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TITLE OF THE INVENTION

SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE AND METHOD FOR

MANUFACTURING THE SAME

BACKGRCOUND OF THE INVENTION

This invention relates to a semiconductor integrated
circuit device and also to a method for manufacturing the same.
More particularly, the invention relates to a technique which
is suitably applicable to semiconductor integrated circuit
devices which include DRAM (dynamic random access memory)
provided with a memory cell having a stacked capacitor structure
wherein an information storage capacitor is arranged above
MISFET for memory cell selection.

The recent DRAM with a great capacity usually has a stacked
capacitor structure, wherein an information storage capacitor
is arranged above memory cell selection MISFET, in order to
compensate a storage charge reduction of an information storage
capacitor as will be caused by the miniaturization of memory
cells.

The information storage capacitor having the stacked
capacitor structure is formed by successively superposing a
storage electrode (lower electrode), a capacity insulating
film(dielectric film), and a plate electrode (upper electrode).
The storage electrode of the information storage capacitor is

connected with one of semiconductor regions (source region,



wherein an information storage capacitor is arranged above M SFET for
menory cell selection. The recent DRAMw th a great capacity usually
has a stacked capacitor structure, wherein an information storage
capacitor is arranged above menmory cell 2sel ection M SFET, in order to
conpensate a storage charge reduction of an informati on storage capacitor
as wll be caused by the mniaturization of nenory cells. The .

i nformati on storage capacitor having the stacked capacitor structure is
formed by successively superposing a storage el ectrode (lower el ectrode),
a capacity insulating filn(dielectric film, and a plate electrode (upper
el ectrode). dréie ség9icgy ofl Renbegesdfedtivd RESFFRID ORhe! ATAIMGAPREHEON 1S

connected with one of sem conductor regions (source region,
The plate electrode is constituted as a common electrode for a
plurality of memory cells, and supplied with a given fixed
potential (plate potential) thereto.

The other semiconductor region (source region, drain
region)ofthememorycellselectionMISFETis,inturn,connected
to bit line in order to permit data to write in and read out.
The bit line is provided between the MISFET for memory cell
selection and the information storage capacitor or above the
information storage capacitor. The structure wherein the
information storage capacitor is provided above the bit lines
is called a "capacitor over bitline" (COB) structure.

The DRAM having such a COB structure is set out, for
example, in Japanese Laid-open Patent Application No. 7-122654
(corresponding to a U. S. Patent Application Serial No.
08/297,039, assigned to Hitachi Ltd.), and Japanese Laid-open
Patent Application No. 7-106437.

The DRAM disclosed in the Japanese Laid-open Patent
Application No. 7-122654 includes bit lines which are formed of
a polysilicon film (or polycide film) formed above MISFET for
memory cell selection wherein a gate electrode (word line) is
formed of a built~up film (polycide film) of a polysilicon film
and a tungsten silicide (WSix) film. An information storage
capacitor which includes a storage electrode formed of a
polysilicon, a capacitance insulating film constituted of a

built-up filmof a silicon oxide film and a silicon nitride film,



2 drain region) of nmenory selection MSFET of the n channel type. The
plate el ectrode is constituted as a comon electrode for a plurality of
menory cells, and supplied with a given fixed potential (plate potential)
t hereto. The ot her sem conductor3regi on (source region, drain
region) of the nmenory cell selection MSFET is, in turn, connected to bit
line in order to permt data to wite in and read out. The bit line is
provi ded between the M SFET for nmenory cell selection and the information
storage capacitor or above the information storage capacitor. The
structure wherein the information storage capacitor is provided above the

bit lines agdcaljiadere] 68RP68E o] ot bl hdBys {1GDn FHNKCLsProvided

The DRAM havi ng such a COB structure is set out, for
above the bit lines. In addition, a common source line made
of a first layer made of an Al (aluminium) film and a word line
for shunt are formed over the information storage capacitor.

The DRAM set out in the Japanese Laid-open Patent

Application No. 7-106437 includes bit lines made of a
polysilicide film and formed on the MISFET for memory cell
gselection whose gate electrode (word line) is made of a
polysilicon film. The storage electrode or plate electrode of
ﬁhe information storage capacitor disposed above the bit lines,
and the first interconnection layer of a peripheral circuit are
both formed of a metal material {(e.g. Pt). Thus, the step of
forming the electrode of the information storage capacitor and
the step of forming the metallic interconnection of the

peripheral circuit are performed commonly to simplify the

manufacturing process.

SUMMARY OF THE INVENTION
The DRAM having the COB structure includes a gate
electrode (word line) formed of polysilicon or polycide which
has a resistance greater than metallic materials such as Al or
W, so that a metallic interconnection (a word line for shunt)
for backing the gate electrode is formed above the information
storage capacitor, thereby reducing the delay of the gate.
Since the bit line is constituted of polycide which is unable

to simultaneously connect n-type and p-type semiconductor



exanpl e, in Japanese Lai@-open Pat ent Application No. 7-122654
(corresponding to a U S Patent Application Serial No. 08/297, 039,
assigned to Hitachi Ltdéﬁ, and Japanese Lai d-open Patent Application No.
7-106437. The QﬁANIdisclosed in thé Japanese Lai d-open Patent
Application No. 7-122654 includes bit lines which are forned of a
polysilicon film (or polycide film formed above M SFET for nenory cel
sel ection wherein a gate electrode (word line) is fornmed of a built-up
film(polycide film of a polysilicon film and a tungsten silicide (W5 x)
film An information storage capacitor which includes a storage el ectrode
fornmed of a pgbggghgCgﬁre@iﬁapatttanaaniqswﬁabﬂﬂgtbiUﬁﬁcénGOmmGﬂed of a
built-up filmof "a silicon oxide filmand a silicon nitride film . ‘
interconnection for the bit lines and the peripheral circuit.
To avoid this, the number of interconnection layers for both the
memory arrays and the peripheral circuit increases, thus
presenting a problem of increasing the number of manufacturing
steps.

The common use of the interconnections for the bit lines
and the peripheral circuit is not possible, so that the first
interconnection layer of the peripheral circuit has to be formed
as an upper layer relative to the bit lines. This causes a great
aspect ratio (diameter/depth) of a connection hole for
connecting the first interconnection layer and the MISFET's of
the peripheral circuit, with the attendant problem that the
formation of the connection hole becomes difficult and it also
becomes difficult to embed or fill an interconnection material
in the connection hole.

Where the gate electrode (word line) is formed of
pclysiliconor polycidewith ahighresistance, it is not possible
to increase the number of memory cells capable of connection with
one word driver or sense amplifier. More particularly, in order
to reduce the delay of the gate, the increasing number of word
drivers or sense amplifiers are necessary for connection toc a
given number of memory cells, so that there arises the problem
that the chip size has to be increased, resulting in the lowering

in degree of integration.

An object of the invention is to provide a technology



3 and a.plate el ectrode forned of a polysilicon filmis provided

above the bit lines./In addition, a conmon source line made of a first

| ayer nede of an A/ (alumniunm) filmand a word line for shunt are formed
over the informatkgon storage capacitor. 5 The DRAM set out in the
Japanese Lai d-op€n Patent Application No. 7-106437 includes bit |ines nade
of a polysiligide filmand formed on the M SFET for menory cell selection
whose gate elgctrode (word line) is made of a polysilicon film The
storage el egtrode or plate electrode of the information storage capacitor
di sposed above the bit lines, and the first interconnection |ayer of a
peripheral” ci r e4iplabdk€s £ 1fidyind afprodeislo Mpierfadt g DRAM hdhisg
the step of forn1ng t e el ect rode of the i nformati on storage capacitor and
the step of fotlengpkhg:ritaida.c i nterconnection of the

another object of the invention is to provide a technology
for achieving a high-~speed DRAM having the COB structure.

A further object of the invention is to provide a
technology for achieving a high performance DRAM having the COB
structure.

A still further object of the invention is to provide a
technology for achieving a highly integrated DRAM having the COB
structure.

The above and other objects, and features of the invention
will become apparent from the description with reference to the
accompanying drawings.

Typical inventions in this application are summarized
below.

The semiconductor integrated circuit device according to
one aspect of the inventions comprises DRAM which includes a
memory cell constituted of MISFET for memory cell selection and
an information storage capacitor formed on the MISFET, wherein
a sheet resistance of a gate electrode of the MISFET for memory
cell selection and a word line connected thereto, and a sheet
resistance of a bit line connected to one of a source region and
a drain region of the MISFET for memory cell selection are,
respectively, 2 Q/[J or below.

In the above one aspect of the inventions, it is preferred

that the sheet resistance of the gate electrode of the MISFET



peripheral circuit are perfornmed commonly to sinplify the manufacturing

pr ocess. SUMVARY OF THE | NVENTI ON The DRAM
having the COB structure includes a gate electrode (word line) fornmed of
pol ysilicon or polycide which has a resistance greater than netallic
materials such as Al or W so that a netallic interconnection (a word |ine
for shunt) for backing the gate electrode is fornmed above the information
storage capacitor, thereby reducing the delay of the gate. Since the bit
line is constituted of polycide which is unable to simultaneously connect
n-type and p-type sem conduct or 4

for memory cell selection and the word line connected thereto,
and the sheet resistance of the bit line connected to one of a
source region and a drain region of the MISFET for memory cell
selection are, respectively, 1 Q/[] or below.

It is also preferred that the gate electrode of the MISFET
and the word line connected thereto are, respectively, made of
a built-up film comprising, at least, a polysilicon film and a
metallic £ilm or a metal silicide film formed on the polysilicon
film.

Preferably, the bit line is arranged above or over the
MISFET for memory cell selection, and the information storage
capacitor is arranged above or over the bit line.

The bit line should preferably be constituted of a
built-up film which comprises, at least, a polysilicon film and
ametallic filmor ametal silicide £ilm formed on the polysilicon
film.

The sheet resistance of the interconnection formed on the
information storage capacitor should preferably be equal to or
smaller than that of the bit line.

A given interconnection layer of a peripheral circuit of
the DRAM in the semiconductor integrated circuit device of the
invention should preferably include an interconnection formed
in the same manufacturing step as the gate electrode of the memory
cell selection MISFET and the word line connected thereto.

A given interconnection layer of a peripheral circuit of

the DRAM in the semiconductor integrated circuit device of the



regions therewith, it is not possible to use a common I nt erconnection for
the bit lines and the peripheral circuit. To avoid this, the nunber of

i nterconnection layers for both the menory arrays and the peri pheral
circuit increases, thus presenting a probl emof increasing the nunber of
manuf act uri ng st eps. The common use of the interconnections for
the bit lines and the peripheral circuit is not possible, so that the
first interconnection |ayer of the peripheral circuit has to be forned as
an upper layer relative to the bit lines. This causes a great aspect ratio
(di aneter/depth) of a connection hole for connecting the first

I nt er connecinwntimeshanddt pee M SHEy simfludehanpentphesmect Yaxuiformetdt h t he
attendant problemthat the formation of the connection hol e becones
difficult aind tilte slase mbecdeesudihfi step &9 embaditorlindl an

I nt erconnection materi al

Preferably, the peripheral circuit of the DRAM is provided
with a resistor which is formed in the same manufacturing step
as the bit line.

According to a further aspect of the inventions, there
is also provided a semiconductor integrated circuit device which
comprises DRAM having a memory cell which includes MISFET for
memory cell selection and an information storage capacitor
formed on the MISFET, wherein the information storage capacitor
has a storage electrode whose sheet resistance which is 2 Q/

O or below.

In this further aspect, it is preferred that an
interconnection formed in the same manufacturing step as the
storage electrode of the information storage capacitor is formed
in a given interconnection layer of a peripheral circuit of the
DRAM.

It is also preferred that the peripheral circuit of the
DRAM is provided with a resistor which is formed in the same
manufacturing step as the storage electrode of the information
storage capacitor.

According to a further aspect of the inventions, there
is provided a semiconductor integrated circuit device which
comprises DRAM having a memory cell which includes MISFET for

memory cell selection and an information storage capacitor

formed on the MISFET, wherein the information storage capacitor



i n the connection hole. Where the gate electrode (word line) is
formed of polysilicon or polycide with a high resistance, it is not
possible to increase the nunber of nenory cells capable of connection with
one word driver or sense anplifier. noré& particularly, in order to reduce
the delay of the gate, the increasing nunber of word drivers or sense
anplifiers are necessary for connection to a given nunber of nenory cells,
so that there arises the problem that the chip size has to be increased,

resulting in the lowering in degree of integration. An obj ect of
the invention is to provide a technol ogy
5 has a plate electrode whose sheet resistance is 2 Q/[] orbelow.

In the further aspect, it is preferred that an
interconnection formed ‘in the same manufacturing step as the
plate electrode of the information storage capacitor is formed
in a given interconnection layer of a peripheral circuit of the
DRAM.

Preferably, the peripheral circuit of the DRAM is provided
with a resistor which is formed in the same manufacturing step
as the plate electrode of the information storage capacitor.

According to a further aspect of the inventions, there
is provided a method for manufacturing a semiconductor
integrated circuit device which comprises DRAM which include a
memory cell constituted of MISFET for memory cell selection and
an information storage capacitor formed thereon, the method
comprising the steps of:

(a) forming a word line connected to a gate electrode of
MISFET for memory cell selection on a semiconductor substrate
wherein the word line has a sheet resistance of 2 Q/[J or below;
and

(b) forming a bit line connected to one of a source region
and a drain region of the MISFET for memory cell selection on
the gate electrode of the MISFET for memory cell selection and
the word line connected thereto and having a sheet resistance
of 2 Q/0 or below.

Preferably, the method further comprises the step of

forming an information storage capacitor on the bit line wherein



capabl e of sinplifying a process of manufacturi ng DRAM havi ng t he COB
structure. Anot her object of the invention is to provide a

technol ogy for achieving a hi gh-speed DRAM havi ng the COB structure.

A further object of the invention is to firovide a technology for achieving
a high performance DRAM having the COB structure. A still further
object of the invention is to provide a technology for achieving a highly
i nt egrated DRAM having the COB structure. The above and ot her
objects, and features of the invention w1l become apparent fromthe
description wth reference to the acconpanying draw ngs. Typi ca

inventions pR 1ddst 2R b€ keBrage slEdBFddedndbelpidte electrodd@®f the
sem conductor integrated circuit "device according to
capacitor has a sheet resistance of 2 Q/[] or below.

It is alsoc preferred that the method further comprises
the step of forming an interconnection having a sheet resistance
equal to or smaller than the sheet resistance of the bit line,
on the capacitor.

In the method according to the above aspect of the
invention, a first interconnection layer of a peripheral circuit
is formed in the step (a) or (b).

Moreover, in the step of forming the storage electrode
or the plate electrode of the information storage capacitor, it
is preferred to form a second interconnection layer of the
peripheral circuit.

Preferably, a third layer interconnection of the
peripheral circuit is formed over the capacitor in the step of
forming an interconnection and a Y selection line built up on
the plate electrode of the information storage capacitor.

Preferably, the method of the invention should further
comprise the step of simultaneously forming at least two
connection holes among a first connection hole connecting the
third interconnection layer and the second interconnection layer,
a second connection hole connecting the third interconnection
layer and the first interconnection layer, a third connection
hole connecting the second interconnection layer and the first
interconnection layer, and a fourth connection hole connecting

the third interconnection layer, the second interconnection



one aspect of the inventions conprises DRAM whi ch includes a nenory cel
constituted of M SFET for nenory cell selection and an infornmation storage
capacitor formed on the M SFET, wherein a sheet resistance of a gate

el ectrode of the M SFET for nenory cell 18election and a word |ine
connected thereto, and a sheet resistance of a bit |line connected to one
of a source region and a drain region of the M SFET for nenory cel

selection are, respectively, 2 [err]/[err] or below ~ In the above
one aspect of the inventions, it is preferred that the sheet resistance of
the gate el ectrode of the M SFET 6

layer and the first interconnection layer, wherein the at least
two connection holes are formed in a layer insulating film for
insulating the third layer interconnection and the second layer
interconnection layer from each other.

It is also preferred that a dummy interconnection is
formed below the first connection hole connecting the third layer
interconnection and the second layer interconnection in the same
step as the first interconnection layer.

Moreover, a dummy interconnection is preferably formed
on the way of the second connection hole connecting the third
interconnection layer and the first interconnection layer in the
same step as the second interconnection layer.

Preferably, a dummy interconnection is preferably formed
above the third connection hole connecting the second
interconnection layer and the first interconnection layer in the
same step as the third interconnecticn layer.

A method for manufacturing a semiconductor integrated
circuit device according to a further aspect of inventions by
forming DRAM having a memory cell constituted of MISFET for memory
cell selection and an information storage capacitor formed on
the MISFET, and logic LSI on the same plane of a semiconductor
substrate, wherein a sheet resistance of a gate electrode of the
MISFET and a word line connected thereto, and a sheet resistance
of a bit line are, respectively, 2 Q/[0 or below, and a given
interconnection of the logic LSI is formed in the same step as

the gate electrode of the MISFET and the word line connected



for menory cell selection and the word |ine connected thereto, and the
sheet resistance of the bit line connected to one of a source region and a
drain region of the M SFET for nmenory cell selection are, respectively, 1
[err]/[err] or bel ow. It is alsdlpreferred that the gate el ectrode
of the MSFET and the word |line connected thereto are, respectively, nade
of a built-up filmconprising, at least, a polysilicon filmand a
metallic filmor a netal silicide filmforned on the polysilicon film
Preferably, the bit line is arranged above or over the M SFET for nenory
cell selection, and the informati on storage capacitor is arranged above or
over the bidhddd® or the bifthe ikt |ine should preferably be constituted of
a built-up filmwhich conprises, at least, a polysilicon filmand a

netallic filmor aregeebbsy| !ﬂiéi%b‘okfbnmé@mm&u@thfebrec@@%yﬁééé cRrmifigl, m
The sheet resistance of the interconnection fornmed on the

onthebit line, an information storage capacitor having a storage
electrode and a plate electrode at least one of which has a sheet
resistance of 2 Q/[] or below, and forming the given
interconnection of the logic LSI simultaneously at the step of
forming the storage electrode or the plate electrode.

According to a further aspect of the inventions, there
is provided a method for manufacturing a semiconductor
integrated circuit device, the method comprising the steps of:

providing a semiconductor substrate having first and
second portions on the main surface thereof;

depositing a first conductor layer on the first and second
portions and subjecting the first conductor layer to patterning
to forma first interconnection on the first portion and a second
interconnection on the second portion;

forming a first insulating film over the semiconductor
substrate to cover the first and second interconnections;

depositing a second conductor layer over the first and
second portions and patterning the second conductor layer to form
a third interconnection as superposed on the first
interconnection via the first insulating film owver the first
portion and a fourth interconnection as superposed on the second
interconnection via the first insulating film over the second
portion;

forming a second insulating film over the semiconductor



I nformati on storage capacitor should preferably be equal to or smaller
than that of the bit |ine. A given interconnection |ayer of a
peripheral circuit of the DRAMin the sem conductor integrated circuit
device of the invention should preferabl include an interconnection
formed in the sane manufacturing step as the gate el ectrode of the nenory
cell selection MSFET and the word |ine connected thereto. A given
i nterconnection |layer of a peripheral circuit of the DRAMin the

sem conductor integrated circuit device of the _ _
7 I nvention should preferably include an interconnection forned in

the same magubgetbtengoSéEPeAStidaidd |4 fourth interconnections

therewith;

forming a first connection hole in a portion of the first
portion where the first and third interconnections are
superposed so that the first interconnection is exposed on the
surface thereof via the second insulating film, the third
interconnection and the first insulating film, and also a second
connection hole in a portion of the second portion where the
gecond and fourth interconnections are superposed so that the
second interconnection is exposed on the surface thereof via the
second insulating film, the fourth interconnection and the first
insulating film;

filling a third conductor layer in the first and second
connection holes; and

depositing a fourth conductor layer over the first and
second portions and patterning the fourth conductor layer to form
a fifth interconnection in the first portion to cover the first
connection hole and a sixth interconnection in the second portion
to cover the second connection hole, wherein the third conductor
layer in the first connection layer electrically connect the
first, third and fifth interconnections therewith and the third
conductor layer in the second connection hole electrically
connect the second and fourth interconnections therewith and
wherein the sixth interéonnection protects the third conductor
layer in the second connection hole at the time of the patterning

of the fourth conductor layer.



Preferably, theperipheral circuitof theDRAM sprovided wth a resistor which
is formed in the samg/ manufacturing step as the bit line. Accordi ng
to a further aspect Zof the inventions, there is also provided a

sem conductor integrated circuit device whith conprises DRAM having a
menory cel | mhiqg?includes M SFET for nenory cell selection and an

i nformati on stqggfage capacitor fornmed on the M SFET, wherein the

i nformation st@rage capacitor has a storage el ectrode whose sheet

resi stance wfch is 2 Q [err] or bel ow In this further aspect,

it is prefegfed that an interconnection formed in the same manufacturing

step as the storage g] ectrode of 1hegiif-Qr gBHEER 6f ARAOY%@AACHHSY tBere
formed in a given int COLAMBE Ton | ayer of a peripheral circuit of the
DRAM sl Sr& S P Lhihed EBal nhheraetdphey d semiedntivetorhe
integrated circuit device, the method comprising the steps of:
providing a semiconductor substrate having first and
second portions on the main surface thereof;
depositing a first conductor layer on the first and second
portions and subjecting the first conductor layer to patterning
to form a first interconnection on the first portion and a second
interconnection on the second portion;
forming a first insulating film over the semiconductor
substrate to cover the first and second interconnections;
depositing a second conductor layer on the first and
second portions and patterning the second semiconductor layer
to form a third interconnection as superposed on the first
interconnection via the first insulating film over the first
portion and a fourth interconnection as superposed on the second
interconnection via the first insulating film over the second
portion;
forming a second insulating film over the semiconductor
substrate to cover the third and fourth interconnections
therewith;
forming a first connection hole in a portion of the first
portion where the. first and third interconnections are
superposed so that the first interconnection is exposed on the
surface thereof via the second insulating film, the third

interconnection and the first insulating £ilm, and also a second



DRAM is provided with a resistor which is fornmed in the same manufacturing
step as the storage electrode of the informati on storage capacitor.
According to a further aspect of the inventions, there 1is provided a

sem conductor integrated circuit device Mhich conprises DRAM having a
menory cell which includes M SFET for nenory cell selection and an

I nformati on storage capacitor fornmed on the M SFET, wherein the

i nformati on storage capacitor ' 8

has a pl ate el ectrodewhose sheet resistance is 2 Q[err] or bel ow

In the further aspect, it is preferred that an interconnection formed in

the sanme nagofigettiomohelepins tdetion of the second portion where the
second and fourth interconnections are superposed so that the
second interconnection is exposed on the surface thereof via the
second insulating film, the fourth interconnection and the first
insulating f£ilm;

filling a third conductor layer in the first and second
connection holes; and

depositing a fourth conductor layer over the first and
second portions and patterning the fourth conductor layer to form
a fifth interconnection in the first portion to cover the first
connection hole and also a sixth interconnection in the second
portion to cover the second connection hole, wherein the third
conductor layer in the first connection layer electrically
connect the first, third and fifth interconnections therewith
and the third conductor layer in the second connection hole
electrically connect the second and fourth interconnections
therewith.

According to a further aspect of the inventions, there
is provided a method for manufacturing a semiconductor
integrated circuit device, the method comprising the steps of:

providing a semiconductor substrate having first and
second portions on the main surface thereof;

depositing a first conductor layer on the first and second
portions and subjecting the first conductor layer to patterning
to form a first interconnection on the first portion and a second

interconnection on the second portion;



pl ate el ectrode of the_ information storage capacitor is formed in a given
I nterconnection |ayer of a peripheral circuit of the DRAM

Preferably, the peripheral circuit of the DRAMis provided wth a resistor
which is formed in the same manufacturihy step as the plate el ectrode of
the information storage capacitor. According to a further aspect of
the inventions, there is provided a nethod for manufacturing a

sem conductor integrated circuit device which conprises DRAM whi ch incl ude
a nenory cell constituted of M SFET for nenory cell selection and an

I nformati on storage capacitor forned thereon, the method conprising the
steps of: foanihgr & Alrsr aisth llaviegCc 8nnaco e tithe spatieondeetbede of

M SFET for nenory cell selection on a sem conductor substrate wherein the
word |ine hashstradeetcor esverante 6firg2t Qafesedormd heleawonnmed ions;
depositing a second conductor layer on the first and
second portions and patterning the second semiconductor layer
to form a third interconnection as superposed on the first
interconnection over the first portion;

forming a second insulating film over the semiconductor
substrate to cover the third interconnection therewith;

forming a first connection hole in the first portion so
that the second interconnection is exposed on the surface thereof
and also a second connection hole in the second portion so that
the second interconnection is exposed on the surface thereof;

depositing a third conductor layer over the first and
second portions and patterning the third conductor layer to form
a fourth interconnection in the first portion to cover the first
connection hole and also a fifth interconnection in the second
portion to cover the second connection hole, wherein the first
interconnection is superposed with the first connection hole on
a plane.

According te a further aspect of the inventions, there
is provided a method for manufacturing a semiconductor
integrated circuit device which comprises a plurality of memory
cells including MISFET's for memory cell selection and
information storage capacitors connected in series, a plurality
of memory cell arrays having a plurality of word lines and a

plurality of bit lines mutually extending in parallel to each



(b) forming a bit line connected to one of a source region and a drain
region of the M SFET for nenory cell selection on the gate el ectrode of
the M SFET for nenory cell selection and the word |ine connected thereto
and having a sheet resistance of 2 [errld[err] or bel ow.
Preferably, the nethod further conprises the step of formng an
I nformati on storage capacitor on the bit |ine wherein
9 at |l east one of a storage electrode and a plate el ectrode of the
capacitor has a sheet resistance of 2 Q[err] or bel ow It is also
preferred that the nmethod further conprises

other, and peripheral circuits located between the plural memory

cell arrays, the method comprising the steps of:

providing a semiconductor substrate having a first
portion wherein
memory cell arrays are formed and a second portion wherein
peripheral circuits are formed;

forming a first conductor layer over the semiconductor
substrate and patterning the first conductor layer to form a
pluralityof first interconnections to formbit lines in the first
portion and second and third interconnections in the second
portion;

forming a first insulating film on the first, second and
third interconnection;

forming a second conductor layer on the first insulating
film and patterning the second conductor layer to form one of
electrodes of each information storage capacitor independently
for each memory cell;

forming a third conductor layer on the one electrode of
the information storage capacitor and patterning the third
conductor to form the other electrode of the information storage
capacitor commonly used for the plurality of memory cells in the
first portion and to form a foﬁrth interconnection on the second
interconnection in the second portion;

forming a second insulating f£ilm on the other electrode
of the information storage capacitor and the fourth

interconnection; and



the step of,.form ng an interg@nnecti on having a sheet resistance equal to
or smaller than the sheet rezistance of the bit line, on the capacitor.

In the frethod according to @%e above aspect of the invention, a first

I nt erconnection |ayer of aéberipheral circuit is fornmed in the step (a) or
(b). Moreover, in the step of forming the storage electrode or the
pl ate el ectrode of the iqfornation storage capacitor, it is preferred to
forma second interconnegtion |ayer of the peripheral circuit.

