
WL6 and the bit lines BLla and BL2b.

In this embodiment, buried wiring is arranged' above the word
lines WLl to WL6 and the bit lines BLla to BL2b and in addition,
to secure a place where a storage mode contact is made, global word
lines W12, W34 and W56 shown by a dotted line are arranged in the
ratio of one to two word lines WL1 and WL2, WL3 and WL4, and WLS
apd.WLG between which the bit line contact BCl is put as shown in
Fig. 17.

Selector lines S1 to S4 for selecting the bit lines BLla to
BL2b are arranged so that they respectively overlap with the bit
lines BLla to BL2b. As these global word liﬁes W1l to W14 and the
selector iines S1 to sS4 do not require a contact area in a memory
cell, each wiring pattern has only to be arranged. The ratio to
a wofd 1ine and a bit line is not limited to this embodiment and
can be arbitrarily set.

Fig. 18 is a layout drawing shown so that the layout shown
in Fig. 17 looks more realistic. Howéver, to facilitate
understanding, patterns for a storage capacity electrode, a plate
electrode, wiring, peripheral circuit and others is not shown in
Fig. 18.

In fig. 18, an active area is arranged at an angle of 45
degrees to the bit lines BLla to BL2b and the word lines WLl to
WLG,'however, the angle is not limited to 45 degrees and may be

other degrees.
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‘As the global word lines W12, W34 and W56 are respectively
arranged in the ratio qf one to two word lines as described above,
the width of the global word lines W12, W34 S$56 is approximately
twice as wide as that of the word lir.:es WL1 to WL6 and a rough layout
rule may be adopted. .In adaition, as no contact area exists in a
memory cell as described above, wiring has only to be arranged.

In thé"meantime, the selector lines S1, 82, S3 and S4 and
the bit lines BLla and BL2b are set so that the aimensipn of them
is equal. 1In addition, as these selector lines S1, 82, S3 and S4
have no contact area in a memory cell as the global word lines W12,
W34 and W56, they do not require an area in which the width of a
line is widened as the b;'Lt lines. / Therefore, a regular pattern can
be arranged for the glcbal word lines W12, W34 and W56 and the
selecteor lines S1, S2, S3 and S4, and pattern formation.by
lphotolithograpﬁy is easy.

Further, as the regularity of a pattern is high, it is also
easy té apply minute processing technology'.suciu as photolithography
method using phase shift by which a pattern smaller ﬁhap the
wavelength of light can.be formed.

| <Third Embodiment>

In this embodiment, as shown in Fig. 19, two storage mode
contacts CCl and CC2 in a memoz"y cell sharing one bit line contact
BCl are arranged so that they are symmetrical on a mirror based
upon each global word line W12, W34 and W56. This embodiment is
different from the second embodiment in this, however, basic memory
operation is similar, the layocut of a global word line and a selector

line which are buried wiring, which characterizes the present
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invention, is also similar as shown in Fig. 20 and the same effect
as in the second embodiment can be obtained.
<Fourth Embodiment>

A memory cell in this embodiment is different from that in
the second and third embodiments in pattern layout as shown in F:Lg
21. However, a manufacturing method is the same as that in the
second and third embodiments and a memory cell can be formed by
the same method aé in the first embodiment.

Pattern layout in this embodiment is characterized in.that
a word line is arranged between storage mode contacts of adjacent
memory cells as described in Japanese published unexamined pat_el.;'zt
application No. H3—2i4670. In the second and third embodiments,
two word lines are arranged between adjacent storage mode contacts.
Therefore, extra area exists in a memory cell and this is a cause
for which the area of a memory cell is prevented from being reduced.

However, according to pattern layout shown in Fig. 21, the
area required for arranging two word lines-is not requifed; only
the area for arranging one word line is required and the area can
be reduced by approximately 20%.

As similar memory operation is disabled in the prior -bit line
layout when such pattern layout is adopted, the two bit lines BL2a
and BLlb are crossed and respectively connected to each sense
amplifier .1 and 2 as shown in Fig. 21 although a pair of the two
bit lines is connected to one sense amplifier in Japanese published
unexamined pateht application H3;214670 and the first to third
embodiments.

The area of a memory cell can be reduced ‘by such layout,



howevef, the global word lines W1l to W17 arranged in the ratio
of one to two word lines in the first to third embodiments are
required to be arranged according to the same.design rule as word
lines W1 to W7 as sﬁown in Fig. 22. However, they can be readiiy
formed by the same method as in the first embodiment ana there is
no problem in relation to practical use.

<Fifth Embodiment>

This embodiment is an example in which the present invention
is applied to a DRAM and will be described below referring to Figs.
24 to 38.

‘Fig. 24 is a plan showiﬁg a memory cell equivalent to this
embodiment and the seqtional structure viewed along a line X-X!
and the sectional strhctufe of a MOSFET in peripheral circuit are
shown in Fig. 25. The_laybut of a memory cell is similar to the
prior'one, a word line 58 is provided vertically, a data line 60
is provided horizontally and a trench-type capacifor is formed
.abo;e these word line and data line.

The trench-type capacitor consists of a storage e%gctrode
52, a capacitor dielectric film 53 and a plate electrode 54. The
storage electrode 52 is connected to the activé area 57 of a
switching transistor in clearance between the word lines 58 and
the data lines 60 and the plate electrode 54 is fixed to
predetermined potential outside a memory cell. Further, the
trench-shaped storage electrode 52 is formed on the inner side walls
and at the bottom of a deep trench formed through an.dielectric
film 49 on which the metal wiring 50 of the peripheral circuit is

formed and én dielectric £ilm 51 stacked on the dielectric £ilm.



Next, a method of manufacturing a DRAM equivalent to this
embodiment will bg described referring to Figs. 26 to 35. First,
as shown in Fig. 26, after a field oxide film 39 for device isolation
is formed on a silicon substr.ate 38 by well-known selective
oxidation, a MOSFET is formed by a well- known method. A MOSFET
provided with high concentration impurity doped regions 40 and 41,
a gate electrode 43 and a gate dielectric film not shown is formed
in a memory cell and a MOSFET provided with a high conc;entration
impurity doped region 42 ,- a gate electrode 44 and a gate dielectric
film not shown is formed in peripheral circuit. The gate electrodel
.43 shared by the memory.cell and the adjacent .cell functions as
a word line 58 shown in Fig. 24. The polarity of such MOSFET may
be N— channel or P-channel.

As shown in Fig. 27, a silicon oxide film 45 including boron
and' phosphorus is formed by well-known CVD and the surface is
- f-lat_:tened by annealing at the temperature of approximately 800 °C.
For the silicon oxide film 45, an undoped silicon oxide film may
be used in place of the one including boron and phosphorus.

| Ne.xt, an openiﬁg 59 shown in Fig. 24 is formed on the silicon
oxid;e film 45 by well-known photolithography and dry etching and
wiring 46 with the thickness of approximately 100 nm which functions
as tbe data line 60 shown in Fig. 24 is formed by a well-known method.
For the material of the wiring 46, a refractory metal film such
as tuhgsten film is desirable, however, a compound film consisting
of the silicide film of refractory metal such as tungsten and a
polycrystalline silicon £ilm may be aiso used. If refractory metal

such as tungsten is used, it is desirable that a barrier metal film -
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such as titaniumnitride filmis prov.'id'ed under the refractory metai
film so as to prevept reaction upon the silicon substrate. It is
also desirable that an undoped silicon oxide film for preventing

impurities from being diffused is formed under the silicon oxide
film 45. | .

