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SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE.FOR CONNECTING
SEMICONDUCTOR REGION AND ELECTRICAL WIRING METAL VIA
TTTANIUM SILICIDE LAYER AND METHOD OF FABRICATION
T[-IEREOF
BACKGROUND OF THE INVENTION -

The present invention relates to a semi-
conductor integrated circuit device and a fabrication
technique thereof, or more in particular to a techniqﬁe
effectively appiicable to a semiconductor integrated
circuit device comprising a DRAM (dynamic random access
memory) having a memory cell of stacked capacitor
structure with an information storage capacitor arranged
on a memory cell-selecting MISFET and also to a
technique for connecting a semiconductor region and an
electrical wiring metal to each other through a titanium
(Ti) silicide layer. |

In order to compensate for the reduction in
the accumulated charge (Cs).of the information storage
capacitor with the miniaturization of the memory cell, a
large~capacity DRAM recently developed has a stacked
capacitor structure with an information storage
capacitor above a memory cell-selecting MISFET.

The information storage capacitor of stacked
capacitor structure is formed by depositing a storage
electrode (lower electrode), a capacitiVe insulating .

film and a plate electrode (upper electrode) in that

- order. The storage electrode of the information storage

capacitor is composed of polycrystal silicon doped with

n-type impurities (phosphorus) and is connected to one

e
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of the semiconductor regions (source and drain regions)

of a-memory cell-selecting n-channel MISFET. The plate

electrode is composed as an electrode shared by a

plurality of memory cells and is supplied with a
predetermined fixed pbtential.

| A bit line for writing ahd reading data is
arranged above the memory cells. The bit line is
connected to the other one of the semiconductor regions
(source and drain regions) of the memory cell-selecting
MISFET through a contact hole opened to an insulating
film covering the memory cells. fhe bit lihe is
composed of a low-resistance metal material in oxrder to
assure high-speed data write and read operation.

The height (from the substrate surface) of the
memory array of the DRAM having memory cells of stacked
capacitor structure described above is lafger than that
.of the peripheral cirduit substantially by the height of
the information storage capacitor. As a result, with
the miniaturization of the memory cell, the aspect ratio
between the semiconductor regions of the memory cell-
selecting MISFET and the contact holes for connecting
the bit line is considerably ihcreased, thereby making
it difficult to deposit a metal material for the bif
line sufficiently in the contact holes;

As a solution against this problem, the DRAM

described in JP-A-7-142604, which corresponds'to U.s.

‘Patent Application No. 08/341966 filed on Névember 16,

11994, is fébricated by employing a polycrystalline
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silicon plug techniqué in which a polycrystal silicon
film of the same conduction type (n-=type) as the
semiconductor regions of the memory cell-selecting
MISFET is filled in the contact holes. 1In this
technique, contact holes reaching the semiconductor
.regions of a memory-cell selecting MISFET are formed .
through an insulating film covering memory cells, a
sufficient amount of polycrystal silicon film is filled
in each contact hole using the CVD process having a
superior'step coverage, and then an unrequired
polycrystal silicon film remaining on the insulating
film is removed.by etching (etch back).

The use of a (n-type) polycrystal silicon film
as a plug material filled in the contact hole is
effective not only as a méasure to securé the conduction
of the bit line but also to reduce the memory cell size.
Specifically, the DRAM with a reduced memory cell size
has such a miniscule diameter of the contact hole.for
the bit line that in the case where a mask misalignment
occurs between the contact hole and the semicénductor
regions of the memory cell-selecting MISFET when opening
the contact hole by'etching with photoresist as a mask,
the contact area between thé semiconductor regions and
the plug materia; filled subsequently in the contact
hole is reduced resulting in an increased contact
resistance. 1In the case where a polycrystal silicon
film of the same conduction type (n-type) as the

semiconductor regions is used as a plug material, by
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contrast, the (n-type) impurities in the polycrystal
silicon film is diffused into the substrate and the

contact resistance is reduced. The mask alignment

- margin can thus be reduced between the semiconductor

regions and the contact holes.

Also, in the DRAM disclosed in the above-

mentioned patent publication, the bit line is composed

of a tungsten (W) film, and the first layer of wiring
connected to the-semiconductdr regions (source and drain
regions) of a complementary MISFET (CMOSFET) constitut-
ing the peripheral circuits is composed of é W film in
the same layer as the bit line.

| The wiring of the first layer of the
peripheral circuit and the bit line composed of'W high

in electromigration endurance compared with aluminum

'(Al) is an effective measure to secure the wiring life

of a miniaturized DRAM. The above-mentioned technique:

.of filling a polycrystalline silicon plug in the

bit-line contact holes is indispensable for constructing
the bit line and the first layer of the peripheral
circuit by the W film in the same layer. This is by

reason of the fact that in the case where the plug

‘material is not filled in the bit-line contact hole, it

is necessary to fill the plug material in the (bit-1line)

-contact hole of a very large aspect ratio and the

contact hole (for the peripheral circuit) small in
aspect ratio at the same time, thereby increasing the

process burden. The cited reference, however, fails to
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describe anything about the formation of a Ti silicide
layer.

The present inventors héve studied the problem
points which occur when forming the first layer of the
wiring of the peripheral circuit and the bit line in the
same layer of a W film in a DRAM having memory cells of
stacked capacitor.structure. The result of this study
will be described briefly below.

Generally, the W film is known to have a low
adherence to.an insulating film such as a silicon oxide
film. Also, at a contact point between the wiring and
the substrate, the metal material comstituting the-
wiring and the silicon constituting ﬁhe substrate react
with each other to form a silicide layer. The silicide
(tungsten silicide) layer produced by the reaction
between the W film and the silicon substrate exerts a

great stress on the substrate. As a result, in the case

" where the first layer of the wiring of the peripheral

circuit is composed of a W £film, therefore, it is

| necessary to form under the W film such a metal film

that forms a silicide layer high in adherence to the
insulating film and small in stress when reacting with
the silicon substrate.

Titanium (Ti) has a superior adherence to an
insulating film, and the Ti silicide (TiSix, x'; 2)

formed by reaction with the silicon substrate exerts

only a small stress on the substrate. Therefore,

‘titanium provides a suitable material as a metal film
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formed under the W film. Alsd, to form a Ti silicide
layer in the interface between the first layer of wiring
and the semiconductor regions (source and drain regions)
of the MISFET constituting the peripheral circuit is an

effective measure for reducing the contact resistance of

~ the wiring.

The Ti film; however, poSes the problem that
it reacts with WFg making up a source gas produced when
depositing the W film by the DVD process and form an
undesirable reaction layer on the film surface. In the
case where a W film.is deposited on the Ti film,
therefore, a barrier layer resistant to reaction with WFg
having a high adherence with the Ti film and'the W film
is required to be formed between the Ti film and the W
film. A preferable barrier layer is a TiN (titanium
nitride) film.

A method of forming the first layer of wiring
of the peripheral circuit and the bit line at the same
time with a W-TiN-Ti film lamination is as follows.
First, a polycrystalline silicon plug is filled in the
bit-line contact holes formed in ah insulat;ng film
covering memory cells, and then contact holes are formed
in the insulating film covering a MISFET of the
peripheral circuit. As the next step, a Ti film and a
TiN film are deposited continuously'by sputtering on the

insulating film. The substrate is annealed in the

‘nitrogen environment, so that the reaction is caused

between the Ti film and the silicon (substrate) thereby



10

15

20

25

-7 =
to form a Ti silicide layer in the interface between the

Ti film and the silicon substrate. After that, a W film

~ is deposited by CVD on the TiN film. The W film and the

underlying TiN and Ti films are patterned by etching

with a photoresist as a mask thereby to form the first

layer of wiring of the peripheral circuit and the bit

line.

The present inventors, after examining the
ébove-mentioned process further, have found the
following problems.

As described above, in the process of forming
the first layer of wiring of the peripheral circuit and
the bit line by a W-TiN-Ti film lamination, the
polycrystalline silicon plug is filled in the bit-line
contact holes in advance of the deposition of a TiN-Ti
film. In forming a Ti silicide layer'in the interfacé
between the Ti film and the silicon substrate by
annealing the substrate, therefore, a Ti silicide layer
is formed in the interface between the polycrystalline
silicon plug and the Ti film in the bit-line contact
holes.

Once the Ti silicide layer is formed on the
polycrystalline silicon piug, however, the interface
between the polycrystalline silicon plug and the Ti

silicide layer may be separated, often causing a

conduction failure of the bit line. A study of the

-.cause has discovered that there is a correlation bétween

the separation frequency and the thickness of the Ti
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silicide layerlformed on the polycrystalline silicon
plug. | |

Fig. 25 is a graph showing the resulﬁ of study
made on the relation between the thickness of the Ti
silicide layer and the interface separation. As shown
in Fig. 25, separation occurs for the thickness of the
Ti silicide layer higher than a certain value. The
smaller the diameter of the contact_hole, the smaller
the thickness with which the separation occurs. A
possible cause of this separafion is that with the
increase in the thickness of the Ti silicide layer, the
interface between the polycrystalline silicon plug and
the Ti silicide layer is subjected to the stress due to
the volume reduction caused by the formation of the Ti
silicide layer and the stress due to the crystallization
of the TiN film.

In the case where the Ti silicide layer is
formed in the interface between the Ti film and the
silicon substrate, on the other hand, the contact
resistance would uhdesirably increase unless a certain

degree of thickness is secured of the Ti silicide layer;

"Especially in the case ﬁhere a Ti silicide layer is

formed on the surface of the source and drain regions

(p-type'semiconductor regions) of a p-channel MISFET, as
shown in Fig. 26, a decreased thickness of the Ti
silicide layer is found to increase the contact
resistance considerably.

A conventional technique for reducing the
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resistance of the contact section for electrically
cdnnecting the'surface of a silicon substrate and a
metal wiring is disclosed, for example, in JP-A-07-78821
(hereinafter referred to the well-known example), in
which altitanium silicide film is formed between the
silicon substrate and the metal wiring.

With the increase in the thickness of the
titanium silicide film and also with the decrease in the

diameter of the contact hole, however, the titanium

" gilicide film is more easily separated, which is a

- stumbling block to higher integration and miniaturiza-

tion of a semiconductor device.

For a low-éontact resistance to be obtained by
forming a silicide film in the interface betwéen silicon
and a metal, the titanium silicide film formed
(eépecially, TiSi, di-silicide) is required to have a

certain degree of thickness. Since titanium silicide is

. formed by heat treatment of the silicon deposited with a

titanium film thereon, however, the volume change of the
film generates a stress in the film.

This internal stress of the film increases the

~stress generated in the neighborhood of the interface

betweén the titanium silicide film and the silicon.
Experiments and analyses have made it clear that the
average stress generated in the interface increases with

the decrease in the size of the contact_hole and also

with the increase in the thickness of the titanium

silicide layer, thereby causing the separation of the
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titanium silicide film.

