46063 -4

R I T e T R e
CFO 7038 US
‘ .
‘ -1 - THIS SHEET HAS BEEN
REPLACED

10

15

20

25

PROCESS FOR FORMING METAL DEPOSITED FILM
CONTAINING ALUMINUM AS MAIN COMPONENT BY
USE OF ALKYL ALUMINUM HYDRIDE

BACKGROUND OF THE INVENTION

Field of the invention

This invention relates to a process for
forming a deposited film, particularly a process for
forming an Al-Si depcosited film which can be
preforably applied to electrodes or wiring of a

semiconductor integrated circuit device, etc.

Related background ert
In the prior art, in electronic devices or

integrated circuits by use of semiconductors, for
electrodes and wiring, aluminum (Al) or a metal
containing aluminum as maig component such as Al-Si§
and the like has been primarily used. Al has many _
advantages such that it ig inexpensive and high in
electroconductivity, that it c¢an be also internally
chemically protected because a dense oxidized film éan
be formed on the surface, and that it has good
adhesion to 8i, etc.

As the method for forming a film for
elactrodes and wiring of Al or Al-Si as mentioned
above, there has been used 1ﬁ the prior art the

sputtering methed such as magnetron sputtering, etc.
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However, selective-deposition and selective
growth can not be roalized by the sputtering method
which has been used in the prior art. The sputtering is
the physical dsposition method based on flying of
sputtered particles in vacuum, the film thickness at
the atepped portion or the insulating film side wall
becomes extremely thin, leading to wire breaking in an
extreme case. Nonuniformity of film thickness or wire
bresking has the drawback that reliability of LSI is
markedly lowered.

On the other hand, since the integration
degree of the integrated circuit such as LSI, etc. is
increased, and fine formation of wiring or multi-layer
wiring has been perticularly required in recent years,
thore is an increasing severe demand not found up to
date for Al or Al-5i wiring of the prior art. With
finer-dimensional formation by increased integration
degree, the surface of LSI, etc. is subject to
excessive unevenness due to oxidation, diffusion, thin
film deposition, and etching, etc. For exampla,
electrodes or wiring metal must be deposited on the
surface with a8 stepped differehca, or deposited in.a
via-hole which ia fine in diametaer and deep. In 4
Mbit or 16 Mbit DRAM (dynamic RAM), etc., the aspect
ratio (via-hole depth/via-hole diameter) of via-hole

in which & matal composed nainly of Al such as Al-Si,

- —
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etc. is to be deposited is 1.0 or more, and the via-
hole diameter itself also becomes 1 um or less.
Therefore, even for a via~hole with large aspect
ratio, the technique which can deposit an Al-Si
compound is reguired.

Particularly, for performing sure electrical
connection to the device under insulating film such as
$i0,, etc., rather than £ilm formation, Al-S8i is
required to be deposited so as to embed only the via-
hole of the device. In such case, a method of
depositing an Al alloy only on §i or metal surface and
not depositing it on an insulating film such as 5102,
ete. is required.

As the improved sputtering method, there has
been developed tha bias sputtgrina method in which a
bias is applied on a substrate and deposition is
performed s0 as to embed Al or an Al-81i compound only
in the vie~hole by utilizing the sputter etching
action and the deposition actiorn on the substrate
surface. However, since the bias voltage of some 100
V or higher. is applied on the substrate, deleterious
influence on the device occurs because of charged
particle damaging such as change in threshold of MOS-
FET, eto. Alsoc, because of presence of both etching
ection and deposition action, there is the problem

that the deposition speed cannot he essentially
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improved.

In order to solve the problems as described

" above, various types of CVD (Chémical Vapor

Deposition) methods have been proposed, In these
methods, chemical reaction of the sterting gas in some
form is utilized. In plasma CVD or optical CVD,
decomposition of the starting gas occurs in gas phase,
and the active species formed there further reacts on
the substrate to give rise to film formation. In
these CVD methods, surface coverage On unevenness on
the substrate surface is good. However, carbon atoms
contained in thae starting gas molecula are
incorporated into the film. - Also, particulerly in
plasma CVD, the problem remained that there was damage
by charged particles (so called plasma damage) as in
the case of the sputtering method.