As shown in Fig. 28, a silicon oxide £ilm 47 with the thickness
of approximatély 200 nm is formed by well-known CVD using -
éetraethoxysilane (TEOS’ gas at fhe temperature of approximately
409 °C. Next, a predetermined portion of the silicon oxide films
45 and 47 on the high concentration impurity doped region 40 which
functions as the source or drain of a swi tchiﬁg transistor is removed
to form an opening 51 shown in Fig. 24. After a'polycrystalline
silicon fiim-approximately 200 nm thick including impurities at
high concentration is formed by well- known low-pressure chemical
vapor de'ﬁo'sition (LPCVD) , the polycrystalline silicon filmis left
only in the opening 51 and the other portion is rexﬁoved by etchback
employing anisotropic dry-etching witﬁout mask so that a silicon
plug 48 for filling the opening 51 is formed. 1In this embodiment,
the silicon plug 48 is directly_formed on the high concentration
impurity region 40, however, if a well-known pad of a
polycrystalline silicon film is used, the gate eléctfode 43 and"
the silicon plug 48 can be insulated by self—alignmen‘t:. and the method
is effective to reduce the area of a memory cell. .

As shown in Fig. 29, asilicon oxide film 49 with the thickness
of approxiﬁately 200 nm is formed by CVD usihg well- known TEOS
gas at the temperature of approximately 400 .°C and a contact hole

through the silicon oxide films 45, 47 and 49 is formed by a



well-known method and the surface so as to expose the surfade of
the highly concentrated impurity region 42 in the peripheral
circuit. Next, a tungsten film 200 nm thick is formed by well-
known sputtering or CVD and is patterned so that iﬁ is in a
predetermined shape so as to form the metgl wiriné 50 of the
peripheral circuit. The surface of the silicon oxide film 49 may
be flattened by well-known CMP and in this case, a plug for filling
the contact hole may be used. In this embodiment, tungsten is used
for the material qf the metal wiring 50, however, refractory metal
such as titanium niﬁride may be also used. Further, if a capacitor
is manufactured.at low temperature, not only refractory metal but .
low resistivity metal such as a}uminum can be used.
As shown in Fig. 30, a silicon oxide £film 51_ with the thickne'ss.
of approximately 0.5 to 1 £ m is formed by CVD.using well-known
.TEOS gas at the témperature of approximately 400
°C and tﬁe surface is flattened.by'ﬁell—known CMP. Next, a trench
{opening) 62 reaching the silicon plug 4é is formed through the
silicon films 49 and 51 by well-known photolithography and dry
etching. At this time, if an dielectric film such as a silicon
nit;ide film slower than a silicon oxidé film in an etching rate
is formed under the silicon oxide film 49 as an etching stopper,
the trench can be extremely readily formed.
~ As shown in Fig. 31, a polycrystalline silicon film 63 with
the £hickness of 50 nm doped with high-density impurities is formed
by well-known LPCVD. At this time, the silicon plug 48 and the
polycrystalline silicon film 63 are connected at the low part of

the trench.
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Next, after a photoresist film approximately 1 i m thick is
appiied overall, the photoresist 64.is left only in the trench and
that in the other portion is removed by etchback by anisotropic
dry etching.

As shown in Fig. 32, the polycrystalline silicon film 63
formed on a portion other than in the trench is removed by dry etchix';g.
using the photoresist 64 as a mask and as a result, the storage
electrode 52 of the capacitor is forﬁed on the inner wall of the
trehch.

As shown in Fig. 33, after the photoresist 64 is removed,
a capacitor dielectric film 53 consisting of tantalum pentoxide -
(Ta,0s) is formed by CVD. It ié;desirable that the thickness 6f
_this capacitor dielectric film 53 in terms of a silicon oxide film
is 3 nm or less in the case of a dynamic RAM in the gigabit range.
In this embodiment, a polycrystalline silicon £ilm is used for the
storage electrode 52, however, a refractory metal film such as
tungsten and a i:itanium nitride'fiim may be aléo used. 1In this casé. ‘
as a natural oxide filmis not formed on the surface of the ref: ractory
metal film as a polycrystalline silicon £ilm, the equivalent oxide
thickness can be thinned. For the material of the capacitor
dielectric film, a film consisting of SrTioO3, a well-known high
dieléctric dielectric film such as (Ba, Sr) TiO3 and a well-known
ferroelectrics dielectric film such as a PZT film can be also used
in addition to an dielectric film consisting of silicon nitride.

As shown in Fig. 34, a plate electrode 54 consisting of a
tungsten film approximately 56 nm thick is formed by CVD which is

excellent in step coverage.
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_ finally, a silicon oxide film 55 with the thickness of
approximately 400 nm is formed as an interlayer dielectric film
and afte.f a through hole is formed through the interlayer dielectric
film 55 on the metal wiring 50 of the peripheral circuit, metal
wiring 56 is formed by a well-known methed and a sémiconductor
integrated circuit shown in Fig. 25 'is completed. For the metal
wiring 56, low-resistance metal such as aluminum is desirable and
as the metal wiring can be used as wiring in a memory cell array
shown in Fig. 35, it can be used as a signal line-connected to a
data line and a main word line. As the surface of the interlayer
dielectric £ilm 55 is flattened when the metal wiring 56 is formed,
well- known plug technology and: CMP can be applied.

Fig. 35 shows an example in which the trench is deepened more
than that in Fig. 25 and the capacity of the capaéitor is increased.
In this case, the metal wiring 50 is_twiéé As thick as that in Fig.
25, however, if the silicon qxide £film 51 formed on it is thickened,
the trench can be also deepened £wice and as a résult, the height
of a storage electrode and the quantity of stored charge are also
approximateljﬁdoubled;

As shown in Figs. 25 to 35, the surface of the silicon oxide
£film 49 which functionslas an interlayer dielectric film and on
which'the metal wiring 50 is formed is flattened, however, as shown
in Fig. 36, the metal wiring 50 may be also formed on a silicon

oxide £ilm 65 the surface of which is not flat. Also in this case,

as shown in Fig. 36, as the upper face of the silicon oxide f£film

65 is extended to a position in which a capacitor is formed and

is in contact with the side of the storage electrode 52, the same



effect can be obtained as a case shown in Fig. 35 in which the surface
of the silicon oxide f£ilm 49 on which the metal wiring 50 is formed
is flat.

Further, the metal wiring 50 is the first wiring layer in
the peripheral circuit, however, as shown in Fig. 37, two metal
wirings 66 and 67 may be also stacked and a wiring layer may be
also further formed on them.

As the upper.facé of plural wiring layers can be extended
to the position of a capacitor according to this embodiment, a trench
can be deepened extremely and a trénch-type capacitor the area of
the electrode of ‘which is extremely large can be formed.

In this embodiment, the metal wiring 50 is a signal line
connected to the source or the drain of a MOSFET in the peripheral
circuit, however, it may be also a power line for Suppiying fixed
potential and may be also floating as a dummy pattern for reducing
step height between a memory cell array area and a peripheral circuit
area; |

As cléar from the description, according to this embodiment,
a capacitor with high stereoscopic structure can be formed and as
minute wiring can be respectively formed in each area and an area
including both areas even if large step height exists beﬁween the
memory cell array area and the peripheral circuit area, a
semiconductor integrated circuit the degree of integration of which
is high can be formed.

<Sixth Embodiment>
This embodiment is an example using material which cannot

be etched such as copper as metal wiring material in the fifth
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embodirhent and will be described below referring to Figs. 38 to
47. |

Fig. 38 shows the sectional structure of a MOSFET in a memory
cell and peripherai circuit in a DRAM equivalent to this embodiment.
As shown in Fig. 38, metal wiring 71 is connected to a metallic
plug 68 formed on a highlyfconcentrated impurity doped region 42
and buried in a si_licon oxide £ilm 70.

A DRAM with such structure is formed as follows:

First, structure shown in Fig. 39 is formed by the same method
as the one shown in Figs .. 26 to28in rel#tion to the £fifth embodiment.
Next, as shown in Fig. 40, after a silicon oxide £ilm 69 is formed,-
a connecting hole through the silicon oxide films 45, 47 and 69 -
is formed by a well-known method and as a. result, the surface of
the highly copcentrated impurity doped region 42 is exposed. After:
a tungsten film is formed overall ; only the portion formed in the
connecting hole of the tungsten film is left and the other portion
is removed by aniso;trop:i;c d:ry-etching without mask to form the
metallic plug 68 consisting of tungsten.