Preferably, a third |ayer interconnection of the peripheral circuit is
formed over the capacitor in the step of formng an interconnection and a

Y selection |ine buil tffugl.on thespl & &l een hdee gfn the setfoardnpbronon so
storage capacitor. OIMiBHet erabl y, the nethod of the invention shoul d

further conpri $gathe st g «af iiendohaseetsh \isfexpiseg at theastr fiame thereof
connection hol es anong 'a Tirst connection hole connecting the .
in the second insulating film and also a second connection hole
so that the third interconnection is exposed on the surface
thereof in the second insulating film, wherein the second

interconnection is positioned below the first connection hole.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a plan view showing the entirety of a
semiconductor chip forming DRAM in accordance with Embodiment
1 of the invention;

Fig. 2 is an enlarged plan view of the semiconductor chip
forming a DRAM according to the Embodiment 1 of the invention;

Fig. 3 is a sectional view of an essential part of a
semiconductor substrate showing a method for manufacturing DRAM
according to the Embodiment 1 of the invention;

Fig. 4 is a plan view showing the respective patterns of
conductor lavers constituting a memory cell and of MISFET of a
peripheral circuit of DRAM;

Fig. 5 is a circuitry diagram showing part of each of a
memory array and an adjacent peripheral circuit of DRAM according
to the Embodiment 1 of the invention;

Figs. 6 to 27 are, respectively, a sectional view of an
essential part of a semiconductor substrate illustrating, step
by step, a method for manufacturing DRAM according to the

Empodiment 1 of the invention;



third interconnection |layer and the second interconnection |ayer, a second
connection hole connecting the third interconnection |ayer and the first

i nterconnection layer, a third connection hole connecting the second

i nterconnection layer and the first intlérconnection layer, and a fourth
connection hole connecting the third interconnection |ayer, the second

I nt erconnecti on 10 | ayer and the
first interconnection |layer, wherein the at |least two connection holes are
formed in a layer insulating filmfor insulating the third |ayer

I nterconnection and the second | ayer interconnection |ayer from each

ot her. Fig. 27 is a graph showing the relationship between the

sheet resistance of a gate electrode (word line) of DRaAM
manufactured according to the Embodiment 1 of the invention and
the rise~up time of the word line;

Figs. 28 to 33 are, respectively, a sectional view
illustrating a method for manufacturing DRAM according to
Embodiment 2 of the invention;

Figs. 34 to 38 are, respectively, a sectional view
illustrating a method for manufacturing DRAM according to
Embodiment 3 of the invention;

Fig. 39 to 49 are, respectively, a sectional view
illustrating a method for manufacturing DRAM according to
Embodiment 4 of the invention;

Figs. 50 to 55 are, respectively, a sectional view
illustrating a method for manufacturing DRAM according to
Embodiment 5 of the invention;

Fig. 56 to 61 are, respectively, a sectional view
illustrating a method for manufacturing DRAM according to
Embodiment 6 of the inventiong;

Fig. 62 is a plan view showing the manner of connection
among first to third layers of a peripheral circuit of DRAM
according to the Embodiment 6 of the invention;

Fig. 63 is a plan view showing a fuse pattern of a redundant
circuit of DRAM according to the Embodiment 6 of the invention;
and

Fig. 64 is a plan view showing the manner of connection



It is also preferred that a dummy interconnection is forned bel ow the
first connection hole connecting the third layer interconnection and the
second | ayer interconnection in the sane step as the first interconnection
| ayer. Mor eover, a dummy intercohbhhection is preferably forned on
the way of the second connection hole connecting the third interconnection
| ayer and the first interconnection |ayer in the sanme step as the second

i nt erconnection | ayer. Preferably, a dumry interconnection is
preferably forned above the third connection hole connecting the second

I nterconnection layer and the first interconnection layer in the sane step

as the thir dnidicetienietdihiedtdlons of one cfifbhi®Eodtipibatlarebrting a
sem conductor integrated circuit device according to a further aspect of

i nventions y ther EmbodRRAN:he¥i e aimes®t yorcel | constituted of M SFET for
menory cell selection and an information storage capacitor formed on the
M SFET, and |logic LSI on the sane plane of a sem conductor

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiments of the invention are described in detail
with reference to the accompanying drawings, in which like
reference numerals indicate like parts or members throughout the
specification and when once illustrated, their illustrations may
not be repeated in subsequent drawings.

(Embodiment 1)

Fig. 1 is a plan view of the entirety of a semiconductor
chip having DRAM formed according to this embodiment, and Fig.
2 is an enlarged plan view of part of the chip.

A semiconductor chip 1A comprising single crystal silicon
has a main surface on which DRAM having a capacity, for example,
of 64 Mbits (megabits). As shown in Fig. 1, the DRAM is
constituted of eight split memory mats MM and peripheral circuits
disposed therearound. Each memory mat MM having a capacity of
8 M bits (megabits) is further divided into 16 memory arrays MARY
as is particularly shown in Fig. 2. The memory arrays MARY are,
respectively, constituted of memory cells disposed in a matrix
and each having a capacity of 2 Kbits (killobits) x 256 bits =
512 Kbits and are provided therearound with peripheral circuits
such as sense amplifiers SA and word drivers WD.

Fig. 3 is a sectional view of an essential part of a

semiconductor substrate showing parts of a memory array of the



substrate, wherein a sheet resistance of a gate electrode of the M SFET
and a word |line connected thereto, and a sheet resistance of a bit line
are, respectively, 2 Q[err] or below, and a given interconnection of the
logic LSI is formed in the sane step as 20t he gate el ectrode of the M SFET
and the word |ine connected thereto or the bit |ine.
Preferably, the above nethod further conprises formng, on the bit |ine,
ani nformati on storage capacitor having a storage electrode and a plate

el ectrode at | east one of which has a sheet resistance of 2 Q[err] or

bel ow, and form ng the given

DRAM and the adjacent peripheral circuit. Fig. 4 is a plan view
showing the patterns of conductor layers constituting a memory
cell of the DRAM and also of conductor layers constituting
MISFET's of the peripheral circuit, and Fig. 5 is a circuitry
diagram showing part of a memory array of the DRAM and part of
an adjacent peripheral circuit. In Fig. 3, the sectional
structure of a pair of memory cells are shown. The sectional
structures of MISFET's indicated by Qp and Op in Figs. 4 and 5
are shown in Fig. 3.

The semiconductor substrate 1 comprising p-type single
crystal silicon has a p-type well 2 commonly provided for the
memory array MARY and a peripheral circuit, and an n-type well
3 for the peripheral circuit. In this connection, however, it
may be possible to separately provide p-type wells 2 for the
memory array MARAY and the peripheral circuit, respectively,
without use of any common p-type well. The p~type well 2 and
the n-type well 3, respectively, have a field oxide film 4 for
element isolation on the surfaces thereof. The p-type well 2
has a p-type channel stopper layer 5 in the inside thereof
including the lower portionof the field oxide film4. Then-type
well 3 also has an n~type channel stopper layer 6 in the inside
thereof.

In an active region of the p-type well 2 of the memory
array MARY, memory cells are arranged in a matrix form. Each
memory cell is constituted of one memory cell section MISFET Qt

and one information storage capacitor C formed above the MISFET



I nterconnection of the logic LSI sinultaneously at the step of formng the
storage electrode or the plate el ectrode. According to a further
aspect of the inventions, there is provided a nethod for nmanufacturing a
sem conductor integrated circuit devicéel the nethod conprising the steps
of : provi ding a sem conductor substrate having first and second
portions on the main surface thereof; depositing a first conductor

| ayer on the first and second portions and subjecting the first conductor

| ayer to patterning to forma first interconnection on the first portion
and a second interconnection on the second portion; formng a

first insulgtingiddd paeyeculHElPLHNeONEHsE PlcelIURss rakeatRedygfadit®f i 1 st
and second i nterconnections; depositing a second conductor |ayer

over the figstuangre Seoareipaiiid dnFoand tpaht etoraget depsetond Taixuct or
| ayer to form a third interconnection as superposed on the first
i nt er conneck¥onided avuer thesrenegycglilngeferriovdfIIERT Qitr-st The memory

cell selection MISFET Qt and the information storage capacitor

C are connected in series to form a memory cell.

The memory cell selection MISFET Q¢ is composed of a gate
oxide film 7, a gate electrode-8A integrally formed with a word
line WL, and a source region and a drain region (i.e. n-type
semiconductor regions 9, 9). The gate electrode 8A (word line
WL) is constituted of a two-layer conductor film comprising a
low resistance polysilicon film doped with an n~type impurity
(e.g. P (phosphorus)) and a W silicide (WSi) film, or a
three-layer conductor film wherein a low resistance polysilicon
film, a TiN (titanium nitride) film and a W film are built up
in this order. The gate electrode 8A has a sheet resiétance of
2 Q/00 or below. A silicon nitride film 10 is formed over the
gate electrode 8A, and a side wall spacer £ilm 10 made of silicon
nitride is formed at side walls of the gate electrode 8A. These
insulating films (i.e. the silicon nitride film 10 and the side
wall spacers 11) may be constituted of a silicon oxide film in
place of the silicon nitride film.

In the active region of the p-type well of the peripheral

c¢ircuit, an n channel-type MISFET Qp is formed. A pchannel-type
MISFET Qp is formed in the active region of the n-type well 3.
More particularly, the peripheral circuit is constituted of a

CMOS (complementary metal oxide semiconductor) obtained by



portion and a fourth interconnection as superposed on the second

I nterconnection via the first insulating filmover the second portion;
formng a second insulating fil mover the sem conductor

12 substrate to cover the third and% ourth interconnections

t herew t h; formng a first connection hole in a portion of the
first portion where the first and third interconnections are superposed
so that the first interconnection is exposed on the surface thereof via
the second insulating film the third

combinationof the nchannel-type MISFET Qp and the pchannel-type
MISFET Qp.

The n channel-type MISFET Qp is composed of a gate oxide

film7, agateelectrode 8B, and a source region and adrain region.
The gate electrode 8B is constituted of a conductor film similar
to that of the gate electrode 8A (word line WL) of the memory
cell selection MISFET Qt, with its sheet resistance being 2 {
/00 or below. A silicon nitride film 10 is formed over the gate
electrode 8B, and side wall spacers 11 made of silicon nitride
are formed at side walls of the gate electrode 8B as shown in
Fig. 3. The source anddrainregions of the nchannel-type MISFET
QOn, respectively, have an LDD (lightly doped drain) structure
which consists of an n~~type semiconductor region 12 with a low
impurity concentration and an nt-type semiconductor region 13
with a high impurity concentration. The nt-type semiconductor

region 13 has a Ti silicide (TiSip) layer 16 on the surface

thereof.

The p channel-type MISFET Qp is constituted of a gate oxide
film7, agate electrode 8C, and a source region and adrain region.
The gate electrode 8C is constituted of a conductor film similar
to that of the gate electrode 8A (word line WL) of the memory
cell selection MISFET Qt, with its sheet resistance being 2 Q
/U0 or below. A silicon nitride film 10 is formed over the gate
electrode 8C, and sidewall spacers 11 composed of siliconnitride

are formed at side walls of the gate electrode 8C. The source

and drain regions of the p channel-type MISFET Qp, respectively,



I nterconnection and the first insulating film and also a second

connection hole in a portion of the second portion where the second and
fourth interconnections are superposed so that the second interconnection
I s exposed on the surface thereof via th#2 second insulating film the
fourth interconnection and the first insulating film filling a
third conductor layer in the first and second connection holes; and
depositing a fourth conductor |ayer over the first and second portions and
patterning the fourth conductor layer to form a fifth interconnection in
the first portion to cover the first connection hole and a sixth

i nter connect;Q b 1ot s8eaeREr A I coh8i§0¥ f hhe~Sepsndadenadutesrhol e,
wherein the third conductor Jlayer in the first connection |ayer

el ectrical |l yegqeneqts yhen i 16&, impur deprebiddddrauiiosr eaanecpitengpeher ewith
and the third™ conductor layer in the second connection hole electrically

connect the seagendddandotatddilon DS eicarnatyhdrputdieyerdtdermcht ion. The
pt-type semiconductor region 15 has a Ti silicide (TiSip) layer
i6 on the surface thereof.
A silicon oxide film 17, a BPSG (boron-doped

phosphosilicate glass) film 18 and a silicon oxide film 19 are

formed over the memory cell selection MISFET Qt, the n
channel~type MISFET Qp and the p channel-type MISFET Qp in this
order.

Bit lines BL (BLj], BL2) are formed on the silicon oxide
film 19 of the memory array MARY. The bit lines BL], BL2 are,
respectively, constituted of a two-layer conductor £ilm wherein
a TiN film and a W £ilm are built up, with their sheet resistance
being 2 Q/0 or below. The bit line BL] is electrically
connected to one of the source region and the drain region (n~-type
semiconductor region 9) of the memory cell selection MISFET Q¢

via a connection hole 21 in which a P or As-doped polysilicon

plug 20 is placed or embedded. The bit line BL2 is electrically
connected to one of the source region and the drain region

(nt-type semiconductor region 13) of the n channel-type MISFET

On of the peripheral circuit through a connection hole 23 but

without use of any polysilicon plug. The n*-type semiconductor

region 13 of the n channel-type MISFET Qp has a Ti silicide layer

16 of low resistance on the surface thereof, so that the contact

resistance with the bit line BL7 is reduced.



wherein the sixth interconnection protects the third conductor |ayer
the second connection hole at the tinme of the patterning of the fourt

conduct or

| ayer. 13

According to a further aspect of the invlEntions, there is provided a

net hod for

manuf acturing a sem conductor integrated circuit device, t

nmet hod conprising the steps of: provi ding a sem conduct or

substrate having first and
depositing a first conductor

subjecting the first conductor |ayer to patterning to forma first
i nterconnection orpriMf fhestcophétOlo@NAdyarseXMd30B are formed over the

silicon oxide film 19 of the peripheral circuit. The
interconnections 30A, 30B are, respectively, composed of a
two-layer conductor film, like the bit lines BLj, BL2, wherein
a TiN film and a W film are built up. The sheet resistance of
the interconnections is 2 Q/[J or below. The interconnection
30A is electrically connected at one end thereocf to the other
of the source region and the drain region (n'-type semiconductor
region 13) of the n channel-type MISFET Qpn through a connection
hole 24. The other end of the interconnection 30A is
electrically connected to one of the source region and the drain
region (p*-type semiconductor region 15) of the p channel-type
MISFET Qp via a connection hole 25. The interconnection 30B is
electrically connected at one end thereof to the other of the
source region and the drain region (p*-type semiconductor region
15) of the p channel-type MISFET Qp via a connection hole 26.
A low resistance Ti silicide layer 16 is formed on the surface
of the nt-type semiconductor region 13 of the n channel-type
MISFET Q and the surface of the p*-type semiconductor region of
the p channel-type MISFET Qp. By this, the contact resistances
of the interconnections 30A, 30B are reduced.

A silicon nitride film 27 is formed on the bit lines BLj,
BL2 and the interconnections 30A, 30B, and side wall spacers 29
consisting of silicon nitride are formed at side walls of the

bit lines BLj], BLz and the interconnections 30A, 30B. An S0G

(spin on glass) film(insulating film) 31 and a silicon

in
h

he

second portions on the nmain surface thereof;
| ayer on the first and second portions and



I nt erconnection on the second portion; formng a first insulating
filmover the sem conductor substrate to cover the first and second

i nt erconnecti ons; depositing a second conductor |ayer on the first
and second portions and patterning the2second sem conductor |ayer to form
a third interconnection as superposed on the first interconnection via the
first insulating filmover the first portion and a fourth interconnection
as superposed on the second interconnection via the first insulating film
over the second portion; formng a second insulating fil mover the
sem conductor substrate to cover the third and fourth interconnections

therew th; qxide(insﬂﬂ%@iﬁg_ £i1hy St epENBAIHYY BoLRed v POhE Wit Qfinkhe
first portion where the first and third interconnections are superposed

so that thej,r |L) —indr caenéateooohseekposed @, t3I0B, respectively.

Information storage capacitors C each including a storage
electrode (lower electrode) 33, a capacitance insulating film
24 and a plate electrode (upper electrode) 35 are formed on the
oxide silicon film 32 of the memory array MARY.

The storage electrode 33 of the information storage
capacitor C is formed of a W £ilm and is electrically connected
to the other of the source region and the drain region (n-type
semiconductor region 9) of the memory cell selection MISFET Qt
via a connection hole 37 embedding a polysilicon plug 36 therein
and a connection hole 22 embedding a polysilicon plug 20 therein.
The capacitance insulating £ilm 34 is made of a Tap0s5 (tantalum
oxide) film, and the plate electrode is made of a TiN film.

A silicon oxide (insulating film) 38, a SOG film
(insulating film) 39 and a silicon oxide film (insulating £ilm)
40 are formed on the information storage capacitors C in this
order. A Y select line ¥S and second interconnection layers
41A, 41B of the peripheral circuit are, respectively, formed on
the silicon oxide £ilm 40 as shown. The interconnection 41A is
electrically connected to the plate electrode 35 via a connection
hole 42 made at the insulating films {i.e. the silicon oxide film
40, the SOG film 39 and the silicon oxide film 28) which have

been formed on the plate electrode 35 of the capacitor C, by which

a plate potential (Vdgq/2: a potential corresponding to a half

of an applied voltage Vdq fromoutside of the semiconductor chip)



surface thereof via the secoqﬁ insulating film the third interconnection

and the first

I nsul ating fllnﬁ and al so a second

14 connection hole in & portion of the second portion where the
second and fourth |nterconnéct|ons are supeifposed so that the second

I nterconnection is exposedfon the surface thereof via the second
insulating film the fourfh interconnection and the first, insulating film
filling a third conductog | ayer in the first and second connection hol es;
and depositing @ fourth conductor |ayer over the first and second
portions and patternlng ‘the fourth conduct or | ayer to form

is supplied to the Plate electrode 35. The interconnection 41B

is electrjc2llY Connected to the interconnection 30B via a
connecti9n Nole 43 made at the insulating films (i.e. the silicon
oxide £ilm 40, the so¢ £ilm 39, the silicon oxide film 38, the
silicon oxide film 32, the SOG film 31 and the silicon nitride
film 27) which have been formed over the first interconnection
layer 30B of the peripheral circuit. A tungsten (W) plug 44 is
embedded in the inside of the connection hole 42 for connection
between the interconnection 412 and the plate electrode 35 and
also in the connection hole 43 for connection between the

interconnection 41B and the interconnection 30B, respectively.
The ¥ select line YS and the interconnections 41A, 41B are each
made of a conductor film whose sheet resistance is smaller than
those conductor films for the gate electrode 8A (word line WL)
and the gate electrodes 8B, 8C and also for the bit lines BLj,

BL2 and the interconnections 30A, 30B. For instance, such a

conductor film is constituted of a three-layer conductor f£ilm
wherein a TiN film an Al (aluminium) alloy film containing Si
(silicon) and Cu (copper), and a TiN film are built up in this
order.

The Y select line ¥YS and the interconnections 41A, 41B
are formed thereon, for example, with a third interconnection
layer of the peripheral circuit through a layer insulating film
composed of a three-layer insulting film wherein a silicon oxide
£film, an SOG film and a silicon oxide film are built up. A

passivation film composed of a two-layer insulating £ilm wherein



a fifth interconnection in the first portion to cover the first connection
hol e and al so a sixth interconnection in the second portion to cover the
second connection hole, wherein the third conductor layer in the first
connection |ayer electrically connect tBe first, third and fifth

I nterconnections therewith and the third conductor layer in the second
connection hole electrically connect the second and fourth

i nterconnections therewth. According to a further aspect of the
inventions, there 1is provided a nethod for manufacturing a sem conductor
Integrated circuit device, the nethod conprising the steps of:

provi ding a sefilceddust Me Sulist hatiea RaMiikGnf hi 6F i @80 115£ 8RB PLIL ikPNgsON
the main surface thereof; depositing a first conductor |ayer on the

first and setnrherp@oiinedsomithesuhj e6timgAdtifddtSonC DAGEE LDt HAAXRY the

patterning to forma first interconnection on the first portion and a

second i nt eridomihdatiercoanethdéonetanpdr pamd i tite passivation film are not
particularly shown in the figures.

The method for manufacturing DRAM according to this
embodiment of the invention is described in detail with reference
to Figs. 6 to 24.

As shown inFig. 6, a field oxide film 4 is initially formed
on the surface of a p~~type semiconductor substrate 1 according
to a LOCOS method. A p-type impurity (boron (B)) is subjected
to ion implantation into the semiconductor substratel at a region
in which a memory cell is to be formed (memory array MARY) and
also at a region wherein an n channel~type MISFET of a peripheral
circuit thereby forming a p-type well 2. Then, an n-type
impurity (phosphorus (P)) is ion implanted into the
semiconductor substrate 1 at a region where a p channel-type
MISFET of the peripheral circuit is to be formed thereby forming
an n-type well 3. A p-type impurity (B) is ion implanted into
the p-type well 2 to form a p-type channel stopper layer 5.
Likewise, an n-type impurity (P) is ion implanted into the n-type
well 3 to form an n~type channel stopper layer 6.

The p-type well 2 and the n-type well 3 surrounded by the
field oxide film 4 are formed with a gate oxide film 7 on the
surfaces of the respective active regions according to a thermal
oxidation method. An impurity for controlling a threshold

voltage (Vth) of the MISFET is ion implanted into the p-type well
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formng a first insulating filmover the sem conductor

substrate to cover the first and second interconnections; deposi ting
a second conductor layer on the first and second portions and patterning

t he second sem
super posed on t

conductor layer to form?& third interconnection as
he first interconnection over the first portion;

formng a second insulating filmover the sem conductor substrate to cover
the third interconnection therewth; formng a first connection hole
in the first portion so that the second interconnection is exposed on the

surface thereof

and al so a second connection hole in the second portion so

t hat

2 and the n-type well 3 through the gate oxide film 7. Among
the ion implantation for forming the wells (i.e. the p-type well
2 and the n-type well 3), the ion implantation for forming the
channel stopper layers (i.e. the p-type channel stopper layer
5 and the n-type channel stopper layer 6) and the ion implantation
for the control of the threshold voltage (Vth) of the MISFET,
the ion implantations using the same conduction type of impurity
may be effected by one step with use of the same photoresist mask.
The ion implantation for the control of the threshold voltage
{(vth) of the memory cell selection MISFET Qt and the ion
implantation for controlling the threshold voltage (Vth) of the
MISFET's (i.e. thenchannel-type MISFET Qn and the p channel-type
MISFET Qp) of the peripheral circuit may be separately performed
to independently control the values of the threshold voltages
(Vvth) for individual MISFET's.

As shown in Fig. 7, gate electrodes 8A (word lines WL)
of the memory cell selection MISFET Qt, a gate electrode 8B of
an n channel-~type MISFET Qn and a gate electrode 8C of a p
channel-type MISFET Qp are formed, respectively. For example,
the gate electrodes 8A (word lines WL) and the gate electrodes
8B, 8C are, respectively, formed in the following manner. An
n~-type polysilicon £ilm, a WSiy film and a silicon nitride film
10 are successively deposited on the semiconductor substrate 1
according to a CVD technique, followed by etching through a
photoresist mask to make a desired pattern of these films thereby

forming them at the same time. Alternatively, an n-type



the second interconnection is exposed on the surface thereof;
depositing a third conductor |ayer over the first and secondportions
andpatterningthethird conductorlayerto form a fourth interconnection in
the first portion to cover the first cd¥hection hole and also a fifth
I nterconnection in the second portion to cover the second connection hol e,
wherein the first interconnection is superposed with the first connection
hol e on a plane. According to a further aspect of the inventions,
there is provided a nethod for manufacturing a sem conductor integrated
circuit device which conprises a plurality of nmenory cells including
M SFET' s fopolesilycorl Fisel ey ivsn fintt iddpsiaiedoacebetagg tapactvrs
connected in series, a plurality of nmenory cell arrays having a plurality
of word | i néschndgae, pliogidlaved bl Putthéemnerpagitdldny o€éxd enidi rfd. lmnapdral | el
to each
W film by sputtering and then of a silicon nitride £ilm 10
according to a CVD technique. These films are patterned as
desired through a photoresist mask to form the electrodes
simultaneously. It should be noted that the TiN film is formed
in orxder to prevent the reaction between the polysilicon film
and the W £film. When the gate electrode 8A (the word line WL),
and the gate electrodes 8B, 8C are, respectively, constituted
of a low resistance material, e.g. when they are made of a
three-layer conductor film wherein a TiN film (or a WN (tungsten
nitride) film) and a Ti silicide film are superposed on an n-type
polysilicon £ilm, the sheet resistance can be reduced to 2 Q
/] or below, preferably 1 Q/[0 or below.
As shown in Fig. 8, an n-type impurity (P) is ion implanted
into the p-type well 2 to form an n-type semiconductor region
9 of the memory cell selection MISFET Qt and n~-type
semiconductor regions 12 of the n channel-type MISFET Qn as
self~aligned relative to the gate electrodes 8A, 8B. A p-type
impurity (B) is ion implanted into the n-type well to formp~~type
semiconductor regions 14 of the p channel-type MISFET Qp as
self-aligned relative to the gate electrode 8C. It should be
noted that the ion implantation for forming the n-type
semiconductor regions 9, 9 of the memory cell MISFET's Qt and

the ion implantation for forming the n~ semiconductor regions

12 of the n channel-type MISFET OQn may be separately carried out



16 otﬁiaer and peripheral circuits |ocated between the plural nenory
cel l arrays the method conprising the steps of: providing a
seni conduct or sub&frate having a first portion wherein nenory cell arrays
are formed and agsecond portion wherein pefdpheral circuits are formed;
formng a firsty fconduct or | ayer over the sem conductor substrate and
patterning thg”flrst conductor layer to forma plurality of first
|nterconnectp0ns to formbit lines in the first portion and second and
third i ntere“onnectl ons in the second portion; formng a first
insulating4ilmon the first, second and
so that the source region and the drain region have different
impurity concentrations for the respective MISFET's.
as shown in Fig. 9, a side wall spacer 11 is formed on
the respective side walls of the gate electrodes 8A (the word
lines WL) of the memory cell selection MISFET's Qt, the gate
electrode 8B of the n channel-type MISFET and the gate electrode
8C of the p channel-type MISFET. The side wall spacer 11 is
formed through anisotropic etching of a silicon nitride f£ilm
deposited by a CVD technique. Thereafter, an n-type impurity
(P) is ion implanted into the p~type well 2 of the peripheral
circuit to form n*-type semiconductor regions of the n
channel-type MISFET Qn in self~aligned with the side wall spacer
11. Likewise, a p-type impurity (B) is ion implanted into the
n-type well 3 to form pt-type semiconductor regions 15 of the
pchannel-type MISFET OQn in self-aligned with the sidewall spacer
11. Both or either of the source region and the drain region
of the n channel-type MISFET Qn and the source region and the
drain region of the p channel-type MISFET Qp which constitute
the peripheral circuit may be constituted, if necessary, of a
single drain structure or a double diffused drain structure.
As shown in Fig. 10, a silicon oxide film 17 and a BPSG
film 18 are, respectively, deposited over the gate electrodes
8A (the word lines WL) of the memory cell selection MISFET's Qt,
the gate electrode 8B of the n channel-type MISFET Qn and the
gate electrode 8C of the p channel-type MISFET Qp according to

a CVD method, followed by polishing the BPSG f£ilm by a chemical



third interconnection; form ng a second conductor |ayer on the
first insulating filmand patterning the second conductor layer to form
one of electrodes of each information storage capacitor independently
each nmenory cell; formng a thir8!conductor |ayer on the one

el ectrode of
conductor to formthe other electrode of the information storage
commonly used for the plurality of nmenory cells in the

to forma fourth interconnection on the second interconnection in the
second portion; formng a second insulating filmon the other

el ectr ode

flechie icaflobERtikANngt LA RFEPREd 1Y ANt ddie theulkhit face

i nt erconnecti on; and

thereof.

As shown in Fig. 11, a polysilicon film 28 is deposited
on the BPSG £ilm 18 according to a CVD method, and the polysilicon
film 28 is etched through a photoresist mask, followed by further
etching of the BPSG film 18, the silicon oxide film 17 and the
gate oxide film 7 using the polysilicon film 28 as a mask.
Consequently, a connection hole 21 is formed above one of the
source region and the drain region (the n~type semiconductor
region %), and a connection hole 22 is formed above the other
region (n-type semiconductor region 9).