- . ~The thermal CVD method, in which the film
grows through the surface reaction primarily on the
substrate surface, is good in surface coverage on
unevenness such as stepped portion of the surfacae,
etc. Algo, it can be expaected that deposition within
via-hole will readily occur. Further, wire breaking

at the stepped portion can he avoided.

- Furthezrmore, there are not caused‘damageé by

charged particles which have been observed in the case

of the plasma CVD or the sputtering method. The
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methods of such a kind.include, for example, the
mathod?se;n in Journal of Electrochemical Society, Vol.
131, p. 2175 (1984). 1In this metheod triisobutyl
aluminum (i-c4H9)3A1 (TIBA) is used as orgenic

aluminum gas and an Al film is formed at & film
formation temperature of 260 ©¢ and a reaction tube
pressure of 0.5 Torr. The substrate tempexature is then
maintained at sbout 450°C and SiH4 is introduced to
diffuse S8i in thé Al film, thus obtaining an Al-Si

£ilm.

When TIBA is to be used, a continuous film can
not be obtained unless pretreatment is effected in
which prior to film formation, ‘1‘1014 is flowed to
activate the substrate surface to form nuclei.
Furthermore, in case where TIBA is used, there is a
problex that surface flatness is not sufficient even
when 'ric14 is used. By this method it is not possible
to affect selective growth such es Al-Si deposition
only in via-holes.

As another method, there can be mentioned the
method describsd in Japanese Journal of Applied
Physics, Vol. 27, No. 113 p. L2134 (1988). 1In this
method, TIBA end Si,H. diluted with Ar gas are
supplied, and the gases are heated before TIBA reaches
the substrate. By this method, an Al~Si film of a low

resistivity can be epitaxially grown on a $1(100)
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1 wafer. Although the f£ilm obtained by this method has
good high quality, there are involved the procblems
that control is difficult due to necessity of heating
the gases and that apparatus for effecting this method

5 is complicated. )

Japanese Laid-Open Patent Application No. 65-
33569 desoribes a method of forming a f£film by using nc
T1014. but using in place thereof organic aluminum and
heating it in the vicinity of the substrate.

10 According to this method, Al can be deposited
selectively only on the metal or semiconductor surface
from which the naturally oxidized f£ilm has been
removed. '

In this case, it is clearly stated that the

15 Step of removing the naturally oxidized film on the
substrate surface is necessary before introduction of
TIBA.. "Also, it is described that, since TIBA can ba
used slone, no carrier gas is required to be used, but
Ar gas may be also used as the carrier gas. However,

20 the reaction of TIBA with another gaa.(e.g. H,) is not

contemplated at all, and there is no description of

use of H, as the carrier gas. Also, in addition to

2
TIBA, trimethyl aluminum (TMA) and triethyl aluminum
{TEA) are menticned, but there is no specific

25 description of other organic metals. This is because,

since the chemical properties of organic matals
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1 generally vary greatly if the organic substituent
attached to the metal element varies little, it is
necessary to investigaté individually by detailed
experimentation to determine what organic metal should

5 be used.

In the CVD method es described above, not only
there is an inﬁonveniance that the naturally oxidized
film must be removed, but also there is the drawback
that no surface smoothness can be obtained. Also,

10 there is the restriction that heating of the gas is
necessary, and yet heating must be done in the
viecinity of the substrate. Besides, it must also be
experimentally detormined at what poximity to the
substrate heating must be done, whereby there is gflso

15 the problem that the plece for setting the heater

cannot be necessarily freely chosen.