As shown in Fig. 41, a silicon oxide £ilm 70 with the thickness
of 400 nm is formed and an cpening is formed through the silicon
oxide film 70 by well-known photolithography and anisotropic dry.
etching. If a silicon nitride film formed at low temperature is
arranged under the silicon oxide.film 70 as an etching stopper £ilm
in the anisotropic dry etching, the tolerance of etching is
increased and the connecting hole can be formed with high precision.

Next, aftexr a copper £ilm 500 nm thick is formed, the surface

- of the copper film is polished by CMP to flatten it until the surface
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of the §ilicbn oxide £ilm 70 is exposed, the copper film 7i is left
only in the opening and as a resﬁlt, the structure in which the
copper film 71 is buried in the silicon oxide film 70 is formed.
For a method of forming the copper film, CVD which is- excellent
iﬁ covering step height is used.

Next, as shown in Fig. 42, a silicon oxide film 72 with the
thickness of 100 nm is formed by well-known CVD, a trench 74 reaching
the silicon plug 48 through the silicon oxide films 69, 70 énd 72
is formed by well-known photolithography and anisotropic dry
etching.

‘Processing 'is performed in a process shown in Figs. 43 to
47, however, as this process is the same as in the fifth embodiment
shown in Figs. 31 to .'.35, detailed description is omitted. However,
in this embodiment, the surface of aplate electrode 73 is flattened
and this embodiment is different from the fifth embodiment in this
point.

As low-resistance co.pper is gsed for the wiring layer of: the
peripheral circuit formed on the side of a capacitqr according to
this embodiment, high-speed operation is enabled. The wiringlayer
of a logical circuit can be formed in the position of an dielectric
£ilm on which the capacitor is formed by applying this emquiment
to an on-chip logiq LSI embedded with memory.

<Seventh Embodiment>

This embodiment is an example in which the metal wiring ip
fhe DRAM equivalént to the fifth or sixtﬁ embodiment is further
thickened and will be.descri{bed below referring to Figs. 48 to 56.

Fig. 48 is a sectional structural drawing showing a MOSFET in a -
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memory.cell and peripheral circuit in a DRAM eQuivalent to this
-embodiment. As shown in Fig. 48, in this embodiment, metal wiring
77 is buried in silicon oxide films 75 and 76 and the upper face
of the metal wiring 77 is higher than the upper end of a capacitor.

A method of manufacturing such a DRAM will be dé,scribed below
referring to Figs. 49 to 56. First, processing is performed as
shown in Figs. 39 and 40 in relation to the sixth embodiment to
form structure shown in Fig. 49;

Next, as shown in Fig. 50,'a silicon oxide film 75 with the
thickness of 300 nm is formed.and.a:trench 78 through silicon oxide
. films 69 and 75 is formeéd by well-known photolithography and dfy
~etching to expose the upper face of the silicon plug 48.

A capacitor is formed in a process shown is'Figs. 51 to 54,
howexf;er, as this process is the same as the process shown in Figs.
31 to 34 in relation to the fifth embodiment, detailed description
is omitted.

Next, as shown in Fié. 55, after a silicon oxide film 79 wi-th
the thickness of 400 nm is formed, an opening reaching a.qetallic
plug 68 is formed through the silicon oxide films 75 and 79 by -
photolithography and dry etching. After a film consisting of
metallic material such . as tungsten, aluminum or copper is formed
overall, the metal wiring 80 of the peripheral circuit is formed
by leaving the metal film only in the opening and removing the metal
£film from the other portion by well-known etchback by anisotropic
etching.

Finally, as shown in Fig. 56, after an interlayer dielectric .

film 55, for example consisting of a silicon oxide film
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approximately 400 nm thick is formed, a through hole reaching the
surface of the metal wiring 80 ié'formed through the interlayer
dielectric film 55. Further, metal wiring 56 is formed by a
well-known méthod and a semiconductor integrated circuit is
compléted.

As the metal wiring of the pez;ipheral circuit can bg thickened
more ‘than the one in the fifth and sixth embodiments according to
this embodiment, the resistance value of the wiring of the
peripheral circuit can be reduced and operating speed is further
increased. |

<Eighth Embodiment>

This embodiment is an example in which a capacitor providea'
with structure in which a stereoscopic crown-type capacitor and
a trench-type capacitor are combined is formed in a memory cell
of a DRAM and will be described below referring to Figs. 57 to 65.

Fig. 57 shows the sectional structure of a MOSFET in a memory
cell and peripheral ;:ir;:uit ina DﬁAM equivalent to this embodiment.
As shown in Fig. 57, metal wiring 86 formed in the peripheral_.circuit
isl buried in a silicon oxide £ilm 85, and the upper face of a ;ilicon
oxide film 81 formed under the silicon oxide film 85 is extended
from the peripheral circuit into a memory cell and is in contact
with the side of the capacitor.

Next, a manufacturing method accqrding te this embodiment
will be described referring to Figs. 58 to 65. First, structure
shown in Fig. 58 is formed, however, as the process is the same
as the cne shown up to Fig. 28 in relation to the fifth embodiment,

description is omitted.



'AsshowninFig.59,afterthesiliconoxidefihnaiisformed,
a connecting hole through the silicon oxide films 45, 47 and 81
is formed to expose the surface of a highly concentrated impurity
region 42. After a tungsten filmis formed overalll,' ametallic plug
82 consisting of tungsten is formed by leaving the tungsten film
only in the connecting hole and removing it from the other portion
by etchback by overall anisotropic etching and a silicon oxide fillm
89 with the thickness of 400 nm is further formed overall., Asilicon
nitride film may be used in place of the silicon oxide film 81.

As shown in Fig. 60, a trench reaching a silicon plug 48 is
formed by well-known pPhotolithography and dry etching through the
. s8iliconoxide film 81 and 89 in an area in which the storage electrode
5 of the capécitor is formed and a polycrystalline silicon film
. 63 with the thickness of 50 nm into which impurities are doped at
high density is formed by well-known LPCVD. Hereby, the silic§n
plug 48 is connected to the polycrystalline éilicon film 63 at the
bottom of the trench.

Next, as shown in Fig. 61, a silicon oxide film 90 including
boron and phosphorus is formed by well-known CVD, after a&nealing
treatment is applied, éhe silicon oxide fiim 90 is left only in
the trench and the film formed on the other portion is removed by
etchback by employing qverall anisotropic dry etching. Further,
the exposed portion of the polycrystalline silicon film 63 is
removed by dry etchiﬁg using the silicon oxide f£ilm 90 as an etching
mask. As a result, the storage electrode 52 of the capacitor is
formed in the trench.

Next, as shown in Fig. 62, the silicon.oxide film 90 left '
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in the .trench and the silicon oxide film 89 on the metallic plug
82 are removed by wet etching usin§ diluted hydrofluoric acid (HF)
in water to.expose the surface of the metallic plug 82. As tﬁe
silicon oxide film 90 buried in the trench includes boron and
phosphorus, the speed of etching the silicon oxide film in
hydrofluoric aqueocus solution is faster than that of etching the
silicon oxide £ilm 89 similarly using hydrofluoric aqueous solution.
Therefore, though the silicon oxide film 90 is thicker than the
silicon oxide f£ilm 89, silicon oxide fi:lm 90 formed in the' trench
can be completely removed. To prevent overetching in wet etching,
it is desirable that an etching stopper film such as silicon nitride
film formed at low temperature :Ls provided under the silicon oxide
film 89.

After predetermined cleaning, as shown in Fig. 63, a
capacitor dielectric film 83 consisting of a tantalum pentoxide
film is formed, then a tungsten film or a titanium nitride film
which is approximately 50 nm thick is formed and an unnt;cessary
portion is removed by photolithography and dry etching to form a
plate electrode 84.- Further, a thick silicon 6xide film 85_ with
the thickness of 800 nm is formed and the surface is flattened.