As described above, in the case where a
polycrystalline silicon plug is filled in the bit-line
contact hole to form the first layer of wiring of the
peripheral circﬁit and a bit line at the same time with
a W-TiN-Ti film lamination, it is difficult to secure

the conduction reliability of the bit line and to reduce

- the contact'resistanée of the wiring connected to the

source and drain regions of the MISFET of the peripheral

circuit at the same time.

SUMMARY OF THE INVENTION

An object of the present invention is to
provide a semiconductor device and a method of fabrica;
tion thereof, in which a titanium silicide film is not
easily separéted in the connection interface between a
titanium silicide film and silicon in a contact hole.

Another object of the invention is to provide,
in a DRAM comprising memory cells of.stacked capacitor
structure and a W-TiN-Ti film lamination constituting a
first layer of wiring of the péripheral circuit and a
bit line, a technique in which the conduction reliabil-
ity of the bit line connected to a memoty cell-selecting
MISFET is secured while at the same time reducinQ the
contact resistance of the wiring connectéd to the MISFET
of the peripheral circuit.

The above-ﬁentioned first object is achieved

by a semiconductor device with_silicén and an electrical
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wiring metal are connected to each other through a
titanium silicide film in a contact hole formed in an

insulating film, wherein the thickness of the titanium

'gilicide film is set to 10 to 120 nm, or preferably, to

20 to 84 nm.

The second object of the invention is achieved
by a semiconductor device, in which an insulating film

is formed on a silicon substrate, at least a contact

_hole.is formed in the insulating film, a titanium film

is deposited in such a manner as to contact the silicon
substrate in the contact hole, and the titanium film is
heat treated with the silicon, thereby attéining the
thickness of the titanium film in the range of 4 to 48
nm, or preferably, 8 to 34 nm by silicide reaction.

The titanium £film includes a metal film |

containing a component other than titanium in addition

to titanium.

A semiconductor integrated circuit device
according to an embodiment of the invention comprises

memory cells of stacked capacitor structure with an

information storage capacitor arranged above a memorxry

cell-selecting MISFET, wherein a polycrystalline silicon
plug of.the same.cdnduction type as the semiconductor
regions of the memory cell-selecting MISFET is formed in
the éontact holes connecting the semiconductor regions
and the bit line, the bit line and the wiring connected

to the semiconductor regions of the MISFET of the

' peripheral circuit are composed of the same triple layer
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of a W-TiN-Ti film, and a Ti silicidé film is formed on
the surface of the semiconductor regions of fhe MISFET
of the peripheral circuit and on the surface of the
polycrystalliné silicbn plug in the contact holes.

Specifically, the thickness of the Ti silicide
film formed on the surface of the polycryStalline
silicon plug in the contact hole is set to about 120 nm

or less, and the thickness of the Ti silicide film

formed on the surface of the semiconductor regions of

the MISFET of the peripheral circuit to about 10 nm or
more, 6r more préferably, to about 20 nm or more.

The numerical values of the film thickness ana
the hole diameter specified above should not be

considered as strict values but as containing an error

-of Max $10 % as working tolerance. -

A method of fabricating a DRAM as a semi-
conductor integrated circuit device having memory cells
of stacked capacitor structure with an information:
storage capacitor arranged above a memory cell-selecting
MISFET according to the present invention combrises:

(a) the step of forming a MISFET of a
peripheral circuit and a memory cell-selecting MISFET on
a plurality of memory cells on a semiconductor sub-
strate, forming a MISFET of the peripheral circuit and

then forming an information storage capacitor above the

_memory cell-selecting MISFET;

(b) the step of forming a hole for connecting

the bit line in an insulating film covering the memory
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cells, filling a polycrystalline silicon plug of the
same conduction type as the semiconductor regions of the
memory cell-selecting MISFET in the bit-line contact
holes, and forming'at least a contact hole in the
insulating film covering the MISFET of the peripheral
circuit;

| (c) the step of depositing a Ti film and a TiN
film on the insulating film, aﬁnealing the semiconductor
substrate, forming a Ti silicide layer having a
thickness of about 120 nm or less on the surface of the
polycrystalline silicon plug in the bit-line contact
holes, and forming é Ti silicide léyer having é

thickness of about 10 nm or more or preferably about 20

nm or more on the surface of the semiconductor regions

of the MISFET exposed to the bottom of the contact holes
of the.peripheral circuit; and |

= (d) the step of depositing a W £film on the TiN
film, patterning the W film and the underlying TiN and
Ti films, and forming a bit line and the first layer of
wiring of the peripheral circuit composed ofla W-TiN-Ti
film lamination.

According to the present invention, there is

provided a semiconductor device comprising silicon and

an electrical wiring metal connected to each other

through a titanium silicide film in a contact hole

formed in an insulating film, wherein the thickness of

the titanium silicide film is set to 10 to 120 nm, or

preferably to 20 to 84 nm, whereby the contact resist-
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ance between the silicon and the metal wiring can be
reduced and a superior contact can-be formed free of any
énxiety of breakage of the interface between the silicon
and the titanium silicide.

| According to the present inventidh) there is

provided a DRAM comprising a plurality of memory cells

of stacked capacitor type, wherein a polycrystalline

silicon plug of the same conduction type as the
semiconductor regions of a memory cell-selecting MISFET

is formed in a contact hole for connecting the

- semiconductor regions and a bit line, and the bit line

and the first layer of wiring connected to the

semiconductor regions of the MISFET of the peripheral

- circuit are composed of the same wiring layer of a

W-TiN-Ti film, thereby securing the conduction
reliability of the bit line while at the same time
reducing the contact resistance of the wiring connected
to the sburce and drain regions of the MISFET of the

peripheral circuit.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a partial sectional view of a DRAM
according to an embodiment of the present invention.

Fig. 2 is a diagram for explaining the initial

steps of fabricating the DRAM of Fig. 1.

Fig. 3 is a diagram for explaining the
fabrication steps following Fig. 2.

Fig. 4 is a diagram for explaining the
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following Fig. 3.

Fig. 5 is a diagram for expléining

fabrication steps

following Fig. 4.

Fig. 6 is a diagram for explaining

fabrication steps

following Fig. 5.

Fig. 7 is a diagram for explaining

‘fabrication steps

following Fig. 6.

Fig. 8 is a diagram for explaining

fabrication steps

following Fig. 7

Fig. 9 is a diagram for éxplaining

fabrication steps:
Pig. 10
fabrication steps
Fig. 11
fabrication steps
Fig. 12
fabrication.steps
Fiqg. 13
fabrication steps
Fig. 14
fabrication steps
- Fig. 15
fabrication stéps

Fig. 16

fabrication steps

Fig. 17
fabrication steps

Fig. 18

foilowing Fig. 8.
is a diagram for explaining
following Fig. 9 :
is a diagram for explaining
following Fig. 10.
is a diagram for expiaining
following Fig. 11
is a diagram for explaining
following Fig. 12.
is a diagram for explaining

following Fig. 13

is a diagram for explaining

following Fig. 14.
is a diagram for.explaining

following Fig. 15

is a diagram for explaining’

following Fig. 16.

is a diagram for explaining

the

the

the.

the

the

the

the

the

the

the

the

the

the

the
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fabrication steps
Fig. 19
fabrication steps
Fig. 20
fabrication steps
Fig. 21
fabrication steps
| Fig. 22

fabrication steps

Fig. 23

fabrication steps
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following Fig. 17

is a diagram for explaining

following Fig. 18.

is a diagram for explaining

following Fig. 19.

is a diagram for explaining

following Fig. 20.

is a diagram for explaining

following Fig. 21.

is a diagram for explaining

following Fig. 22.

the
the
the
the

the

Fig. 24 is a diagfam for explaining the
fabrication steps following Fig. 23.

: Fig. 25 is a graph showing the relation
-'betweén the thickness of the Ti éilicide layer and the
separation at the interface of the polycrystalline
silicon plug.

Fig. 26 is a graph showing ﬁhe relation
betwéen the thickness of the Ti silidide layer formed on
the surface of the p-type semic@nductor region and |
contact resistance.

Fig. 27 is a diagram showing the contact
structure of a semiconductor device according to an
embodiment of the invention.

Figs. 28A to 28D are diagrams showing the
steps of fabricating the semiconductor device shown in
Fig. 27. |

Fig. 29 is a diagram showing positibns of
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interfaces of titanium silicide and silicon generated

due to silicide reaction.

Fig. 30 is a graph showing the stress caused
in the film by the silicidation.

Fig. 31 is a graph showing the relation
between the average stress generated in the interface
between the silicon film and the titanium silicide film,
the titanium film thickness and the contact hole
diameter.

Fig. 32 is a graph showing the relation
between the open failure rate (separation of titanium
silicide filﬁ) and the thickness of the titanium
silicide film for the contact hole diametér of 0.4 um.

Fig. 33 is a diagram showing the contact
structure of a semiconductor device according to another
embodiment of the invention.

Figé. 34A to 34D are diagrams showing the
steps of fabricating the semiconductor device of Fig.
33.

Fig. 35 is a diagram showing the contact
structure of a semiconductor device according to another
embodiment of the invention.

Figs. 36A to 36D are diagrams showing the
steps of fabricating a semiconductor device‘of Fig. 35.

Fig. 37 is a diagram showing the ¢ontaCt.
structure of a semiconductor device according to another
embodiment of the invention.

Figs. 38A to 38D are diagrams showing the
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steps of fabricating the semiconductof device of Fig.
37. |

Fig. 39 is a diagram showing the contact
structure of a semiconductor device accbrding to another
embodiment of the invention.

Figs. 40A to 40D are diagrams showing the
steps of'fabriéating a semiconductor device of Fig. 39.

Fig. 41 is a diagram showing thé contact
structure of a semiconductor device accdrding to another
embodiment of the invention. |

~Figs. 42A to 42D are diagrams showing the
steps of fabricating the semiconductor device of Fig.
41.

Figs. 43A to 43D are diagrams showing-the.

steps of fabricating a semiconductor device according to

another embodiment of the invention.

.DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the invention will be explained

below with reference to the accompanying drawings. In

all the drawings for explaining the embodiments, the
component parts having the same function will be

designated by the same reference numerals respectively,

"and will not be deécribed twice.

Fig. 1 is a sectional view showing a part of a
memofy array and a peripheral circuit of a DRAM accord-
ing to an embodiment of the present invention. The

method of fabricating them will be described latér.
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The main surface of a semiconductor substrate

-1 composed of p-type single crystal silicon is formed

with a p-type well 2 shared by the memory array and the
peripheral 6ircuit, and a n-type well 3 of the
peripheral circuit. The main surfaces of each of the

p-type well 2 and the n-type well 3 are formed with an

‘element-isolating field oxide film 4. The p-type well 2

including the lower part of the field oxide film 4 has
formed therein a p-type channel stopper layer 5, and a
n-type channel stopper layer 6 is formed in the n-type
well 3.