Because the etching rates of the silicon nitride film 10
formed on the gate electrodes 8A (the word lines WL) of the memory
cell selection MISFET Qt and the siliconnitride sidewall spacers
11 formed on the side walls differ from that of the silicon
oxide-~based insulating £films (i.e. the BPSG £film 18, the silicon
oxide film 17 and the gate oxide film 7) and are left as being
not etched. More particularly, a gas used for the dry etching
in order to form the connection holes 21, 22 permits the silicon
oxide to be etched at a greater rate and the silicon nitride film
to be etched at a smaller rate. By this, fine connection holes
21, 22 (i.e. regions contacting with the n-~type semiconductor
region 9) which have a diameter smaller than a resolution of
exposing light used for making a photoresist mask can be formed
self-alignedly to thesidewall spacers 11, enabling one to reduce

the size of the memory cell.

the informati on storage capacitor and patterning the third
capaci tor

first portion and

f or



17 formng a first connection hole in the second portion so
that the fourth interconnection is exposed on the surface thereof in the
second insulating filmand also a second connection hole so that the third
i nterconnection is exposed on the surfa® thereof in the second
insulating film wherein the second I nterconnection is positioned bel ow
the first connection hole. BRI EF DESCRI PTI ON OF THE
DRAW NGS Fig. 1 is a plan view showing the entirety of a
sem conductor chip form ng DRAMin accordance with Enbodiment 1 of the
I nventi on; Fig. 2 is an enlarged plan view of the sem conductor
chip formng a DRAMReaoridi Fdgt. 012 hea plgdiirdabnlpdigt e isnpeatiednin
Fig. 3 is a sectional view of an essential part of a

the inside of each of the connection holes 21, 22. The plug 20

is formed by depositing a polysilicon film on the polysilicon

film 28 according to a CVD method, followed by etching back the

thus deposited polysilicon film formed above the BPSG film 18.

At the same time, the polysilicon film 28 used as an etching mask

is simultaneously removed. The polysilicon film used as the

plug 20 is doped with an n~type impurity (P). This impurity is

diffused into the n-type semiconductor regions 9,9 (i.e. the

source region and the drain region) of the memory cell selection

MISFET Qt through the connection holes 21, 22, thereby forming

semiconductor regions having an impurity concentration higher

than the n-type semiconductor regions 9, 9 although not shown

in the figure.

As shown in Fig. 13, a silicon oxide £ilm 19 is deposited

over the BPSG film 18 according to a CVD method. A photoresist

which covers the region of the peripheral circuit and has a

through-hole at a connection portion of a bit line BL}] is formed

as a mask, followed by etching to remove the silicon oxide 19

from above the connection hole 21, thereby exposing a portion

of the plug 20 where the bit line BLj is to be formed. As shown

in Fig. 14, a photoresist which covers a memory cell-forming

region and through-holes in the peripheral circuit region is

formed as a mask, followed by etching the silicon oxide film 19,

the BPSG film 18, the silicon oxide 17 and the gate oxide film

7 of the peripheral circuit. In this manner, a connection hole



sem conductor substrate showi ng a nethod for
to the Enbodi nent 1 of the invention;

the respective patterns of conductor |ayers constituting a nenory cell
of M SFET of a peripheral circuit of DRAM Fig. Sis acircuitry
di agram showi ng part of each of a nmermory array and an adj acent peripheral
circuit of DRAM according to the Enbodinment 1 of the invention;

Fi gs.

6 to 27 are, respectively, a sectional view of an essential part

a sem conductor substrate illustrating, step by step, a nethod for
manuf act uri ng DRAM according to the Enbodinment 1 of the invention;
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23 is formed until one of the source region and the drain region
(i.e. the n*-type semiconductor region 13) of the n channel-
type MISFET Qn is exposed, and a connection hole 24 is formed
so that the other region (i.e. the n*-type semiconductor region
13) is exposed. At the same time, a connection hole 25 is formed
so that one of the source region and the drain region (i.e. the
pt~type region 15) of the p channel-type MISFET Qp is exposed,
and a connection hole 26 is formed above the other region (i.e.
the pt-type semiconductor region 15).

As shown in Fig. 15, a titanium silicide layer 16 is formed
on the surfaces of the n*-type semiconductor regions 13, 13 of
the n channel-~type MISFET Qn exposed at the bottoms of the
connection holes 23, 24, on the surfaces of the pt-type
semiconductor regions 15, 15 of the p channel~type MISFET Op
exposed at the bottoms of the connection holes 25, 26, and also
on the surface of the plug 20 to which the bit 1ine BL] is connected.
The titanium silicide layer 16 is formed by depositing a Ti film
by sputtering and annealing the Ti film, followed by reaction
with the Si substrate (i.e. the n*-type semiconductor region 13
and the p*-type semiconductor region 15) and the polysilicon and
removal of an unreacted Ti film (i.e. a Ti film on the silicon
oxide film 19) by wet etching. The formation of the titanium
silicide layer 16 results in the reduction of the contact
resistance of the n*-type semiconductor regions 13, 13 of the
n channel-type MISFET Qn, the p*-type semiconductor regions 15,

15 of the p channel-type MISFET Qp, and the plug 20 with

manuf acturi ng DRAM accordi ng
Fig. 4 is a plan view show ng

and

of



Fig. 27 is_a~graph show ng the rel ati onship between the sheet resistance
of a gate el ectroden,(vvord Ilne) of DRAM manufactured according to the
Enbodi ment 1 of the inventigh and the rise;up tinme of the word |ine;
Figs. 28 to 33 are, respect:}vely, a section view illustrating a nethod
for manufacturi ng DRAM accgrdl ng to Enbodinent 2 of the invention;

Figs. 34 to 38 are, respec;ilvely a sectional view illustrating a nethod
for manufacturi ng DRAM ac@:ordl ng to Enbodinent 3 of the invention;

Fig. 39 to 49 are, respegtively, a sectional view illustrating a nmethod
for manufacturi ng DRAM accordl ng to Enbodinent 4 of the invention;

Figs. 50 to 55 arg, shecli;yet ycoraias@amgoh&?r@’fw illustrating a nethod

f or manuf acturing C,?giv%' PI? Fz_g 16, pit lines BL1, BL» are formed on the

silicop #Xide film 19 of the memory array MARY, and first layer
jpterconnections 30A, 30B are formed on the silicon oxide film
19 of the peripheral circuit. The bit lines BLj, BL2 and the
interconnections 30a, 30B are simultaneously formed by
depositing a TiN film and a W £ilm on the silicon oxide £ilm 18
by sputtering, further depositing a silicon nitride film 27 by
a CVD method, and etching these films by use of a photoresist
mask to make a desired pattern of these films. The bit lines
BL1, BL2 and the interconnections 30A, 30B are, respectively,
formed of a low resistance material such as a two-layer conductor
film wherein a TiN film (or a WN f£ilm) and a titanium silicide
film are, for example, built up. By this, the sheet resistance
can be reduced to a level of 2 Q/[]J or below, preferably 1 Q
/] or below.

As shown in Fig. 17, a silicon nitride film deposited by
a CVD method is anisotropically etched to form side wall spacers

29 on the side walls of the bit lines BLj, BL2 and the

interconnections 30A, 30B. Subsequently, a SOG film 31 is spin
coated over the bit lines BLj], BL2 and the interconnections 304,
30B, followed by further deposition of a silicon oxide according
to a CVD method. It will be noted that when a silicon oxide film
is used in place of the silicon nitride f£ilm 27 and the side wall

spacer 29 made of the silicon nitride film, the parasitic

capacitance of the bit lines BLji, BL2 and the interconnections



Enbodi ment 5 of the invention; Fig. 56 to 61 are, respectively, a

sectional view illustrating a nethod for manufacturing DRAM according to
Enbodi mrent 6 of the invention; Fig. 62 is a plan view show ng the
manner of connection anong first to thi3sd |layers of a peripheral circuit
of DRAM according to the Enbodi nent 6 of the invention; Fig. 63 is
a plan view showi ng a fuse pattern of a redundant circuit of DRAM
according to the Enbodi nent 6 of the invention; and - Fig. 64 is a
pl an vi ew showi ng the manner of connection

19

30a, 30B can be reduced.

As shown in Fig. 18, the silicon oxide film 32 and the
S0G film 31 are etched using a photoresist mask to form a
connection holes 37 above the connection hole 22 formed above
the other of the source region and the drain region (i.e. the
n-type semiconductor region 9) of the memory cell selection
MISFET Qt, respectively.

Evenwhenthepositionofthecbnnectionhole37isshifted
from just above the connection hole 22 according to the
misregistration of the photoresist mask as shown in Fig. 19, the
silicon nitride film 27 which has been formed on the bit lines
BL1i, BL2 and the interconnections 30A, 30Band thesiliconnitride
side wall spacers 29 formed on the side walls are left almost
non-etched because the etching speed differs from that of the
silicon oxide-based insulating films (i.e. the silicon oxide
film 32 and the SOG £ilm 31). Accordingly, even if an allowance
for the mask registration for the connection hole 37 and the

connection hole 22 is made small, the bit lines BLj, BL2 are not

exposed at the time of the formation of the connection hole

thereby preventing the short circuiting between the bit line BL]
and the information storage capacitor C. This enables one to
reduce the size of the memory cell. 1If a silicon oxide film
is employed instead of the silicon nitride film 27 and the side
wall spacer 29 made of a silicon nitride film, it is necessary
to provide a space sufficient for mask registration between the

connection hole 37 and the side wall spacer 29.



anong the interconnections of one chip mcroconputer according to the
Enbodi ment of the invention. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS The enbodi nents of the invention are described in
detail wth reference to the acconpany3ng drawi ngs, in which |ike
reference nunerals indicate |like parts or nenbers throughout the
specification and when once illustrated, their illustrations nay not be
repeated in subsequent draw ngs. (Enbodi ment 1) ' Fig. 1 is a plan
view of the entirety of a sem conductor chip having DRAM forned accordi ng
to this enbodinent, and Fig. 2 is an enlarged plan view of part of the

chip. A s HIRHIGHPIF iGN R01A: E08P! bt SHNH P10igY S6ahage! b£0ON

has a mai n surface on which M having a capacity,” for exanple, of 64

Moits (negabihStheAsofshedbion fble i1, thedIAMe £lectrode 33 of an
information storage capacitor C is formed over the connection
hole 37. The plug 36 is formed by etching back a W £ilm (or a
polysilicon film) deposited on the silicon oxide 32 by a CVD
method. The storage electrode 33 is formed by etching a W £ilm,
which is deposited on the silicon oxide film 32 by sputtering,
through a photoresist mask in a desired pattern. The plug 36
may be constituted of a polysilicon film or a builtup film of
a TiN film and a W film. The storage electrode 33 may be made
of a film of a metal or a conductive metal oxide such as Pt, Ir,
IrO2, Rh, RhO3, Os, 0s02, Ru, Ru02, Re, Re03, Pd, Au and the like.

As shown in Fig. 21, a tantalum oxide film 34A is

deposited on the storage electrodes 33 according to a plasma CVD
method, on which a TiN film 35A is further deposited by a CVD
method. Thereafter, as shown in Fig. 22, these films are
patterned by etching through a photoresist mask to form an
information storage capacitor C including the storage electrode
33 made of the W film, a capacitance insulting film 34 made of
the tantalum oxide film 34 and a plate electrode 35 made of the
TiN film 35A. The storage electrode 33 is favorably formed so
thick that the capacitance of the information storage capaéitor
C becomes great. The plate electrode 35 is formed of the TiN
film 35A. If this film is formed as too thick, there arise the
problems: (1) the TiN film 35A is apt to suffer cracking therein;

(2) a stress is exerted on the capacitance insulating film 34



constituted of eight split nenory mats MM and peripheral circuits disposed
t herearound. Each nmenory mat MM having a capacity of 8 Mbits (nmegabits)
is further divided into 16 nenory arrays MARY as is particularly shown in
Fig. 2. The menory arrays MARY are, re8pectively, constituted of nenory
cells disposed in a matrix and each having a capacity of 2 Kbits
(killobits) x 256 bits = 512 Kbits and are provided therearound with
peripheral circuits such as sense anplifiers SA and word drivers WD.

Fig. 3 is a sectional view of an essential part of a sem conductor
substrate show ng parts of a menory array of the

20 DRAN sl bleotd eiterdbpaeypheing thie 6HatactePis¥ids oF phartidimew
34. Accordingly, the TiN film preferably has a thickness of
approximately 0.2 uym. The capacitance insulating film 34 may

be constituted of highly dielectric materials such as BST ((Ba,

Sr)Tio3), and ferroelectric materials such as PZT (PbZrxTii-
%x03), PLT (PbLaxTi]..x03), PLZT, PbTiO3, SrTi0O3, BaTiO3, PbZro3,
LiNbO3, BigTi3012, BaMgF4, Yi-based (SrBiy(Nb,Ta)209) and the
like. The plate electrode 35 may be constituted of films of
metals or conductive metal oxides such as tungsten silicide/TiN,
Ta, Cu, Ag, Pt, Ir, Ir0O2, Rh, RhO32, 0s, 0s0O3, Ru, Ru0O2 Re, Rel3,
Pd, Au and the like.

As shown in Fig. 23, a silicon oxide film 38 id deposited
over the information storage capacitor C according to a CVD method,
and an S0G film 39 is spin coated on the film 38, followed by
further deposition of a silicon oxide film 40 by a CVD method.
Subsequently, the insulating f£ilms (i.e. the silicon oxide film
40, the SOG film 39 and the silicon oxide film 38) provided over
the plate electrode 35 of the information storage capacitor C
are selectively removed by etching to form a connection hole 42.
At the same time, the insulating films (i.e. the silicon oxide
£ilm 40, the SOG film 39, the silicon oxide film 38, the silicon
oxide film 32, the SOG film 31 and the silicon nitride film 27)
over the first interconnection layer 30B of the peripheral
circuit are selectively etched to form a connection hole 43.

As shown in Fig. 24, tungsten (W) plugs 44 are,

respectively, embedded in the connection holes 42, 43. The



showi ng the patterns of conductor |ayers constituting a nenory cell of the
DRAM and al so of conductor layers constituting M SFET's of the peripheral
circuit, and Fig. 5is acircuitry diagramshow ng part of a nmenory array
of the DRAM and part of an adjacent peri3gheral circuit. In Fig. 3, the
sectional structure of a pair of nenory cells are shown. The sectional
structures of MSFET's indicated by n and Q in Figs. 4 and 5 are shown

in Fig. 3. The sem conductor substrate 1 conprising p-type single
crystal silicon has a p-type well 2 conmonly provided for the menmory array
MARY and a peripheral circuit, and an n-type well 3 for the peripheral

circuit. In fh | iting™® RO®%I Bhe & 01 seprraii”d
provi de p-ty%%ﬁﬁeﬁg%gﬁog?‘%ghgw&n%ﬁ%??%??ayWI\/E%AlY gﬁd t he peri pherall d

circuit, respeqhidelpy a WbhQWkndaeanl atyhe Herdky.pernel pludhes mrdyype
well 2 and the n-type well 3, respectively, have a field oxide film4 for
be constituted of a builtup film of a TiN film and a W film.
Thereafter, a Y select 1ine ¥S and second interconnection
layers 41A, 41B are formed on the silicon oxide film 40, thereby
approximately completing DRAM shown in Fig. 3. The Y select
line ¥S and the interconnections 41A, 41B are, respectively,
formed simultaneously by depositing a TiN £ilm, an Al alloy film
and a TiN film on the silicon oxide film 40 by sputtering, and
patterning these films by etching through a photoresist mask.
The ¥ select line YS and the interconnections 41A, 41B may be
formed of a builtup filmof a TiN filmand a Cu film, respectively.
It will be noted that in the step of forming the connection
hole 42 over the information storage capacitor C and the
connection hole 43 over the interconnection 30B of the peripheral
circuit (as shown in Fig. 23), the thickness of the insulating
films on the interconnection 30B is much greater than that of
the insulating films formed over the information storage
capacitor C, with the great possibility that the plate electrode
35 exposed at the bottom of the connection hole 42 is etched off.
To avoid this, when the tantalum film 34A and the TiN film 35A
deposited on the storage electrode 33 are patterned to form the
information storage capacitor C, the silicon oxide film 32 and
the SOG film 31 provided below the storage electrode 33 are etched
self-alignedly to the plate electrode 35, so that the insulating

films provided above the interconnection 30B aremade thin. This



el enment isolation on the surfaces thereof. The p-type well 2 has a p-type
channel stopper layer 5 in the inside thereof including the |ower portion
of the field oxide film4. The n-type well 3 also has an n-type channel
stopper layer 6 in the inside thereof. 39 In an active region of the
p-type well 2 of the nenory array MARY, nenory cells are arranged in a
matrix form Each nenory cell is constituted of one nenory cell section
M SFET @ and one information storage capacitor C forned above the M SFET
21 Q. Mre particularly, the nenory cell has a stacked capacitor
structure wherein the informati on storage capacitor Cis

makes only a small difference between the thickness (A) of the
insulating films provided over the capacitor C and the thickness
(B) of the insulating films provided over the interconnection
30B. Thus, the inconvenience of etching off the plate electrode
35 at the bottom of the connection hole can be prevented.

According to the above~stated embodiment of the invention,
the following advantages and features can be attained.

(1) The gate electrode 8A (the word line WL) of the memory
cell selection MISFET Qt, the gate electrode 8B of the n
channel~type MISFET Qn of the peripheral circuit and the gate
electrode 8C of the p channel-type MISFET Qp are each made of
a low resistance conductor film with its sheet resistance being
2 Q/0 or below, permitting the gate delay to be reduced. Thus,
the working speed of the DRAM increases. A low resistance
metallic interconnection (i.e. a word line for shunt) for gate
electrode backing, which is conventionally formed on the
information storage capacitor, is not necessary, so that the
interconnection layers of the memory array MARY can be reduced
b& one layer.

(2) 1Inview of the above (1), the number of memory cells
connecting to one word line ca be increased. More particularly,
the numbers of word drivers WD and word decoders connected to
a given number of memory cells can be reduced, and this leads
to a correspondingly reduced chip size (or an enlarged area for
memory arrays MARY) thereby improving the degree of integration

of DRAM.



provided over the nenory cell selection MSFET Q. The nenory cell
selection MSFET @ and the informati on storage capacitor C are connected

in series to forma nenory cell. The nenory cell selection M SFET
Q is conposed of a gate oxide film7, 40 gate el ectrode 8A integrally
formed wwth a word line W, and a source region and a drain region (i.e.

n-type sem conductor regions 9, 9). The gate electrode 8A (word line W)
is constituted of a two-layer conductor filmconprising a |ow resistance
polysilicon filmdoped with an n-type inpurity (e.g. P (phosphorus)) and a
Wsilicide (Wsi2) film or a three-layer conductor filmwherein a |ow
resi stance pol ysi |Fopn 2f7i 1smp grapiNshowiagithe rél4t i) bbtleeanthaseét | m
are built up in this order. The gate el ectrode 8A has a sheet resistance
of 2 Q[errpsértaarew QXL9)| oL on wiind ddeef ahd tifle itsirfeobefd rev ehet herd gat e
el ectrode 8A, and a side wall spacer film10 made of silicon nitride is
formed at shtdBewaises ofp tfrenganeimpuafbde 8ddrahe skecddes wliamiadg (501 91p
(i.e. the silicon nitride film10 and the side
to 90%. For instance, in order to realize RAS (raw address
strobe) access time (tRAS) = 30 nm (corresponding to a word line
rise-up time =6.5nm), it is sufficient that the sheet resistance
of a word line is about 8 Q/[] in case where 256 memory cells
are connected to a pair of word lines. 1In contrast, when a chip
size is reduced by 5% while connecting 512 memory cells per one
word line, it is necessary the sheet resistance of the word line
be about 2 Q/[J or below. This value does not change even when
the minimal processing dimension of the memory cell is reduced.
This is because the word line pitches and the bit line pitches
are likewise reduced. According to the embodiment of the
invention where the sheet resistance of the gate electrode 8A
(theword lineWL) is 2 Q/[J or below, the chip size canbe reduced
by increasing the number of memory cells connected to one word
line.
(3) Since the bit lines BL], BL are constituted of a
low resistance conductor film and have a sheet resistance of 2
Q /0] or below, the interconnections 30A, 30B of the peripheral
circuit can be formed simultaneously with the formation of the
bit lines BL1, BL2. Accordingly, one step can be reduced for
the formation of the interconnections of the peripheral circuit.

(4) The first interconnection layers 30A, 30B connected

to the n channel-type MISFET Qn and the p channel-type MISFET



wal | spacers 11) may be constituted of a silicon oxide filmin place of
the silicon nitride film In the active region of the p-type well
of the peripheral <circuit, an n channel-type MSFET On is fornmed. A p

channel -type

MSFET @ is forned in thdélactive region of the n-type well

3. More particularly, the peripheral circuit is constituted of a CMOS
(compl enentary netal oxide sem conductor) obtained by
conbi nati on of the n channel-type M SFET On and the p channel -type M SFET

Q.

The n channel -type M SFET On is conposed of a gate oxide

Qp of the peripheral circuit are provided at a position lower
than the information storage capacitor C for memory cells. The
aspect ratios of the connection holes 23, 24 formed over the
source region and the drain region of the n channel-~type MISFET
On and the connection holes 25, 26 formed over the source region
and the drain region of the p channel-type MISFET Qp can be made
small. Thus, the connection reliability of the
interconnections in the connection holes can be improved.

(5) In view of (1) and (3) above, the interconnection
layers of the memory array MARY can be reduced by one layer and
the interconnection layers of the peripheral circuit can also
be reduced by one layer. The steps of manufacturing DRAM can
be reduced in number with an improved yield and with a reduction
of manufacturing costs.

(Embodiment 2)

In the method for manufacturing DRAM according to this
embodiment, the interconnections of the peripheral circuit are
formed simultaneously with the step of forming the gate electrode
8A (the word line WL) of memory cell selection MISFET Qt, the
gate electrode 8B of the n channel-type MISFET Qn of the
peripheral circuit, and the gate electrode 8C of the p
channel-type MISFET Qp. The interconnection of the peripheral
circuit are also formed simultaneously with the step of forming
the bit lines BLj, BL3.

For the manufacture of such DRAM, as shown in Fig. 28,

a field oxide film 4, a p-type well 2, an n-type well 3, a p~type



film7,/#a gate el ectfode 8B, and a source region and a drain region. The
gate gl'ectrode 8B is constituted of a conductor filmsimlar to that of
the gate electrode 8A (word line W) of the nenory cell selection M SFET
Q, with its sheet resistance being 2 Q Aferr] or below. A silicon nitride
film10 is formed over the gate electrode 8B, and side wall spacers 11
made of silicon nitride are formed at side walls of the gate el ectrode 8B
as shown in Fig. 3. The source and drain regions of then channel -type

M SFET O, respectively, have an LDD (lightly doped drain) structure

whi ch consists of an n-type sem conductor region 12 with a low inpurity

concentrat i onchagha s Rapb¥pa ayen Tanduat artypgchanidl swoppex hiagh formad ty
concentration. The n+-type sem conductor region 13 has a Ti silicide

(TiSi 2) |ayerod&mnmisie surface of hesemficonductor silistpratieadnth-thyeaMeSFET
Q is constituted of a gate oxide film7, a gate electrode 8C, and a
source regi omamen adv AhnErbgddnent The gagatelatidedd 18Cissfeoned iqrutde of
a conductor filmsimlar
respective active regions of the p-type well 2 and the n~type
well 3 surrounded by the field oxide £ilm 4, followed by formation
of a gate electrode 8A (a word line WL) of the memory cell
selection MISFET Qt, a gate electrode 8B of an n.channel—type
MISFET Qn, a gate electrode 8C of a p channel-type MISFET Qp,
and a first interconnection layer 8D. The gate electrode 8A (the
word line WL), the gate electrodes 8B, 8C and the interconnection
8D are formed of the same low resistance conductor film as the
gate electrode 8A (the word line WL) and the gate electrodes 8B,
8C of Embodiment 1, with their sheet resistance being 2 Q/[J
or below.

As shown in Fig. 29, an n-type impurity (P) is ion
implanted into the p-type wells 2 to form an n-type semiconductor
region 9 of the memory cell selection MISFET Qt and an n~-type
semiconductor region 12 of the n-channel-type MISFET Qn, both
self-alignedly to the gate electrodes 8A and 8B, respectively.
A p-type impurity (B) is ion implanted into the n-type well 3
to form a pT~type semiconductor region 14 of the p channel-type
MISFET Qp self-alignedly to the gate electrode 8C.

As shown in Fig. 30, after formation of silicon nitride
side wall spacers 11 on the respective side walls of the gate

electrode 8A (the word line WL) of the memory cell selection

MISFET Qt, the gate electrode 8B of the n channel-type MISFET



to that of the gate electrode 8A (word line W) of the menory cell
selection MSFET Q, with its sheet resistance being 2 Q [err] or bel ow
A silicon nitride film10 is formed over the gate electrode 8C, and
sidewal | spacers 11 conposed of silicondditride are forned at side walls
of the gate electrode 8C. The source and drain regions of the p

channel -type M SFET (Q, respectively,

23 have an LDD structure which consists of a p-type sem conduct or
region 14 with a low inpurity concentration and a p+-type sem conductor
region 15 with a high inpurity concentration. The +-type sem conduct or

region 15 hps, andl gatbli €1&ec£ddSigd) okayee p hadnetibeyper fiesert MBS eahd
the interconnection 8D, an n-type impurity (P) is ion implanted
into the p-type well of the peripheral circuit to form an n*-type
semiconductor regicn 13 of the n channel~type MISFET Qn as being
self~aligned relative to the side wall spacer 11. A p-type
impurity (B) is ion implanted into the n-type well 3 to form a
pt-type semiconductor region 15 of the p channel~type MISFET QOn
as being self-aligned relative to the side wall spacer 11.

As shown in Fig. 31, a silicon oxide film 17 and a BPSG
film 18 are deposited over the gate electrode 8A (the word line
WL) of the memory cell selection MISFET Qt, the gate electrode
8B of the n channel-type MISFET QOn, the gate electrode 8C of the
p channel-type MISFET Qp, and the interconnection 8D.
Thereafter, connection holes 21, 22 are formed over the source
region and the drain region (n-~-type semiconductor regions 9, 9)
of the memory cell selection MISFET Qt, respectively. A
polysilicon plug is embedded in the connection holes 21, 22,
respectively. The plug 20 may be formed in the same manner as
illustrated with reference to Figs. 11 and 12.

As shown in Fig. 32, a silicon oxide £ilm 19 is deposited
on the BPSG £ilm 18 , followed by removal of the silicon oxide
film 19 above the connection hole 21 by etching through a
photoresist mask. Then, thesiliconoxide £ilm 19, the BPSG film
18, the silicon oxide £ilm 17 and the gate oxide film 7 of the
peripheral circuit are selectively etched through a photoresist

mask, thereby forming a connection hole 23 above one of the source



A silggﬁﬁ-oxide’filn1l7, a BPSG (boron-doped phosphosilicate glass) film
18 and a silicon_oxide film19 are forned over the nmenory cell selection

M SFET Q, the 4 channel -type M SFET 1 and the p channel -type M SFET Qo
inthis order. Bit lines BL (BL1,44BL2) are fornmed on the silicon
oxide film19 of the nenory array MARY. The bit lines BL1, BL2 are,
respectively, constituted of a two-layer conductor filmwherein a TiNfilm
and a Wfilmare built up, with their sheet resistance being 2 [err]/[err]
or below. The bit line BL1 is electrically connected to one of the source
region and the drain region (n-type sem conductor region 9) of the nenory

cel | sel ecti opelyk SRRt hevilfa 8n GAYIRH bEt KW hecRdnhdl whysd 1 ST QAsartdped
polysilicon pllig 20 is placed or enbedded. The bit line BL2 is

el ectrically acesniesiteicbr hobae? Lhbbhe SibeAerepaqivmnd Bhetltk aaneregien

(n+-type sem conductor region 13) of the n channel -type M SFET
a connection hole 25 is formed above one of the source region
and the drain region of the p channel-type MISFET Qp and a
connection hole 26 is formed above the other region along with
a connection hole 46 above the interconnection 8D. This step
is similar to that illustrated hereinbefore with reference to
Figs. 13 to 15.

As shown in Fig. 33, a titanium silicide layer is,
respectively, formed on the surfaces of the nt-type
semiconductor regions 13 of the n channel-type MISFET Qn exposed
at the bottoms of the connection holes 23, 24 and the surfaces
of the p*~type MISFET Qp exposed at the bottoms of the connection
holes 25, 26. Bit lines BLj3, BLy are formed on the silicon oxide
19 of the memory array MAR and second interconnection layers 304,
30B are also formed on the silicon oxide layer 19 of the peripheral
circuit. The interconnection 30B is electrically connected to
the first interconnection layer 8D via the connection hole 46.