Next, processing shown in Fig. 42 in relation to the sixth
embodiment is performed to form metal wiring 86 and as a result,
structure shown in Fig. 64 is formed.

Finally, an interlayer dielectric film 55 such as a silicon
oxide film approximately 400 nm thick is formed ax.\d after a through
hole is formed through the interl.ayer dielectfic film 55 on the

metal wiring 86 in the peripheral circuit, metal wiring 56 is formed
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and a Qemiconductor_integrated circuit shown in Fig. 65 is
‘completed.

As the storage electrode 52 of a capacitor formed in a memory
cell is a crown type ac;ording to this embodiment, both inner and
" outer walls can be utilized as a storage electrode, extremely 1argé
storage capacity can be obtained and a high integrated
semiconductor integ:ated circuit which is high and which is
excellent in resistance to a soft error can Be formed.

<Ninth Embodiment>

This embodiment is another example of a DRAM memory provided
~with a capacitor formed by combining -crown-type and -trench-type
capacitors. This embodiment will be described below referring to
Figs. 66 to 72.

| Fig. 66 shows the sectional structure of a MOSFET in a memory
cell and peripheral circuit of a DRAM of this embodiment. As shown
in Fig. 66, metal wiring 50 is formed in an opening formed through
a silicon oxi&e film 49. A trench type capacitor of a memory cell
is formed in a portion which is in contact with the silic?n oxide
films 49 and 92 aﬁd_a crown type capacitor is forﬁed'in.a portion
which is in contact with a silicon oxide film 55. Therefore, the
upper face of tﬁe silicon oxide film 49 on which the metal wiring
50 extends to a memory cell area and is in contact with the side
of the capacitor.

Next, a method of.manufacturing this DRAM cell will be
described referring to Figs. 67 to 72.

First, structure shown in Fig. 67 is formed in the same

process as the one shown up to Fig. 30 in relation to the fifth



e'mbodifnent. Next, as shown in Fig. 68, a silicon oxide film 92 with
the thickness of 400 nm is formed and after the surface is flattened
by well-known CMP, a trench reaching a silicon plug 48 is formed
through the silicon oxide films 49 and 92 in a portion in which
the storage electrode 93 of the caéacitor is to be formed by
well-known photolithography and dry étching.

Next, a polycrystalline silicon f£ilm 63 with the thickness
of 50 nm into which impurities are doped at high density is formed
by well-known LPCVD. Hereby, the silicon plug 48 is connected to
the polycrystalline silicon f£film 63 at thé bottom of the trench.

Photoresist 1 £ m thick is applied, the photoresist 64 is
left only in 'l:he trench and it J.n the other portion is removed by
well-known overall anisotropic dry etching as shown in Fig. 69.

Next, the exposed portion of the polycrystalline silicon
film 63 is removed by dry etching using the photoresist 64 as a
mask and the storage electrode 52 of the capacitor is formed on
the inner wall ‘of the trench.

After the photbresist 64 is removed ‘and predetermined
cleaning is ferformed, the silicon oxide film 92 is etched by 200
nm in thickness us'ing hydreofluoric aqueous solution. Hereby, -as
shown in Fig. 70, the upper part of the storage electrode 52 is
protruded upwazjd..

As shown'in Fig. 71, a capacitor dielectric £ilm 93 consisting
of a dielectric with a larger dielectric constant than. that of
silicon dioxide (tantalum pentoxide in this embodiment) is formed
and a plate electrode 94 consisting of tungsten or ‘Eitanium nitride

and others with the thickness of approximately 50 nm is formed by
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a well-known method. For a meﬁhod of forming the capacitor
dielect_rié: £ilm 93 and theplate electrode 94 ’ CVD which is excellent
in covering step height is used.

Finally, an inté;layér dielectric film 55 consisting of a
silicon oxide film approximately 400 nm thick is formed and after
a through hole is formed through the interlayer dielectric film
55 over the metal wiring 50 in the peripheral circuit, metal wiring
56 is formed and a semiconductor integrated circuit according to
the present invention shown in Fig. 72 is completed.

As shown in Fig. 72, the capacitor dielectric film 93 and
the plate electrode 94 are formed on not only the inner wall but
the outer wall of the upper porf:ion- of the storage electrode 52
of a capacitor formed in a memory cell according to this embodiment
and in this poi:'tion, a crown-type capacitor is formed. Therefore,
larger storage capacity than that of a trench-type capacitor using
only tﬁe inner wall of a_'trench as a capaciter can be obtained and
a semi_.conductor integrated circuit the degree of ir.utegration'of
which is high and which is excellent in soft error immunity is
formed.

<Tenth Embodiment>

An embodiment of a DRAM accerding to the present invention
will be described below referring to Figs. 76 to 88. Fig. 76 shows
the sectional structure of a MOSFET in a memory cell and peripheral
circuit equivalent to this embodiment on the same drawing and Fig.
77 shows the plane layout of the memory celi. Fig. 76 shows a part
of the section of the memory cell viewed along a line X-X' in Fig.

77.
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As shown in Fig. 76, a MOSFET in a memory cell consists of
a gate dielectric £ilm 203, a gate electrode 204 and high- density
N-type impurity areas 206 and 207 which are respectively the source
and drain, and a MOSFET in the peripheral circuit consists of the
gate dielectric film 203, a gate electrode 205 and a high-density
N-type impurity area 208 which is the source or drain. A wiring
. electrode 210 is connected to the high-density N-type impurity area
206 of the MOSFET in the memory cell as a data line and a crown-type
capacitof is further provided over the wiring electrode.

This crown-type capacitor is formed in an aréa in which
silicon oxide films 214 and 216 which.are interlayer dielectric
films in which metal wiring 215;in a peripheral circuit area.is
formed are removed and a storagé electrode 217 is connected to the
high-density N-type iﬁpurity area 207 via a silicon plug 213. A
capacitor dielectric film 218 is formed on the storagé electrode
' 217, further the plate electrode 219 of the capacitor is buried
in an aréa f;:om which the silicon oxide films 214 an& 216 are removed
%nd the crown- type capacitor is formed.

Fig. 77 shows the layout of a plurality of memory cells to
explain the positional relationship among the adjacent memory cells.
In Fig. 77, a word line 223 is arranged longitudinally, a data line
225 is arranged horizontally and a crown-type capacitor 227 is
formed above these word line 223 and data line 225. Further, the
capacitor is connected to an active area 222 in clearance between
these word line 223 and data line 227 via an opening 226.

This embodiment will be described further in detail below

referring to Figs. 78 to 88. First, as shown in Fig. 78, after a



field oxide film_202 is formed on a silicon substrate 201 by
well-known selective oxidation (iOCOS technique), a MOSFET is
formed on an active area. In this embodiment, an ﬁ— channel MOSFET
is formed, however, a P-channel MOSFET may be also formed. To
reduce the deterioration of ah element caused by a hot cérfier,
well-known lightly doped drain (LDD) structuré may be also used.
Further, an dielectric film such as silicon nitride may be formed
on the side wall and on the ﬁpper face of the gate electrode 204
to use a well-known self- hatching contact.

Next, after a silicon oxide film 209 including boron and
phosphorus is formed by well-known CVD, it is annealed at the
temperature of approximately 806 °C to smooth the surface of the
silicon oxide film 209. For a silicon oxide film, an undoped
silicon oxide film may be used in place of the silicon oxide film
209 which is doped by boron and phosphorus and it may'bé smoothed
by another method. Even if the surface of the silicon oxide £ilm
is not smoothed, there i§ no problem in a later process.

An opening 224 shown in Fig. 77 is formed through the silicon
oxide film 209 by photolithography and Ary etching and a wiring
electrode 210 with the thickness of approximately 100 nm which is
to function as the daﬁa line 225 shown in Fig. 77 is formed by
patterning so that the wiring electrode is in a predetermined shape
by’phoﬁolithography'and.dry etching. For material for the wiring
electrode 210, a compound film consisting of a silicide film of
.refractéry metal such as tungsten and a po;ycrysﬁalline silicon
film or a refractory metal film such as tungsten may be used. If

refractory metal such as tungsten is used, it is desirable that
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a barrier metal film such as titanium nitride is provided under
the refractorymetal film so as to prevent reaction againsta sili_con
substrate. It is also desirable that an undoped silicon oxide film
for preventing impurities from being diffused is provided under
the silicon oxide filﬁ 209.