A plurality of memory cells of the DRAM are

formed in the active region of the p-type well 2 of the

‘memory array. Each memory cell includes a memory

cell-selecting MISFET Qt of n-channel type and a single
information storage capacitor C arranged above it.
Specifically, a memory cell has a stacked capacitor
structure with the information storage capacitor C
arranged above the memory cell-selecting MISFET Qt.

The memory cell-selecting MISFET Qt of the

‘memory cell-includes a gate oxide film 7, a gate .

electrode 8A and a pair of n-type semiconductor regions
9; 9 (source and drain regions). The gate electrode 8A
iﬁcludes a first layer of polycrystal silicon film
integrally formed with a work line WL. The polycrystal
silicon film constituting the gate electrode 8A and the
word line WL is doped with n-type impurities (such as

phosphorus)'for reducing the resistance value.
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The active region of the p-type well 2 of the
peripheral circuit region is formed with a n-channel

MISFET Qn, and the active region of the n-type well 3

with a p-channel MISFET Qp. Specificaily, the

peripheral circuit of the bRAM is composed of a CMOS
circuit constituting a combination of the n-channel
MISFET QOn and the p-channel MISFET Qp.. The h-channel
MISFET Qn includes a gate oxide film 7, a gate electrode
8B and a pair of n-type semiconductor regions 10, 10
(source and drain regions), and the p-channel MISFET Qp
includes a gate oxide film 7, a gate electrode 8C and a

pair of p-type semiconductor regions (source and drain

- regions). The gate electrode 8B of the n-channel MISFET

On and the gate electrode 8C of the p-channel MISFET. Qp

are composed of the same first'layer of a polycrystal

‘silicon film as the gate electrode 8A (and the word line

WL) of the memory ceil-selecting MISFET Qt.

A silicon oxide film 12 is formed above the
gate electrode 8A of the memory cell-selecting MISFET
Qt, the_gate electrode 8B of the n-channel MISFET On and
the gate electrode 8C of the p-channel MISFET Qp,
respectively. A side wall spacer 13 6f silicon oxide is
formed on the sides of each electrode. A silicon oxide
film 14 is formed above the silicon oxide film 12 and
the side wall spacer 13.

An information storage capacitor C is formed
above the silicon oxide film 14 covering the memory |

cell-selecting MISFET Qt. The information storage
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capacitor C includes a storage electrode 5, a capacitive
insulating film 20 and a plate electrode 21A.

The storage electrode 15 of the information
storage.capacitor C includes fins 16A, 17A and 18A in
three layers. The first layer (lower layer) of the fin
16A i; composed of a polycrystal silicon film of the
second layer, the second layer (intermediate layer).of_
the fin 17A is composed of the third layer of the
polycrystal silicon film, and the third layer (upper
layer) of the fin 18A is composed of the fourth layer of
the polycrystal silicon film. The storage electrode 15
is connected to the first;n;type semiconductor regions 9
of the memory cell-selecting MISFET Qt through a contact .

hole 19 formed in the silicon oxide film 12 and the gate

oxide film 7. In Fig. 1, the gate oxide film 7, the

silicon oxide film 12 and side wall spacer 13 are formed
of the same material 8i0,, and therefore.the interface
thereof is not shown. |

The capacitive insulatihg film 20 formed above
the storage electrode 15 is composed of a silicon
nitride film. The plate electrode 21A fofmed above the
capacitive insulating f£ilm 20 is composed of a poly-
crystal silicon film of the fifth layer. | |

A silicon oxide film 22 and a BPSG (boron-
doped phospho-silicate glass) film 23 are formed above
the information storage capacitor C of the memory cell
and the n-channel MISFET Qn and the p-channel MISFET Qp

of the peripheral circuit, respectively.
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The second n;type-semiconductor region 9 of
the memory cell-selecting MISFET Qt is connected to a
bit line BL through a contact hole 24 formed in the BPSG
film 23, the SilicOn 6xide films 22, 14 and the gate
oxide film 7. A.polycrystaliine silicon plug 25 is |
filled in this contact hole 24, and the bit line BL is
connected to thé n-typé semiconductor region 9 wvia the
polycrystalline silicon plug 25.

The first n-type semiconductor region 10 of
the n-channel MISFET Qn of the peripheral circuit is.
connected to the bit line BL through a contact hole 26
formed in the gate oxide film 7, the silicon oxide films
22, 14 and the BPSG film 23. Also, the seqond n-type
semiconductor region 10 of the n-channel MISFET Qn is
connected to the first layer of wiring 30 through a
contact hole 27 formed in the gate oxide film 7, the
silicon oxide films 22, 14 and the_BPSG film 23.

The first p—type semiconductor region.l1ll of

the p-channel MISFET Qp of the peripheral circuit is

connected to the first layer of wiring 30 through a

contact hole 28 formed in the gate oxide film 7, the

- 8ilicon oxide films 22, 14 and the BPSG film 23. Also,

the second p-type semiconductor region 11 of the
p-channel MISFET Qp is connected to the first layer of

wiring 31 through a contact hole 29 formed in the gate

oxide film 7, the silicon oxide films 22, 14 and ‘the

BPSG film 23.

The bit line BL and the first layer of wirings
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30, 31 are composed of a lamination structure including
a Ti film 32, a TiN film 33 and a W film déposited in

that order from the bottom, and are arranged in the same

" wiring layer. The surface of the polycrystalline
- silicon plug 25 formed in the contact hole 24 connecting

the bit line BL and the n-type semiconductor region 9 of

the memory cell-selecting MISFET Qt is formed with a Ti

' silicide layer 35B by the reaction between the

polycrystal silicon and the Ti film 32 méking up a part
of the bit line BL. Also, a Ti silicide layer formed by.
the reaction between the silicon substrate (n-type
semiconductor region 10) and the Ti film 32 constitutigg
a part of the wiring 30 is formed on the bottom df the
contact hole 27 connecting the first léyer_of wifing 30
and the n-type semiconductor region 10 of the n-channel
MISFET Qn of the periphéral circuit. In similar

fashion, a Ti silicide layer 35A is formed by the

reaction between the silicon substrate (p-type

semiconductor region 11) and the Ti film 32 constituting
a part of the wiring 31 on the bottom of the contact
holes 28, 29 connecting the first layer of wiring 31 and
the p-type semiconductor region 11 of the p-channel -
MISFET Qp. |

The thickness of the Ti silicide layer 35B
formed on the surface of the polycrystalline silicon
plug 25 is about 125 nm or less for preventing the
separation of the interface between the polycrystalline

silicon plug 25 and the Ti silicide layer 35B. 1In
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contrast, the thickness of the Ti-silicidé layer 35A
formed on the surface of the p-type semiconductor region
11 of the p-channel MISFET Qp is about 10 nm or more in

order to reduce the contact resistance between the

‘wiring 31 and the p-type semiconductor region 11.

A fifst layer of a layer insulating film 36 is
formed above the first layer of wirings 30, 31 and the
bit line BL. This layer insulating film 36 includes,
for exampie, three layers of a silicon oxide film, a
spin-on-glass film and a silicon oxide film.

The first layer of the layer insulating film

36 is formed with the second layer of wirings 37, 38,

39. The maierial of the second layer of wirings 37, 38,

39, though not specifically limited, is an Al alloy
single—layer film with silicon or copper (Cu) added
thefeto or a laminated film with TiN or other barrier
metai deposited above and under an Al alloy. The wiring
37 arranged above the memory array is composed of a
shunt word line, for example. One of the wirings 38, 39
(wiring 38) arranged above the peripheral circuit is
connected to the first layer of the wiring 30 through a..
contact hole 40 formed in the layer insulating film 36,
and the other wiring 39 is connected to the first layer
of the wiring 31 through a contact hole 41 formed in the
layer insulating film 36.

The layer above the second layer of the

wirings 37, 38, 39 is formed with the second layer of

" the layer insulating film 42. This layer insulating
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film 42, like the first layer of thé layer insulating
£film 36, fbr example, is composed of a three-layered
insulating film deposited with a silicon oxide film, a
spin-on-glass film and a silicon oxide film in that
order.

The layer above the second layer insulating

- film 42 is formed with the third layer of the wirings

43, 44, 45. The material of the third layer of the
wirings 43, 44, 45, though not specifically limited, is

an Al alloy single-layer film or a laminatéd film with a

barrier metal such as TiN deposited above and under an

Al alloy, for example similarly to the second layer of
the wirings 37, 38 and 39. The wiring 43 arranged above
the memory array constitutes, for example, a Y-select
line.

The layer above the third layer of the wirings

43, 44, 45 is formed with a passivation layer composed

of a lamination of a silicon oxide film and a silicon

nitride film. The passivation film is formed with a
protective film such as of polyimide resin as required,
though not shown.

| Now, an example of a method of fabricating a
DRAM having the above-mentioned structure will be
explained with reference to Figs. 2 to 24.

First, as shown in Fig.'z, a part of the main

surface of the semiconductor substrate 1 is formed with
a n-type well 3 by injecting ions of a n-type impurities

(phosphorus), and another part thereof is formed with a
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p-type well 2 by injecting ions of p-type impurities'
(boron). After that, the surfaces of the p-type well 2
and the n-type.well 3 are forméd with a field oxide film
4 by selective oxidization (LOCOS). Then, p-type

impurities (boron) are ion-implanted in the p-type well

-2, and n-type impurities (phosphorus) in the n-type well

3, after which these impurities are diffused by anneal-
ing the semiconductor substrate 1. A p-type channel
stopper layer 5 thus is formed in the p-type well 2, and
a n-type channel stopper layer 6 in the n-type well 3.
After that, the surfaces of the active regions of the
p-type well 2 and the n-type well 3 surrounded by the
field oxide film 4 are thermally oxidized and formed
respectively with a gate oxide film 7.