The bit lines BLj], BL2 and the interconnections 304, 30B are each

formed of such a low resistance conductor £ilm as the bit lines

BL], BL2 and the interconnections 304, 30B of Embodiment 1, with
their sheet resistance being 2 Q/[] or below. This formation
step is similar to that illustrated with reference to Fig. 16.

Although not particularly shown in Fig. 33, an information

storage capacitor C formed over the bit lines BLj3, BL2 is formed

in the same manner as in Embodiment 1, followed by formation of



O of the peripheral circuit through a connection hole 23 but wthout use
of any polysilicon plug. The n+-type sem conductor region 13 of the n
channel -type M SFET Onh has a Ti silicide layer 16 of |ow resistance on the
surface thereof, so that the contact redbstance with the bit line BL2 is
reduced. 24 First

I nterconnection |ayers 30A, 30B are forned over the silicon oxide film 19
of the peripheral circuit. The interconnections 30A 30B are,

respectively, conposed of a two-layer conductor film like the bit Iines
BL1, BL2, wherein a TiNfilmand a Wfilmare built up. The sheet

resistance of vy 58BetDIEI(ORRECL198%F & EhikbefddeMoMRic®¥onTNene of the
I nt erconnecti on
peripheral circuit.

According to the manufacture method of this embodiment,
the first interconnection layer 8D of the peripheral circuit is
formed simultaneously with the formation of the gate electrode
8A (the word line WL) of the memory cell selection MISFET Qt,
and the gate electrode 8B of the n channel-type MISFET Qn and
the gate electrode 8C of the p channel-type MISFET Qp of the
peripheral circuit. The second interconnection layers 303, 30B
of the peripheral circuit are simultaneously formed in the step
of forming the bit lines BLi, BL2. The third interconnection
layer of the peripheral circuit is formed simultaneously with
the formation of the ¥ select line. Thus, the interconnections
of the peripheral circuit can be formed by reducing two steps,
leading to the reduction in number of the manufacturing steps
of DRAM, an improved yield and the reduction of the manufacture
costs.

(Embodiment 3)

In the method for manufacturing DRAM according to this
embodiment, a semiconductor substrate 1 composed of p~~type
single crystal is thermally oxidized to form a thin silicon oxide
film 50 on the surface thereof. A silicon nitride £ilm 51 is
deposited on the silicon oxide £ilm 50 according to a CVD method,
followed by selectively etching the silicon nitride 51 through
a photoresist mask to remove the silicon nitride film 51 in

element separation regions as shown in Fig. 34.



30A is electrically connected at one end thereof to the other of the
source region and the drain region (n+type sem conductor region 13) of
the n channel -type M SFET On through a connection hole 24. The other end
of the interconnection 30Ais electricalgy connected to one of the source
region and the drain region (p+-type sem conductor region 15) of the p
channel -type M SFET (@ via a connection hole 25. The interconnection 30B
is electrically connected at one end thereof to the other of the source
region and the drain region (p+type sem conductor region 15) of the p
channel -type M SFET Qp via a connection hole 26. A |low resistance Ti

silicide layer 16 hg Vﬂfqi.nolnlc} hgssuﬁé‘%%ml BnHG@th & 5818 gandygkor

region 13 of the n chan the surface of the p+-type

sem conduct Cglén@ftogeﬁéraﬁfﬁn &é@fl%%eéréﬂ%h%%ﬁmé%he@limén ntlh%lﬁént act

resi stances of the inhterconnections 30A, 30B are reduced

silicon nitrdide 61148 8 mdsk t6rftsh 8Ral hewkirodvicres? Bbfl:llowed by thermal
oxidation of the semiconductor substratel to forma siliconoxide
film 53 on the inner walls of the grooves 52.

As shown in Fig. 36, a silicon oxide film 54 is filled
up in the respective shallow grooves 52. 1In order to fill the
silicon oxide film 54 in each groove 52, the silicon oxide film
54 is deposited over the semiconductor substrate 1 by use of a
CVD method, followed by polishing the silicon oxide film 54
according to a chemical mechanical polishing (CMP) Method.
Subsequently, the silicon nitride film 51 left on the
semiconductor substrate 1 is removed by etching.

As shown in Fig. 37, a p-type impurity (B) is ion implanted
into regions of the semiconductor substrate 1 where a memory cell
is to be formed and where an n channel-type MISFET of a peripheral
circuit is to be formed, thereby forming a p~type well 2. An
n-type impurity (P) is ion implanted into a region of the
semiconductor substrate 1, where a p channel-~type MISFET of the
peripheral circuit is to be formed, thereby forming an n~type
well 3. When the ion implantation is carried out such that
distribution peaks of the n~type impurity and the p~-type impurity
are substantially in coincidence with the depth of the shallow
grooves 52, it becomes possible that the p-type well 2 serves
as a p~type channel stopper layer and the n-type well 3 serves

as an n-type channel stopper layer.



BL2 and the interconnections 30A, 30B, and side wall spacers 29 consisting
of silicon nitride are forned at side walls of the bit lines BL1, BL2 and
the interconnections 30A, 30B. An SOG (spin on glass) film(insulating

film 31 and a silicon 47 25
oxide(insulating film 32 are further fornmed over the bit lines BL1l, BL2
and the interconnections 30A, 30B, respectively. Infornmation storage

capacitors C each including a storage electrode (lower electrode) 33, a
capacitance insulating film 24 and a plate el ectrode (upper electrode) 35
are formed on the oxide silicon film32 of the nenory array MARY.

The storage el ectrggenddmOin gy .l 98 ORIR! 401 94 P6848ns of the p~type well
2 and the n-type well 3 surrounded by the shallow grooves 52 are
thermally oxidized to form a gate oxide film 7. Subsequent steps
are the same as those of Embodiment 1.

According to this embodiment of the invention, the p-
type well 2 serves also as a p~-type channel stopper and the n-type
well 3 serves as an n-type channel stopper, so that the ion
implantation step of forming a p~type channel stopper layer and
the ion implantation step of forming an n~type channel stopper
layer do not become necessary. Thus, the number of the steps
of manufacturing DRAM can be reduced.

According to the method of this embodiment, the elements
are separated from each other by means of the shallow grooves
formed in the semiconductor substrate 1, permitting DRAM to be
made finer in size. Since there is no step between the element
isolation region and the active region, it becomes possible to
avoid the problem that a conductor £ilm, such as a gate electrode,
deposited on the semiconductor substrate 1 is made thinner at
a stepped portion. It will be noted that the element isolation
method set out in Embodiment 3 is applicable to all the
embodiments of the invention.

{Embodiment 4)

The method for manufacturing DRAM according to this
embodiment of the invention includes the simultaneous formation
of interconnections of a peripheral circuit in the step of forming

a storage electrode (lower electrode) of an information storage



capacitor Cis fornmed of a Wfilmand is electrically connected to the

ot her of the source region and the drain region (n-type sem conductor
region 9) of the nmenory cell selection MSFET Q@ via a connection hole 37
enbedding a polysilicon plug 36 thereingg and a connection hole 22 enbeddi ng
a polysilicon plug 20 therein. The capacitance insulating film34 is nade
of a Ta2(b (tantalum oxide) film and the plate electrode is made of a Ti N
film A silicon oxide (insulating film 38, a SOG film (insulating
film 39 and a silicon oxide film (insulating film 40 are forned on the

i nformati on storage capacitors Cin this order. AY select line YS and

second i nt eg PQ%SE'@nokaﬂeﬁémof$ etHlB of the peripheral circuit are,

respectlvely, ormed on he sil1con oxide film40 as shown. The

i nterconnecti on 434y ithe flagGlrhbeakbyof ML, tastgﬁom aitzerqlaecgéods 35
via a connection hole 42 nade at the insulating films (i.e. the silicon

oxi de fil mya4@ etberS6defad NIk adedt Mensidd f UE en@dyf bbm 2§élé@t§8n have

been formed on the plate el ectrode 35 of the capacitor C, by wh
MISFET Qt, and a gate electrode 8B of an n channel-type MISFET

On and a gate electrode 8C of a p channel-type MISFET Qp of a
peripheral circuit are formed on the main surface of a
semiconductor substrate 1 in the same manner as in Embodiment
1. The gate electrode 82 (the word lines WL) and the gate
electrodes 8B, 8C are formed of a low resistance conductor film
similar to those of the gate electrode 8A (the word line WL) and
the gate electrodes 8B, 8C of Embodiment 1, with their sheet
resistance being 2 Q/[ or below.

As shown in Fig. 40, a silicon oxide 17 and a BPSG film
18 are deposited over the gate electrode 8A (the word line WL)
of memory cell selection MISFET Qt, and the gate electrode 8B
of the n channel-type MISFET On and the gate electrode 8C of the
p channel-type MISFET Qp. Subsequently, the BPSG film 18, the
siliconoxide film 17 and the gate oxide £ilm 7 are etched through
a mask of a polysilicon film 28 to form connection holes 21, 22
above the source region and the drain region (i.e. the n-~type
semiconductor regions 9, 9) of the memory cell selection MISFET
Qt. At the same time, a connection hole 23 is formed above one
of the source region (i.e. an n*-type semiconductor region 13)
of the n channel-type MISFET Qn of the peripheral circuit to which

a bit line (BL2) is connected in a subsequent step.

As shown in Fig. 41, apolysiliconplug 20 is, respectively,



a plate potential (Vvdd/2: a potential corresponding to a half

applied voltage VvVdd from outside of the sem conductor chip)

of an

26 is Supplied to the plate el ectrode 35. The interconnection 41B

is electrically Connected to the interca®nection 30B via a

connecti on

hol e 43 made at the insulating filnms (i.e. the silicon oxide film 40, the
SOG film39, the silicon oxide film 38, the silicon oxide film32, the

SOG film31 and the silicon nitride

the first

film27) which have been forned over

i nt erconnection | ayer 30B of the peripheral circuit. A tungsten
(W plug 44 is enbedded in the inside of the connection hole 42 for

connection empedded in the connection holes 21, 22, 23. Thereafter, as

shown in Fig. 42, bit lines BL}, BL2 are formed on the silicon
oxide film 19 of the memory array MARY. The bit lines BL], BL2
are formed of a low resistance conductor film similar to that
of the bit lines BLj], BL2 of Embodiment 1, with their sheet
resistance being 2 Q/[] or below.

As shown in Fig. 43, a silicon nitride film deposited by

a CVD method is anisotropically etched to form side wall spacers

29 on side walls of the bit lines BLj, BL2, followed by spin

coating of an SOG film 31 over the bit lines BL3i, BL2 and then

deposition of a silicon oxide film 32 by a CVD method.

As shown in Fig. 44, the silicon oxide film 32 and the
S50G £ilm 31 are etched using a photoresist mask to form connection
holes 37 above the connection hole 22 which has been formed on
the other of the source region and the drain region (i.e. the
n-type semiconductor region 9) of the memory cell selection
MISFET Qt. At the same time, the silicon oxide £ilm 32, the S0G
£ilm 31, the BPSG film 18, the silicon oxide £ilm 17 and the gate
oxide film 7 of the peripheral circuit are etched so that a
connection hole 24 is formed, along with a connection hole 25
formed above one of the source region and the drain region (i.e.
the p* semiconductor region 15) of the p channel-type MISFET Qp
and a connection hole 26 formed above the other region (i.e. the
pt semiconductor region 15).

As shown in Fig. 45, a plug 47 made of a builtup film of

a TIN film and a W film is filled in the connection holes 37,



bet ween the interconnection 41A and the plate el ectrode 35 and also in

t he connection hole 43 for connection between the I nt erconnection 41B and
the interconnection 30B, respectively. The Y select line YS and the

i nterconnections 41A, 41B are each nmadgy) of a conductor fil m whose sheet
resistance is smaller than those conductor filns for the gate el ectrode
8A (word line W) and the gate el ectrodes 8B, 8C and also for the bit

| ines BL1, BL2 and the interconnections 30A, 30B. For instance, such a
conductor filmis constituted of a three-layer conductor film wherein a
TINfilman Al (alumnium alloy filmcontaining Si (silicon) and Cu

(copper), ang azgi%}{df hkm af %.tg'fiah% éA‘lpeé dY §3 gﬁri(f\ft%rmatiowgt%’ﬁSéeCt

line YS and ‘tHe T nterconnections 41A, 4 are forne ereon, for exanple,

weh a thindgakareonaad 8Pmel AP En8!cddifedi®ldPRBIE! 3 ¥ kCuhdyl Nir0HgY, 2

yer insulatrng film conposed of a three-layer insulting filmwheréin a

silicon oxidg. fhtMndBare {hé MARE 1] stbiEMh&X th bk Braresbuislze op. A
the peripheral circuit are formed. The storage electrode 33 and
the interconnections 33A, 33B are, respectively, formed of a low
resistance conductor film similar to the storage electrode 33
of Embodiment 1.

As shown in Fig. 47, a capacitance insulating film 33 and
a plate electrode 35 are formed on the storage electrode 33 to
form an information storage capacitor C. A silicon oxide film
38 is deposited over the information storage capacitor C
according to a CVD method as shown in Fig. 48, followed by spin
coating of an SOG film 39 on the f£ilm 38 and further depositicn
of a silicon oxide £ilm 40 by a CVD method. Subsequently, using
a photoresist mask, the insulating films (i.e. thesiliconoxide
film 40, the SOG film 39 and the silicon oxide 38) over the plate
electrode 35 of the information storage capacitor C are etched
to form a connection hole 42. Simultaneously, the insulating
films (i.e. the silicon oxide film 40, the SOG £ilm 39 and the
silicon oxide 38) over the first interconnection layer 33B of
the peripheral circuit is etched to form a connection hole 43.
A tungsten plug 44 is, respectively, filled in the connection
holes 42, 43 as shown.
As shown in Fig. 49, a Y select line ¥S and second

interconnection layers 41A, 41B of the peripheral circuit are

formed on the silicon oxide 40. The Y select line ¥S5 and the



passi vation filmconposed of a two-layer insulating filmwherein

27 a silicon oxide filmand a silicon nitride filmare built up is
further formed on the third interconnection |ayer although the third

i nterconnection layer and the passivatidn filmare not particularly shown

in the figures. The net hod for manufacturing DRAM according to this
enbodi nent of the invention is described in detail with reference to Figs.
6 to 24. As shown in Fig. 6, a field oxide film4 is initially

formed on the surface of a p-type sem conductor substrate 1 according

interconnections 41A, 41B are made of a low resistance conductor
film as used for the Y select line ¥S and the interconnections
412, 41B in Embodiment 1, and are made, for example, of a builtup
film of a TiN film, an Al alloy film and a TiN film, or a builtup
film of a TiN film and a Cu film.

According to the above method, the storage electrode 33
of the capacitor C is made of a low resistance conductor film
with its sheet resistance being 2 Q/[] or below. This makes it
possible to form the interconnections 33A, 33B of the peripheral
circuit simultaneously with the formation of the storage
electrode 33. Thus, an additional step of forming the
interconnections of the peripheral circuit is not necessary.

In this embodiment of the invention, although the first
interconnection layers 33A, 33B of the peripheral circuit are
formed simultaneously with the formation of the storage
electrode of the capacitor C, one step of forming the
interconnections of the peripheral circuit can be further
reduced if the following procedures areused. More particularly,
the first interconnection layers of the peripheral circuit are
formed simultaneously with the formation of the gate electrodes
8A (the word lines WL) and the gate electrodes 8B, 8C, the second
interconnection layer of the peripheral circuit is formed
simultanecusly with the formation of the storage electrode of
the capacitor C, and the third interconnection layer of the
peripheral circuit is formed along with the formation of ¥ select

line ¥S.



to a LOCOS nethod. A p-type inmpurity (boron (B)) is subjected to ion

I npl antation into the sem conductor substrate 1 at a region in which a
menory cell is to be forned (nenory array MARY) and also at a region
wherein an n channel -type M SFET of a peRi pheral «circuit thereby formng a
p-type well 2. Then, an n-type inpurity (phosphorus (P)) is ion inplanted
into the sem conductor substrate 1 at a region where a p channel -type

M SFET of the peripheral circuit is to be formed thereby formng an n-type
well 3. Ap-type inpurity (B) is ion inplanted into the p-type well 2 to
forma p-type channel stopper |ayer 5. Likew se, an n-type inpurity (P) is
I on inplanted intgdﬁybdh&gﬁp5)well 3 to forman n-type channel stopper

| ayer 6. he p-type well 2 and the n-type well 3 surrounded by the

field oxide film 4 eftioded WinkRuBagehi£iRYi SiRAN | AddorPihd N il aces of
the respective active regions according to a thermal oxidation nmethod. An

inpurity foempeaimentie® thd hireahdidn Voktades(Yhb) fotmabedh SFET is ion

i nplanted into the p-type well
interconnections of a peripheral circuit simultaneously with the
formation of a plate electrode (an upper electrode) of an
information storage capacitor C.

For the manufacture of this type of DRAM, as shown in Fig.
50, memory cell selection MISFET's Qt and an n channel-type MISFET
gn and a p channel-type MISFET Qp of a peripheral circuit are
formed in the same manner as in Embodiment 1, followed by
simultaneous formation of bit lines BL1, BL2 and first
interconnection layers 30A, 30B thereover. A storage electrode
33 of an information storage capacitor C is further formed over
the bit lines BLj, BLy. The gate electrode 8A (the word line
WL) and the gate electrodes 8B, 8C are formed of such a low
resistance conductor film as the gate electrode 8A (the word line
WL) and the gate electrodes 8B, 8C in Embodiment 1, with their
sheet resistance being 2 Q/[J or below.

As shown in Fig. 51, a tantalum oxide film 34 is deposited
over the storage electrode 33 according to a plasma CVD, followed
by further deposition of a TiN film by a CVD. As shown in Fig.
52, these films are then patterned by etching via a photoresist
mask to form a capacitance insulating film 34 and a plate
electrode 35 on the respective storage electrode 33, thereby
forming information storage capacitors C. At the same time, the

tantalum film 34A and the TiN film 35A of the peripheral circuit



28~ 2 and the n-type well 3 through the gate oxide film7. Among the
lon inplantation for formng the wells (i.e. the p-type well 2 and the
n-type well 3), the ion inplantation for forming the channel stopper
layers (i.e. the p-type channel stopper Iayer 5 and the n-type channel
stopper layer 6) and the ion inplantation™ for the control of the threshold
vol tage (Vth) of the MSFET, the ion inplantations using the sane
conduction type of inmpurity may be effected by one step with use of the
sane photoresist mask. The ion inplantation for the control of the
threshold voltage (Vth) of the nenory cell selection MSFET QG and the ion

I npl antation for controlling the threshold voltage .
are also patterged to form a second ggtegc\:/cgrmegglotrpelayer 35B

of the peripheral circuit.

Since the second interconnection layer of the peripheral
circuit is cqnstituted of a double-layer film wherein the
conductive TiN film 35A is formed on the insulating tantalumoxide
film 34A, it cannot be connected directly to the first
interconnection layer (30B) of the peripheral circuit.

As shown in Fig. 53, a silicon oxide film 38 is deposited
on the capacitor C and the interconnection 35B by a CVD method,
followed by spin coating of an SOG £ilm 39 and further deposition
of a silicon oxide film 40 by a CVD method on the f£ilm 38 in this
order. Using a photoresist mask, the insulating films (i.e. the
silicon oxide film 40, the SOG film 39 and the silicon oxide film
38) formed on the plate electrode 35 of the capacitor C are etched
to form a connection hole 42. At the same time, the insulating
films (i.e. the silicon oxide film 40, the SOG film 39 and the
silicon oxide film 38) formed on the interconnection 35A of the
peripheral circuit are etched to form a connection hole 48.
Moreover, the insulating films (i.e. the silicon oxide film 40,
the SOG film 39, the silicon oxide film 38, the silicon oxide
film 32, the SOG film 31 and the silicon nitride film 27) formed
over the first interconnection layer 30B of the peripheral
circuit are simultaneously etched to form a connection hole 43.

As shown in Fig. 54, a W plug 44 is, respectively, filled
in the connection holes 42, 43 and 48, after which a Y select

line ¥S and third interconnection layers 41A, 41B of the



M SFET's (i.e. then channel-type M SFET On and the p channel -type M SFET
Q) of the peripheral circuit may be separately performed to independently
control the values of the threshold voltages (Vth) for individual

M SFET' s. As shown in Fig. 7, gaide el ectrodes 8A (word |ines W)

of the menory cell selection MSFET Q, a gate electrode 8B of an n
channel -type M SFET On and a gate el ectrode 8C of a p channel-type M SFET
Q are fornmed, respectively. For exanple, the gate €l ectrodes 8A (word
lines W) and the gate electrodes 8B, 8C are, respectively, forned in the
foll owing manner. An n-type polysilicon film a W52 filmand a silicon

niride 11 Ghrifhars suceass yel ¥odfRasd eol | Ny pBL AN B SuM rat e

1 accordin a CVD technig owed by et rough a ph resi st
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sane time. Alternatively, an n-type
electrically connected via the third interconnection layer 41B

to the first interconnection layer 30B.

According to this manufacturing method, the first
interconnection layers 30A, 30b of the peripheral circuit are
simultaneously formed during the step of forming the bit lines
BLi, BL2. Thesecond interconnection layer 35Bof the peripheral
circuit is formed during the step of forming the plate electrode
35 of the capacitor C, and the third interconnection layer is
simultaneously formed during the step of forming the Y select
line. Thus, the twe steps of forming the interconnections of
the peripheral circuit can be reduced.

In the step of forming the connection holes 42, 43 and
48 (Fig. 53), the insulating films formed over the
interconnection 30B is much thicker than the insulating films
over the capacitor C and over the interconnection 35B. Hence,
there is the great possibility that the plate electrode 35 exposed
at the bottom of the connection hole 42 and the interconnection
35B exposed at the bottom of the connection hole 48 are etched
off. To avoid this, a dummy gate DWL for reducing a step
difference which is not employed as an actual gate electrode is
provided below the interconnection 30B as shown in Fig. 55. By
this, the aspect ratio of the connection hole comes close to those
of the connection holes 42, 48, thereby preventing the

inconvenience of etching off the plate electrode 35 at the bottom



29 polysilicon filmmy be first deposited according to a CVvD

techni que, followed by further deposition of a TiNfilmand a Wfilm by
sputtering and then of a silicon nitride film10 according to a CVD

techni que. These filns are patterned ass5desired through a photoresist mask
to formthe electrodes sinultaneously. It should be noted that the Ti N
filmis formed in order to prevent the reaction between the polysilicon
film and the Wfilm Wen the gate el ectrode 8A (the word line W), and
the gate el ectrodes 8B, 8C are, respectively, constituted of a |ow

resi stance material, e.g. when they are made of a three-|layer conductor

filmwhereide apld I\(l:dcririe'@t(J.Qaﬁu o ﬁbuaﬁét Eﬂe PhtsidSanddd Bn a3 atlithe

silicide filmare superposed on an n-t
bottom of the connection hole 48. As shown in Fig. 55, a dummy

interconnection 30C which is not actually used as an
interconnection and is electrically floating may be formed below
the second interconnection layer 35C electrically connected to
the third interconnection layer 41C through the connection hole
49. The dummy interconnection 30C is formed simultaneously with
the formation of the bit lines BL], BLz and the first
interconnection layers 30A, 30B of the peripheral circuit. If
the interconnection 35C is etched off at the bottom of the
connection hole 49, thé lower dummy interconnection 30C serves
as a stopper for etching. Thus, the connection hole 49 cannot
break through up to the substrate. Moreover, if a dummy gate
DWL is formed below the dummy interconnection 30C, the
inconvenient breaking-through of the connection hole 49 to the
substrate is more reliably prevented. Thus, it is effective that
since the interconnection 35 cannot be formed as thick, such a
dummy interconnection 30C and/or a dummy gate DWL as set out above
is formed below the connection hole 4% or as surrounding the
- connection hole 49 therewith as viewed on the plane.

(Embodiment 6)

The method for manufacturing DRAM according to this
embodiment includes simultaneous formation of the
interconnections of the peripheral circuit in the step of forming
the bit lines BL1, BL2 and in the step of forming the plate

electrode of the information storage capacitor C, like



polysilicon film the sheet resistance can be reduced to 2 [err] /[err] or
bel ow, preferably 1 Q[err] or bel ow As shown in Fig. 8, an n-type
impurity (P) is ion inplanted into the p-type well 2 to forman n-type
sem conductor region 9 of the nmenory cébl selection MSFET @ and n-type
sem conductor regions 12 of the n channel-type M SFET On as self-aligned
relative to the gate el ectrodes 8A, 8B. A p-type inpurity (B) is ion

i nplanted into the n-type well to formp-type sem conductor regions 14 of
the p channel -type M SFET (@ as self-aligned relative to the gate

el ectrode 8C. It should be noted that the ion inplantation for form ng the
n-type sergguiud gegions 9, 9 of the nenory cell MSFET's Q and the
ion inplantation for formng the n- sem conductor regions 12 of the n

channel -type M SFEj @rdeRytbenseReict @ty 08 R, Otthe memory cell

selection MISFET Qt and the n channel MISFET Qn and the p
channel-type MISFET Qp are formed in the same manner as in
Embodiment 5, followed by formation of bit lines BL], BL2
thereover (Fig. 50). At the time of the formation of the bit
lines, the first interconnection layers 30D to 30G of the
peripheral circuit are simultaneously formed as shown in Fig.
56. The bit lines BLj, BL2 and the interconnections 30D to 30G
are formed of such a low resistance conductor film as having set
out hereinbefore, with their sheet resistance being 2 Q/[] or
below.

As shown in Fig. 57, second interconnection layers 35C
to 35F of the peripheral circuit are, respectively, formed over
the first interconnection layers 30D to 30G of the peripheral
circuit as shown in Fig. 57. The interconnections 35C to 35F
are formed simultaneously with the formation of the capacitance
insulating f£ilm 34 and the plate electrode 35 of the information
storage capacitor C, with their sheet resistance being 2 Q/
0 or below. The interconnection 35C is positioned just above
the first interconnection layer 30D, and the interconnection 35D
is positioned just above the first interconnection layer 30E.
The interconnection 35E is formed just above the first
interconnection layer 30F, and the interconnection 35F is formed
just above the first interconnection layer 30G.

As shown in Fig. 58, a silicon oxide film 38 is deposited



30 so that the source region and the drain region have different

i mpurity concentrations for the respective M SFET' s. AS shown in
Fig. 9, a side wall spacer 11 is formed on the respective side walls of
the gate electrodes 8A (the word Ilines W) of the nenory cell selection

MSFET's Q, the gate electrode 8B of the n channel-type M SFET and the
gate electrode 8C of the p channel-type M SFET. The side wall spacer 11 is
formed through anisotropic etching of a silicon nitride film deposited by
a CVD technique. Thereafter, an n-type inmpurity (P) is ion inplanted into
the p-type well 2 of the peripheral circuit to formn+-type sem conduct or

Legors of 18fef syflEReels i MaES R e boabang il b sy Vel

n-type We' | foi ot BPEpti¥PESEME YHUR! 8hcT £0I S tRePbohhgnd further
depositionof asiliconoxide film40 by aCVDmethod. Thereafter,
as shown in Fig. 59, the insulating films formed on the first
interconnection layers 30D to 30G of the peripheral circuit and
the second interconnection layers 35C to 35F are selectively
etched by use of a photoresist mask. As a consequence, there
are simultaneously formed a connection hole 56 arriving at the
first interconnection layer 30D through the second
interconnection layer 35C, a connection hole 57 arriving at the
first interconnection layer 30E through the second
interconnection layer 35D, a connection hole 58 arriving at the
first interconnection layer 30F through the second
interconnection layer 35E, and a connection hole 59 arriving at
the first interconnection layer 30G through the second
interconnection layer 35F. In this etching procedure, the types
of materials to be etched and the thicknesses of the films are
substantially same for all the connection holes 56 to 59, neither
permitting a non-etched residue to left in the inside of any of
the connection holes 56 to 59 nor causing any of the first
interconnection layers 30D to 30G to be etched off excessively.