A silicon oxide film 211 with the thickness of approximately
200 nm including:boron and phosphorus is formed by CVD and the
surface is smoothed by annealing at thé temperature of
approximately 800 °C. Next, a silicon nitride f£ilm 212 with the
thickness of approximately 100 nm.is formed by LPCVD, an opening
226 shown in Fig. 77 is formed through the silicon nitride film
212 and the silicon oxide films 209 and 211 on the highly
concentrated impurity region 207 which is to function as the source
Eor drain of the MOSFET by well-known photolithography and dry
etching, a polycrystalline silicon £ilm ﬁpproximtely 200 nm thick
. into which impurities are doped at high density is formed by LPCVD
and the polycrystalline silicon film is left énly in the opening
226 by etchback by ove?all anisotropic'dry etching so as%to form
| a silicon plug 213 as shown in Fig. 79. ‘In this embodiment, tﬁe
silicon nitride film 212 in a peripheral circuit area is removéd
by photolithography, however, the silicon nitride £ilm 212 may be
also left in the peripheral circuit area. In this embodiment, the
silicon plug 213 is directly formed on the highly concentrated
impurity region 219, however, if a pad consisting of a well-known
polycrystalline silicon film is used, the gate electrode 204 the
silicon plug 213 can be also insulated by self-alignment and it

is effective in reducing the area of a memory cell.
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ﬁext, as shown in Fig. B0, a silicon oxide f£ilm 214 with the ‘

thickness of approximately 200 nm is formed at the temperature of

approximately 400 °C by well-known CVD using TEOS gas and then the

silicon oxide films 209, 211 and 214 .on, the highly. concentrated
impurity region 208 in the peripheral circuit are removed by etchi.ng
so as to form a contact hole. A tungsten film approxiinately 200
nm thick is formed by well-known sputtering or CVD and the metal
wiring 215 of the peripheral circuit is formed by well-known
photolithography an;l dry etching. The sﬁrf ace of the silicon oxide
£film 214 may be flattened by well-known CMP. Iﬁ this case, a plug
may be formed in. the .contact .hole. In this embodiment, tungsten
is used for the material of the metal wiring 215, however, in this
case it is desirable that a barriei’ metal film such as titanium
nitride is provided below. Further, if the later piocess for
manufacturing é capacitor is kept at low temperature, low-
resistance metal such as aluminum may be also used.

As shown in Fig. 81, a silicon oxide film 216 with the
thickness of 0.3 to 1 £ m is formed at the temperature of
approximately 400 °C by CVD using TEOS gas .and ti-:e surface is
flattened by CMP.

Next, as shown in Fig. 82, a trénch 227 reaching the silicon
plug 213 is formed through the silicon oxide films 214 and 216 in
a portion in which .the storage electrode of a capacitor is to be
formed by well-known photolithography and dry etching. At this
time, it is desirable that a silicon nitride £ilm 212 is provided
under the silicon oxide f£ilm 214 as an etching stopper.

As shown in Fig. 83, a polycrystalline silicon £ilm 228 with



the thickness of 20 to 100 nm into which impurities are doped at
high density is formed by well-Xnown LPCVD. At this time, the
silicon plug 213 and the polycrystalline silicon film 228 ére
connected at the bottom of the french. Next, after a photoresist
£film 1 2 m thick is applied, the photoresist £ilm 229 is left only
in the trench and it in thé other portion is removed by etchback
by overall anisotz.'opic dry etching. The position of the upper face
of the photoresist film 229 left in the trench is controlled by
controlling the dry etching so that the position is lower by
approximately 0.2 4 m than the upper face of the silicon oxide £ilm
21s6.

Next, the exposed portiop of the polycrystalline silicon
£film 228 is removed by dry etching using the photoresist £ilm 229
as a mask and as shown in Fig. 84, the storage electrode 17 of the
capacitor is formed on.the inner wall of the treﬁch.

After the pﬁotoresist film 229 is removed and predetermined
cleéning is performed, the silicon oxide film 216 and the silicon
oxide film 214 under it are etched using hydrofluoric aqueous
solution so as to éxpose the inner face and the side of the crown-type
storaée electrode 217 as shown in Fig'. 85. At this time, the silicon _
oxide films 216 and 214 formed in a memory cell array érea are etched
by phqtolithography and they £ oméd in the peripheral circuit area
are left without being etched. As at least the silicon nitride film
212 ié provided under the silicon oxide film 214 in the memory cell
array area, a portion under the silicon nitride film is not
overetched in the wet etching.

As shown in Fig. 86, a capacitor dielectric film 218 -



éonsisfing of a dielectric with a larger-dielectric constant such
as tantalum pentoxide (Ta,Os) thari that of a silicon oxide film is
formed. For a method of forming the capacitor dielectric film 218,
CVD which is excellent in covering step height is used. Further,
it is desirable that the thickness of the capgcitor dielectric film
218 in terms of an silicon oxide film is 3 nmlor less in the case
of a mass DRAM in the gigabit range. In this embodiment, a
"polycrystalline silicon film is used for the storage eleqgtrode 217,
however, a refractory metal film such as tungsten and a titanium
nitride film may be used and as the effect of a natural oxide film
existing on the surface of the polycrystalline silicon film can
be removed in that case, the caPacitor dielectric film in terms
of a silicon oxide film can be thinned. For material for the
capacitor dielectric film, a film with a high dielectric constant
such as a SrTa03 film and a (Ba, Sr) Tao03 £ilm (BST f£ilm) and further,
a ferroelectrid film such as a PZT film may be also used in addition
" to a compound £ilm consisting of a silicon fx;i..tride film and a silicon
oxide film.

After a thick tungsten film approximately 300 nm thick is
formed overall, the surface is polished by éMP, the tungsten film
is left only in an area in which the silicon oxide films 214 and
216 are removed as shown in Fig. B7 so as to .form a plate electrode
219. 1In this embodiment, tﬁe plate electrode 219 is formed using
CMP; however, after the tungsten £ilm 219 is formed, a photoresist
film is also formed and overall dry etchback may be also performed.
For a method of forming.the plate electrode 219, CVD which is

excellent in covering Step height is desirable.
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A silicon oxide £ilm 220 with the thickness of approximatély
200 nm is formed as an iﬁterlayer d:i..electric £ilm and after a through
hole through the silicon oxide films 216 and 220 on the metal wiring
215 of the peripheral circuit is formed, metal wiring 221 is formed

by a well- known method and a semiconductor memory device acdording

" to the present invention shown in Fig. 88 is completed.

As clear owing to the description, for a method of
manufacturing a semiconductor memory device equivalent to this
embodiment, after an dielectric film provided on the main surface

of a semiconductor substrate is flattened, a predetermined portion

- of the dielectric film in a memory array is selectively removed -

and the capacitor is formed in the removed portion.
For the metal wiring 221, low-resistance metal such as
aluminum is desirable and as low-resistance metal can be used as

wiring in the memory array as shown in Fig. 88, it can be used as

a signal line connected to the data line and a global word line.

To flatten an interlayer dielectric £ilm when the xﬁetal wiring 221
is formed, well-known plug technology and CMP may be also applied.

The metal -wiring 215 in this embodiment is a first wiring
layer of the peripheral circuit, however, the wiring electrode 210
used for the data line of a memory cell may be alsc used for the
first wiring layer of the peripheral circuit area.

Further, the s'urfa;ce area of the storage electrode 217 can
be increased and storage capacity can be further increased by making
the surface of the polycrystalline silicon film useci for the storage
elgctro_de 217 in this embodiment uneven.