The next step, as shown in Figqg. 3, is to form
a gate electrode 8A (word line WL) of the memory
cell-selecting MISFET Qt, a gate electrode 8B of the
n-channel MISFET Q and a gate electrode 8C of the
p-channel MISFET Qp. The gate electrodes 8A (word line
WL), 8B, 8C are formed at the same time by sequentially
depositing the first layer of a polycrystal silicon film

and a silicon oxide film 12 by CVD on the semiconductor

. substrate 1 and then patterning the silicon oxide film

12 and the polycrystal silicon film by etching with a
photoresist as a mask. The polycrystal silicon film is
deposited by use of a mixed gas of SiH, and PH; and by
doping it with phosphorus in situ;

Then, as shown in Fig. 4, n-type impurities
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(phosphorus) are ion-implanted in the p-type well 2
thereby to form the n-type semiconductor regions 9, 9
constituting the source and drain regions of the memory
cell-selecting MISFET Qt and the n-type semiconductor
regions 10, 10 constituting the source and drain regions

of the n-channel MISFET Qn. Also, the p-type semi-

- conductor regions 11, 11 constituting the source and

drain regions of the p-channel MISFET Qp are formed by
ion-implanting p-type impurities (boron) into the n-type
well 3. |

As shown in Fig. 5, a side wall spacer 13 is
formed on each side wall of the gate electrode 8A  (word
line WL) of the memory cell-selecting MISFET Qt, the
gate electrode 8B of the n-channel MISFET Qn and the
gate electrode 8C of the p-channel MISFET'Qp. After
that, a silicon oxide film 14 is formed by CVD over the
entire surface of the semiconductor substrate 1. The‘
side wall spacer 13 is formed by depositing a silicon
oxide film by the CVD process over the entire sufface of
the semiconductor substrate 1 and by processing the
silicon oxide film by anisotropic etching.

Next, as shown in Fig. 6, the silicon oxide
film 14 and the gate oxide film 7 are formed by etching
with a photoresist as a mask, so that a contact hole 19
teaching the n-type semiconductor region 9 of the memory
cell-selecting MISFET Qt is formed. After that, the
second layer of the polycrystal silicon film 16 is

deposited by the CVD process over the entire surface of
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the semiconductor substrate 1. The polycrystal silicon
film 16 is doped with n-type impurities (phosphorus)
like the first layer of the polycrystal silicon film.

Then, as shown in Fig. 7, the polycrystél
silicon film 16 is patterned by etching with a
photoresiét as a mask thereby to form the first layer of
the fin 16A constituting a part of a storage electrode
15. The first layer of the fin 16A is connected to the
n-type semiconductor region 9 of the memory
cell-selecting MISFET Qt through the contact hole 19.

Then, as shown in Fig. 8, a silicon nitride

film 50, a silicon oxide film 51 and a BPSG film 52_are'

sequentially deposited by the CVD process over the

entire surface of the semiconductor substrate 1, aftef
which the surface of the BPSG film 52 is subjected to
reflow by annealing the semiconductor substrate 1.
Then, the surface of the BPSG film 52 is flattened by
etch back. |

As shown in Fig. 9, a silicon oxide film 53,
the third layer of the polycrystal silicon film 17 and a
silicon oxide film 54 are sequentially deposited by the
CVD process on the BPSG film 52. The polycrystal
silicon film 17 is doped with n-type impurities
(phosphorus).

As shown in Fig. 10, a contact hole 55
reaching the fin 16A is formed in a silicon oxide film
54, the polycrystal silicon film 17, the silicon oxide

film 53, the BPSG film 52, the silicon oxide film 51 and
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the silicon nitride film 50 by etching with a photo-
resist as a mask. Aftér that, as shown in Fig. 11, the
fourth layer of the poiycrystal gilicon film 18 is
deposited by the CVD process in the contact hole 55 and
on the silicon oxide film 54. The polycrystal silicon
film 18 is doped with n-type impurities (phoéphorus).

Thén, as shown in Fig. 12,.the fourth layer of
the polycrystal silicon film 18, the silicon oxide film
54, the third layer bf the polycrystal silicon £ilm 17,
the silicon oxide film 53, the BPSG-filﬁ 52, the silicon
oxide £ilm 51 and the silicon nitride film 50 are
sequentially patterned by etching with a photoresist as
a mask. |

As shown'in.Fig. 13, the silicon.oxide film 54
remaining between the fourth layer of the polycrystal
silicon film 18 and the third layer of the polycrystal
silicon film 17, and the silicon oxide film 53, the BPSG
film 52, the silicon oxide film 51 and the silicon
nitride £film 50 remaihing between the third layer of the
polycrystal silicon film 17 and the fin 16A are removed
by wet etching, thereby forming the storage electrode 15
composed of three layers of fins 16A, 17A, 18A.

Then, as shown in Fig. 14, the capacitive
insulating film 20 of silicon nitride is depositéd by -
the CVD process over the entire surface of the |
semiconductor substrate 1. After that, as shown in Fig.
15, the fifth layer of the polycrystal silicon film 21

is formed by the CVD process on the capacitive
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insulating film 20. The polycrystal silieon film 21 is
doped with n—type.impurities (phosphorus) .

As shown in Fig. 16, the fifth layer of the
polycrystal silicon film 21 is patterned by etching with
a photoresist as a mask to form the plate electrode 21A,
after which the capacitive insulating film 20 is
patterned, thereby forming the information storage

capacitor C including the storage electrode 15, the -

‘capacitive insulating film 20 and the plate electrode

21A.

Next, as shown in Fig. 17, the silieon oxide
film 22 and the BPSG film 23 are sequentially deposited
by the CVD process over the entire surface of the

semiconductor substrate 1, after which the semiconductor

. substrate 1 is annealed to reflow the surface of the

BPSG film 23. 1In the process, the height of the memory
array .is increased by a size substantially equivalent to
the height of the information storage capacitor C as
compared with the height of the peripheral_cirduit.
Then, as shown in Fig. 18, the contact hole 24
reaching the other n-type semiconductor region 9 of the
memory cell-selecting MISFET Qt is formed in thelBPSG

film 23, the silicon oxide films 22, 14 and the gate

oxide film 7 by etching with a photoresist as a mask.

The diameter of this contact hole is about 0.4 to 0.6 um

.and the depth thereof is about 2 pm.

Next; as shown in Fig. 19, the polycrystalline

silicon plug 25 is filled in the contact hole 24. The
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" pochrystalline silicon plug 25 is filled in such a

manner that a polycrystal silicon film is deposited by

the CVD process on the BPSG film 23, and then the

polycrystal silicon film is removed from the BPSG film
23 by etch back. 1In the process, in order to prevent
the polycrystal silicon from being left on the BPSG film
23, a sufficient over-etching is performed. The surface
height of the polycrystailine silicon plug 25,
therefore, is somewhat lower than the upper end of the
contact hole 24.

Then, as shown in Fig. 20, with a photorésist
as a mask;.the BPSG film 23, the silicon oxide films 22,
14 and the gate oxide film 7 are formed by etching with
fhe cohtact holes 26, 27 having a diameter of about 0.5
um reaching the n-type semiconductor region 10 of the
n-channel MISFET Qn of the peripheral circuit and the
cohtact holes 28, 29 having a diameter of about 0.5 um
reaching the p-type semiconductor region 11 of the
p-channel MISFET Qp._ After that, the Ti film 32 having
a thickness of about 35 nm and the TiN film 33 haviné a
thickness of about 70 nm are deposited sequentially by
sputtering on the BPSG film 23.

The Ti film 32 and the TiN £ilm 33 are
deposited continuously in an inert gas environment of
nitrogen or the like in order to prevent oxidization of
the surface of the Ti film 32. Also, in 6rder that the
Ti film 32 may be sufficiently deposited in the contact

holes 26 to.29 of the peripheral circuit higher in
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aspect ratio than the contact hole 24 filled with the
polycrystalline silicon plug 25, such a method is used
as the collimator sputtering process in which a
honeycombed plate called a collimator is arranged
between a target and the wafer or the low-pressure/'
long-distance sputtering process in which a film is
formed under a low gas pressuie with the distance
widened between the target and the wafer.

Then, as shown in Fig. 21, the semiconductor
substrate 1 is annealed for about ten minutes at 650 °C
to form a Ti silicide layer 35A on the bottoms of the
contact holes 26 to 29 of the peripheral circuit, and
also to form a Ti silicide layer 35B on the surface of
the polycrystalliné silicon plug 25 in the contact hole
24 for bit line BL.

The contact hole 24 for the bit line.BL} which
is required to be electrically connected, must be formed
in a mannér not separable.

As shown in Fig. 25, in order to prevent
separation of the interface between the polycrystalline
silicon plug 25 and the Ti silicide layer 35B, the

thickness of the Ti silicide layer 35B is set to about

120 nm or less when the diameter of the contact hole 24

is about 0.6 um, set to about §4 nm or leés when the
diameter of the contact hole 24 is about 0.4 pum, and set
to about 72 nm or leés when the diameter of the contact
hole 24 is about 0.3 to-0.2 um.

The thickness of the Ti silicide-film 35A is
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set to about 10 nm or more, as shown in Fig; 26, in
order for the contact resistahce'of the wiring 31
connected to the p-type semiconductor region 11 of the
p-channel MISFET Qp of the peripheral circuit to be
about 6 x 10”7 Qcm? or less allowable for an ordinary
DRAM. Also; in the case of a DRAM requiring high
operating speed and a device with a DRAM and a
high-speed logic LSI formed on the same chip, the
thickness of the Ti silicide layer 35A is desirably
about 20 nm or more (contact resistance = 2 x 10J_9cm@ or
lesé). The contact resistance of the Ti silicide layer
35A formed on the surface of the n-type semiconductor

region 10 of the n-channel MISFET and the Ti silicide

~layer 35B formed on the surface of the polycrystalline

silicon plug 25 doped with n-type impurities is about 5
x 108 Qcm? regardless of the film thickness.

_ In this invention, the word "about" attached
to the figures ihdicate that an error of Max %10 % is
present as working tolerance.

Then, as shown in Fig. 22, a W film 34 is
deposited by the CVD process over the entire surface of
the semiconductor substrate 1. This W film 34 may be
configured of a‘double film including a W film (lower
layer) deposited by CVD and a W film (upper layer)
deposited by sputtering.

Next, as shown in Fig. 23, the bit line BL and
the wirings 30, 31 are formed by patterning the Ti film

32, the TiN film 33 and the W film 34 on the BPSG film
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23 by etching with a photoresist as a mask.

As shown in Figqg. 24, a first layer of the
layer insulating film 36 is deposited above the bit line
BL and the wirings 30, 31, and then the layer insulating
film 36 is formed with contact holes 40, 41, followed by
patterning the metal film (such és an Al alloy film)
deposited on the layer insulating film 36 thereby to
form the second layer of wirings 37, 38, 39.

| After that, the second layer of the layer
insﬁlating film 42 is deposited above the second layer
of wirings 37, 38, 39. The metal film (such-'as an Al

alloy film) deposited on the layer insulating film 36 is

'patterned_thereby to form the third layer of wirings 43,

44, 45. 1In this way, the DRAM according to the inven-
tion shown in Fig. 1 is substantially'completed.

| The invention developed by the present
inventors was described above specifically with
reference to an embodiment. The preseht invention is
not limited to the above-mentioned embodiment, however,
and can of course be modified in vaiious ways without
departing from the scope and spirit of the invention.