As shown in Fig. 60, a tungsten plug 44 is embedded in

each of the connection holes 56 to 59. Third interconnection
layers 41D to 41G of the peripheral circuit are formed on the
silicon oxide film 40 as shown in Fig. 61. The structure at the

left side of Fig. 61 is a structure of connection between the



p channel -type M SFET On in self-aligned with the side wall spacer 11

Both or either of the source region and the drain region of the n

channel -type M SFET O and the source region and the drain region of the p
channel -type M SFET Q which constitute sgthe peripheral circuit may be
constituted, if necessary, of a single drain structure or a double

di ffused drain structure. As shown in Fig. 10, a silicon oxide film
17 and a BPSG film 18 are, respectively, deposited over the gate

el ectrodes 8A (the word |lines W.) of the nmenory cell selection M SFET' s
Q, the gate electrode 8B of the n channel-type M SFET On and the gate

o ooy oo EhEPT LI SRR DL 5 o SRt 1R RS

31 layer 35C. 1In this structure, the second interconnection layer
35C is electrically connected via the plug 44 formed in the
connection hole 56 to the first interconnection layer 30D. 1In
this case, the third interconnection layer 41D is a dummy
interconnection which is not actually used and serves as a kind
of cap which covers the surface of the interconnection hole 56
over the second interconnection layer 35C. More particularly,
when the third interconnection layer is patterned, the third
interconnection layer 41D protects the plug 44 from being etched.
In this sense, the layer 41D should completely cover the
connection hole 56 therewith on a plane.

The second structure as viewed from the left side of Fig.

61 is a structure for connection of the first interconnection
layer 30E, the second interconnection layer 35D and the third
interconnection layer 41E. In this structure, the third
interconnection layer 41E, the second interconnection layer 35D
and the first interconnection layer 30E are mutually
electrically connected via the plug 44 formed on the connection
hole 57. The third interconnection layer 41F is electrically
connected to the first interconnection layer 30F via the plug
44 formed in the connection hole 58. 1In this case, the second
interconnection laver 35E is a dummy interconnection which is
not actually used as an interconnection. The third
interconnection layer 41G is electrically connected to the

second interconnection layer 35F via the plug 30G formed in the



mechani cal polishing (CVP) nmethod to flatten the surface thereof.

As shown in Fig. 11, a polysilicon film28 is deposited on the BPSG film
18 according to a CVD nethod, and the polysilicon film28 is etched

t hrough a photoresi st mask, followed bysburther etching of the BPSG fil m
18, the silicon oxide film17 and the gate oxide film?7 using the
polysilicon film28 as a nask. Consequently, a connection hole 21 is
formed above one of the source region and the drain region (the n-type
sem conductor region 9), and a connection hole 22 is fornmed above the
other region (n-type sem conductor region 9). Because the etching

rates of th@@%l gzonxgl f,sgiecaféé mt%@ Fiegmﬁx@ké&ﬁle&%t@nenagégom i8A (the

mprd_lines the nenory ection M SFET and the silicon
nitride sidg é{\@xhxhySP@@&féom{Jéctfl%ﬁ%@tO'actttl@liyd@sé@l.lsm@ fdfuginyf r om t hat of

the silicon
interconnections 41D, 35E and 30G are those interconnections
which are not connected to other interconnections in regions
other than the portions of the connection holes 56, 58, 59. Of
course, the plug 44 is made of any of conductor materials.

Fig. 62 is a plan view showing an example of connection
of the first to third interconnections of a peripheral circuit.
In the figure, interconnections 41H, 41I are third
interconnection layers constituting electric power lines, and
interconnections 41J, 41K are third interconnection layers
constituting signal lines. All the interconnections are formed
by pattering from the same layer as a Y select line YS.
Interconnections 35G, 35H are second interconnection layers
constituting signal lines and are formed by patterning from the
same layer as the plate electrode 35 of an information storage
capacitor C. Interconnections 30H to 30K are first
interconnection layers and are formed by pattering from the same
layer as the bit lines BLji, BL2.

In this instance, a third dummy interconnection layer 41G
is formed in a connection hole 60 for connection between a second
interconnection layer 35H and a first interconnection layer 30I.
A second dummy interconnection layer 351 is formed in a connection
hole 61 for connection between a third interconnection layer 41I
and a first interconnection layer 30H. A first dummy

interconnection layer 30L is formed in a connection hole 62 for



oxi de-based insulating filnms (i.e. the BPSG film 18, the silicon oxide
film1l7 and the gate oxide film7) and are left as being not etched. Mre
particularly, a gas used for the dry etching in order to formthe
connection holes 21, 22 permits the sili@n oxide to be etched at a
greater rate and the silicon nitride film to be etched at a smaller rate.
By this, fine connection holes 21, 22 (i.e. regions contacting with the
n-type sem conductor region 9) which have a dianeter smaller than a
resolution of exposing light used for nmaking a photoresi st nask can be
formed self-alignedly to the sidewall spacers 11, enabling one to reduce

the size of dohpedRAIBhYbEBkden the third interconnection layer 41J andZthe
second interconnection layer 35H. A third interconnection
layer 41K, a second interconnection layer 35G and a first
interconnection layer 30J are mutually connected via a
connection hole 63. It will be noted that the connection holes
60, 61, 62 and 63 are so formed that they arrive at the first
interconnection layer prior to the formation of the third
interconnection layers.

As will be apparent from Fig. 61, according to the method
of this embodiment, there are simultaneously formed by one step
the connection hole (56) for electric connection between the
second interconnection layer and the first interconnection layer
of the peripheral circuit of DRAM, the connection hole (57) for
electric connection of the third interconnection layer, the
second interconnection layer and the first interconnection layer,
the connection hole (58) for electric connection between the
third interconnection layer and the first interconnection layer,
and the connection hole (59) for electric connection between the
third interconnection layer and the second interconnection layer.
For the etching, the types of materials for films to be etched
and the film thicknesses should be substantially the same for
all the connection holes. By this, the connection holes can
be formed under substantially same conditions, ensuring improved
reliability of the connections of the interconnections of the
peripheral circuit. The second interconnection layvers 35C to

35F of the peripheral circuit may be formed simultaneously with



As shown in Fig. 12, a polysilicon plug 20 is placed in the inside of each
of the connection holes 21, 22. The plug 20 is fornmed by depositing a
polysilicon filmon the polysilicon film28 according to a CVD net hod,

foll owed by etching back the thus deposigied polysilicon filmfornmed above
the BPSG film 18. At the sane tine, the polysilicon film 28 used as an
etching mask is simultaneously renoved. The polysilicon filmused as the
plug 20 is doped with an n-type inpurity (P). This inpurity is diffused
into the n-type sem conductor regions 9,9 (i.e. the source region and the
drain region) of the nmenory cell selection MSFET Q through the

connect | on 1o /thatdén dRANRPYLLORILIDL o AGBELTIGE PIo I RAL AN gy Iige a7

i mpurity concentratlon hi than m conductor T edi ons 9, 9

al t hough nOtlﬁfEWﬁhtiéhtgﬁbﬁédﬂ“&%paCLtor CAs shown in Fig. 13, a silicon
oxide film19 1s deposited over the BPSG film 18 according to a CVD

met hod. A photoresisin ¥héChe ERYEISE 1l d @HHYA iRfentthe aRehbRGRT 8heCi rCUi t
and has a
interconnections of the peripheral circuit are formed
simultaneously with the formation of the plate electrode (the
upper electrode) of the capacitor C, a resistor element may also
be formed at the same time.

Fig. 63 shows an example wherein fuses 35J of a redundant
circuit which relieve defective bits are formed simultaneously
with the formation of the plate electrode and the second
interconnection layers of the peripheral circuit. In this
instance, each fuse 357 is electrically connected at ends thereof
with third interconnection layers 41M through connection holes
64. At the lower portion of the connection holes, first dummy
interconnection layers 30M are formed in order to prevent the
connection hole from breaking through the substrate.

The resistor element of the peripheral circuit may be
formed simultaneously with the formation of the storage
electrode (the lower electrode) of the capacitor C.
Alternatively, the resistor element may be formed simultaneously
with the formation of the bit lines BLj, BL2.

(Embodiment 7)

DRAM is employed at a RAM portion of a one chip
microcomputer as forming a logic LSI such as CPU and a memory
SI on the same semiconductor substrate. Aonechipmicrocomputer

shown in Fig. 64 includes DRAM of the invention at a RAM portion.



t hrough-hol e at a connection portion of a bit Iine BL1 is fornmed as a
mask, followed by etching to renove the silicon oxide 19 from above the
connection hole 21, thereby exposing a portion of the plug 20 where the bit
line BL1 is to be formed. As shown in ¢3g. 14, a photoresist which covers
a menory cell-formng region and through-holes in the peripheral circuit
region is formed as a mask, followed by etching the silicon oxide film 19,
the BPSG film 18, the silicon oxide 17 and the gate oxide film 7 of the
peripheral circuit. In this manner, a connection hol e

33 23 is fornmed until one of the source region and the drain region

(i.e. the nk;LYPERRA™ & UL 9% KeCHRRM o LEnBbdiRent §NAPFHorming first
interconnection layers of a peripheral circuit simultaneously
with the formation of low resistance bit lines, forming second
interconnection layers of the peripheral circuit simultaneously
with the formation of a plate electrode of an information storage
capacitor, and further forming third interconnection layers
simultaneously with the formation of a Y select line.

When using this type of DRAM at the RAM portion of the
onechipndcrocomputer,thenmnufacturingprocessoftheonechip
microcomputer can be simplified with reduced manufacture costs
for the reason that the first interconnection layers such as for
the CPU unit and an input/output (I/0) circuit are formed
simultaneously with the formation of he bit lines BL, the second
interconnection layers (M2) are formed simultaneously with the
formation of the plate electrode, and the third interconnection
layers (M3) are formed simultaneously with the Y select line.

Although the embodiments of the invention have been
particularly described hereinabove, the invention are not
limited to those embodiments and various variations and
modifications may be possible without departing from the spirit
of the invention.

The features and advantages of typical embodiments
disclosed herein are briefly summarized below.

According to the invention, the interconnections of
memory arrays and the interconnections of a peripheral circuit

can be reduced in number, so that the number of the steps of



type M SFET On is exposed, and a connection hole 24 is formed so that the
other region (i.e. the n+-type sem conductor region 13) is exposed. At
the sane time, a connection hole 25 is forned so that one of the source
region and the drain region (i.e. the g3+.type region 15) of the p

channel -type M SFET @ i s exposed, and a connection hole 26 is forned
above the other region (i.e. the p+-type sem conductor region 15).

As shown in Fig. 15, atitaniumsilicide layer 16 is formed on the
surfaces of the n+-type sem conductor regions 13, 13 of the n channel-type
M SFET On exposed at the bottons of the connection holes 23, 24, on the

surfaces ofpihigeidedy ey p¥ol EARMICLAUGIRY QB8n 1o Hibidlvdd19i81ghael - type

M SFET @ exposed at toms of the connection es 2 26, and al so

on the surfasguedédtPeodttdicid dogtwhi ch the bit line BL1 is connected. The
titaniumsilicide layer 16 is fornmed by depositing a Ti film by sputtering

and anneal i ng t he gHcalislemhédtevedebyrbgast (w¥rd iines) can be made low
in resistance according to the invention, word drivers and sense
amplifiers connected to a given number of memory cells can be
reduced in number. This allows a reduced chip size and an improve
degree of integration of DRAM.

The first interconnection layers and the second
interconnection layers connecting a n channel-type MISFET and
a pchannel-type MISFET of a peripheral circuit are disposed below
the information storage capacitor of a memory cell. Thus, the
aspect ratio of connection holes formed over the source and drain
regions of these MISFET's is made small, thereby improving the
connection reliability of the interconnections of the peripheral

circuit.



with the Si

substrate (i.e. the n+-type sem conductor region 13 and th

p+-type sem conductor region 15) and the polysilicon and renoval of an
unreacted Ti film(i.e. a Ti filmon the silicon oxide film19) by wet
etching. The formation of the titanium & licide |layer 16 results in th

reducti on of the contact

34

i nterc nnections Contacting therewth.

16, bit lines BL1, BL2 are forned on the silicOn oxide film19 O the
nmenory arrayfyhRYs endrhEbstskayer

1. A semiconductor integrated circuit device comprising
DRAMwhich includes amemory cell constituted of MISFET for memory
cell selection and an information storage capacitor formed on
the MISFET, wherein a sheet resistance of a word line integrally
combinedwith a gate electrode of the memory cell selection MISFET,
and a sheet resistance of a bit line connected to one of a source
region and a drain region of the memory cell selection MISFET
are, respectively, 2 Q/{J or below.

2. A semiconductor integrated circuit device according
to Claim 1, wherein the sheet resistances of the word line
integrally combined with the gate electrode of the memory cell
selection MISFET, and the sheet resistance of the bit line
connected to one of the source region and the drain region of
the memory cell selection MISFET are, respectively, 1 Q/0 or
below.

3. A semiconductor integrated circuit device according
to Claim 1, wherein the word line integrally constituted with
the gate electrode of the memory cell selection MISFET is formed
of a buildup film which comprises, at least, a polysilicon film
and a metallic film or a metal silicide film formed thereon.

4. A semiconductor integrated circuit device according
to Claim 1, wherein said bit line is provided over the memory
cell selection MISFET, ad said information storage capacitor is
provided over the bit line.

5. A semiconductor integrated circuit device according

g
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I nt erconnections 30A, 30B are forned on the silicon oxide film 19 of the
peripheral circuit. The bit lines BL1, BL2 and the interconnections 30A
30B are sinultaneously formed by depositing a Ti N filmand Wfl

the silicon oxide film19 by sputtering§ further deposi t }fe placed
nitride film 27 by a CVD net hod, and etching these fllns

phot or esi st mask to nmake a desi red pattern of these fil ns.

BL1, BL2 and the interconnections 30A, 30B are, respectively, formed of a
| ow resi stance nmaterial such as a two-|ayer conductor filmwherein a Ti N
film(or a WWfilm and a titaniumsilicide filmare, for exanple, built

up. By thistd kga3hee] wRstSiRNeSid AN 1hger 6ussik £ et df\6 aObu2ltup
[err][err] or below, preferably 1 [err] /{err] or bel ow As shown

in Fig. 17, f31% lineQddAhr hdgethl 1idepDah t@d PimetrICKD IR Rd fiism.
ani sot r opi caIIy etched to formside wall spacers 29 on the side walls of
the bit lines BL1, 6BL2 seflitbadutbbderatiugpeitcansidoiit IR icBubsequdhhyy, a
SOG film31 is spin

to Claim 1, wherein an interconnection formed over said

information storage capacitor has a sheet resistance equal to
or smaller than a sheet of resistance of said bit line.

7. A semiconductor integrated circuit device according
to Claim 1, wherein a given interconnection layer of a peripheral
circuit of said DRAM is provided with an interconnection formed
in the same step as the word line formed integrally with the gate
electrode of said memory cell selection MISFET.

8. A semiconductor integrated circuit device according
to Claim 1, wherein a given interconnection layer of a peripheral
circuit of said DRAM is provided with an interconnection formed
in the same step as the bit line.

9. A semiconductor integrated circuit device according
to Claim 1, wherein a peripheral circuit of said DRAM gas a
resistor element formed in the same step as said bit line.

10. A semiconductor integrated circuit device
comprising DRAM which includes a memory cells constituted of
MISFET for memory cell selection and an information storage
capacitor formed on the MISFET, wherein the information storage
capacitor has a storage electrode whose sheet resistance is 2
Q70 or below.

11. A semiconductor integrated circuit device according

toClaim 10, wherein a given interconnection layer of a peripheral

"y



coated over the bit lines BL1, BL2 and the interconnections 30A, 30B,
foll owed by further deposition of a silicon oxide according to a CVD

method. It will be noted that when a silicon oxide film ig ' d
of the silicon nitride film 27 and the séde wall spacer s S Eﬁi]% %ﬁj&

2
and the interconnections L

silicon nitride film the parasitic capacitance of the bit

30B can be reduced. As shown in Fig. 18, the silicon oxide film 32
and the SOG film31 are etched using a photoresist nask to forma
connection holes 37 above the connection hole 22 fornmed above

circuit of said DRABM is provided with an interconnection formed

in the same step as the storage electrode of said information
storage capacitor.

12. A semiconductor integrated circuit device according
to Claim 10, wherein a peripheral circuit of said DRAM has a

| resistor element formed in the same step as the storage electrode
of said information storage capacitor.

13. A semiconductor integrated circuit device
comprising DRAM which includes a memory cell constituted of
MISFET for memory cell selection and an information storage
capacitor formed on the MISFET, wherein the information storage
capacitor has a plate electrode whose sheet resistance is 2 Q
/0 or below.

14. A semiconductor integrated circuit device according
toClaim 13, wherein a given interconnection layer of a peripheral
circuit of said DRAM is provided with an interconnection formed
in the same step as the plate electrode of said information
storage capacitor.

15. A semiconductor integrated circuit device according
to Claim 13, wherein a peripheral circuit of said DRAM has a
resistor element formed in the same step as the plate electrode
of said information storage capacitor.

16. A method for manufacturing a semiconductor
integrated circuit device which comprises DRAM which include a
memory cell constituted of MISFET for memory cell selection and

an information storage capacitor formed thereon, the method

!
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the other of the source region and the drain region (i.e. the n-type
sem conductor region 9) of the nmenory cell selection M SFET Qt,
respectively. Even when theposition of the connection hole 37

i sshifted fromjust above the connecti @1 hol e 22 accorThisrsfect Bas BB Replaced

m sregi stration of the photoresist nmask as shown in F|g con
nitride film27 which has been formed on the bit Iines w!ﬂ Em&ﬂg ﬂhe
i nt erconnections 30A, 30B and the silicon nitride side 9
formed on the side walls are left alnbst non-etched because the etching
fEEEd ?iffers fromthat of the silicon oxide-based insulating filns (i.e.
e silicon .@Q%;t SOG film 31 Accor di ngl even if an
?8§#?ﬁ lé%éﬁﬂreg r(ng " e

al | owance ation for the connection hole 37 and the

connection hole Zg(éf)s gﬁﬁ’fm?%c&rd Uﬂﬁel@&ns"c'ﬂ&%%e@'—ﬂnte%ﬁ%lqwm a gagwsed

at the time of th or mat | of the connection reby preventing the

short circubibRgrbet VeeMmisErPifod iftoBlyl ceandskhect DéOT PREMED & af age
capacitor C. This enables one to

semiconductor substrate wherein the gate electrode has a sheet

resistance of 2 Q /00 or below; and

(b) forming a bit line connected to one of a source region
and a drain region of the MISFET for memory cell selection on
the gate electrode of the MISFET for memory cell selection and
the word line connected thereto and having a sheet resistance
of 2 Q/[] or below.

17. A method according to Claim 16, wherein an
information storage capacitor having a storage electrode and a
plate electrode at least one of which has a sheet resistance
of 2 Q/0 or below is formed over the bit line.

18. A method according to Claim 17, further comprising
the step of forming an interconnection having a sheet resistance
equal to or smaller than the sheet resistance of said bit line
over the information storage capacitor.

19. A method according to Claim 16, wherein a first
interconnection layer of a peripheral circuit is formed in the
step (a) or (b).

20. A method according to Claim 19, wherein a second
interconnection layer is formed during the step where the storage
or plate electrode of said information storage capacitor is
formed.

21. A method according to Claim 20, wherein a third

L 1L



reduce the size of the nenory cell. If a silicon oxide film is enployed

i nstead of the silicon nitride film27 and the side wall spacer 29 nade of
a silicon nitride film it is necessary to provide a space sufficient for
mask regi stration between the connectiogghole 37 andTmhﬂmﬁHdﬂkmékmmg pacer

29. 36 g. 20,
after enbedding a plug 36 made of Win the connection m Egm m}:rage
el ectrode 33 of an information storage capacitor Cis over
connection hole 37. The plug 36 is fornmed by etching back a Wfilm (or a
polysilicon film deposited on the silicon oxide 32 by a CV/D nethod. The
storage el ectyqde sithdct il 'ﬁgepyofatt%@ Egrfpmg‘éi Bircuit is formed over

said information storage capacitor during the step of forming

an interconnection and a Y select line built up on the plate
electrode of said information storage capacitor.

22. A method according to Claim 21, further comprising
the step of simultaneously forming at least two connection holes
among a first connection hole connecting the third
interconnection layer and the second interconnection layer, a
second connection hole connecting the third interconnection
layer and the first interconnection layer, a third connection
hole connecting the second interconnection layer and the first
interconnection layer, and a fourth connection hole connecting
the third interconnection layer, the second interconnection
layer and the first interconnection layer, wherein the at least
two connection holes are formed in a layer insulating film for
insulating the third layer interconnection and the second layer
interconnection layer from each other.

23. A method according to Claim 22, wherein a dummy
interconnection which is formed in the same step as the first
layer interconnection is arranged below the first connection
hole connecting the third interconnection layer and the second
interconnection layer.

24. A method according to Claim 22, wherein a dummy
interconnection which is formed in the same step as the second
interconnection layer is arranged on the way of said second

connection hole connecting the third interconnection layer and

LT



which is deposited on the silicon oxide film32 by sputtering, through a
photoresist mask in a desired pattern. The plug 36 may be constituted of a
polysilicon filmor a builtup filmof a TiNfilmand a Wfilm The storage

el ectrode 33 may be made of a filmof aggretal or a condugf] Bk iadé
such as Pt, Ir, 1r@, Rh, Rh®2, GCs, 02, Ru, Ru2, Re, %{,ggé@e:@i%t oy
the Iike. As shown in Fig. 21, atantalumoxidefilaﬁ

deposited on the storage el ectrodes 33 according to a plas %ﬂm\‘mmmr

on which a TiN film35A is further deposited by a CVvD nethod. Thereafter,
as shown in Fig. 22, these filns are patterned by etching through a

phot or esi st rg?%g fgg_),igo.Hgggc?hﬁ%&t_%!f%ég_orage capacitor C including the
€ made € [

storage el e &t 0 a capacitance insulting film 34

made of the tant aﬁy.m %in{%etlhfoidl @céérggg?atgl aigigl ££1 r@8er S r@d:gm@ffy t he

TiN film35A The storage electro s favorably formed so thicK that

the capaci t%%ﬁ%r%%nh@@t&ﬁﬁ%ﬁ?&ﬁoﬁ SEATRIE 192RA6I Qe StASCIRRILBALd The
plate electrode 35 1s formed of the Ti N

layer interconnection is arranged below the above connection
hole connecting the second interconnection layer and the first
interconnection layer.

26. A method for manufacturing a semiconductor
integrated circuit device by forming DRAM having a memory cell
constituted of MISFET for memory cell selection and an
information storage capacitor formed on the MISFET, and logic
LSI on the same semiconductor substrate, wherein a sheet
resistance of a gate electrode of the MISFET and a word line
connected thereto, and a sheet resistance of a bit line are,
respectively, 2 Q/0 or below, and a given interconnection of
the logic LSI is formed in the same step as the gate electrode
of the MISFET and the word line connected thereto or the bit line.

27. A method according to Claim 26, wherein an
information storage capacitor having a storage electrode and a
plate electrode at least one of which has a sheet resistance of
2 Q/[1 or below is formed above the bit line, and the given
interconnection of the logic LSI is simultaneously formed at the
step of forming the storage electrode or the plate electrode.

28. A method for manufacturing a semiconductor
integrated circuit device, the method comprising the steps of:

providing a semiconductor substrate having first and

second portions on the main surface thereof;

A




film35A If this filmis formed as too thick, there arise the problens:
(1) the TiNfilm35Ais apt to suffercracking therein; (2) a stress is
exerted on the capacitance insulating film 34

37 formed bel ow, thereby degradi ng fghe charact er iTais Sbst Haf BéchBeplacddm

34. Accordingly, the TiNfilmpreferably has a thicknes tely
0.2 [err]m The capacitance insulating film34 my be t
highly dielectric materials such as BST ((Ba, Sr)Ti @), rroelectric

materials such as PZT (PbzrxTi[err]- x@3), PLT (PbLaxTilx03), PLZT,
PbTi G3, SrTi (O3, BaTi 3, PbZr(3, LiNoG3, Bi4Ti 3012, BaMyF4, YI -based

(SrBi 2(Nb, Ta) 209) qaéb%éir{%ng a first conductor layer on the first and second
portions and subjecting the first conductor layer to patterning
to forma first interconnection on the first portion and a second
interconnection on the second portion;

forming a first insulating film over the semiconductor
substrate to cover the first and second interconnections;

depositing a second conductor layer over the first and
second portions and patterning the second conductor layer to form
a third interconnection as superposed on the first
interconnection over the first portion and a fourth
interconnection as superposed on the second interconnection over
the second portion;

forming a second insulating film over the semiconductor
substrate to cover the third and fourth interconnections
therewith;

forming a first connection hole in a portion of the first
portion where the first and third interconnections are
superposed so that the first interconnection is exposed on the
surface thereof via the second insulating film, the third
interconnection and the first insulating film, and also a second
connection hole in a portion of the second portion where the
second and fourth interconnections are superposed so that the
second interconnection is exposed on the surface thereof via the
second insulating film, the fourth interconnection and the first
insulating film;

filling a third conductor layer in the first and second

LU L E



| i ke. The plate electrode 35 may be constituted of filnms of netals or
conductive netal oxides such as tungsten silicide/TiN, Ta, Cu, Ag, Pt, Ir,
lr2, Rh, Rh@®2, OCs, 0os@, Ru, Ru2 Re, Re@3, Pd, Au and the liKke.

As shown in Fig. 23, a silicon oxide filym 38 id deposited over the

I nformati on storage capacitor C according to a CVD net hothis SheunHas@®eenBERlackd | m

39 is spin coated on the film38, followed by further de

silicon oxide film40 by a CVD net hod. Subsequently,'theTBmlL! [

(i.e. the silicon oxide film 40, the SOG film 39 and the XI de
film38) provided over the plate electrode 35 of the information storage
capacitor C_are selectively ved by etching to forma connection hol e
42. At thecggﬂ%cﬁ%?h?]heeé‘i n"*rsﬁrgti ng films (i.e. the silicon oxide film
40, the SOG film t .SjJ 1.C . d ' : i Lh-C j id m 32,
Che 0o T m 51 marRdeit it gogeﬁ???i(g%ﬁﬂﬁn%%a%%vgpl# -Ehe, PXLGE ddd

I nterconnectogng %\6%1%9@ Aa bhecoesiRhenalfoudichiet daiit S 8§k iteetorgt ched
to forma connectiron hole 43.

a fifth interconnection in the first portion to cover the first

| ms

connection hole and a sixth interconnection in the second portion
to cover the second connection hole, wherein the third conductor
layer in the first connection layer electrically connect the
first, third and fifth interconnections therewith and the third
conductor layer in the second connection hole electrically
connect the second and fourth interconnections therewith and
wherein the sixth interconnection protects the third conductor
layer in the second connection hole at the time of the patterning
of the fourth conductor layer.