.. «In the pre-text of the 2nd SVmpo;iun of . _
Electrochemical Society, Branch of Japan (July 7,
1989), on page 75, there is a description of film
20 formation of Al according to the double wall CVD

method. In this method, TIBA is used and the device
is designed so that the gas temperature of TBA can be
made higher than the substrate temperature. This
method may be also reéardod as a modification of the

25 above-mentioned Japanese Laid-open Patent Application

No. 63-33569. Also in this method, Al can be
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selectively grown only on a metal or semiconductér,
but not only the difference between the gas
temperature and the suhétrate surface temperature can
be contralled with difficulty, but also there is the
drawback that the Bomb and the pipeline must be
heated. Moregover, according to this method, there are
involved such problems that no uniform continucus film
can be formed, that flatness of the film is poor,
etc., unless the film is made thick to some extent.

As set forth above, the prior art methods have
the problems to be sclved that it is difficult to
obtain a flat Al-Si film otia low resistivity and good
quality, that there 1is considersble limitation in
apparatus and in film formation.

As described above, prior art methods cannot
necessarily effect well selective growth of Al-si, and
even if_possible, there is a problem with respect. to
flatness, resistance, purity, etc. of the Al film
formed. Also, there has been inveolved the problem
that the f£ilm formation mathod is complicated and can
be controlled with difficulty. .

SUMMARY OF THE INVENTION

As desoribed sbeve, in the technical field of

_semiconductors in which higher integration has been

desired in recent yesrs, for providing inexpensively.a
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1 semiconductor device whish is more highly integrated
- and also made higher in performances, there remained
many rooms to be improved.

The present invention has been accomplished in

5 view of the technical tasks as described above, and an
object of the present invention is to provide a
process for forming a deposited film which can form an
Al-Si film of good quality as the electroconductive
material at a desired position with good

10 controllability.

Another object of the present invention is to
provide a process for forming a deposited film which
can obtain an Al-Si film which has extremely broad
general purpose utility and vet is of good quality,

15 Without requiring particularly no complicated and
expensive deposited film forming device.

- . -8till another object of the present invention
is to provide a process for forming a deposited film
which can form an Al-§i film excellent in surface

o9 Characteristic, electricel characteristics, purity,
etc. according to the CVD method utiliizing alkyl
alunminum hydride, hydrogen, and a gas containing
ailicon atoms.

Still another chject of the present invenion

25 is to provide a process for forming a deposited film

of an Al1-8i film which is extremely broad in general
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purpose utility and excellent in selectivity, without
requiring particularly a complicated and expensive .
deposited film forming device.
Still another object of the present invention
is to provide a process for forming a deposited film
which can form an Al-Si film under good selectivity
according to the CVD method utilizing alkyl aluminum

hydride, hydrogen and a gas conteining silicon etoms.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view for illustration of
a suitable deposited film farming device in practicing
the deposited film forming process according to the
process of the present invention.

Fig. 2 is a schematic view for illustration of
anothar suitable deposited film forming device in'
practicing the deposited film forming process <.
according to the present invention. '

Figs. 3A ~ 3E ar¢e schematic sectional views for
illustration of tha deposited film forming process
according to one embodiment of the present invention.

Fige. 4A - 4D are illustrations for explaining
the mechanism of Al deposition according to the

present invention.
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DETAILED DESCRIPTION COF THE EREFERRED EMBODIMENTS

Preferred embodiments according to the present

invention are described in detail below, but the

present invention is not limited by thegse embodiments,

and it may have a constitution which accomplishes the

object of the present inventiom.

One preferred embodiment of the present

invention is a process for forming a deposited film

comprising the steps of:

(a) providing a substrate having an electron

donative surface (A) in a space for formation of the

deposited film;

(b) introducing & gas of an alkyl aluminum

hydride, a gas containing silicon atoms and hydrogen

film; and

'gas into the space for formation of the deposited

- . .{c) maintaining the temperature of the - .

electron donative surface (A) within the range of from

the decomposition temperature of the alkyl eluminum

hydride to 450 ¢ to form an aluminum £ilm containing

silicon on the electron donative surface (A).