Accoxrding to the above-mentioned embodiment,

explanation was made about a DRAM having a memory cell
of stacked capacitor structure. The present invention,
however, is applicable to semiconductor integrated |
circuit devices in general, in which the main surface of
a semiconductor substrate is formed with a relatively

high first region and a relatively low second region, a
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polycrystalline silicon plug of the same conduction type
as the semiconductor region of the first region is
formed in a first contact hole connecting a first wiring
and the first semiconductor region of the first region,
and the first laYer of the wiring énd the second wiring

connected to the second semiconductor region of the

' second region through the second contact hole are

composed of a W-TiN-Ti film in the same wiring layer.
| | Now, explanation will be made about various
embodiments of a contact structure between a wiring

metal section and semiconductor regions of a semi-

'conductor device and a method of fabrication thereof

according to the present invention.

A contact structure of a semicohductor device
according to an embodiment of the invention includes, as
shown in Fig. 27, a silicon substrate 151 and an
insulating film 154 formed on the surface of the.siiicon
substrate 151, in which a device forming region 153 and
an electrical wiring metal 160 formed on the silicon
substrate 151 in the contact hole formed in the insulat-
ing film are connected through a titanium silicide film
156.

This contact structure of the semiconductor
device is fabricated by the method shdwn in the
sectional views of Figs. 28A to 28D.

(1) The dévicé isolation region 152 and the device
forﬁing region 153 are formed on the silicon.substrate

151 (Fig. 28A).
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(2) After the device forming region 153 is formed, an
insulating film 154 is formed on the upper surface of
the silicon substrate 151. Then, the insulating film
154 is formed with a contact hole 155 (Fig. 28B).

(3) A titanium film 157 is deposited to the thickness

of 8 nm or more in such a manner as to contact the upper

surface of the device forming region'153 on the bottom
of the contact hole 155 and on each side wall of the
insulating film 154 in the contact hole 155 and on the
upper surface of the insulating film 154 (Fig. 28C).
(4) The silicon substrate 151 deposited with a titanium
film 157 to the thickness of 8 nm or more is heat-
treated thereby to cause silicide reaction between the
titanium film 157 and the silicon of the device forming
region 153, thereby forming a titanium silicide film 156
in the interface.

In the process, the heat treatment conditions
are set in such a manner that the titanium film 157
causes silicide reaction with a thickness of 4 to 48 nm,
or preferably 8 to 34 nm. The thickness of 4 to 48 nm
of the titanium £film 157 corresponds to the.thickness of
10 to 120 nm of the silicide layer, and the thickness of
8 to 34 nm thereof corresponds to the thickness of 20 to
84 nm of the silicide layer. |

If the silicidation is to occur, the heat
treatment temperature is required to be at least 650 °C
or more or preferably at least 800 °C or more, for the

reason described later. Also, this temperature is
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desirably 1000 °C or less in order to prevent diffusion

~of impurities introduced into the silicon.

The silicidation of the titanium film 157 with
the thickness of 8 to 34 nm leads to the titanium
silicide film 156 having the thickness of 20 to 84 nm.
This is by reason of the fact that silicon thicker than
titanium by a factor of 2.3 is theoretically consumed
thereby to form a titanium silicide film thicker by a.
factor of about 2.5.

Now, explanation will be made about the
operation and effect of the contact structure of a
semiconductor device according to this embodiment with
reference to Figs. 29 to 32.

Fig. 29 is a diagram schematically showing
positions of interfaces of titanium silicide and silicon
generated due to the silicidation. As shown in Fig. 29,
the titanium film 157 is deposited on the silicon
substrate 151, and the silicon sﬁbstrate 151 is caused
to react with the titanium film 157 by heat treatment to
form the titanium silicide film 156. 1In this case,
theoretically, silicon thicker than the titanium f£ilm by
a.factor of about 2.3 is consumed and the titanium
silicide about 2.5 times thicker than the titanium film
is formed. Due to the volume change (volume reduction)
and density change caused by the silicidation between
the silicon substrate 151 and the titanium film 157,
therefore, the position'of the interface between the

silicon substrate and the titanium silicide film formed
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is lowered to silicon side by a factor of 2.3 (in the
thickness ratio to the titanium consumed by reaction)
than the position of the interface 101 between the
insulating film 154 and the silicon substrate 151. Iﬁ

the case where the titanium silicide is formed to the

‘thickness of 20 to 84 nm, for example, the distance

between interfaces 101 and 102 is 18 to 78 nm.

In the case where the titanium'silicide is
formed to the thickness of 10 to 120 nm, for example,
the distance betweeh the interfacés 101 and 102 is 9 to
110 nm. |

The volume chénge (volume reduction) and the
density change due to the silicidation also generates a
stress in the titanium silicide film.

Fig. 30 is a graph showing the stress
generated in the film due to the silicidation. The
stress value is a measurement obtained in an experiment.

As understood from Fig. 30, thé internal
stress of the film suddenly increases at a heat
treatment temperature of 550 °C or higher. This is due
to the silicidation at 550 °C or higher and generation

of a titanium silicide film. The generation of a

tensile stress of 1000 MPa at maximum in the titanium

silicide film is experimentally obvious.

Fig. 31 shows the result of analyzing the
average stress (shearing stress) generated in the
interface between the titanium silicide and the silicon

by the infinite element method taking the contact
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.structure and the maximum stress 1000 MPa determined

from Fig. 30 into consideration. As noted from Fig. 31,
in the case where the hole diameter is constant, the
average stress generated in the interface increases with
the increase of the thickness of the titanium silicide

film, while in the case where the thickness of the

titanium silicide film is constant, the average stress

generated in the interface increases with the decrease
in the diameter of the contacf hole.

.Comparison between the analysis result and
experimental data 6n defects thus obtained determines
that the critical stress causing a breakdown is 280 MPa.
In order.to prevent separation of the titanium silicide
film, it is indispensable to design the average stress

generated in the interface not more than the critical

.breakdown stress value. Specifically, in the case where

the thickness of the titanium silicide film is 84 nm or
less, the average stress exerted in the interface can be
maintained not more than the criticai breakdown stress
regardless of the diameter of the contact hole. In the
case where the contact hole diameter is larger than 0.4
Mm, on the other hand, the average stress generatéd in
the interface can be reduced to not more than the
critical breakdown stress value without reducing the |
titanium silicide film thickness to 84 nm or less. 1In
the case whére the contact hole diameter is 0.4 yum or
less,_however, the increase of the titanium silicidé

thickness to more than 84 nm may separate the titanium
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silicide film. With a contact hole having a diameter of
0.4 pm or less, therefore, it is necessary to keep the
thickness of the titanium silicide film at 84 nm or less
in order to prevent the separation of the titanium
silicide film. |

Fig. 32 shows the result of studying the
relation between the breakdown defect rate (separation
of the titanium silidide film) and the thickness of the
titanium silicide film obtained on a test-produced
contact hole having a diameter.of_0.4 pum for verifying
the above-mentioned facts. It is 6bvious that with the
titanium silicide film ﬁhickness of up to 75 nm, no
defect occurs. With the titanium silicide film
thickness of over 84 nm, however, defects suddenly
increase. This fact shows that in the case of forming
the titanium silicide film.156 by the silicidation
between the titanium film 7 ahd the silicon in the

contact, the thickness of the titanium silicide film is

‘required to be reduced to 84 nm or less, preferably 75

nm or less for preventing the breakdown defect of the
titanium silicide film from occurring in the interface
between the silicon and the titanium silicide film.

It is experimentally confirmed that the
contact resistance increases for the thickness of 20 nm
or less of the titanium silicide film. The thickness of
the titanium silicide film, therefore, is required to be
increased to 20 nm or more for the parts requiring a low

resistance.
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In other words, for a stable contact low in
contact resistance and free of separation to be formed,
the thickness of the titanium silicide film is required
to be 20 to 84 nm.

According to this embodiment, as shown in Fig.
27, the titanium film 157 not used for the silicidation
exists between the titanium nitride film and the
titanium silicide film. |

As deséribed above, the interposition of the
titanium film 157 between the titanium nitride film and
the titanium silicide film reduces the internal stress
of the titanium nitride film and increases the separa-
tion strength of the titanium nitride film more than
when the titanium nitride film and the titanium silicide
film are deposited one on the other directly.

In order for the titanium layer 157 to exist
between the tiﬁanium nitride film and the titanium
silicide film, it is necessary that the thickness of the
titanium layer 157 is more than required for silicidé
reaction and that the temperature and time of heat
treatment is appropriately controlled to secure the
thickness of the titanium silicide film of 20 to 84 nm.

Iﬁ the sectional view showing the contact
structure of a semiconductor device according to the
present embodiment shown in Fig. 27, the titanium

silicide film 156 is formed in the interface between the

‘electrical wiring metal film 160 and the device forming

region 153 in the contact hole 155 on the bottom
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thereof. The upper surface of the titanium silicide
film 156 is formed with the electrical wiring metal film
160 composed of a lamination of the titanium film 157,
the titanium nitride film 158 and the tungsten film 159.
Also, the upper surface of the insulating film 154 is
deposited with the titanium film 157, the titanium
nitride £ilm 158 and the tungsten £ilm 159.

The titanium film 157 is not necessarily
present, but the titanium nitride film 158 may be formed
in direct contact. Also, the structure is not limited
to the titanium nitride film 158 and the tungsten film
159, but the electrical wiring metal film 160 may be
composed of, in addition to titanium metal, titanium
nitride or tungsten, such a material as an aluﬁinum
alloy, molybdenum silicide, tungsten silicide or a
1aminéted structure of any combination of these
materials. Further, other conductive films or
insulating films may be employed with equal effect. The
structure is not necessarily a lamination of different
types of materials. |

Now, a sectional view of a contac; structure
of a semiconductor device and a method of fabrication -
thereof_according to another embodiment of the invention
are shown in Figs. 33, 34A to 34D.

Specifically,

(1) The device isolation region 152 and the device
forming region 153 are formed on the silicon substrate '

151.
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(2) After a device is formed on the device forming
region 153, the insulating film 154 is formed on the
upper surface of the device. Then, the contact hole 155
is formed in the insulating film 154 (Fig. 34B).
(3) The titanium film 157 is deposited to the thickness
of 8 to 34 nm in a manner to contact the upper surface
of the device forming region 153 on tﬁe bottom of the
contact hole 155 and on each side wall of the insulating
film in the contact hole 155.
(4) The silicon substrate 151 deposited with the
titanium film 157 to the thickness of 8 to 34 nm is heat
treated so that the silicidation is caused between the
titanium film 157 and the silicon of the device fbrming
region 153, thereby forming the titanium silicide film
156 in the interface. |

For the silicidation to occur, the heat
treatment temperature of at least 650 °C is required,
and the temperature of 800 °C or more is preferable.
Also, this temperature is preférébly 1000 °C or less for
preventing the diffusion of the impurities introduced in
the silicon.

Accordihg to this embodiment, as shown in
Figs. 34C, 34D; the titanium film 157 formed in contact
with the bottom of the contact hole 155 is entirely
composed of a titanium silicide film.