29. A method for manufacturing a semiconductor
integrated circuit device, the method comprising the steps of:

providing a semiconductor substrate having first and
second portions on the main surface thereof;

depositing a first conductor layer on the first and second
portions and subjecting the first conductor layer to patterning
to form a first interconnection on the first portion and a second
interconnection on the second portion;

forming a first insulating film over the semiconductor
substrate to cover the first and second interconnections;

depositing a second conductor layer over the first and
second portions and patterning the second semiconductor layer

to form a third interconnection as superposed on the first

IARFR



As shown in Fig. 24, tungsten (W plugs 44 are, respectively, enbedded in

t he connection holes 42, 43. The
plug 44 is fornmed by depositing a Wfilmon the silicon oxide

38
film40 by a

CVD nmet hod and etching it back. The plug744 nay be Constlmiﬁﬁet@fﬁsﬁgnge ;aced

YS and second interconnection |ayers 41A 41B are formed o
oxide film40, thereby approximately conpleting DRAM Shomm
line YS and the interconnections 41A, 41B are, respectlvely,

builtup filmof a TIiNfilmand a Wfilm Thereafter, 4

Y sel ect

formed sinultaneously by depositing a TiNfilm an A alloy film

interconnection over the first portion and a fourth
interconnection as superposed on the second interconnection over
the second portion;

forming a second insulating film over the semiconductor
substrate to cover the third and fourth interconnections
therewith;

forming a first connection hole in a portion of the first
portion where the first and third interconnections are
superposed so that the first interconnection is exposed on the
surface thereof via the second insulating film, the third
interconnection and the first insulating film, and also a second
connection hole in a portion of the second portion where the
second and fourth interconnections are superposed so that the
second interconnection is exposed on the surface thereof via the
second insulating film, the fourth interconnection and the first
insulating film;

filling a third conductor layer in the first and second
connection holes; and

depositing a fourth conductor layer over the first and
second portions and patterning the fourth conductor layer to form
a fifth interconnection in the first portion to cover the first
connection hole and also a sixth interconnection in the second
portion to cover the second connection hole, wherein the third
conductor layer in the first connection layer electrically
connects the first, third and fifth interconnections therewith

and the third conductor layer in the second connection hole
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and a TINfilmon the silicon oxide film40 by sputtering, and patterning
these filnms by etching through a photoresist mask. The Y select |line YS
and the interconnections 41A, 41B nay be fornmed of a builtu -f§J”h°Ek§1Idmas
filmand a Cu film respectively. 731t Will be noted t Taiy
of formng the connection hole 42 over the information stora l ﬁﬂ
and the connection hole 43 over the interconnection 30B of t
circuit (as shown in Fig. 23), the thickness of the insulating filns on
the interconnection 30B is nuch greater than that of the insulating filns
formed over the information storage capacitor C, with the great
possibility ] l.at t n.ade X e he. i
connection h%%t 21*1%51& c erg]leg%f .t%gﬂTg egéglﬁdgﬁﬂi g?@%m%%nf?'ﬁ%}%é;{m a tuln(%}%i | m
34A and the didN-di4ivn 35A deposited on the storage el ectrode 33 are
patterned to formthe information storage capacitor C, the silicon oxide
film32 and the S@@.fiAMmSdnhdd ofdHeth Rl uti9gShoEafiecehagetede 33 are
etched self-alignedly to the plate electrode 35, so that the insulating
integrated circuit device, the method comprising the steps of:

providing a semiconductor substrate having first and

second portions on the main surface thereof;

depositing a first conductor layer on the first and second
portions and subjecting the first conductor layer to patterning
to form a first intexrconnection on the first portion and a second
interconnection on the second portion;

forming a first insulating film over the semiconductor
substrate to cover the first and second interconnections;

depositing a second conductor layver on the first and
second portions and patterning the second semiconductor layer
to form a third interconnection as superposed on the first
interconnection over the first portion and a fourth
interconnection as superposed on the second interconnection over
the second portion;

forming a second insulating film over the semiconductor
substrate to cover the third and fourth interconnections
therewith;

forming a first connection hole in the first portion so
that the second interconnection is exposed on the surface thereof
and also a second connection hole in the second portion so that
the second interconnection is exposed on the surface thereof;

forming a first connection hole in the first portion where

e




fil msprovi dedabovet hei nt erconnecti on30Bar enmadet hin. This
39 ~makes only a small difference between the thickness (A) of the
insulating films provided over the capacitor C and the thi % %?mmg M¥Mmd

the insulating filnms provided over the ihterconnection 30 m Hm mm

I nconveni ence of etching off the plate electrode 35 at the

connection hole can be prevented. According to the a
enbodi ment of the invention, the follow ng advantages and features can be
at t ai ned. (1) The gate el ectrode 8A (the word line W) of the

menory cell selection MSFET @, the gate electrode 8B of the n
the first and third interconnections are superposed so that the

first interconnection is exposed cn the surface thereof via the
second insulating film, the third interconnection and the first
insulating film, and also a second connection hole in the second
portion where the second and fourth interconnections are
superposed so that the second interconnection is exposed on the
surface thereof via the second insulating film, the fourth
interconnection and the first insulating film;

filling a third conductor layer in the first and second
connection holes; and

depositing a fourth conductor layer over the first and
second portions and patterning the fourth conductor lLayer to form
a fifth interconnection in the first portion to cover the first
connection hole and also a sixth interconnection in the second
portion to cover the second connection hole, wherein the third
conductor layer in the first connection layer electrically
connects the first, third and fifth interconnections therewith
and the third conductor layer in the second connection hole
electrically connect the second and fourth interconnections
therewith.

31. A method for manufacturing a semiconductor
integrated circuit device, the method comprising the steps of:

providing a semiconductor substrate having first and
second portions on the main surface thereof;

depositing a first conductor layer on the first and second

portions and subjecting the first conductor layer to patterning
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channel -type M SFET On of the peripheral circuit and the gate electrode 8C

of the p channel-type M SFET (@ are each made of a | ow resistance
conductor filmwith its sheet resistance being 2 [err] /Tmymﬁagygg%ygga“ﬁ
permitting the gate delay to be reduced. 7Thus, the workin

DRAM i ncreases. A low resistance netallic interconnectiontu

line for shunt) for gate el ectrode backing, which is conv

on the information storage capacitor, is not necessary, SO that the

i nterconnection |ayers of the nmenory array MARY can be reduced by one

| ayer. (2) In view of the above (1), the nunber of nenory cells

connecting tiw goemVEdrkt nghtea dadinereieassd thoTer apdrEubRrang, a sikend
nunbers of word drivers WD and word decoders connected to a given nunber

of nmenory celdtemamnsetrieduoadthandetbnd peatbsonf o a correspondi ngly

reduced chip size (or an enlarged area for nenory arrays MARY) thereby

i nproving the degr ernfingné effizdt dmsudfatDRAMEilm over the semiconductor
substrate to cover the first and second interconnections;

depositing a second conductor layer on the first and

second portions and patterning the second semiconductor layer
to form a third interconnection as superposed on the first
interconnection over the first portion;

forming a second insulating film over the semiconductor
substrate to cover the third -interconnection therewith;

forming a first connection hole in the first portion so
thatthesecondinterconnécthmtisexposedonthesurfacethereof
and also a second connection hole in the second portion so that
the second interconnection is exposed on the surface thereof;

depositing a third conductor layer over the first and
second portions and patterning the third conductor layer to form
a fourth interconnection in the first portion to cover the first
connection hole and also a fifth interconnection in the second
portion to cover the second connection hole, wherein the first
interconnection is superposed with the first connection hole on
a plane.

32. A method according to Claim 31, wherein a fourth
conductor layer for filling the £irst and second connection holes
therewith is formed prior to the formation of the third conductor
layer.

33. A method for manufacturing a semiconductor

0



40 Fig. 27 is a graph show ng the relation between the sheet
resistance (Q[err]) of a word line and the tinme before the word Iine
rises up froman input of an address decode signal (50 %9 to 90%

instance, in order to realize RAS (raw adgress strobe) BeCShers Has)

= 30 nm (corresponding to a word line rise- uptlrre65nn) E\' “t
sufficientthat the sheet resistance of a word line is ab rr]
in case where 256 nenory cells are connected to a pair of rd | i nes.
contrast, when a chip size is reduced by 5% while connecting 512 nennry
cells per one word line, it is necessary the sheet resistance of the word

L\/ihgﬁ be aboyh &t &&d JilBLik a1 PELAYeh oo Si s UG ARES Q) oENRGS PV en

cells including MISFET's for memory cell selection and
information storage capacitors connected in series, a plurality
of memory cell arrays connected to the memory cells and having
a plurality of word lines and a plurality of bit lines mutually
extending in parallel to each other, and a peripheral cifcuit
located between the plural memory cell arrays, the method
comprising the steps of:

providing a semiconductor substrate having a first
portion wherein
memory cell arrays are formed and a second portion wherein
peripheral circuits are formed;

forming a first conductor layer over the semiconductor
substrate and patterning the first conductor layer to form a
plurality of first interconnections to formbit lines in the first
portion and second and third interconnections in the second
portion;

forming a first insulating f£ilm on the first, second and
third interconnection;

forming a second conductor layer on the first insulating
film and patterning the second conductor layer to form one of
electrodes of each information storage capacitor independently
for each memory cell;

forming a third conductor layer on the one electrode of
the information storage capacitor and patterning the third

conductor to form the other electrode of the information storage

W e



the mniml pro
because t he wor
reduced. Accord
resi stance of t
or bel ow, t hechi
connected to on
constituted of
of 2 err]
circuit can be
BL1, BLZ2. Agg
|nterconnect|o
i nt er connect
and the p chggg

int

cessing dinension of the nenory cell is reduced. This is

d line pitches and the bit line pitches are |likew se

ing to the enbodi nrent of the invention where the sheet

he gate el ectrode 8A (themwordlineW) is 2 [err]/[err]

p sizecanbereduced by increasing the nunber of nenory cells
e word |ine. (3) Since the bit lines BL1, BL2 are

a |lowresistance conductor film and have a sheet resistance
or below, the interconnections 30A, 30B of the peripheral
formed sinultaneously with the formation of the bit |ines

59 !L?Q{:yconﬁ’x{b%l SQecﬁaEbzb&é eAvGsd lft9ro% %&ﬁ\?%grfé’ﬁé’ 9n%nd he

her clrcul

sLag%/daft%o:r)loégd%fS?ﬂ%%ﬁQtntﬂqéé}%dm@&%ﬁ'éx‘i ¥he M O
el -type

erconnection in the second portion;

forming a second insulating film on the other electrode

of the information storage capacitor and the fourth

interconnection; and

forming a first connection hole in the second portion so

that the fourth interconnection is exposed on the surface thereof
in the second insulating film and also a second connection hole
so that the third interconnection is exposed on the surface
thereof in the second insulating film, wherein the second
interconnection is positioned below the first connection hole.
34. A method according to Claim 33, wherein the other
electrode of said information storage capacitor is made thicker

than the one electrode of said information storage capacitor.

This Sheet Has Been Replaced
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41 Q of the peripheral circuit are provided at a position |ower than
the informati on storage capacitor C for nenory cells. The aspect ratios of
t he connection holes 23, 24 formed over the source region and the drain
region of the n channel-type M SFET n agd the connection holes 25, 26
formed over the source region and the drain region of the p channel-type
M SFET @ can be nmade snall. Thus, the connection reliability of the

i nterconnections in the connection holes can be inproved. (5) In
view of (1) and (3) above, the interconnection |ayers of the nenory array
MARY can be reduced by one layer and the interconnection |layers of the

peripheral circuit can also ﬁﬁ%fﬁ%&%“ﬂ% E%EOB%SEiﬁgﬁkEThe st eps of

manuf act uri ng DRAM can
The sheet resistance of a gate electrode 8A (a word line)

of memory cell selection MISFET Q of DRAM and a sheet resistance
of bit lines BL], BL are, respectively, 2 Q/[] or below.

Interconnections of a peripheral circuit are formed during the
step of forming the gate electrode 8A (the wo‘rd line WL) or the

bit lines BL1, BL2 by which the number of the steps of

manufacturing DRAM can be reduced.

This Sheet Has Been Replaced
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be reduced in nunber with an inproved yield and with a reduction of

manuf acturing costs. (Enbodi nent 2) In the nmethod for
manuf act uri ng DRAM according to this enbodi nent, the interconnections of
the peripheral circuit are fornedsinultaneously wththe stepof

f or m ngt hegat eel ectrode 8A (the word I'gg W.) of nenory cell selection

M SFET Q, the gate electrode 8B of e channel -type M SFET On of the
peripheral circuit, and the gate el ectrode 8C of the p channel-type M SFET
Q. The interconnection of the peripheral circuit are also forned

simul taneously with the step of formng the bit Iines BL1, BL2. For
t he manufacture of such DRAM as shown in Fig. 28, a field oxide film4, a

p-type well 2, an n-type well 3, afﬁ?%zge 1
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42 channel stopper layer 5 and an n-type channel stopper 6 are forned
on the main surface of a sem conductor substrate 1 in the same nmanner as
i n Enbodi nent 1. A gate oxide filmis formed on the respective active
regions of the p-type well 2 and the n-type well 3
surroundedbyt hefi el doxi de film, followedbyformation of a gate el ectrode
8A (a word line W) of the nenory cel 12/&ection M SFET Q, a gate

el ectrode 8B of an n channel-type M SFET On, a gate electrode 8C of a p
channel -type M SFET @, and a first interconnection |ayer 8D. The gate

el ectrode 8A (the word line W), the gate electrodes 8B, 8C and the

I nterconnection 8D are forned of the sane | ow resistance conductor film as
the gate electrode 8A (the word line W) and the gate el ectrodes 8B, 8C
of Enbodinment 1, with their sheet resistance being 2 Q

FIG. 2
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or bel ow. As shown in Fig. 29, an n-type inpurity (P) is ion

i nplanted into the p-type wells 2 to forman n-type sem conductor region 9
of the menory cell selection MSFET @ and an n--type sem conductor region
12 of the n-channel-type M SFET On, both self-alignedly to the gate

el ectrodes 8A and 8B, respectively. -Lype inmpurity (B) is ion inplanted
into the n-type well 3 to forma p-té[zfpe5 em conductor region 14 of the p
channel -type M SFET (@ self-alignedly to the gate el ectrode 8C. As
shown in Fig. 30, after formation of silicon nitride side wall spacers 11
on the respective side walls of the gate electrode 8A (the word |ine W)
of the nmenory cell selection MSFET @, the gate el ectrode Sa\,o_f the n
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A, the gate el ectrode 8C of the p channel-type M SFET Q, and the

I nterconnection 8D, an n-type inpurity (P) is ion inplanted into the
p-type well of the peripheral circuit to forman n+-type sem conductor
region 13 of the n channel-type M SFET On as being self-aligned relative
to the side wall spacer 11. A p-type, ,iJgurity (B) is ion inplanted into
the n-type well 3 to forma p+-type%érﬁ€onductor region 15 of the p
channel -type M SFET On as being self-aligned relative to the side wall

spacer 11. As shown in Fig. 31, a silicon oxide film 17 and a BPSG
film 18 are deposited over the gate el ectrode 8A (the word line W) of the
menory cell selection MSFET @, the gatplel ectr 8B of the*n
channel -type M SFET n,;the gate el o] f the p channel{-type M SFET
Q, and the int erconnec#ion 8D. Thex r, n ion holes 21, 22 are
formed over the source 1 S N
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region and the drain region (n-type sem conductor regions 9, 9) of the
menory cell selection MSFET @, respectively. A polysilicon plug is
enbedded in the connection holes 21, 22, respectively. The plug 20 nay be
formed in the same manner as illustrated with reference to Figs. 11 and
12. As shown in Fig. 32, a silicon oxide film19 is deposited on
the BPSG film 18 , followed by renmovd /&8 the silicon oxide film 19 above
t he connection hole 21 by etching through a photoresist mask. Then, the
silicon oxide film219, the BPSGfilm 18, the silicon oxide film 17 and the
gate oxide film7 of the peripheral circuit are selectively etched through
a photoresist mask, thereby form ng a connection hole 23 above one of the
source 44
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region and the drain region of the n channel-type MSFET Oh and a
connection hole 24 above the other region. At the sane tinme, a connection
hole 25 is formed above one of the source region and the drain region of
the p channel -type M SFET (@ and a connection hole 26 is fornmed above the
other region along with a connection hole 46 above the interconnection 8D.
This step is simlar to that illustrd@ gb&ereinbefore with reference to
Figs. 13 to 15. As shown in Fig. 33, atitaniumsilicide |ayer is,
respectively, fornmed on the surfaces of the n+-type sem conductor regions
13 of the n channel -type M SFET On exposed at the bottons of the
connection holes 23, 24 and the surfaces of the p+-type M SFET Q@ exposed
at the bottons of the connection holes 25, 26. Bit lines BL1, BL2 are
formed on the silicon oxide 19 of ghe nmenory 3 PR and second

i nterconnection | ayers 30A,
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30B are also fornmed on the silicon oxide |ayer 19 of the peripheral
circuit. The interconnection 30B is electrically connected to the first

i nterconnection |layer 8D via the connection hole 46. The bit |ines BL1,
BL2 and the interconnections 30A, 30B are each forned of such a | ow

resi stance conductor filmas the bit I?eggB BL1, BL2 and the

I nt erconnections 30A, 30B of Enbodi nent 71¥“with their sheet resistance
being 2 Q[err] or below This formation step is simlar to that
illustrated with reference to Fig. 16. Al t hough not particularly
shown in Fig. 33, an information storage capacitor C fornmed over the bit
lines BL1, BL2 is forned in the sane nmanner as in Enbodinent 1, foll owed
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a Y select line and also of a third interconnection |line of the peripheral
circuit. According to the manufacture nethod of this enbodi nent,
the first interconnection |layer 8D of the peripheral circuit is fornmed
sinmul taneously with the formation of the gate el ectrode 8A (the word line
W) of the menory cell selection MSFET Qt, and the gate el ectrode 8B of
the n channel -type M SFET On and thesg/ el ectrode 8C of the p

channel -type M SFET @ of the peripheral circuit. The second

i nterconnection |ayers 30A, 30B of the peripheral circuit are
sinmultaneously formed in the step of formng the bit |lines BL1, BL2. The
third interconnection |ayer of the peripheral circuit is formnmed
simultaneously with the formation of the Y select line. Thus, the

i nterconnections of the ,ypﬁbral circuit can be for &) eodeting two
steps, leading.to the reguttijonqn _nunber of the nmanuf g |stgps _of
DRAM an inproved J a t he rleduction of the nantfa
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costs.

according to this
p-type single crystal
filmb50 on the surface thereof.
the silicon oxide film50 according t

(Enbodi ment 3)

enbodi nent ,

sel ectively etching the silicon nitri

renmove the silicon nitride film51 in

in Fig. 34.

Fig. 35,

t he sem conduct or

11

FIG.

substrate 1 at tHg
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manuf act uri ng DRAM

a sem conductor substrate 1 conposed of

is thermally oxidized to forma thin silicon oxide
A silicon nitride filmb51 is deposited on
D net hod,
t hr ough

ol | owed by

a photoresist mask to
el enent separation regi ons as shown
46
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el ement separation regions are etched using the silicon nitride film51 as
a mask to formshal |l ow grooves 52, followed by thermal oxidationof the
sem conductor substrate 1 to forma siliconoxide film53 on the inner walls
of the grooves 52. As shown in Fig. 36, a silicon oxide filmb54 is
filled wup in the respective shallow grooves 52. In order to fill the
silicon oxide filmb54 in each groove /%8e silicon oxide film 54 is
deposited over the sem conductor substrate 1 by use of a CVD nethod,
foll owed by polishing the silicon oxide film54 according to a chem cal
mechani cal polishing (CW) Method. - Subsequently, the silicon nitride film
51 left on the sem conductor substrate | is et chi ng. As
shown in Fig. 37, a p-type inpurity (B) is i Q regions of
t he sem conductor substrate 1 where a msrrﬁ'h? formed and
where an n channel -type M SFET of a peri pher i) Ls|to be forned,
thereby formng a p-type well 2. An > ©
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n-type inmpurity (P) is ion inplanted into a region of the sem conductor
substrate 1, where a p channel -type M SFET of the peripheral circuit is to
be formed, thereby formng an n-type well 3. Wien the ion inplantation is
carried out such that distribution peaks of the n-type inpurity and the
p-type inpurity are substantially iq C %Qiidence with the depth of the
shal | ow grooves 52, it becones possiﬂle at the p-type well 2 serves as
a p-type channel stopper |ayer and the n-type well 3 serves as an n-type

channel stopper | ayer. 47
As shown in Fig. 38, the active regions of the p-type 2 and the
n-type well 3 surrounded by the shall ow grogyes e
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thermally oxidized to forma gateoxide filn7. Subsequent steps are the
sane as those of Enbodi nent 1. . According to this enbodi nent of the
i nvention, the p- type well 2 serves also as a p-type channel stopper and
the n-type well 3 serves as an n-type channel stopper, so that the ion
I npl antation step of formng a p-type channel stopper |layer and the ion

I npl antation step of formng an n-typ nel stopper |ayer do not becone
necessary. Thus, the nunber of the steps of manufacturing DRAM can be
reduced. According to the nethod of this enbodi nent, the el enents

are separated from each other by nmeans of the_shallow agrgppves fornmed in
the sem conductor substrate 1, permtting DRA hde [finer in size.
Since there is no step between the el enent i P and the active
region, it becones possible to avoid the Pra a conductor film
such as a gate electrode, deposited on the g gLaagbstrate lis
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a stepped portion. It will be noted that the elenent isolation nethod set
out in Enbodinent 3 is applicable to all the enbodinents of the invention.
(Enmbodi nent 4) The net hod for manufacturing DRAM according to this
enbodi nent of the invention includes the sinultaneous formation of

I nt erconnections of a peripheral cirqgi%;#f the step of formng a storage
el ectrode (|l ower electrode) of an inf on storage

48 capacitor C of a nenory cell. For the manufacture of the
DRAM as shown in Fig. 39, a gate electrode 8A (the word line W) of
menory cell selection
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M SFET &, and a gate electrode 8B of an n channel-type M SFET n and a
gate electrode 8C of a p channel-type M SFET Q@ of a peripheral circuit
are formed on the main surface of a sem conductor substrate 1 in the sane
manner as in Enbodinment 1. The gate el ectrode 8A (the word lines W) and
the gate electrodes 8B, 8C are for 4gf | ow resi stance conductor film
simlar to those of the gate el ectrod ﬁéthe word Iine W.) and the gate
el ectrodes 8B, 8C of Enmbodinent 1, with their sheet resistance being 2

Q[err] or bel ow. As shown in Fig. 40, a silicon oxide 17 and a
BPSG film 18 are deposited over the gate word |ine W)
of nmenory cell selection M SFET Q, arﬁﬁi. e eNectlx od of the n
channel -type M SFET On and t he gat% €l eetfo B, of|[ t he channel -t ype
M SFET Qp. Subsequently, the BPSG fi lyn 18] si | oxidefilm17 and
the gate oxide film7 are etched thragh $k of olpysidicon film 28
to formconnection holes 21, 22 © N | ©
Il [0
© 1 NN - -
AN 4 L~
~— ) .NO_’/ ~Q
10 S DR 0
N NV T2 |
A _/—\\00
g\/‘ :
™ R L
a\f 8\ @ \2
& ~__,><\N
O\_/" P‘C\\\-\_,m T
© ST
m > S a4 M~
o O T4 ¢O \511
" B - ‘\C()
L] g -~
Q; o NIs AL <
— m -
l I~ W ~~/\\N
S—1+ NI5 NG
g —~—— _J
YO_\_/"" \g
— e ] h‘&
//*“‘O')
-~ ) b~ \\_’<
EI\/_\ N ' TN @
o ' T ou
e\ S P
N~ ! /S
S \_/;>~\ _‘\'\
1~C\l
o % NESN
N T \o)
—J
1)) ~— \g
R { <t



above the source region and the drain region (i.e. the n-type

sem conductor regions 9, 9) of the nenory cell selection MSFET Q. At the
same tinme, a connection hole 23 is forned above one of the source region
(i.e. an n+-type sem conductor region 13) of the n channel-type M SFET On
of the peripheral circuit to which a bit line (BL2) is connected in a
subsequent step. As shown in 4581, apol ysilicon plug 20 is,
respectively, 49 enbedded in the
connection holes 21, 22, 23. Thereafter, as shown in Fig. 42, bit |ines
BL1, BL2 are fornmed on the silicon oxpde fi|lm19 of the nﬁggry array MARY.
The bit lines BL1, BL2 are fornedfpi\q I | st ejjconductor film
simlar to that =
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of the bit
being 2 Q/[err]

filmdeposited by
spacers

or bel ow.

whi ch has been fornmed on
region (i.e. the
sel ecti on

film31, the BPSG film 18, the silfXo

film7 of the peripheral
is formed,

18

FIG.

29 on side walls of the bit
coating of an SOG film 31 over the b
of a silicon oxide film32 by a CVD
the silicon oxide film32 and the

phot oresi st mask to form connection

n-type seni condfta
MSFET Q. At the same tinj

along with a connectipn ho

i nes BL1, BL2 of Enbodinent 1, with their

sheet

resi stance

As shown in Fig. 43, a silicon nitride

li nes BL1, BL2,
i | jnes BL1, BL2 and then
LR
SOG film 31 are etched using a
hol es 37 above the connection hole 22

a CVD nethod is anisotropically etched to form side wall
foll owed by spin
deposition

As shown in Fig. 44,

the other of_the source region d the drain
INTZ SNNID) t e fremof y cel |
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fornmed above one of the source region and the drain region (i.e. the
p[err] sem conductor region 15) of the p channel-type MSFET @ and a
connection hole 26 fornmed above the other region (i.e. the p+

sem conduct or region 15). As shown in Fig. 45, a plug 47 nade of a
builtup filmof a TINfilmand a Wfilmis filled in the connection hol es
37, 17/ 59 24, 25 and 26. A storage

el ectrode 33 of an information storage capacitor Cis fornmed on the
connection hole 37 as shown in Fig. 46. At the sane time, first

I nterconnection |ayers 33A, 33B of _the peripheral circhL_are formed. The
storage electrode 33 and the ifRer¢ e iN\W1)S , B \Ijg\respectively,
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resi stance conductor filmsimlar to the storage el ectrode 33 of

Enbodi nent 1. As shown in Fig. 47, a capacitance insulating film 33
and a plate electrode 35 are fornmed on the storage electrode 33 to form
an information storage capacitor C. A silicon oxide film 38 is deposited
over the information storage capacitot C .according to a CVD nethod as
shown in Fig. 48, followed by spin c %Vﬁﬁg of an SOG film39 on the film
38 and further deposition of a silicon oxide film40 by a CVD net hod.
Subsequently, using aphotoresistnmask, theinsulating films (i.e.

thesiliconoxide film40, the SOG fil m39 and the silicon gxi de 38) over
the plate electrode 35 of the inf®r ' s\ lage \fla cit&E: are etched
to forma connection hole 42. Sinultaneotgly he ipsullatjng| fiTms (i.e.
the silicon oxide film40, the SOG@ilin 39 Y [the [ISHHTTPN Yxérde 38) over
the first interconnection |ayer 33Emoff| tf i phe ipewift is etched to
forma connection hole 43. N~ ) . ©
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A tungsten plug 44 is, respectively, filled in the connection holes 42, 43
as shown. As shown in Fig. 49, a Y select |line YS and second

i nterconnection |ayers 41A, 41B of the peripheral circuit are forned on
the silicon oxide 40. The Y select line YS and the

51 I nt erconnections 41A, 41B are g,)e of a | ow resistance conductor
filmas used for the Y select |ine Yﬁgr;? & he i nterconnections 41A, 41B in
Enbodi ment 1, and are nade, for exanple, of a builtup filmof a TiNfilm
an Al alloy filmand a TINfilm or a bU|Itup filmof a TINfilmand a Cu

film According to the above netho e st orage ehv_c_trode 33
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of the capacitor Cis made of a |ow resistance conductor film wth its
sheet resistance being 2 Q[err] or below. This nmakes it possible to form
the interconnections 33A, 33B of the peripheral «circuit sinmultaneously
with the formation of the storage electrode 33. Thus, an additional step
of form ng the interconnections of taéppgéipheral circuit is not
necessary. In this enbodi nent e invention, although the first
i nterconnection |layers 33A, 33B of the peripheral circuit are forned

simul taneously with the formation of the storage electrode of the

capacitor C, one step of formng the interconnections of § 2r i pher al
circuit can be further reduced ifthE4{al cedui esar gusegl. NMore
particularly, the first interconnectioni]ayer t hel|peri gheral Tircuit
are fornmed sinultaneously with the formg E% ‘ectyefges 8A
(the word lines W) and the gate el ectrogg® , cape~|
I nterconnection |ayer of the peripheral ¢jrcpi ] ©
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simul taneously with the formation of the storage el ectrode of

C, and the third interconnection |ayer of the
i ne YS.