As the plate electrode 219 is buried in an area in which the
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silicoﬁ oxide films 214 and 216 are removed according to this
embodiment, an extra pho'tolithog'raphic process for forming the
plate electrode 219 is not required and a DRAM with large storage
capacity can be obtaineci without increasing the number of masks.
In this embodiment, the metal wiring 221 is a signal line connected
to the source or drain of a MOSFET in the peripheral circuit, however,
the metal wiring may be also a power line for supplying fixed
potential and may be also floating as a dummy pattern for reducing
step height between the memory cell array area ghd the peripheral
circuit area.
<Eleventh Embodiment>

This embpdiment is an exan}ple in which a plurality of wiring
layers are formed in a peripher'al circuit area in the DRAM described
in the tenth embodiment. Fig. 89 is a sectional .vit_ew showing a
MOSFET. in a memory cell a-rray and a peripheral circuit area adjacent
to it of a DRAM equivalent to this embodiment.

As shown in Fig. 89, a siiicc;n oxide film 231 with the
thickness of approximateiy 0.3 £t m is formed on the meta_l wiring
215 of the peripheral circuit area as an interlayer dielectric film
a.nd metal wiring 232 with the thickness of approximately 0.3 u
m is formed further on it. This metal wiring 232 is connected to
;he metal wiring 215 via an opening formed through the silicon oxide
film 231. Further, a silicon oxide film 233 with the fhickness of
approximately 0.3 # m is formed on the metal wiiing 232 as an
interlayer dielectric film, a silicon oxide film 237 with the
thickness of approximately 200 nm is formed on it and metal wiring

238 formed on this silicon oxide film 237 is connected to the metal



wiring.232 via an op.éning through the silicon oxide filmsl233 and
237. A crown-type capacitor in a memory cell is formed in a deep
concave portion formed by removing the silicon oxide films 214,
231 and 233, the height of a crown-shaped storage electrode 234
is approximately 1 £ m and high, and the plate electro:;de 236 of
the capacitor is buried in the_ concave portion.

According to this embodiment, the storage capac':ity'of a
capacitor for storing charge in the area of a memoxry cell of 0.15
square micron can be increased up to approximatelir 50 fF and a
dynamic RAM with large SN ratio and high resistance to a soft error
which is excellent in the 'étabilify of operation can be obtained.
However, it need scarcely be said that according to this embodiment,
the number of v;riring layers can be further increased, the cr‘ov.nn—type
storage electrode 234 can.be further heightened and storage
capacity can be further increased.

<Twelfth Embodiment>

Fig. 90 is a sectional view sl'.uowing a DRAM eqx;ivalent to this
embodiment. As shown in Fig. 90, the plate electrode 241 of a
crown-type capacitor covers any inne:r.: side and a part (the upper
part) of the outer side of a storage electrode 217. A method of

manufacturing a DRAM equivalent to this embodiment is characterized

"in that when silicon oxide films 214 and 216 in a memory cell array

area are removed in the process shown in Fig. 85 in relation to
the tenth embodiment, etching.a silicon oxide film 219 (239 in Fig.

90) is stopped halfway and as shown in Fig. 90, a thinned silicon

“oxide film 239 is left outside the storage electrode 217. The other

points of the manufacturing method are the same as in the tenth
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embodirﬁent.

As an etching stopper £film is not required when a silicon
oxide film is etched to form a concave portion acc'ording to this _
embodiment, the siliconnitride £ilm 212 shown inFig. 76 in relation
to the' tenth embodiment under the silicon oxide film 214 is not
required. |

<Thirteenth Embodiment> |

Fig. 92 is a sectional view showing a DRAM equivalen:t to this
gxnbodiment. As the plate electrode 219 of a crown-type capacitqr

is extended onto a silicon oxide film 216 in this embodiment, it

..can be connected to wiring-for- supplying potential to the plate

electrode 219 on the silicon oxide film 216. The plate electrode
219 is formed by pétternihg by photolithography and dry etching,
however, any edge of a pattern at this time is positionet{i on the
silicon oxide £ilm 216. .Ahy part of the platé electrode 219 j.s not
required to be buried in the concave portion, a silicon oxide film
220 used for an interlayer dielectric film is buried in the concave ‘
portion in which the capacitor is formed and the surfac__e is
flattened.

According t§ this embodiment, the plate electrode 219 and
wiring for supplying power can be connected in an arbitrary position,
the degree of freedom of design can be increased and the area of
a chip can be reduced.

In the-described embodiments, a film with a larger
dielectric constant than that of éil_icon oxide is used for an
interlayer dielectric £film between metal wirings, however, a film. _

with a smaller dielectric constant than that of a silicon oxide



£film ma.y be also used. In the embodiments, the case prov:_'Lded with
a crown—gype and a trench- type capacitors is described, however,
this embodiment can be also applied to a capacitor with stereoscopic
structure such as a thick film capacitor in which a storage electréde
is thickened and a capacitor dielectric £ilm and a plate electrode
are formed on the ;torage eleéctrode and its side wall.

The embodiments are examples in which_the preseqt.invention
is applied to a DRAM, however, the present invention can be also
applied to a static RAM provided with a capacitor in a memory cell,
a static RAM in which a poly;:rystalline thin film transistor (TFT)
is used for the load element of a memory cell and further, a memory
using a ferroelectric substance;for a capécitor dieleqtric fi;m.
The present invention can be also applied to a capacitor with large
capacitance used for a switched capacitor, a path condenser and
a regulator generally used in digital and analog circuits..

Further, the wiring layer of a'logical circuit can be also
formed in the position of aﬁ dielectric film on which a capacitor
is formed by applying the présent invention to an on~chip LSI. wherein
a memory aﬁd a logical circuit exist together. Further, according
to the present;invention, low- resistance metallic material such
as copper can be used for the wiring layer of peripherai circuit
formed in the position of a capacitor and a semiconductor memory
device wherein high-spéed operation is enabled can'be obtained.

.According to the present invention, any storage capacity can
be also realized in principle by changing the depth of a trench.
In addition, as the plane area of a portion in which a trench is -

formed can be increased differently from a conventional trench



capaciﬁor cell wherein a trench is formed on a substrate, the aspect
ratio of the trench is not required to be inqreaged and not only
trench but a capacitor can be readily formed.

Further,.as the storage electrode of a capacitor gan be
electrically connected to the diffused region of a-MOS transistor
via a plug for interconnection formed under the capacitor, one of
the most serious problems of the conventional trench capacitor cell
can be solved. As the aspect ratio of a trench is not large, an
dielectric film except a silicon oxide film and'a.silicon nitride.
film can be also used for a capacitor dielectric film.

As a wiring layer is provided under a capacitor, the number
of wirings which should be pulled up to the uppermost layer ié
reduced greatly, as a result, the design rule of wiring'éulled.up
is extremely rough and the design rule of approximately 0.5 um
which is ﬁhe rule of a 1l6-megabit memory can correspond to that
~of a memory in the gigabit range sufficiently.

Further, as an interlaye-r oxide film canbe readily flattenec'l,
a minute pattern can be readily formed by lithography.%

When a trench is deepened, the aspect ratio is increased,
however, as a trench is formed over a substrate according to‘the
present invention, the area of an area in which a trench is formed
can be by far increased, compared with a conventional trench
capacitor céll wherein a trench is formed on .a substrate and the
aspect ratio of the trench is by far smaller thaq that of a
cdnventional one. The storage electrode of a capacitor can be
automatically in contact with a diffused region eléctrically via

a plug consisting of polycrystalline silicon and hereby, the
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serious problem of the conventional trench capacitor cell is
solved.

As an dielectric film except a silicon oxide film and a
silicon nitride film can be used for a capacitor dielectric film,
a dielectric with a high dielectric constant can be used for a.
capacitor dielectric film and a trench capacitor with small aspect
ratio tﬁough its capacity is 1a£ge can be realized.