As described above, in the case where the

-titanium film 157 is subjected to silidide_reaction in

its entirety, the thickness of the titanium silicide
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film, which is determined by the thickness of the
titanium film 157, can be easily controlled.

‘Since the titanium nitride film and the
titanium silicide film are deposited one on the other
directly according to this embodiment; the inpernal
stress of the titanium nitride film is higher than when
the titanium film 157 is interposéd between the titanium
nitiidé film and the titanium silicide £ilm.

The sectional view of a contact structure of a

semiconductor device and a method of fabrication thereof

according to another embodiment of the invention are

shown in Figs. 35, 36A to 36D.
(1) A device isolation region 152 and a device forming

region 153 are formed on the silicon substrate 151.

After forming a device on the device forming region 153,

the insulating film 154 is formed on the device. This
insulating film is composed of a silicon oxide, for
example. The insulating film is formed with the contact
hole 155 having a diameter of 0.4 pum or less in order to
secure continuity with the device forming region (Fig.
36A).

(2) A polycrystal silicon film 161 is formed, for
example, by the CVD (chemical vapor deposition) in such
a manner as to contact the upper surface of the
insulating_film 154, each side wall of the ihsulating
film in the contact hole 155 and the upper surface of
the device forming region 153 on the bottom of the

contact hole. The interior of the contact hole 155 is
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filled with the polycrystal silicon 161. After that,
the polycrystal silicon film deposited on the upper
surface of.the.insulating film 154 is removed by etching
or the like method (Fig. 36B).

(3) A titanium film 157 is deposited to the thickness
of 8 nm or more in a manner to contact the upper surface
of the insulating film 154, each side wall of the
insulating film in'the contact hole 155 and the upper
surface of the polycrystal silicon film 161 on the
bottom of the contact hole (Fig. 36C).

(4) Then, a titanium silicide film 156 is formed in the
interface by the silicidation between the titanium film
157 and the polycrystal silicon film 161 by heat

treatment. The titanium film 157 is formed with the

thickness of 8 to 34 nm by this reaction. As a result,

the -thickness of the titanium silicide film 156 formed
by heat treatment is 20 to 84 nm. The heat treatment
temperature for fo:ming silicide is at least 650 °C or
more, or preferably 800 °C or more. Aiso, this
temperature is preferably 1000 °C or less for preventing
the diffusion of the impurities introduced into the
silicon (Fig. 36D).

According to this embodiment, as shown in Fig.
36B, the process is required for depositing the
polycrystal silicon film 161 in such a manner as to
contact the upper surface of the insulating film 154,
each side_wall of the insulating film in the contact

hole 155 and the upper surface of the device forming
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region 153 on the bottom of the contact hole. Since the
interior of the contact hole 155 is filled with the
polycrystal silicon 161, the depth of the contact'hqle
155 is decreased thereby to facilitate the depositioﬁ of
the titanium £ilm 157 in the next step.

With the reduction in the diameter of the
contact hole, the-;spect ratio (depth/diameter) of the
contact hole tehds to increase. It is therefore
difficﬁlt to cover the wiring metal of a sufficient
thickness on the sides and bottom of the contact hole by
the conventional sputtering process.

The titanium film can be easily deposited to

the thickness of 8 nm or more on the sides and bottom of

the contact hole, however, by filling the polycrystal

silicon in the contact hole and thereby reducing the

depth of_the'contact hole by the CVD technique superior

in step coverage.

Also, according to this embodiment, as shown
in Fig. 35, the titanium film 157 not used for silicide
reaction exists between the titanium nitride film and
the titanium silicide film. |

As described above, in the case where the
titanium film 157 is interposed between fhe titanium
nitride film and the_titanium silicide film, the
internal stress of the titanium nitride film can be
reduced and the separation strength of the titanium
nitride film can be increased mofe than when the

titanium nitride film and the titanium silicide film are
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deposited directly one on the other.

For the titanium layer 157 to be interposed
between the titanium nitride film and the titanium
silicide layer, the thickness of the titanium layer 157
is required to be more than required for silicide
reaction, and the temperature and time of heat treatment
controlled to set the thickness of the titanium silicide
£ilm to 20 to 84 nm.

The semiconductor device according to this
embodiment is such that the titanium silicide film 156
is formed in the interface between the electrical wiring
metal £ilm 160 and the polycrystal silicon 161 depoeited
directly on the silicon substrate 151. The upper
surface of the titanium silicide film is deposited with
the electrical wiring metal film 160 includihg the
titanium film 157, the titanium nitride film 158 and the
tungsten film 155. Also, the upper surface of the |
insulating film 154 is deposited with the titanium film
157, the titanium nitride film 158 and the tungsten film
159. The titanium film 157 is not necessarily left; but

the titanium nitride film 158 may directly contact the

upper surface of the insulating film 154. Also, the

titanium nitride film 158 and the tungsten film 159 are
not limited to the shown ones, but may be replaced with
another conductive film or an insulating film with equal
effect. Further, the lamination structure is not
necessarily of different materials.

A sectional view of the contact structure of a
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semiconductor device and a method of fabrication thereof
according to another embodiment are shown in Figs. 37,
38a to 38D. |
(1) The device isolation-region 152 and the device
forming region 153 are formed on the silicon substrate
151. After forming a device in the device forming
region 153, the upper.surface of the device is formed
with the insulating film 154. This insulating film 154
includes, for example, a silicon oxide. The insulating
film 154 is formed with the contact hole 155 in order to
assure continuity with the dévice forming region 153
(Fig. 38a).
(2) The polycrystal silicon film 161 is deposited by

the CVD (chemical vapor deposition) process, for

‘example, in a manner to contact the upper surface of the

insulating film 154, each side wall of the insulating
film in the contact hole 155 and the upper surface of
the device forming région 153 on the bottom of the
contact hole, and the contact hole 155 is filled with
the polycrystal silicon 161. After that, the
polycrystal silicon film deposited on the upper surface
of the insulating film 154 is removed by etching or the
like (Fig. 38B).

(3) The titanium film 157 is deposited to the thickness
of 8 to 34 nm in such a manner asltq contact the upper
surface of the insulating film 154, each side wall of
the insulating film in the contact hole 155 and the

upper surface of the device forming region 153 on the
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bottom of the contact hole 155.
(4) The titanium film 157.aﬁd the silicon of the device
forming region 153 are subjected to silicide reaction by
heat treatment of the silicon substrate 151 deposited
with the titanium f£ilm 157 to the thickness of 8 to 34
nm thereby to form the titanium silicide film 156 in the
inferface.
The heat treatment temperature for forming the
silicide is preferably at least 650 °C or preferably 800
°C or more. Also, this temperature is preferably 1000
°C or less for preventing the diffusion of the
impurities introduced into the silicon.
| According to this embodiment, as shown in Fig.
38B, the process is required to deposit.thé polycrystal
silicon film 161 in such a manner as to contact the
upper surface of the insulating film 154, ﬁhe side walls
of the insulating film in the contact hole 155 and the
upper surface of the device forming region 153 on the
bottom of the contact hole. Since the interior of the
contact hole 155 is filled with the polycrystal silicon
161, the depth of the contact hole 155 is reduced,
thereby facilitating the deposition of the titanium film
157 in the next step.
With the reduction in the diameter of the

contact hole, the aspect ratio (depth to diameter ratio)

_ of the contact hole tends to increase. It is difficult

therefore to cover the wiring metal of a sufficient

thickness on the sides and bottom of the contact hole by



10

15

20

25

- 50 -
the conventional sputtering process.

The titanium film can be easily deposited to
the thickness of 8 nm or more on the sides and bottom of
the contact hole, however, by filling the polycrystal
silicon in the contact hole and reducing the depth of -
the contact hole by the CVD technique superior in step
coverage. -

Also, according to this embodiment,'és shown
in Fig. 37, the whole of the titanium film 157
constitutes a titanium silicide film.

In this way, in the case where the whole
titanium film 157 is subjected to silicide reaction, the
thickness of the titanium silicide film, which is
determined by the thickness of the titanium f£film 157,
can be easily controlled.

| In this case, since the titanium nitride £film

and the titanium silicide f£film are directly deposited

~one on the other, the internal stress of the titanium

nitride film.is ihcreased as comparéd with the case in
which the titanium film 157 is interposed between the
titanium nitride film and the titanium silicide film.
The contact section of the semiconductor
device according to this embodiment is formed with the
titanium silicide film 156 in the interface between the
peolycrystal silicon 161 deposited directly on the
silicon substrate 151 and the electrical wiring metal
film 160 in the contact hole 155. The upper surface of

the titanium silicide film is formed with the electrical
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wiring metal film 160 including the titanium nitride

film 158 and the tungsten film 159 deposited thereon.

'Also, the upper surface of the insulating film 154 is

deposited with the titanium film 157, the titanium
nitride film 158 and the tungsten film 159. The
titanium film 157 is not necessarily left unremoved but
may'be in cohtact with the tiﬁanium nitride film 158
directly on the insulating film 154. Also, the titanium
nitride film 158 and the tungsten film 159 are not
necessarily limited to those mentioned above, but may
take the form of another conductive or insulating film.
Further, a lamination structure of different materials
may be employed with equal effect.

A sectional view of the contact structure of a
gate electrode of a MOS (metal oxide semiconductor)
transistor and a method of fabrication thereof according

to another embodiment of the invention are shown in

"Figs. 39, 40A to 40D.

(1) The silicon oxide film 162 is formed to the
thickness of about 15 nm in the device forming region
153 on the silicon substrate 151. The silicon oxide
film 162 is formed with a polycrystal silicon film by
the CVD (chemical vapor deposition) process, and a
resist pattern is formed by photolithography. With this
pattern as a mask, the polycrystél silicon film and the
silicon oxide film are patterned by dry etching thereby

to form the polycrystal silicon gate électrode 163. The

- gate electrode of the MOS structure is constructed of a
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‘three-layer configuration of the silicon substrate 151,

the silicon oxide film 162 and the polyérystal silicon
gate electrode 163 (Fig. 40A).

(2) The insulating film 154 is deposited over the
entire upper surface of the silicon Substrate 151 and
ovér the entire upper surface of the gate electrode 163,
and the contact hble 155 is formed in such a manner as
to reach the gate electrode in order to assure
confinuity with the gate electrode 163 (Fig. 4OB);

(3) .The titanium film 157 is deposited on the upper
surfaée of the insulating film 154 and in such a manner
as to contact the gate electrode 163 in the contact hole
155 (Fig. 40C).

(4)  After that, the titanium silicide film 156 is
formed in the interface by the silicidation caused
between the titanium film 157 and the silicon of the
gate electrode 163 by heat treatment. In the process,
the thickness of the-titahium film 157 subjected to
reaction is set to 8 to 34 nm. By this, the thickness
of the titanium silicide film 156 formed by the heat
treatment is 20 to 84 nm. The heat treatment
temperature for forming silicide is preferably at least
650 °C or more, or more preferably 800 °C or more.