The met hod of manufacturing DRAM
ion includes the formati on of

mul t aneously with the

capaci tor

is formed along with the formation of Y sel ect
(Enbodi nent 5)

52

according to this
I nt erconnections of a peripheral

enbodi nent of the

circéﬁ&ﬁgé

peri pher al

t he
circuit

formati on

i nformati on storage

of a plate electrode (an upper el ectrode) of an
capacitor C. For the manufacture of this type of DRAM as shown in
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50, nenory cell selection MSFET" s @ and an n channel -type M SFET O and
a p channel -type M SFET @ of a peripheral circuit are forned in the sane
manner as in Enbodinment 1, followed by sinultaneous formation of bit |ines
BL1, BL2 and first interconnection |layers 30A, 30B thereover. A storage

el ectrode 33 of an information storage capacitor Cis further formed over
the bit lines BL1, BL2. The gate el e22dd88A (the word line W) and the
gate el ectrodes 8B, 8C are forned of such a |l ow resistance conductor film
as the gate electrode 8A (the word line W) and the gate el ectrodes 8B, 8C
in Enbodinent 1, with their sheet_resistance being 2 Qferr} or bel ow

As shown in Fig. 51, a tantal ugp ox \Q- dep t ver the
storage el ectrode 33 accordin lol | owed[] by Turtter
deposition of a TiN film by aocgVD. I ese~fEid s are
then patterned by etching via™h phefleréss K| to ramval caplaci t ance
insulating film34 and a plate g RS ] ™~ ©
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el ectrode 35 on the respective storage el ectrode 33, thereby formng
I nformati on storage capacitors C. At the sane tine, the tantalumfilm 34A
and the TiN film 35A of the peripheral circuit

53 are also patterned to forma second interconnection |ayer 35B of
t he peripheral circuit. Sincgﬁégﬁ éécond I nt erconnection |ayer of
the peripheral «circuit is constitut o doubl e-l ayer filmwherein the

conductive TiNfilm35A is fornmed on the insulating tantalunoxide film
34A, it cannot be connected directly to the first interconnection |ayer

30B) of the peripheral circuit.
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As shown in Fig. 53, a silicon oxide film38 is deposited on the capacitor
C and the interconnection 35B by a CVD nethod, followed by spin coating of
an SOG film 39 and further deposition of a silicon oxide film40 by a CVD
method on the film38 in this order. Using a photoresist mask, the
insulating filns (i.e. the silicong@éllm40 the SOG film 39 and the
silicon oxide film 38) fornmed on th Jb el ectrode 35 of the capacitor C
are etched to forma connection hole 42. At the same tine, the insulating
films (i.e. the silicon oxide film40, the SOG film 39 and the silicon

oxide film38) forned on the intercopn A ral circuit
are etched to forma connection hol e 48 m t sulath filmns
(i.e. the silicon oxide film 40, a Wit hei s||licon pxide film
38, the silicon oxide film3 \t_h/e,S\OGfllmB n-d- rTiconrwitride
film27) formed over the firsl intercomm ayer 0 cgeri pher al
circuit are sinultaneously etched &oi B SRS (43, As
shown in Fig. 54, a Wplug 44 is, 5 g:ot A Lo [0
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in the connection holes 42, 43 and 48, after which a Y select 1line YS and
third interconnection |ayers 41A 41B of the

54 peripheral circuit are formed on the silicon oxide film40. The
second interconnection |ayer of the peripheral circuit is electrically
connected via the third interconnection |ayer 41B to the first

i nterconnection | ayer 30B. ARV D g to this manufacturing nethod,
the first interconnection |ayers 30A, 30b of the peripheral circuit are
si mul taneously formed during the step of formng the bit lines BL1, BL2.
The second interconnection |ayer 35B of the peripheral

FIG. 27
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circuit is fornmed during the step of formng the plate electrode 35 of the
capacitor C, and the third interconnection layer is simultaneously forned
during the step of formng the Y select Iline. Thus, the two steps of
form ng the interconnections of the peripheral circuit can be reduced.

In the step of formng the connectioqgggkﬁg 42, 43 and 48 (Fig. 53), the
insulating filnms formed over the int ection 30B is nuch thicker than
the insulating films over the capacitor C and over the interconnection
35B. Hence, there is the great possibility that the plate el ectrode 35
exposed at the bottom of the connection hole 42 and the interconnection

35B exposed at the bo 1 onnection hole 48 ar tehed %ﬁi. To
avoid this, a dumy gg E)e/ﬁ ducing a step diff cetﬁpich i s not
enpl oyed as an actual| el ectrpde Ts provi deddbel o e tler cyhneet i on
30B as shown in Fig. b Byl this| the aspect ratio Of [t gpnnectifon hole
cones close to these /Bne ¢onnection holes 42, é§, eby prevénting
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I nconveni ence of etching off the plate electrode 35 at the bottom

55 of the connection hole 42 and the interconnection 35B at the
bottom of the connection hole 48. As shown in Fig. 55, a dummy

i nt erconnection 30C which is not actually used as an interconnection and
Is electrically floating may be forngghpglom1 t he second i nterconnection

| ayer 35C electrically connected to «t'he 8hird interconnection | ayer 41C
t hrough the connection hole 49. The dumy interconnection 30C is forned
simul taneously with the formation of the bit [ines BL1, BL2 and the first

I nterconnection |ayers 30A, 30B of the periphegral cir%th. | f
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the interconnection 35Cis etched off at the bottom of the connection hole
49, the | ower dummy interconnection 30C serves as a stopper for etching.

Thus, the connection hole 49 cannot break through up to the substrate.
Moreover, if a dummy gate DW is forned bel ow the dummy interconnection
30C, the

i nconveni ent breaking-throgg@%gé t he connection hole 49 to the
: s, it is effective that
such a dunmy

substrate is nore reliably prevented si nce

the interconnection 35 cannot be forned as thi ck,

i nterconnection 30C and/or a dunmy gate DW as set out above is forned
bel ow the connection hole 49 or as surroundipg the . ction hole 49
therewith as viewed on the plane. ( adi ngnt/ 6) The net hod
for manufacturing DRAM according to this_ e ;oﬂﬂne nchtudes- si mul t aneous
formati on of the interconnections of tﬁB\pﬁ“ii&eLal C dyit in the step of
formng the bit lines BL1, BL2 and in the $fefof o?ﬁ?ﬂg‘ﬁhe pl ate
el ectrode of the information storage cap%%L%tkzﬁ, ik o
|
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56 Enbodi ment 5. In order to manufacture the DRAM the nenory
cell selection MSFET @ and the n channel M SFET Oh and the p

channel -type M SFET @ are fornmed in the sane manner as in Enbodi nent 5,
foll owed by formation of bit lines BL1, BL2 thereover (Fig. 50). At the
time of the formation of the bit Iin 97’586 first interconnection |ayers
30D to 30G of the peripheral circuit are Sinultaneously formed as shown in
56. The bit lines BL1, BL2 and the interconnections 30D to 30G are

Fig.
formed of such a | ow resistance conductor film as haviqg set
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out hereinbefore, with their sheet resistance being 2 Q[err] or below.
As shown in Fig. 57, second interconnection |ayers 35C to 35F of the
peripheral circuit are, respectively, formed over the first

i nterconnection |layers 30D to 30G of the peripheral <circuit as shown in
Fig. 57. The interconnections 35C ta@?ﬁ are formed sinultaneously with
the formati on of the capacitance ang film34 and the plate

el ectrode 35 of the information storage capacitor C, with their sheet
resistance being 2 Q [err] or below. The interconnection 35Cis

positioned just above the first interco 0D, and the
I nterconnection 35D is positioned just e i st [ nterconnection
| ayer 30E. The interconnection 35E i & S ovel[the—first
i nterconnection |layer 30F, and the inter 0 F T <&ornmed just
above the first interconnection |ayer (go W in Fig. 58, a
silicon oxide film38 is deposited ©
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57 over the interconnections 35C to 35F according to a CVD net hod,

foll owed by spin coating of an SOG film 39 thereon and further deposition
of a silicon oxide film40 by a CVD nethod. Thereafter, as shown in Fig.
59, the insulating filnms formed on the first interconnection |ayers 30D to
30G of the peripheral circuit and tq§ nd interconnection layers 35C to
35F are selectively etched by use of L§gﬁgtoresist mask. As a consequence,
there are sinmultaneously formed a connection hole 56 arriving at the

first interconnection |layer 30D through the second interconnection |ayer

35C, a connection hole 57 arriJVﬁ? at the first interconnecﬁFqW—layer 30E
t hrough the second
O N\/—\
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m
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i nterconnection | ayer 35D, a connection hole 58 arriving at the first

i nterconnection |ayer 30F through the second interconnection |ayer 35E,
and a connection hole 59 arriving at the first interconnection |layer 30G
t hrough the second interconnection |ayer 35F. In this etching procedure,
the types of materials to be etched :?a?qrﬁ%e t hi cknesses of the filns are
substantially sane for all the conneciTo oles 56 to 59, neither
permtting a non-etched residue to left in the inside of any of the
connection holes 56 to 59 nor causing any of the first interconnection

| ayers 30D to 30G to be ¢ f excessively. s—shewlp-n Fig. 60,

a tungsten plug 44 is en ~.gach of the connection 5\Eg 59.
Third interconnectfon | p to 41G of the pegi phera are
formed on the siMPcon Oki filma40 as shown in RHg—61 ructure at
the left side of Fig, 6 rawct ure of connection be FN
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58 first interconnection |layer 30D and the second interconnection

| ayer 35C. In this structure, the second interconnection |ayer 35Cis

el ectrically connected via the plug 44 formed in the connection hole 56 to
the first interconnection layer 30D. In this case, the third

I nterconnection layer 41D is a dunmy 4hn connection which is not actually
used and serves as a kind of cap mhi%ﬁ cseers the surface of the

i nterconnection hole 56 over the second interconnection |ayer 35C. More
particularly, when the third interconnection |layer is patterned, the third

I nterconnection |ayer 41B-p “ﬂp@ s the plug 44 from bei dﬁe?. In this
sense, the |ayer 41D shdzld onpletely cover the conn ole 56
therewith on a plgne. \\\ A ™ -
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The second structure as viewed fromthe left side of Fig. 61 is a
structure for connection of the first interconnection |ayer 30E, the
second interconnection |ayer 35D and the third interconnection |ayer 41E.
In this structure, the third interconnection |ayer 41E, the second
i nterconnection | ayer 35D and the f H;S nt erconnection | ayer 30E are
mutually electrically connected via 9 glug 44 formed on the connection
hol e 57. The third interconnection |ayer 41F is electrically connected to
the first interconnection layer 30F via the plug 44 formed in the
connection hole 58. In this case, the secon A?GIIOH | ayer 35E is
a dummy interconnection which is not actually edyfas| an}i nterconnecti on.
I

I conﬁ#ﬁ?ed—to t he

The third interconnection |ayer 41Gis elegtric
second interconnection |ayer 35F via the plug 30 JHIhe
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59 hole 59. In this case, the first interconnection layer 30Gis a
dummy i nterconnection not actually used. The dunmy interconnections 41D,
35E and 30G are those interconnections which are not connected to other
i nterconnections in regions other than the portions of the connection
hol es 56, 58, 59. O course, the plﬁill\%?és made of any of conductor
mat eri al s. Fig. 62 is a plan é how ng an exanpl e of connection
of the first to third interconnections of a peripheral circuit. 1In the
figure, interconnections 41H, 411 are third interconnection |ayers
constituting electric power lines, and intercognectio gﬁ413, 41K are third
I nterconnection |layers constituting signal Ili nes|. t he}inter connecti ons
are formed by pattering fromthe sane | ayer |as al|Y]ke eeL\LQne YS.
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I nt erconnecti ons 35G 35H are second interconnection |layers constituting
signal lines and are forned by patterning fromthe sane |ayer as the plate
el ectrode 35 of an information storage capacitor C. Interconnections 30H
to 30K are first interconnection layers and are forned by pattering from
the sane |ayer as the bit |ines BL1 68}75 In this instance, a
third dunmy interconnection |ayer 4M§ aorned I n a connection hole 60
for connection between a second interconnection |layer 35H and a first

i nterconnection |layer 301. Aseconddummy |nterconnect|on | ayer 351 is
formed in aconnection hole 61 for connecti on—be ! rd

I nterconnection layer 411 and a first interd T ~36H. A first
dumy interconnection layer 30L is forned ir hgl e 62 for
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connection between the third interconnection |ayer 41J and the second

I nterconnection layer 35H A third interconnection |ayer 41K, a second

i nterconnection layer 35G and a first interconnection |ayer 30J are
mutual Iy connected via a connection hole 63. It will be noted that the
connection holes 60, 61, 62 and 63 35eh§g formed that they arrive at the
first interconnection |ayer prior t P/ formation of the third

i nt erconnection | ayers. As will be apparent fromFig. 61, according
to the nethod of this enbodi nent, there are sinultaneously fornmed by one
step the connection hole (56) for glectric conpection ween the second

I nterconnection |ayer and the first||i ntegconpectypnif ayer~of +«he
peri pheral circuit of DRAM the conpectio h@Le (pa_£ gkpctric
connection of the third interconneckji on | ayef«
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second interconnection |ayer and the first interconnection |ayer, the
connection hole (58) for electric connection between the third

i nterconnection |layer and the first interconnection |layer, and the
connection hole (59) for electric connection between the third

I nt erconnection |ayer and the second é&ggonnection | ayer. For the
etching, the types of materials for f 0 be etched and the film

t hi cknesses shoul d be substantially the same for all the connection hol es.
By this, the connection holes can be fornmed under substantially sane

conditions, ensuring inproved reliabiljityof the connectjols of the
I nterconnections of the peripheral cirijquit X\ The|se dif nt ergonhecti on
| ayers 35C to 35F of the peripheral ggicuit yrQe flpr. -shul t aneousl y
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the formation of the storage el ectrode (Il ower el ectrode) of the

I nformati on storage capacitor C. In the nethod of this

enbodi ment, although the interconnections of the peripheral circuit are
formed sinultaneously with the formation of the plate el ectrode (the

upper electrode) of the capacitor C, a resistor elenent may also be forned
at the sane tine. Fig. 63 shéﬁ%/ﬁﬁ3exanple wherein fuses 35J of a
redundant circuit which relieve defective bits are forned simultaneously
with the formation of the plate el ectrode and the second interconnection

| ayers of the peripheral circuit. In this instance eacﬂMLuse 35J is
electrically connected at ends thereof [[witR thifd I nnegt™oRp- | ayers
41M t hrough connection holes 64. At .| owex pprti -he [connection
hol es, first dummy interconnection layjgrs 30 ) n drder to
prevent the ©_1 T~
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connection hole from breaking through the substrate. The resistor

el enent of the peripheral circuit may be fornmed sinultaneously with the
formati on of the storage electrode (the |ower electrode) of the capacitor
C. Aternatively, the resistor elenment nay be fornmed sinmultaneously wth
the formation of the bit |ines BL1, ggs. (Enbodi ment 7)

DRAM i s enpl oyed at a RAM portion of 6#@3chip m croconputer as formng a
l ogic LSI such as CPU and a nenory Slont hesanmesem conduct or substr at e.
Aonechi pm croconputer shown in Fig. 64 includes DRAM of the invention at a

RAM por ti on. :
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This DRAM is made, |i ke DRAM of Enbodi nent 5, by formng first

I nterconnection |ayers of a peripheral circuit simultaneously wth the
formation of |ow resistance bit lines, form ng second interconnection

| ayers of the peripheral circuit sinultaneously wth the formation of a
pl ate el ectrode of an information stgﬁgmcapacitor, and further formng
third interconnection layers sinult y with the formation of a Y

sel ect |ine. When using this type of DRAM at the RAM portion of the
one chip mcroconputer, the manufacturing process of the one chip
m croconputer can be sinplified wtk sﬁor t he
reason that the first interconnecti nNs stsgh ap f e it and
an input/output (I1/0O circuit arefj I mul t'ynepusl t hi-t+hg fornmation
of he bit lines BL, the second Mt ¢ t $pn | afe flormed
simul taneously with the formati§rt | at e Blegtro ng-tThethird
I nterconnection |ayers (M) are fof ' the Y sel ect
l'i ne. //\ T T ©
7. VS
N\/\g N »él// -
7, L v }7/\~N
7, SIS SRR A Ne
OO0
g\/ﬂ L()/ R .
™ / NN (4]
TN N
"""" N/
/) q/- o)) M/i\(\l
. N><— Pc/—N—I\ T
EJF\ S WA |
N o \/ K3
) RSN e
g N /\ L9
. o | \‘l\
G m\ﬂ\‘*- — <
— N \'
I NN \R
&rv— ><'\LD
N )

35
3
33
D )
a7
110
)
N
P
/ /
20 WL

W

é)

Qt
/

L

NV

/
8A 20 8A

35

/1Qt
N\

]

/
2]

22|7]
xSy

A
/)
2

7
4

47+



Al t hough the enbodi nents of the invention have been particularly described
her ei nabove, the invention are not |imted to those enbodi nents and
various variations and nodifications may be possible w thout departing
fromthe spirit of the invention. The features and advant ages of

typi cal enbodi ments discl osed hereipggrﬁggriefly summari zed bel ow.
According to the invention, the inte ﬁ tions of nenory arrays and the

i nterconnections of a peripheral circuit can be reduced in nunber, so that
t he nunber of the steps of 63
manuf act uri ng DRAM can be redug proved yield and aA—
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reduced production cost. Because the gate el ectrodes (word |ines)
can be nmade low in resistance according to the invention, word drivers and
sense anplifiers connected to a given nunber of nmenory cells can be
reduced i nnunber. This allows a reducedchi psi zeandan i nprove degree of

I ntegrati on of DRAM The firz{ [ érconnection | ayers and the
second interconnection |ayers conne 13635 n channel -type M SFET and a p
channel -type M SFET of a peripheral circuit are disposed below the

i nformati on storage capacitor of a nenory cell. Thus, the aspect ratio of

M SFET' s 1's made shalT, %h BB e sommdeti ol T HE ety of
t he i nterconnections oﬁ ’\ /f%f ¢ui t. —_
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64 VWHAT IS CLAI MED | S: ‘. A semiconductor integrated circuit
devi ce conprising DRAMrhich includes a nenory cell constituted of M SFET
for menory cell selection and an information storage capacitor formed on
the M SFET, wherein a sheet resistance of a word line integrally conbined
with a gate el ectrode of the nmenory gell | ection M SFET, and a sheet
resistance of a bit line connected t 4h®f a source region and a drain
region of the nmenory cell selection MSFET are, respectively, 2 Q[err] or
bel ow. 2. A sem conductor integrated circuit device according to

Caim1, wherein the sheet resistances of theword line 'Igl_egral |y
conbined with the gate el ectrode of tHhe\ng 1 lgel sigf ect i~¢m™MSFET, and
the sheet resistance of the bit |ife—H—d I — <
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connected to one of the source region and the drain region of the nenory
cell selection M SFET are, respectively, 1 [err]/[err] or below

3. A sem conductor integrated circuit device according to Caim1l, wherein
the word line integrally constituted with the gate electrode of the nmenory
cell selection MSFET is fornmed of %§?5§up filmwhich conprises, at

| east, a polysilicon film and a net ' ilmor a netal silicide film

formed thereon. 4. A sem conductor integrated circuit device
according to Claiml, wherein said bit l[ine is provided over the nmenory
cell selection MSFET, ad said inforpation starage capacit | S provided
over the bit |ine. 5. A sem¢g ucto\ e t i TeH s devi ce
accordi ng § R 1|~ <
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65 to Caim1, wherein said bit
including a netallic filmor a netal silicide film 6. A

sem conductor integrated circuit device according to Caiml, wherein an

i nterconnection formed over said information storage capacitor has a sheet
resi stance equal to or smaller than a sheet of resistance of said bit
l'ine. 7. A seniconductor inté6r circuit device according to
Caiml, wherein a given interconnection |ayer of a peripheral circuit of
said DRAMis provided with an interconnection formed in the same step as

line is constituted of a builtup film

the word line forned integrally with the gate el ectrode of sau\?_rrermry
cell selection M SFET. 8. A sem congfucto \n;\eg t gi T eyt device
according to Claiml1, wherein a given intepeQhn i y f—a|
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circuit of said DRAMis provided with an interconnection forned in the

sane step as the bit line. 9. A semi conductor integrated circuit
device according to Caiml, wherein a peripheral circuit of said DRAM gas
a resistor elenment forned in the sane step as said bit |ine. 10. A

sem conductor integrated circuit dewfﬁ §grrpr| si ng DRAM whi ch includes a
menory cells constituted of M SFET /| ry cell selection and an

i nformati on storage capacitor formed on the M SFET, wherein the

i nformati on storage capacitor has a storage el ectrode whose sheet
resistance is 2 Q[err] or bel ow 11. A sen cqonduct or *megrat ed
circuit device according to Claim 10, whererma] URD Nit grConhegtopn
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circuit of said DRAMis provided with an interconnection forned in the
sane step as the storage el ectrode of said informati on storage capacitor.
12. A sem conductor integrated circuit device according to Caim1l0,
wherein a peripheral circuit of said DRAM has a resistor elenment fornmed in
the sane step as the storage electrode of said information storage

capaci tor. 13. A sem conduct or48rft5ﬁ:1rat ed circuit device conprising
DRAM whi ch includes a nenory cell constituted of M SFET for nenory cell
selection and an information storage capacitor formed on the M SFET,

Wwherein the information storage capacitor has a plate el ectrod@_v\,hose
sheet resistance is 2 Q /[er ' r §447\A e €ondugt-er
integrated circuit device acc /%///% ~ — <
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to Caim13, wherein a given interconnection |ayer of a peripheral circuit
of said DRAMis provided with an interconnection forned in the sanme step
as the plate electrode of said infornmation storage capacitor. 15.
A sem conductor integrated circuit device according to Claim13, wherein a
peripheral circuit of said DRANIhasaa reslstor elenent forned in the sane
step as the plate electrode of said Qﬁ/ tion storage capacitor.

16. A nethod for manufacturing a sem conductor integrated circuit device
whi ch conpri ses DRAM which include a nenory cell constituted of M SFET for

menory cell selection and an informtion storage capacitor for t her eon,
t he net hod
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conprising the steps of:

resistance of 2 Q[err] or
connected to one of a source region

menory cell selection on

(a) formng a word line constituted
integrally wwth a gate electrode of M SFET for
formed on a sem conductor substrate wherein the gate el ectrode has a sheet
(b) formng a bit line

bel ow;, and

the gate eBékl

menory cel

sel ecti on

and a drain region of the M SFET for
e of the M SFET for nenory cel

selection and the word line connected thereto and having a sheet
17. A method according to Claim

resistance of 2 Q/[err]

16, wherein an information storage ca
| east one o \Qﬁic

Qerr] or belowis fornmed over the hj ’/ILi

according to Caim17, further conpri

and a plate electrode at

FIG. 56

or bel ow.
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the step of form ng an interconnection having a sheet resistance equal to
or smaller than the sheet resistance of said bit line over the information

storage capacitor. 19. A method according to Claim 16, wherein a
first interconnection |ayer of a peripheral circuit is forned in the step
(a) or (Db). 20. A nethod accaqrdi to Caim19, wherein a second
I nterconnection layer is formed duri % { step where the storage or plate

el ectrode of said information storage capacitor is fornmed. 21. A
met hod according to Claim20, wherein a third
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I nterconnection |ayer of the peripheral circuit is fornmed over said

I nformati on storage capacitor during the step of formng an

i nterconnection and a Y select line built up on the plate electrode of
said informati on storage capacitor. 22. A nmethod according to Caim
21, further conprising the step of E%gyg%?neously formng at | east two
connection holes anobng a first conn | hol e connecting the third

i nterconnection |layer and the second interconnection |ayer, a second
connection hol e connecting the third interconnection |ayer and the first
I nterconnection layer, a third connection—hol | he second

I nterconnection |ayer and the fi ' necti gn |layer, [and a fourth
connection hole connecting the @inect ijon |l ayer,| th& second

i nterconnection |ayer and the fffi hect i pn llayer, [wherein the at
| east two connection hol es aré€ Ry |psﬂlating filmfor
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insulating the third |layer interconnection and the second | ayer

I nterconnection |ayer fromeach ot her. 23. A nmethod according to
Claim 22, wherein a dunmy interconnection which is forned in the sane step
as the first layer interconnection is arranged below the first connection
hol e connecting the third interconnection |ayer and the second

I nt erconnection | ayer. 24. ASeviad according to Claim22, wherein
a dumy interconnection which is formed in the same step as the second

i nterconnection layer is arranged on the way of said second connection

hol e connecting the third interconnection |ayer and N“
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said first interconnection |ayer. 25. A nethod according to C aim
22, wherein a dunmy interconnection which is forned in the sanme step as
the third |layer interconnection is arranged bel ow t he above connection
hol e connecting the second interconnection |ayer and the first

I nt erconnection | ayer. 26. A nethod for manufacturing a
sem conductor integrated circuit depgLA9® form ng DRAM havi ng a nenory
cell constituted of M SFET for nenory cell selection and an information

storage capacitor forned on the M SFET, and logic LSI on the sane
sem conductor substrate, wherein a sheet resistance of a gate el ectrode of
the M SFET and a word |ine connF¢ted €ret o, pand ajIsAEceil ¥e3$i stance of a
bit Iine are, respectively, 2 Qfferr] gk Q| andjla |gi vien ~
|
e| C4

i nt er connection of the Iogic LS| he sHmd|stiep §s the gate
i ne. ;j%//%§
| \

e s

|
el ectrode of the M SFET and theywo thergto ¢r the bit
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27. A nethod according to Claim26, wherein an information storage
capacitor having a storage electrode and a plate electrode at |east one of
whi ch has a sheet resistance of 2 Q[err] or belowis formed above the bit
line, and the given interconnection of the logic LSl is simultaneously
formed at the step of formng the storage electrode or the plate

el ectrode. 28. A nethod for mo@uy gﬁﬂuri ng a sem conduct or

integrated circuit device, the nethod conprising the steps of:

provi ding a sem conductor substrate having first and second portions on
the main surface thereof; ) A, 70
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depositing a first conductor layer on the first and second portions and
subjecting the first conductor |ayer to patterning to forma first

i nterconnection on the first portion and a second interconnection on the
second portion; forming a first insulating filmover the

sem conductor substrate to cover the first and second interconnections;
depositing a second conductor |ayer &@er'58e first and second portions and
patterning the second conductor layer to form a third interconnection as
superposed on the first interconnection over the first portion and a
fourth interconnection as superposed on the second interconnection over
the second portion; form a_second insulating filmover the

sem conductor substrate to coveégfyggihir fourth interconnections

t herew t h; formng a fir Bcti ole in a portion of the
first
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portion where the first and third interconnections are superposed so that
the first interconnection is exposed on the surface thereof via the second
insulating film the third interconnection and the first insulating film
and al so a second connection hole in a portion of the second portion where
the second and fourth interconnecthg?s @ée super posed so that the second
I nterconnection is exposed on the s éé thereof via the second
insulating film the fourth interconnection and the first insulating film
filling a third conductor layer in the first and second

FIG. 63
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connection holes; and depositing a fourth conductor |ayer over the
first and second portions and patterning the fourth conductor |ayer to
form a fifth interconnection in the first portion to cover the first
connection hole and a sixth interconnection in the second portion to cover
t he second connection hole, wherein kﬁf gﬁgrd conductor layer in the first
connection | ayer electrically connec % first, third and fifth

i nterconnections therewith and-the third conductor layer in the second
connection hole electrically connect the second and fourth

I nterconnections therewith and wherein the sixth interconnection protects
the third conductor |layer in the second connection hole at the tinme of the

patterning of the fourth conduct er. 29. A method for
manuf acturing a sem conductor i r ot ed uit device, the nethod
conprising the steps of: provi di ng a sem conductor substrate having

first and second portions on the main surface thereof;
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. . Froooiq. oy
depositing a first conductor layer on the first and second portlons and ™
subJectlng t-he first conductor layer to patterning to forma first
|ntev€@nneeﬁfon -OR Lh& first portion and a second interconnection on the
second.p&Ftion;- . ° forming a first insulating filmover the
sem conductor substrate to cover the first and second interconnections;
depositing a second conductor |ayer over the first and second portions and
patt er ni g, second _seni conduct or | ayer to forma third interconnection
as supegposed on the flrst 78 72
i nt erconnecti-on over the first portion and a fourth

SEMICGNDUCTOR INTEGRATED CIRCUIT DEVICE AND METHOD FOR
‘MANUFACTURING THE SAME

ABSTRACT OF THE DISCLOSURE

W
®
&

The sheet resistance of a gate electrode 8A (a word line)
"'55f1"ttiemory cell selection MISFET Q of DRAM and a sheet resistance
of bit lines BLj], BL2 are,.respectivély, 2 Q/00 or below.
Interconnections of a peripheral circuit are formed during the
step of forming the gate electrode 8A (the'wofd line WL) or the

bit lines BL], BL2 by which the number of the steps of

manufacturing DRAM can be reduced.
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i Nt ey connection as super posed on the second i nterconnect |M_rj_,o¥eq t he
second portion; form ng assecond i nsul atg ,QVGCK!
senm conductor substrate to cover the third and f Urjfjr‘“ nte&eonnéchons
t her ew th; forming a first connection hplEin a porLLoﬁ] (bf t he
first portion where the first and thir@ intercpnpe@t® gis- - d ssuperposed

so that the first interconnection is exposed on&t e surface,_lwhereof Vi a

the second insulating film the third interconfectiori“and the fiyst
insulating film and also a second connection hole in._a.porti-om-of the
second portion where the second and fourth i nt eTE8nnect i ons are super posed
so that the second interconnection is exposed on txhea sy face thereof via
the seconggarsgkatragmibl ms:the fourth int erconnectioh and the first
insulating film filling a third conductor layer in the first and
second 1. A semiconductor integrated circuit device comprising
DRAMwhich includes amemory cell constituted of MISFET for memory
cell selection and an information storage capacitor formed on
the MISFET, wherein a sheet resistance of a word line integrally
gombined with a gate electrode of the memory cell selection MISFET,
and a sheet resistance of a bit line connected to one of a source
region and a drain region of the memory cell selection MISFET
are, respectively, 2 Q/[J or below.
2. A semiconductor integrated circuit device according
to Claim 1, wherein the sheet resistances of the word line
integrally combined with the gate electrode of the memory cell
selection MISFET, and the sheet resistance of the bit line
* connected to one of the source region and the drain region of
the memory cell selection MISFET are, respectively, 1 Q/0 or
below.
3. A semiconductor integrated circuit device according
to Claim 1, wherein the word line integrally constituted with
the gate electrode of the memory cell selection MISFET is formed
of a buildup film which comprises, at least, a polysilicon film
and a metallic film or a metal silicide film formed thereon.
4. A semiconductor integrated circuit device according
to Claim 1, wherein said bit line is provided over the memory
cell selection MISFET, ad said information storage capacitor is

provided over the bit line.