If a trench is formed over a substrate, distance required
to pull up wiring to the uppermost laye:.r: is increased, however,
according to £he present inventién , a wiring layer is provided under
a capacitor and the number of wirings which are required to be pulled
up to the uppermost layer is gr__eatly reduced. As a result, the
design rule of wiring pulledup is extremely rough and the dimension
of approximately 0.5 £ m which is the fule of a 16-megabit memory
may be applied to a memory in the giga.b;i.t ranlge. Therefore, wiring
can be manufactured extremély readily.

Further, as. the surface of each interlayer filmcanbe readily
flattened, a minute pattern can be readily formed by -lithography
and the present invention is extremely profitable to form a minute
pattern the focal tolerance of which is small.

Further, step height between a memory cell array area and
a peripheral circuit area is greatly reduced and as minute wiring
can be formed in each area and a portion including both areas, a
semiconductor integrated cirqﬁit the degree of integration of which
is high with high resistance to a soft error and high reliability
can be formed.

As there is no large step height between a memory cell area



and a geripheral circuit area, minute wiring can be readily formed
in each area and minute wiring connecting both areas can be readily
formwed.
INDUSTRIAL APPLICABILITY
As above described, the present invention is suitable for

DRAM’s having very high integration density.
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WﬁAT ‘IS CLAIMED IS-

1. A semiconductor memory device, comprising:

a semiconductor substrate; |

plural dielectric films stacked on the main surfacé of said
semiconductor substrate;

a memory cell area in which a field-effect transistor
provided with a high diffusion area the conductive.typé of which
is reverse to that of said semiconductor substrate ; agateelectrode,
and a gate insulating f£ilm and a capacitor are formed; and

-a peripheral circuit érea, wherein:

said capacitor is formed in an area formed by removing the
desired portion of said plural gielectric films; and

the upper faée of desired said dielectric film is extended
from said.peripherai circuit area to said memory cell area and is
in contact with the side of said capacitor.

2. .A semiconductor memory device according to Claim 1,
wherein: |

the storage electrode, the capacitor dielectric film and the
plate electrode of said capacitor are formed on éhe inner face of

a trench formed by removing the desired portion of said dielectric

films.

3. A semiconducto; memory device according to Claim 2,
wherein:

éaid trench is formed through at least two said dielectric
films.

4. A semiconductor memory device according to Cléim 2,
wherein: | |



;ome of said plural dielectric films are provided between
said capacitor and said semiconductor substrate;

a first wiring layer buried in said dielectric film is formed
with it separated from said capacitor; and

a second wiring layer is formed on said dielectric £ilm formed
on said capacitor.

5. A semiconductor memory device according to Claim 4,
wherein: _ .

said first.wiring layer includes a word line connected to
the gate electrode of said field-effect transistor, a bit line or
wiring for selecting-desiréd said field-effect transistor; and

said second wiring layer is wiring for feeding to the plate
eleétrode of said capacitor, a power line, a grounding conductor
or a signal conductor.

6. A seﬁiconductor.memory device according to Claim 4,
wherein:

said first wiring layer consists of one of a polycrystaliine
silicon film containing high-~concentration impurities, aﬂstacked
film consisting of polycrystalline silicon and silicide, a stacked
film consisting of tungsten, barrier metal and polycrystalline
silic;n, a stacked film consisting of tungsten and barrier metal,
a tungsten film and a copper f£ilm.

7. A semiconductor memory device according to Claim 2,
wherein:

irreqularities are formed on the surface of said storage
electrode.

8. A semiconductor memery device according to Claim 2,
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whéreiﬁ:

said storaé'e electrode consists of a polyecrystalline silicon
film containing impﬁrities at high concentration or a refractory
metal film; |

9. A semiconductor memory device according to Claim 2,.
wherein:

said capacitor dielectric film consists of one of a stacked
film consisting of an oxide film and a nitride £ilm, a stacked fiim'
consisting of an oxide film and a tantalum pentoxide film, a stacked
film consisting of a nitride film and a tantalum pentoxide film,
a stacked film consisting of an oxide film, a nitride film and a.
tantalum pentoxide film, a BST film and a PZT film.

10. A semiconductof memory device according to Claim 2,
wherein: |

said plate electrode consists of a polycrystalline silicon
film containing high-concentration impurities or a refractory
"metal f£ilm.

11. A semiconductor memoxry device according to Claim 2,
ﬁherein:

said storage electrode is electrically connected to the
diffused region of said field effect MOS transistor formed in said
memory cell area wvia a conductor formed through said plural
dielectric films provided between said capacitor and said
semiconductor substrate.

12. A éemiconductor memory device according to Claim 2,
whereinf

said pléte electrode is an electrically connected to said
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secohd.wiring layer.

13: A semiconductor memofy.device according te Claim 2,
wherein:

a MOSFET is formed in said peripheral circuit area; and

the diffused region of said MOSFET is electrically connected
to said second wiring layer via a conductor formed through said
plural dielectric films.

14. A semiconductor memory devicé according te Claim 2,
ﬁherein:

said first wiring layer i; electrically connected to said
secona wiring layer via a conductor formed.through said plural
dielectric films.

"15. A semiconductor memory device according to Claim 1,

wherein:

the upper face of said dielectric £ilm with which.the lower
face of a wiring layer formed in said peripheral circuit area is
in contact is exten;:led into said memory cell area and i.s ir; contact
with the side or bottom of .said capacitor.

16. A semiconductor memory dévice according to Claim 15,
wherein: |

the storage electrode of said capacitor is provided with a
concave sectional shgpe; and

said capacitor dielectric film and the plate electrode are
extended outside from the inner face of said storage electrode.

17. A semiconductor membry device according to Claim 15,

wherein:

said capacitor is formed in a trench formed by removing the
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desired portion of said plural dielectric films.

18. A semiconductor memory device according to Claim 15,
wherein:

the storage électrode of said capacitor is protruded upward
from the inner face of a trench formed by removing the desired
portion of said dielectric films; and

said capacitor dielectric film and the plate electrode are
extended‘outsiae the protruded portion of said storage electrode
from the inside of said trench.

19. A semiconductor memory device according to Claim 15,

wherein: . . -

a word line for selecting desired said field- effect
transistor and a data line for supplying charge to said capacitor
are formed under said capacitor. |

20. A semiconductor memory device according to Claim 15,
wherein:

the second wiring layer is formed over said capécitor via
said dielectric film.

21. A semiconductor meméry device according to Claim 20,
wherein:

said second wiring layer is a signal conductor connected to
said data line.

22. A semiconductor memory device according to Claim 20,
wherein: |

said second wiring layé.r is a word line foi:'. selecting a MOSFET
formed in said peripheral circuit area.

23. A semiconductor memory device, comprising:
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é semiconducj:or substrate;

plural dielectric films formed on the main surface of said
semiconductor substrate;

a memory cell area in which a field-effecﬁ transistor
provided with a low-resistance diffused region the conductive type
of which is reverse to that of a said semiconductor substraté, a
gate dielgctric film and a gate electrode and a capacitor are formed;
and .

a peripheral circuit area in which plural wirir_lg layers are
formed, whérein:

said capacitor consists of a storage electrode the sectional
shape of which is concave, a capacitor dielectric £ilm and a plate
electrode formed on the exposed inner and outer faces of said storage
elecgrode;

a first wiring layer is formed on the first dielectric film;
and |

said éto:}age electrode is formed in a concave portion formed
by removing a predetermined portion of said first dielectric film
and the second dielectric film stacked on said first_diélectric
film.

24. A semiconductor memory device according to Claim 23,
wherein:

said concave is filled with said plate electrode formed on
said capacitor dielectric film.

25. A semiconductor memory device according to Claim 24,
wherein:

the upper face of said plate electrode is flat.
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és. A -semiconductor memory device acéofding to Claim 25,
wherein:

the height of the upper face of said plate electrode is
substantially equal to that of said second dielectric film.

25; A semiconductor memory'aevice according to Claim 23,
wherein:

the potential of saidplate electrode is supplied to the upper
face of said plate electrode. .