Also, this temperature is preferably 1000 °C or less for

- preventing the diffusion of the impurities introduced

into the silicon (Fig. 40D).

According to this embodiment, as shown in Fig.

39, the titanium film 157 not used for silicide reaction
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is interposed between the titénium nitride film and the
titanium silicide film. |

As described above, the interposition of the
titanium film 157 between the titanium nitride film and
the titanium silicide film reduces the internal stress
of the titanium nitride film and increases the
separation strength of the titanium nitride film more

than when the titanium nitride film and the titanium

- 8ilicide film are directly deposited one on the other.

For the titanium layer 157 to exist between
the titanium nitride film and the titanium silicide
film, the thickness of the titanium layer 157 is
required to be more than sufficient for silicide
reaction, and the thickness of the titanium silicide
film is controlled to.20 to 84 nm by controlling the
temperature and time of heat treatment.

The contact section of the semiéonductor-
device according to this embodiment is such that the
titanium silicide film 156 is formed in the interface
between the electrical wiring metal film 160 and the
gate electrode 163 made of polycrystal silicon in the
contact hole 155. Figs. 39 and 40A to 40D show the case
in which the upper surface of the titanium silicide film
156 is formed with the electrical wiring metal film 160
including the unreacting titanium film 157 and the

titanium nitride 158 thereon. 1In spite of this,’the

:upper surface of the gate electrode 163 may be deposited

with the titanium film 157 to the thickness of 8 to 34
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nm and also with the titanium silicide film 156 in such
a manner as to consume the entire titanium f£ilm, and the
upper surface of the titanium silicide film 156 is not
necessarily left with the titaniuﬁ film 157. Also, the
upper surface of the'insulating film 154 may be in
contact directly with the titanium nitride film 158.

The titanium nitride film 158 is not limited to the one
shown above, but any other conductive film or insulating
film may be used iﬁ that place. Also, a lamination
structure of different materials is not necessarily
required.

A sectional view of a gate electrode contact
structure of a MOS transistor énd a method of fabrica- .
tion thereof according to another embodiment of the
inventibn are shown in Figs. 41, 42A to 42D.

Specifically, |
(1) A silicon oxide film 162 is formed to the thickness
of about 15 nm in the device forming region 153 of the
upper surface of the silicon substrate 151. A
polycrystal silicon film is formed by the CVD process on
the silicon oxide film 162, and a resist pattern is
formed by photolithography. With this pattern as al
mask, the polycrystal silicon film and the silicon oxide
film are patterned by the dry etching thereby to form
the polycrystal silicon gate electrode 163 (Fig. 42A).
(2) The ihsulating'film 154 is deposited ovei the
entire upper surface of the gate electrode 163 and over

the upper surface of the silicon substrate 151, and in
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order to assure continuity with the gate electrode 163,

the contact hole 155 is formed in such a manner as to

- reach the gate electrode. The polycrystal éilicon film

161 is deposited by the CVD, for example, in such a
manner as to contact the-upper surface of the gate
electrode 163 on the bottom surface of the contact hole,
the upper surface of the insulating film 154 and the
side walls of the insulating film in the contact hole

155. The interior of the contact hole 155 is filled

“with the polycrystal silicon 161. After that, the

polycrystal silicon film deposited on the upper surface

'of the insulating film 154 is removed by etching or the

like method (Fig. 42B).

(3) The titanium film 157 is deposited over the entire
upper surface of the insuiating'film 154 and over the
entire upper surface of the polycrystal silicon film 161
(Fig. 42C).

(4) After that, the titanium silicide film 156 is
formed in the interface by the silicidation caused |
between the titanium film 157 and the polycrystal
silicon 161 by heat treatment. In the process, the
titanium film 157 is caﬁsed to react with the thickness
of 8 to 34 nm. By this, the thickness of the titanium
silicide film 156 formed by the heat treatment ié 20 to
84 nm. The temperature of the heat treatment for
forming the silicide is at least 650 °C or more, or
preferably at least.800 °C or more. This temperature is

preferably not more than 1000 °C for preventing the
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diffusion of the impurities introduced into the silicon.

According to this embodiment, as shown in Fig.

42B, the process is required to deposit the polycrystal

'silicon film 161 in such a manner as to contact the side

walls_oflthe insulating film in the contact hole 155,
the upper éurfacé of the insulating film 154.and the
upper surface of the device forming region 153 on the
bottom of the contéct hole. As a result of filling the
polycrystal silicon 161 in the contact hole 155, the
depth of the contact hole 155 is reduced thereby to

facilitate the deposition of the titanium film 157 in

‘the next step.

With the reduction in diameter of'the contact
hole, the aspect ratio 6f the contact hole (depth to
diameter ratio) tends to increase. According to the
conventional sputtering process, therefore, it is
difficult to cover the wiring metal 6f sufficient
thickness on the sides and bottom of the contact hole.

It is, however, easy to deposit the titanium
film to the thickness of 8 nm or more on the sides and
bottom of the contact hble by £filling the polycrystal
silicon in the contact hole by the C?D technique
superior in step coverage and thus reducing'the depth of
the contact hole. |

Also, according to this embodiment,_aé”Shbwn
in Fig. 41, the titanium £film 157 not used for silicide
reaction remains between the titanium nitride film and

the titanium silicide film.
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In the case where the titanium film 157 is
left between the titanium nitride film and the titanium
silicide film as described above, the internal stress of
the titanium nitride film is reduced and the separation
strength of the titanium nitride film is increased more
than when the titanium nitride film and the titanium
silicide film aré deposited directly one on the other.

In order for the titanium layer 157 to exist
between the titanium nitride film and the titanium
silicide film, the thickness of the titanium layer 157
is required to be more than sufficient to cause silicide
reaction, and the thickness of the titanium silicide
film is required tb-be controlled to 20 to 84 nm by
contrdlling the temperature and time of heat treatment.

The contact section of the semiconductor
device according to this embodiment is such that the
titanium silicide film 156 is formed in the interface
between the electrical-wiring metal film 160 and the
polycrystal silicon 161 filled in such a manner as to
contact the gate electrode 163 in the contact hole 155.
Figs. 41, 42A to 42D show the case in which the upper
surface of the titanium silicide film 156 is deposited
with the electrical wiring metal £ilm 160 including the
unreacting titanium film 157 and the titanium nitride
film 158. 1Instead, the titanium film 157 having a
thickness of 8 to 34 nm may be deposited on the upper
surface of the gate electrode 163, and the titanium

silicide film 156 may be formed in such a manner as to
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consume the entire titanium film so that the titanium
film 157 is not left on the upper surface of the
titanium silicide f£ilm 156. Also,.the titanium film 158
may be in direct contact with the upper surface of the
insulating film 154. The titanium nitride 158 is not |
limited to the shown one, but may take the form of
another condudtive film or another insulating film.
Further, a lamination structure is not necessarily of
different materials. The thickness of the titanium
gilicide 156 is 20 to 84 nm. |

The embodiments were explained above'with
reference to the case in which the fabrication include
the process in which a titanium silicide film is formed
by depositing the titanium £ilm 157 in such a manner as
to contact the single-crystal silicon substrate 151 or
the polycrystal silicon 161 and then by heat treatment.
The fabrication process according to each embodiment,
however, is not limited to the one.explained_above, but
as shown in Figs. 43A to 43D, the heat treatment may be
conducted after forming the electrical wiring metal film
160. More specifically,
(1) The device isolaﬁion region 152 and the device
forming region 153 are formed on the silicon substrate
151 (Fig. 43a). |
(2) After forming a device in the device forming region
153, the upper surface thereof is formed with the
insulating film 154. This insulating film ié composed

of silicon okide, for example. This insulating film is
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formed with the contact hole 155 in order to assure
continuity with the device forming region (Fig. 43B).'
(3) The titanium film 157 is deposited in such a manner
as to contact the upper surface of the ihSulating film
154, the side walls of the insulating film in the
contact hole 155 énd the upper Sﬁrface of the device
forming region 153 on the bottom of the contact hole.
Fufther, the upper surface of the titanium film 157 is
deposited with the titanium nitride film 158 and the
tungsten film 159. The titanium nitride film 158 and
the tungsten film 159 are not limited to the described
ones, but may take the form of another conductive or
insulating film (Fig. 43C).
(4) The titanium silicide film 156 is formed in the
interface by heat treatment and the resﬁlting.silicide
reaction between the titanium film 157 énd the device
forming region 153. The titanium film 157 having a
thickness of 8 to 34 nm is causéd to‘react. As a
result, the titanium silicide film 156 formed by heat
treatment has a thickness of 20 to 84 nm. A preferable
temperature of heat treatment for forming silicide is at
least 650 °C, or more preferably 800 °C or more. Also,
this temperature is preferably not moré than 1000 °C in
order to prevént the diffusioﬁ of the impurities
introduced into the silicon (Fig. 43D).

| In the case where the thickness of the
titanium silicide film 156 is set to 20 to 84 nm, the

contact resistance value between silicon and titanium
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can be reduced while at the same time reducing the
average stress generated in the interface between
silicon and titanium silicide to.leSS than the critical
breakdown stress level, thereby providing a superior
contact free of separation of the titanium éilicide
film. |

Fig. 43D shbwed the case in which the upper
surface of the titanium silicide film 156 is deposited
with the electrical wiring metal £film 160 including the
unreacting titanium film 157, the titanium nitride film
158 and the tungsten film 159. Instead, the titanium
fiim 157 may be deposited to the thickness of 8 to 34 nm
in such a manner as to contact the device forming région
153 on the silicon substrate 151 and also the titanium
silicide film 156 is formed in such a manner as to
consume the entire titanium film, so that the titanium
film 157 is not left on the upper surface of the |

titanium silicide film 156. Also, the titanium film 158

may be formed in direct contact on the insulating film

4. The titanium nitride film 158 and the tungsten film
159 are not limited to those shown above, bgt another
conductive or insﬁlating film may'be used in place with
equal effect. Further, a lamination structure is not
necessarily of different materials. The thickness of

the titanium silicide film 156 is 20 to 84 nm.
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CLAIMS: |

1. A semiconductor integrated circuit device
comprising:

a memory céll of Stacked capacitdr structure
formed above a memory cell-selecting MISFET;

a bit line formed of a W-TiN-Ti film formed
above said memory cell;

a first contact hole for connecting the first
semiconductor region of said memory cell-selecting
MISFET and said bit line; |

a polycrystalline silicon plug forﬁed in said
firét contact hole and having the same conduction type
as said first semiconducﬁor region;

a wiring layer electrically connected to the
seéond semiconductor region of the MISFET of the
peripheral circuit of said memory cell, said wiring
layer being formed of a W-TiN-Ti film in the same layér
as said bit lihe, said second semiconductor region and
said wiring layer being connected to each other by a
second contact hole formed with said wiring layer
therein;

a first titanium siiicide_film having a
thickness of 120 nm or less formed between said
poiycrystalline silicon plug and said bit line in said
first contacﬁ hole; and

a second titanium silicide film having a
thickness of 10 nm or more formed between séid secbnd

semiconductor region and said wiring layer in said
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2. A semiconductbr integrated circuit device
according to Claim 1, wherein said first contact hole
has a diameter of 0.4 um or less, and said first
titanium silicide film has a thickness of 84 nm or less.
3. A semiéonductor integrated circuit device
according to Claim 1, wherein said first contact hole
has a diameter of 0.3 um or less, and said first
titanium silicide film has a thickness of 72 nm or less.