5. A semiconductor integrated circuit device according

A,



connection hol es; and depositing a fourth condu —t-ayet—ever-i-he
first and second portions and patterning the fourth cohdtiéLabEMEetH T |
form a fifth interconnection in the first portion to cpver tRE™FTIst™
connection hole and also a sixth interconnection in the sec ng;q..,séo‘ |
cover the second connection hole, whereth the third c nduc?* ”r§3§? in 1
first connection layer electrically connects the firstf, ‘tht+é-and-f-Litdh
i nterconnections therewith and the third conductor layer in the second
connection hole 73 erevtricatt
connect the second and fourth interconnections

he

to Claim 1, wherein said bit line is constituted of a builtup
film including a metallic film or a metal silicide film.

6. A semiconductor integrated circuit device according
to Claim 1, wherein an interconnection formed over said
jnformation storage capacitor has a sheet resistance equal to
or smaller than a sheet of resistance of said bit line.

7. A semiconductor integrated circuit device according
to Claim 1, wherein a given interconnection layer of a peripheral
circuit of said DRAM is provided with an interconnection formed
in the same step as the word line formed integrally with the gate
electrode of said memory cell selection MISFET.

8. A semiconductor integrated circuit device according
to Claim 1, wherein a given interconnection layer of a peripheral
circuit of said DRAM is provided with an interconnection formed
in the same step as the bit line.

9. A semiconductor integrated circuit device according
to Claim 1, wherein a peripheral circuit of said DRAM gas a
resistor element formed in the same step as said bit line.

10. A semiconductor integrated circuit device
comprising DRAM which includes a memory cells constituted of
MISFET for memory cell selection and an information storage
capacitor formed on the MISFET, wherein the information storage
capacitor has a storage electrode whose sheet resistance is 2
Q /[0 or below.

11. A semiconductor integrated circuit device according

toClaim 10, wherein a given interconnection layer of a peripheral

e
—

L



therew t h. 30. A nmethod for manufacturing a semni conductor
integrated circuit device, the nethod conprising the of T
provi ding a sem conductor substrate having first andlsggggké%éﬁifﬁ.
the main surface thereof; depositing a first qonductor |ayer
first and second portions and subjectifg the first go du§@93§ya@@9
patterning to forma first interconnection on the fiirgt portion andia
second interconnection on the second portion; for-m-Ag—a fTT st
insulating filmover the sem conductor substrate to cover, the first d
second i nterconnections; depositing a second corduct®r | ayer on the
first and second portions and patterning the second sem conductor | ayer

to forma tdigdithber AT SRAMODs FroVRREAPISER 41 ihberEbhséct Lot eoamedect i on
over the first portion and a fourth interconnection as superposed on the
second i nt et AHREehineNseEpr as t tige RBAIAGeP@1ctRpde of said information

storage capacitor.

12. A semiconductor integrated circuit device according

to Claim 10, wherein a peripheral circuit of said DRAM has a
' resistor element formed in the same step as the storage electrode
of said information storage capacitor. |

13. A semiconductor integrated circuit device
comprising DRAM which includes a memory cell constituted of
MISFET for memory cell selection and an information storage
capacitor formed on the MISFET, wherein the information storage
capacitor has a plate electrode whose sheet resistance is 2 Q
/00 or below.

14. A semiconductor integrated circuit device according
to Claim 13, wherein a given interconnection layer of a peripheral
circuit of said DRAM is provided with an interconnection formed
in the same step as the plate electrode of said information
storage capacitor.

15. A semiconductor integrated circuit device according
to Claim 13, wherein a peripheral circuit of said DRAM has a
resistor element formed in the same step as the plate electrode
of said information storage capacitor.

16. A method for manufacturing a semiconductor
integrated circuit device which comprises DRAM which include a
memory cell constituted of MISFET for memory cell selection and

an information storage capacitor formed thereon, the method

UL



formng a second insulating filmover the sem conduct
the third and fourth interconnections therewth;
connection hole in the first portion so
exposed on the surface thereof
second portion so that
surface thereof;
portion where -

third interconnections are superposed so that the

formng a first connection |
77
fi

_formng-
that the se:q@dmﬁgtﬁﬁébﬁﬁéﬂtlon is

and al so a second conn
the second i ntegxonnection i $

substrate fo cover
hrst

or

xpo ed
§ ﬁ£n¥|rs l
L,_»,Lhe-ikps%da d

exposed on the surface thereof via the

comprising the steps of:

T st |nterconnect|pn S

s e =

(a) forming a word line constituted integrally with a gate

electrode of MISFET for memory cell selection formed on a

semiconductor substrate wherein the gate electrode has a sheet

resistance of 2 Q/[] or below; and

(b) forming a bit line connected to one of a source region

and a drain region of the MISFET for memory cell selection on

the gate electrode of the MISFET for memory cell selection and

the word line connected thereto and having a
of 2 Q/0 or below.

17.

sheet resistance

A method according to Claim 16, wherein an

information storage capacitor having a storage electrode and a

plate electrode at least one of which has a

sheet resistance

of 2 Q/0 or below is formed over the bit line.

18.

A method according to Claim 17, further comprising

the step of forming an interconnection having a sheet resistance

equal to or smaller than the sheet resistance of said bit line

over the information storage capacitor.

19.

A method according to Claim 16, wherein a first

interconnection layer of a peripheral circuit is formed in the

step (a) or (b).
20.

A method according to Claim 19, wherein a second

interconnection layer is formed during the step where the storage

or plate electrode of said information storage capacitor is

formed.

21. A method according to Claim 20,

wherein a third

NG g



second insulating film the third interconnection and the firsymngggJéting

1

film and al so a second connection hole in the secord*”ﬁﬁ?ﬁff@%wggﬁ$ he
second and fourth interconnections are superposed do™ ﬁjﬁﬁﬁém > d

i nterconnection is exposed on the surface thereof wid the second _
insulating film the fourth interconneggion and the| f} rots (gNUBaRi ng\film

filling a third conductor |layer in the first and secpn connection}hgl es;
and depositing a fourth conductor |ayer over T8t and sedond

h
portions and patterning the fourth conductor |ayer tb'foLgl,a fifth —
i nterconnection in the first portion to cover the firsSt connection hole
and also a sixth interconnection in the second portion to cover the second

COyor L on PR o DEvb0 56 crEOBEEEIRL LR B Lo comecct o
therew th and; the Jiiatd crOBEHELQE dRIitdy Wl ingCend soap et ifermhage
an interconnection and a Y select line built up on the plate
electrode of said information storage capacitor.

22. A method according to Claim 21, further comprising
the step of simultaneously forming at least two connection holes
among a first connection hole connecting the third
interconnection layer and the second interconnection layer, a
second connection hole connecting the third interconnection
layer and the first interconnection layer, a third connection
hole connecting the second interconnection layer and the first
interconnection layer, and a fourth connection hole connecting
the third interconnection layer, the second interconnection
layer and the first interconnection layer, wherein the at least
two connection holes are formed in a layer insulating film for
insulating the third layer interconnection and the second layer
interconnection layer from each other.

23. A method according to Claim 22, wherein a dummy
interconnection which is formed in the same step as the first
layer interconnection is arranged below the first connection
hole connecting the third interconnection layer and the second
interconnection layer.

24. A method according to Claim 22, wherein a dummy
interconnection which is formed in the same step as the second
interconnection layer is arranged on the way of said second

connection hole connecting the third interconnection layer and

N ) 0 PR




el ectrically connect the second and fourth interconnections therewth.

31. A nethod for manufacturing a-sem conductor integrated circuit..device,
t he met hod conprising the steps of: provi di n%‘é’@;ﬁgﬁﬂdg%gﬂ {
substrate having first and second portions on the nmal n'surface-t-herqof};
depositing a first conductor layer on tig first and sg¢cpnd portions jand

-t

subjecting the first conductor |ayer to patterning 2 5 JUN T

75 to forma first interconnection on the first poition and a ond
I nt erconnection on the second portion; form ngia FSt i nsulatin
filmover the sem conductor e

said first interconnection layer.

25. A method according to Claim 22, wherein a dummy
interconnection which is formed in the same step as the third
layer interconnection is arranged below the above connection
hole connecting the second interconnection layer and the first
interconnection layer.

26. A method for manufacturing a semiconductor
integrated circuit device by forming DRAM having a memory cell
constituted of MISFET for memory cell selection and an
information storage capacitor formed on the MISFET, and logic
LSI on the same semiconductor substrate, wherein a sheet
resistance of a gate electrode of the MISFET and a word line
connected thereto, and a sheet resistance of a bit line are,
respectively, 2 Q/0 or below, and a given interconnection of
the logic LSI is formed in the same step as the gate electrode
of the MISFET and the word line connected thereto or the bit line.

27. A method according to Claim 26, wherein an
information storage capacitor having a storage electrode and a
plate electrode at least one of which has a sheet resistance of
2 Q/0 or below is formed above the bit line, and the given
interconnection of the logic LSI is simultaneously formed at the
step of forming the storage electrode or the plate electrode.

28. A method for manufacturing a semiconductor
integrated circuit device, the method comprising the steps of:

providing a semiconductor substrate having first and

e

N A

second portions on the main surface thereof; -



substrate to cover the first and second interconnections; depesi ting

a second conductor |ayer on the first and second pdrh’&:grrg;gggrgmpjaﬁzﬁérni ng
the second seniconductor layer to forma third intdrcenneeti-en-as™
superposed on the first interconnection over the fijrst go '
formng a second insulating filmover t%a sem condudt gr

the third interconnection therewth; formng ta |first connection hol

rtsix I'];m_
M@ﬁr%ﬁe jo cover

e

inthe first portion so that the second interconnection is exposed oh the

surface thereof and also a second connection hole i
that the second interconnection is exposed on the surface thereof;

on SO

depositing a third conductor |ayer over the first and second portions and

patterning the third conductor, | ayer to for a fourth jnterco LQn in
the first portiondEBOEdyERI ArklFs §PndE‘6F?|Eg]l"iY8l’? %Fbeaérﬁfsgﬁ %’b‘?ggg%ﬁh

e lans a8 SETUL 1R EhE P10 ENSLcLAF 13960"eh GaRasehing Mol

to form a first interconnection on the first portion and a second
interconnection on the second portion;

forming a first insulating film over the semiconductor
substrate to cover the first and second interconnections;

depositing a second conductor layer over the first and
secondportionsandpatterningthesecondconductorlayertoform
a third interconnection as superposed on the first
interconnection over the first portion and a fourth
interconnection as superposed on the second interconnection over '
the second portion;

forming a second insulating f£ilm over the semiconductor
substrate to cover the third and fourth interconnections
therewith;

forming a first connection hole in a portion of the first
portion where the first and third interconnections are
superposed so that the first interconnection is exposed on the
surface thereof via the second insulating film, the third
interconnection and the first insulating film, and also a second
connection hole in a portion of the second portion where the
second and fourth interconnections are superposed so that the
second interconnection is exposed on the surface thereof via the
second insulating film, the fourth interconnection and the first
insulating film;

filling a third conductor layer in the first and second

L
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filling the first and second connection holes thereWw
the formation of the third conductor |ayer. 38. A nethod for
manuf act uri ng a seni conduct or 7 235 JUN B89 76
integrated circuit device which conprises a plurality of nenory celfls
including MSFET's for nenory cell selection and i nforfmation storage
capacitors connected in series, a plurality of nenofy_cell arrays
connected to the nenory cells and having '

[ ot
. T

or.omed o i

connection holes; and

depositing a fourth conductor layer over the first and
second portions and patterning the fourth conductor layer to form
a fifth interconnection in the first portion to cover the first
connection hole and a sixth interconnection in the second portion
to cover the second connection hole, wherein the third conductor
layer in the first connection layer electrically connect the
first, third and fifth interconnections therewith and-the third
conductor layer in the second connection hole electrically
connect the second and fourth interconnections therewith and
wherein the sixth interconnection protects the third conductor
layer in the second connection hole at the time of the patterning
of the fourth conductor layer.

29, A method for manufacturing a semiconductor °
integrated circuit device, the method comprising the steps of:

providing a semiconductor substrate having first and
second portions on the main surface thereof;

depositing a first conductor layer on the first and second
portions and subjecting the first conductor layer to patterning
to form a first interconnection on the first portion and a second
interconnection on the second portion;

forming a first insulating film over the semiconductor
substrate to cover the first and second interconnections;

depositing a second conductor layer over the first and
second portions and patferning the second semiconductor layer

to form a third interconnection as superposed on the first

i nterconnection is superposed with the first connection hole on a plané.'
32. A nethod according to Caim31, wherein a fourth @qugMQ&E%@%p;
ﬁ L.iﬁg..'.‘ .'f'x’F : it

f or
or to

I



a pLura::tY of morﬂ IiEes and a plurality of bit lines nmutually extending
in parallel to each other, and a peripheral circuitr—forated el weenit he
plural nenory cell arrays, the nethod conprising thé”‘#%@@ﬁég:ﬁﬁﬁﬁ
provi-di ng a sem conductor substrate having a first | pportion whereifn |nmenory
cell arrays are forned and a second pora'on wher ei nj [peritpharadesgi ncuits
are fornmed, formng a first condlctor |ayer er the sem conduct or
substrate and patterning the first conductor |ayer fo-forma— lfty of
first interconnections to formbit lines in the firjst - portion and second
and third interconnections in the second portion; formng a first
insulating filmon the first, second and third interconnection;

form ng a second conductor layer on the first insulati ng
interconnection over the first portion and a fourth

interconnection as s'uperposed on the second interconnectionover
the second portiodn;

forming a second insulating film over the semiconductor
substrate to cover the third and fourth interconnections
therewith;

forming a first connection hole in a portion of the first
portion where the first and third interconnections -are
superposed so that the first interconnection is exposed on the
surface thereof via the second insulating film, the third
interconnection and the first insulating £ilm, and also a second
connection hole in a portion of the second portion where the
second and fourth interconnections are superposed so that the
second interconnection is exposed on the surface thereof via the
second insulating £ilm, the fourth interconnection and the first
insulating film;

filling a third conductor layer in the first and second
connection holes; and

depositing a fourth conductor layer over the first and
second portions and patterning the fourth conductor layer to form
a fifth interconnection in the first portion to cover the first
connection hole and also a sixth interconnection in the second
portion to cover the second connection hole, wherein the third
conductor layer in the first connection layer electrically
connects the first, third and fifth interconnections therewith

and the third conductor layer in the second connection hole

—— o
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filmand patterning the second conductor |ayer to formone of electrodes
of each information storage capacitor independent!|y —for—each-rempty-cell;
forming a third conductor |ayer on the one el ectrod¢ BifPi mfh&llnf\;br&étlon
storage capacitor and patterning the third conduct ¢r to~fornmThHe Gt her

el ectrode of the information storage 3 RN 00 77
capaci tor conmonly used for the plurality of menory|cel I2s" ‘jn"th’g” fii rist
portion and to forma fourth interconnection on the smnnﬂ i-pt-er-connect i on
in the second portion; form ng a second insullating filmon theg other
el ectrode of the information storage capacitor and -the—fourth

electrically connect the second and fourth interconnections
therewith.

30. A method for manufacturing a semiconductor
integrated circuit device, the method comprising the steps of:

providing a semiconductor substrate having first and
second portions on the ma;in surface thereof;

depositing a first conductor layer on the first and second
portions and subjecting the first conductor layer to patterning
to form a first interconnection on the first portion and a second
interconnection on the second portion;

forming a first insulating film over the semiconductor
substrate to cover the first and second interconnections;

depositing a second conductor layer on the first and
second portions and patterning the second semiconductor layer
to form a third interconnection as superposed on the first
interconnection over the first portion and a fourth
interconnection as superposed on the second interconnection over
the second portion;

forming a second insulating film over the semiconductor
substrate to cover the third and fourth interconnections
therewith;

forming a first connection hole in the first portion so
that the second interconnection is exposed on the surface thereot
and also a second connection hole in the second portion so that
the second interconnection is exposed on the surface thereof;

forming a first connection hole in the first portion where
S
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I nt er conne
portion so
t hereof i
so that th
second i ns
bel ow t he

wherein th
thicker t

ction; and formng a first connection hole in the second

that the fourth interconnection is exprsg “Gn h@ aupzace
n the second insulating filmand also a se

e other electrode of said information stiorage-ctapacitor i§
han the one el ectrode of said information storage capacitaofr.

35. A.sem conductor integrated circuit device cOmnpri si ng:

data |i nes;

a M SFET a

connected t

first interconnection is exposed on the surface thereof via the
second insulating £film, the third interconnection and the first
insulating £ilm, and also a second connection hole in the second
portion where the second and fourth interconnections are
superposed so that the second interconnection is exposed on the
surface thereof via the second insulating film, the fourth
interconnection and the first insulating film; .

filling a third conductor layer in the first and second
connection holes; and

depositing a fourth conductor layer over the first and
second portions and patterning the fourth conductor layer to form
a fifth interconnection in the first portion té cover the first
connection hole and also a sixth interconnection in the second
portion to cover the second connection hole, wherein the third
conductor layer in the first connection layer electrically
connects the first, third and fifth interconnections therewith
and the third conductor layer in the second connection hole
electrically connect the second and fourth interconnections
therewith.

31. A method for manufacturing a semiconductor
integrated circuit device, the method comprising the steps of:

providing a semiconductor substrate having first and
second portions on the main surface thereof;

depositing a first conductor layer on the first and second

portions and subjecting the first conductor layer to patterning

Hd”téhﬁeﬁfﬁbk hol e

e third interconnection is exposed on the [Urface therepf|in the
ulating film wherein the secopd intercqnnecy Bagtii $%os| t] oned
first connection hole. 34. A nethqdjaccording to ai m 33,

word |ines; menory cells each having

%%g%@?@%ﬁrgwﬁ@e %P%%xgz?%‘m Cl}é Qgé%\?pe%&f‘%l% fRaproheel |
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wherein each of said word |ines conprises a

pon5|I|con film a_\flrst

refractory netal filmover said polysilicon fil C

filminterposed between said polysilicon film amﬁfsf’af\ﬂ Frfst..f.e

metal film and wher ei n _each of sajdfdata Ilnes c rises a

second refractory netal, 7 9 8 JUN 59 78- 36.

A sem conductor integrated circuit device according {to cl al m 35, Wherein

said second refractory netal conprises a Wfilm | % e
M‘;W‘w-*m e

to form a first interconnection on the first portion and a second
interconnection on the second portion;

forming a first insulating film over the semiconductor
substrate to cover the first and second interconnections;

depositing a second conductor layer on the first and
second portions and patterning the second semiconductor layer
to form a third interconnection as superposed on the first
interconnection over the first portion; R

forming a second insulating film over the semiconductor
substrate to cover the third interconnection therewith;

forming a first connection hole in the first portion so
that the second interconnéction is exposed on the surface thereof
and also a second connection hole in the second portion so that
the second interconnection is exposed on the surface thereof;

depositing a third conductor layer over the first and
second portions and pafterning the third conductor layer to form
a fourth interconnection in the first portion to cover the first
conﬂection hole and also a fifth interconnection in the second
portion to cover the second connection hole, wherein the first
interconnection is superposed with the first connection hole on
a plane.

32. A method according to Claim 31, wherein a fourth
conductor layer for f£illing the first and second connection holes
therewith is formed prior to the formation of the third conductor
layer.

33. A method for manufacturing a semiconductor

—
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37. A sem conductor integrated circuit device according to claim 35,

wherein said capacitor elenment is forned over sate—M-SFE 38 A

sem conductor integrated circuit device according RERLASEMERT SHELTver ei n one

of said data lines is forned under sai96capacit r feTr8HeEnt 39.. A

sem conductor integrated circuit device. conpri_i%g;,q_yﬁﬁ%%@ i data |ines
. . . . . 3 MERS ST I .

each conprising a first Wstrip; wor d né% each ‘conprijsing a

polysilicon strip, a second Wstrip forned overiséﬁéw@@#ys#+¥eeh strip and
a barrier netal strip interposed between said paolysilicon strip jand said
second Wstrip; and menory cel |l s each HWavirig—a~ M SFET 1"ncl udi ng

a gate electrode and source and drain regions, and a capacitor
integrated circuit device which comprises a plurality of memory

cells including MISFET's for memory cell selection and
information storage capacitors connected in series, a plurality
of memory cell arrays connected to the memory cells and having
a plurality of word lines and a plurality of bit lines mutually
extending in parallel to each other, and a peripheral circuit
located between the plural memory cell arrays, the method
comprising the steps of: )

providing a semiconductor substrate having a first
portion wherein
memory cell arrays are formed and a second portion wherein
peripheral circuits are formed;

forming a first conductor layer over the semiconductor
substrate and patterning the first conductor layer to form a
plurality of first interconnections to formbit lines in the first
portion and second and third interconnections in the second
portion;

forming a first insulating film on the first, second and
third interconnection;

forming a second conductor layer on the first insulating
film and patterning the second conductor layer to form one of
electrodes of each information storage capacitor independently
for each memory cell;

forming a third conductor layer on the one electrode of
the information storage capacitor and patterning the third

conductor to form the other electrode of the information storage
[ —
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el ement coupl ed thereto, each nenory cell being connected to one data line

and one word line, and each word |ine being connectj ' ] (S

el ectrode of said M SFET of each nenory cell corresjpodr ghﬁﬁr%ﬂ%ﬁ

79 - - 40. A seni conduct or integnpated circuit| device according: to

claim 39, wherein said capacitor elenment is forned aver 9@‘5@5@%@@@ Hat a

i nes. 41. A sem conductor integrated circuift idevice according to
claim40, wherein said barrier nmetal strip conpriseﬁ fPNWﬂ““ﬂwr+th

P e 34 1T e B I T, T S e N TR m«}

capacitor commonly used for the plurality of memory cells in the
first portion and to form a fourth interconnection on the second
interconnection in the second portion;

forming a second insulating film on the other electrode
of the information storage capacitor and the fourth
interconnection; and

forming a first connection hole in the second portion so
that the fourth interconnection is exposed on the surface thereof
in the second insulating film and also a second connection hole
so that the third interconnection is exposed on the surface
thereof in the second insulating film, wherein the second
interconnection is positioned below the first connection hole.

34. A method according to Claim 33, wherein the other
electrode of said information storage capacitor is made thicker

than the one electrode of said information storage capacitor.
35. A semiconductor integrated circuit device

comprising:

data lines;

word lines;

memory cells each having a MISFET and a capacitor
element coupled thereto, and each memory cell connected to one
data line and one word line,

wherein each of said word lines comprises a
polysilicon film, a first refractory metal film over said
polysilicon film and a barrier metal film interposed between
said polysilicon film and said first refractory metal film,
and

wherein each of said data lines comprises a second

tefractory metal. | FWER 0 SRR O
* c L H § *



wherein one of said data lines is connected to qneysi 2 o
drain regions via a polysilicon conductor. 43. '~ Lh
integrated circuit device according to claim40,

A sem conductor integrated circuit device- accordlng to claim40,

T E?_tkgi ng?gr

erein said cappcitor

el ement conpri ses: a first-® ectrode df jmeR & JUi 999 I a
dielectric filmforned over said first electrode;; jand | B second
el ectrode forned over said dielectric film 44, ATSém condyct or

integrated circuit device according to claima43 uberein said diefectric
i1 s Selpoted fr sl cofb@UPos ek JPLSLELEL o5 s P And P27

to claim 35, wherein said second refractory metal comprises a

W £ilm.

—_—

37. A semiconductor integrated circuit device according

to claim 35, wherein said capacitor element is formed over .

said MISFET.

38. A semiconductor integrated circuit device according

to claim 37, wherein one of said data lines is formed under

said capacitor element.

39. A semiconductor integrated circuit device.
comprising:

data lines each comprising a first W strip;

word lines each comprising a polysilicon strip, a
second W strip formed over said polysilicon strip and a
barrier metal strip interposed between said polysilicon strip
and said second W strip; and

memory cells each having a MISFET including a gate
electrode and source and drain regions, and a capacitor
element coupled thereto, each memory cell being connected to
one data line and one word line, and each word line being

connected with the gate electrode of said MISFET of each

memory cell corresponding thereto.
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45. A semi conductor integrated circuit device according__ta_.claimi44,
wherein the netal of said first electrode is selggﬂ @;ﬁbu ﬂﬁé?vboup
including Pt, Ir, Iro[err], Rh, RO Ru, RuQ2, O—Re—~Red err] and
Pd. -
219- 25 Uk 1959
! I
40.. A semiconductor integrated circuit device according

—

to claim 39, wherein said capacitor element is formed over ome

of said data lines.

41. A semiconductor integrated circuit device according

to claim 40, wherein said barrier metal strip comprises TiN or

WN £ilm.

42, 2 semiconductor integrated circuit device -according
to claim 40, wherein one of said data lines is connected to

one of said source and drain regions via a polysilicon

conductor.

43. A semiconductor integrated circuit device according
to claim 40, wherein said capacitor element comprises:

a first electrode of metal;

a dielectric film formed over said first electrode;
and

a second electrode formed over said dielectric film.

44. A semiconductor integrated circuit device according
to claim 43, wherein said dielectric film is selected from the

group including Ta,0;, BST and P2ZT.

45. A semiconductor integrated circuit device according

to claim 44, wherein the metal of said first electrode is

selected from the group including Pt, Ir, Ir0,, Rh, Rhoz, Ru,

R0, 08, 060, Be, Red and B4 - L]
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SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE AND METHOD FOR
MANUFACTURING THE SAME
ABSTRACT OF THE DISCLOSURE

The sheet resistance of a gate electrode 8A (a word line)
of memory cell selection MISFET Q of DRAM and a sheet resistance

of bit lines BL1, BL3 are, respectively, 2 Q/[J or below.
Interconnections of a peripheral circuit are formed during the
step of forming the gate electrode 8A (the wofd line WL) or the

bit lines BL1, BL2 by which the number of the steps of

manufacturing DRAM can be reduced.

~ Figure 4