28. A semiconductor memory device accordiﬁg.to Claim 23,
wherein:

said storage electrode is electrically connected to the
high—concentra.tion diffuséd regil._'on of said field-effect transistor
via a conductor £ilm formed through an dielectric £film formed under
said storage electrode.

29. .A semiconductor memory device according to Claim 23,
wherein:

a éecoﬁd field-effect transistor is forméd in said
peripheral circuit area; and .

a second wiring layer formed over said plural dielectric
films is electrically connected to the diffused regipn of said
second field-effect transistor via.a connecting hole through said
plural dielectric films.

30. A semiconductor memory device according to Claim 23,
wherein:

a second field-effect transistor is formed in éaid
pe;ipheral circuit area; and |

said first wiring layer formed on said first dielectric £film
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is eleétrically connected to the diffused region-of said second'
field-effect transistor via a connecting hole through said first
dielectric film and an dielectric film formed under said first
dielectric film.

31. A semiconductor memory device according to Claim 23,
whergin;

said second wiring layer formed over said plural dielectric
films is electrically connected to said first wiring layer formed
under said second wiring layer via andielectric £filmvia a conductor
provided betweén said first wiring layer and said second wiring
layer. - ...

32. A method of manuf actu;ﬁing a semicondﬁctor memory device,
comprising.steps of:

a step for respectively forming a first field-effect
transistor and a second field-effect transistor respectively
provided with a low-resistance di"ffused regi;m the conductive type
of whici_'x is reverse to that of semiconductor subétrate, a gate
dielectric film and a gate electrode in the memory cell area and
the peripheral circuit area of the semiconductor substrate;

a step fo.r forming a bit line connected to de'sired said
diffused region through a first dielectric f£ilm after forming the
first dielectric £ilm covering said memory cell area and peripheral
circuit area;

a step for forming plural dielectric films betwe;en which a-

wiring layer with a predetermined shape is respectively formed on

‘said first dielectric £ilm;

a step for forming a conductor film electrically connected
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to anofher said diffused region of said first field- effect
tranSiétor through said first dielectric film and said plural
dielectric films;

a step for forming second plural dielectric films over said
plural dielectric films;

a 'step for forming'a plug for inte;connection electrically
connected to the desired portion of said wiring layer formed in
said pgripheral circuit area through said plural dielectric films
and said second plural dielectric films;

a step for forming a trench by removing a predetermined
. -portioﬁ of -said second plural dielectric £films formed in said mgmofy
cell area; and

astepf or £ orming a storage electrode, a capacitor électrode
and a plate electrode in.said trench.

33. Amethod of manufacturing a semiconductor memory device
according to Claim 32, wherein:

.thé following step are aaded:

a step for forming a second dielectric film after_forming
said plate electrode;

a step for forming a second plug for interconnection
. electrically connected to said plate electrode and said plug for
interconnection through said second dielectric film; and |

a step for forming an upper wiring layer electrically
connected to said second plug for interconnection on said second
dielectric film.

34. A method of manufacturing a semiconductor memory device

according teo Claim 32, wherein:
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éaid plug for interconnection is formed by forming an opening
exposing the surface of _s_aid another diffused region after fqrming
said second plural dielectric films and filling said opening with
a conductor. |

35. A method of manuf a’cturing a semiconductor memory device
according to Claim 32, wherein:

said plug for interconnecti§n is formed by respectively
forming an opening after forming each dielectric £ilm constituting
said second plural dielectric films and filling said opening with
a conductor.

36. Amethod of manufacturing a semiconductor memory device,
comprising steps of:

a step for respectively forming a first field-effect
transistor and a second field-effect transistor respectively
provided with a low-resistance diffused region the conductive type
of which is reverse to that of a ;emiconduétor substrate, a gate
dielec;fic film and a gate electrode in tﬁe mémory cell area and
the peripheral circuit area of the semiconductor subst;;te;

a step for forming a conductor £ilm electrically connected
to desired‘said diffused region of said first field- effect
transistor through first plural dielectric films after forming said
first plural dielectric films covering said memory cell area and
peripheral circuit area;

a step for forming a first dielectric film over said first
plural dielectric films;

a step for forming a fiﬁst wiring layer electrically

connected to said diffused region of said second field-effect
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transiétor through said first plural dielectric filmé and said
first dielectric film on said first dielectric film;

a step for formihg a second dielectric film over said first
dielectric film;

a step for forming a concave by removing a predetermined'
portion of said second dielectric £ilm and said first dielectric
film in said memory cell area and exposing the upper part of said.
conductor f£ilm; and

'a step for forming at least a storage electrode, a capacitor
dielectric film and a plate electrode on the inner face of said
-concave.

37. Amethod of manuf actu_ring a semiconductor memory device
according to Claim 36,'wherein:

the fellowing step are added af tef said step for forming said
plate electrode:

" a étep for forming a third dielectric film on said second
dielectric film and planarizing the surfacé; and

a step for forming a second wiring‘layer electr;cally
connected to _said_ first wiring layer through said third dielectric
film and said second dielectric £ilm on said thi?d dielectric £ilm.

38. A method of manufacturing a semiconductor x;xexqory device
according to Claim 37, wherein:

| said step for planarizing the surface of said third
dielectric film is executed by fluidization by heat treaﬁment,
overall etching or cﬁemical or meéhaﬁical polishing.

39. Amethodof manuf acturing a- semiconductor mé.mory device,

comprising steps of:
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é stép for respectively forming a first field-effect
transistor. and a second field-effect transistor respéctively
provided with a low-resistance diffused region the conductive type
of which is reverse to that of a semiconductor substrate , a gate
dielectric f£film and a gate electrode in the memory cell area and
thé peripheral circuit area of the semiconductor substrate;

a step for forming a first wiring layer electrically
connected to said diffused region of said secoﬁd field-effect
transistor via a connecting holé throu.gh a first dielectric film
after forming the first dielectric £ilm covering said memory cell
area and peiipheral cirguit area on said first dielectrie £ilm in
said peripheral circuit area;

a step for forming a second dielectric film overall;

a step for forming an opening through a predetermined portion
of said first dielectric i_:'ilm.and said second dielectric film in
said memory cell area; |

a stgp for forming a conductor £ilm on the inner face of said
opening;

a step for forming a storage electrode the section of which
is in a concave shape by selectively removing said first dielectric
filﬁ' formed in said memory cell area at least by predetermined
thickness; and

a step for forming a capacitor dielectric film and a plate
electrode in order on the inner and cuter faces on which said storage
electrode is exposed.

40. Amethod of manufacturing a semiconductor memory device

accoxrding to Claim 39, wherein:
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;aid step for forming said storage electrode is executed by
removing a predetermined portion of said second dielectric film
and first dielectric film respectively formed in said memory cell
area by etching. |

41. A method of m:anufacturing a semiconductor memory device
according to Claim 39, wherein:

said step for forming said élate electrode is executed by
removing a conductive film formed in a portion except said concave
after forming said conductive film overall.

42. A method of manufacturing a semiconductor memory device
according to Claim 39, wherein:

the following steps are added after said step for forming
said plate e;ectrode: |

a step for forming a third dielectric film overall; and

a step for forming a second wiring layer electrically
connected teo said first wiring layer via a connecting hole thfough
sai‘d third dielectric f£ilm and said se;::onc-l diélectric film on said
third dielectric film.

43. A Semiconductor memory device comprisirig:

a memory cell. area having a.t-least one switching transistor
and a crown-type capacitor which is formed at a position higher
than that of the main surface of a semiconductor substrate, and

a peripheral area in which p-lural wiring 'films includir_lg'
at least a first conduét:i_.ve £ilm is disposed,

wherein said first conductive film is disposed on a.first
dielectric £film,

aseconddielectric filmis disposed on said first conductive
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£ilm, séid capacitor consists of a second conductive f£ilm, a third
dielectric film and a third conductive film,'

and said third conductive film is disposed in the portion
formed by removing desired portion of said first dielectric film

- and second dielectric film.
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