4. A semiconductor integrated circuit device

. according to Claim 1, wherein said second titanium

silicide film has a thickness of 20 nm or more.
5. A semiconductor integrated circuit device
comprising:

a memory cell of stacked capacitor structure
formed above a memory cell-selecting MISFET;‘

a bit line formed of a W-~TiN-Ti film formed
above said memory cell;

a first contact hole for connecting the first
semiconductor region of said memory cell-selecting
MISFET and said bit line:;

. a polycrystalline'silicon plug formed in said
first contact hoie and having the same conduction type
as said first semiconductor region;

a wiring layer electrically connected to the
second semiconductor region of the MISFET of the
peripheral circuit of said memory.cell, said wiring

layer being formed of a W-TiN-Ti film in the same layer
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as said bit line, said secon& semiconductor region and
said wiring layer being connected to each other by a
second contact hole formed with said wiring layer
therein;

a first titanium silicide film formed between
said polycrystalline silicon plug and . said bit line in
said first contact hole; and |

a second titanium silicide film formed between
'said second semiconductor region and said wiring layer
in said gecond cbntact hole.

6. A semiconductor integrated circuit device
according to Claim 5, wherein said first semiconductor
region includes a n-type semiconductor.

7. A seﬁiconductor integrated circuit device
according to Claim 6, wherein said second semiéonductor
region includes a p-type semiconductor.

8. A method of fabricating a semiconductor
integrated circuit device, comprising the steps of:

forming a memory cell-selecting MISFET and a
.MISFET for a peripheral circuit on a semiconductor
substrate and then forming an information storage
capacitor above said memory cell-selecting MISFET;

forming a bit line contact hole in an
insulating film covering said memory cell, filling a
polycrystalline-silicon-plug of the same conduction type
as the semiconductor region of said memory
cell-selecting MISFET in said bit line contact hole, and

then forming a contact hole in the insulating film
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depositing a Ti film and a TiN film on said
'insﬁlating film;

fqrming by annealing a first titanium silicide
layer having a thickness of 120 nm or less on the
surface of said polycrystalline_silicon plug in said bit
line contact hole, and a_second titanium silicide 1ayer'
having a thickness of 10 nm or more on the surface of
the semiconductor region of said MISFET exposed to the
bottom of said contact hole of said peripheral circuit;
and

depositing a W film on said TiN film, and
patterning said W film and the underlying TiN film and
the underlying Ti film thereby to form a bit line and
said wiring line of said'peripheral circuit composed of
a lamination of the W-TiN-Ti film at the same time.
9. A method of fabricating a semiconductor
integrated circuit device according to Claim 8, wherein
- said step of forming said titénium silicide layer
includes the step of forming said second titanium
Silicide layer to the thickness of 20 nm or more.
10. A method of fabricating a semiconductor
integrated circuit device according to Claim 8, wherein
said step of depositing said Ti film and said TiN £ilm
includes the step of depositing said Ti film and said
TiN film continuously in an inert gas environment.
11. A method of fabricating a semiconductor

integrated circuit device according to Claim 8, wherein
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includes the step of depositing said Ti film by selected
one of the collimator sputtering and the low-pressure
long-distance sputtering. |
12. ' A method of fabricating a semiconductor
integrated circuit device'for forming a polycrystalline
silicon plug of the same conduction type as a first
semiconductor region of a first region in a first
contact hole connecting said first semiconductor region
of said first region to a first wiring, said first
region being relatively high and said second region
being relatively low on the main surface of a
semiconductor substrate, said second wiring being
connected to a second semiconductor region of said
second region through a second contact hole, said second
wiring and said first wiring being formed of a W-TiN-Ti
film in the same wiring layer, said method comprising
the steps of: | |

forming said first contact hole in the
insulating film covering said first region and filling
said polycrystalline silicon plug of the same conduction
type as said first semiconductor region of said first
region in said first contact hole;

forming said second contact hole in the
insulating film covering said second region}

depositing a Ti film and a TiN film on said
insulating film, and forming by annealing a first

titanium silicide layer having a thickness of 120 nm or



* [ L M S *
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in said first contact hole, and alSo a second titanium
silicide layer having a thickness of 10 nm or more on
the surface of said second semiconductor région exposed
to the bottom of said second contact hole; and

depositing a W film on said TiN film, and
patterning said W.film and said underlying TiN film and
said underlying Ti £ilm thereby to form a first wiring
and a second wiring composed of a lamination of a
W-TiN-Ti film at the same time. |
13. A semiconductor device comprising:

a silicon substrate;

an electrical wiring metal;

an insulating film formed on said silicon
substrate and including a plurality of contact holés
used for connecting said silicon substraté and said
electrical wiring metal; and

a titanium silicide film formed in said
contact holes; |

wherein said titanium silicide film has a
thickness of 10 nm to 120 nm, said_silicon gubstrate and
said electrical wiring metal being connected té each
other in said contact hole through said titanium
silicide film.
14, A semiconauctgr device according to Claim 13,
wherein said titanium silicide film has a thickness of
20 nm to 84 nm.

15. A semiconductor device according to Claim 13,
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wherein said electrical wiring metal cdntains titanium
in its surface contacting said titanium silicide film.
16. . A semiconductor device comprising:

a silicon substrate;

an electrical wiring metal;

an insulating film formed on said silicon
substrate and including'a plurality of contact holes
used for connecting said silicon substrate and said
electrical wiring metal; and

a titanium silicide film formed in said
contact holes;

wherein séid silicon substrate_and said
electrical wiring metal are connected to each other in
Said contact hole throﬁgh said titanium silicide film,
and the distance between the interface between said
silicon substrate and said insulating film and the
interface between said silicon substrate and said
titanium silicide film is 18 nm to 78 nm.
17. - A semiconductor device according to Claim ls,
wherein said electrical wiring metal contains titanium
in its surface contacting said titanium silicide film.
18. A semiconductor device compfising:

a silicon substrate;

-an electrical wiring metal;

an insulating film formed on éaid silicon
substrate and including a plurality of cdntact holes
used for connecting said silicon substraﬁe and said

‘electrical wiring metal; and
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a titanium silicide film formed in said
contact holes; -

wherein said silicon substrate and said
electrical wiring metal are connected to each other in
said contact hole through said titanium silicide film, ~
and the distance’between the interface between said
silicon substrate and said insulating film and the
interface betﬁeen said silicon substrate and said
titanium silicide film is 9 nm to 110 nm.
19. A semiconductor device according to Claim 18,
wherein said electrical wiring metal contains titanium -
in its surface contacting said titanium silicide film.
20. A semiconductor device comprising:

a silicon substrate;

an electrical wiring metal;

an insulating film formed on said silicon
substrate and including.a plurality of contact holes
used for connecting said silicon substrate and said
electrical wiring metal;

a polycrystal silicon filled in at least one
of said contact holes; and

a titanium silicide film formed on the surface
of said polycrystal silicon;

wherein said titanium silicide film has a
thickness of 10 nm fo 120 nm, said polycrystal silicon
and said elecﬁrical wiring metal being connected to each
other in said contact hole through said titanium

silicide film.
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21. A semiconductor device according to Claim 20,
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wherein said titanium silicide film has a thickness of
20 nm to 84 nm.
22. A-semicbﬁductor device accordiﬁg to Claim 20,
.wherein said electrical wiring metal contains titanium
in its surface contacting said titanium silicide film.
23. A semiconductor device compiising: |

a single crystal silicon substrate;

a gate électrode of MOS structure formed on
said single crystal silicon substrate; |

an electrical wiring metal;

an insulating film formed on that surface of
said single crystal silicon substrate where said gate
electrode is formed, said insulating_filﬁ including at
least one contact hole used for connectihg said gate
electrode and said electrical wiring_metal; and

a titanium silicide film formed in said
contact hole;

wherein said titanium silicide film has a
thickness of 10 nm to 120 nm, said gate electrode and
-said electrical wiring metal being connected to each
other in said contact hole through said titanium
silicide film.
24. A semiconductor device according to Claim 23,
wherein said titanium silicide film has a thickness of
20 nm to 84 nm.
25. A semiconductor device according to Claim 23,

wherein said electrical wiring metal contains titanium
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in its surface contacting said titanium silicide film.
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'26. A method of fabricating a semiconductor
device, comprising the steps of:

forming an insulating film on a silicon
substréte;

| forming-a contact hole in said insulating

film;

depositing a titanium film in contact with
saidlsilicon substrate in said contact hole; and

causing said titanium film and said silicon to
react with each other by heat treatment, thereby |
subjecting said titanium film to silicide reaction with
the thickness of 4 nm to 48 nm.
27. . A method of fabricating a semiconductor device
according to Claim 26, wherein said silicide reaction
step includes the step of subjecting said titanium film
" to silicide reaction with the thickness of 8 nm to 34
nm.
28. A method of fabricating a.semiConductof
device, comprising the steps of:

forming an insulating film on a silicbn
substrate;

forming a contact hole in said insulating
£film;

filling poiycrystal silicon in said contact
hole; |

depositing a titanium film in contact with

said polycrystal silicon in said contact hole; and



RN R A 1

‘causing said titanium film and said
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polycrystal silicon to react with each other by heat
treatment, thereby subjecting said titanium film to
silicide reaction with the thickness of 4 nm to 48 nm.
_29. A method of fabricating a semiconductor device
according to Claim 28, wherein said silicide reaction:
step includes the sfep of subjecting said titanium film
to silicide reaction with the thickness of 8 nm to 34
nm.
30. | A method of fabricating a semiconductbr
device; comprising the steps of:

forming an insulating film on.a silicon
substrate;

forming a contact hole in said insulating
film;

depositing titanium to the thickness of 4 nm
to 48 nm in such a manner as to contact said silicon .
- substrate in said contact hqle; and

| causing said titanium film and said silicon to

react with each other by heat treatment, thereby
subjecting at least a part of said titanium film to
silicide reaction.
31. A method of fabricating a semiconductor device
according to Claim 30, wherein said step of depositing
titanium includes the step of_depositing said titanium

to the thickness of 8 nm to 34 nm.