Further, another preferred embodiment of the

film comprising the steps of:

. present invention is & procesa for forming a deposited

(a) providing a substrate having an electron

donative surface (A) and a electron non-donative

\
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1 surface (B) in a space for farmation of the deposited
£ilm:
(b} introducing a gas of an alkyl aluminum
hydride, a gas containing silicon atoms and hydrogen |
5 gas into the space for formation of the deposited
film; and
(¢) maintaiﬁinq the temperature of the
electron donstive surface (A) within the range of from
the decomposition temperatura of the alkyl aluminum
10 hydride to 450 °C to form an aluminum film containing
silicon selectively on the electron donative surface
{A).
In the following, prior to detailed
degscription, first, the process for forming e
15 deposited fllm by use of an organic metal is outlined.
The decomposition reaction of an organic
metal, and hence the thin film deposition reaction .
will vary greatly dspending on the kind of the metal
atom, the kind of the alkyl bonded to the metal atom,
20 the meens of causing the decomposition reaction to
occur, the atmospheric gas, etc. | |
For example, in the case of M—Ra (M: the group
III metal, R: alkyl group), trimethyl gallium:

CH, )
cis-6a ’
25 cli;

in thermal decomposition undergoes radical cleavage

This Sheet Has Been Rep laced
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1 wherein Ga—CH3 bond is cleaved, while triethyl
gallium: -

Cgﬂ;'

T C2Hs

Csz-Ga

5 in thermal decomposition is decomposed through A-
elipination into:
: CaHj
C2Hs—Ca
™~ H
and 02H4. On the other hand, triethyl aluminum

10 Aattached with the same ethyl group:

in thermal decomposition undergoes radical

decomposition in which Al-G,H, is cleaved. However, tri-
15 iso-butyl aluminum having ic4'u9 bonded therein:
) iCaHo

Callg- AL
) 104t~ S ic.ils ]

is subject to S-elimination.
Trimethyl aluminum (TMA) comprising 033 groups

20 and Al has a dimer structure at room temperature:

cxs_\‘ ’,.CHS*\~ AJL‘,
ths —  ~~CHs— €l
and thermal dacompositibn is radical decomposition in

25
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which Al-CH3 group is cleaved, and at a temperature of

150 °C or lower, it reacts with atmospheric H, to form

CH,, and forms finelly Al.

However, at a high temperature of 300 %¢ or
h;gher, even if Hz may be present in the atmosphere,
CHs group will withdraw H from the TMA molecule, until
finally Al-C compound is formed.

Alsc, in the case of TMA, in light or a
certain region controlled in elactric power in Hz
atmosphere high frequency (ca. 13.56 MHz) plesma, CZHG
will be formed by the bridging 033 between two Al's.

In.essance, since even an organic metal
comprising CH, group which the simplest alkyl group,
C,Hg group or iC H, group and Al or Ga has a reaction
mode depending on the kind of the alkyl group, the
kind of the metal atom, the excitation decomposition
means, for deposition of a metal atom from an organic
metal on a desired substrate, the decomposition
reaction must be strictly controlled. For example,
when Al is to be deposited from triisobutyl aluminum:

rea: T MPNpq — icata)

iClHo””
in the low pressure CVD method comprising mainly
thermal ;oaction, unevenness of pm order is formed on
the surface, whereby the surface morphology is

inferior. Also, hillock generation by heat treatment,
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Si surface rdughening through Si diffusion at the
interface between Al and Si occur, and also migration -
resistance is inferior, whereby it can be utilized for
ultra-LSI process with Qifficulty.

For this reason, a method for controlling
precisaely both the gas temperature and the substrate
temperature has been attemptad. However, the device
is compliceted, and the method is af the sheet
treatment type in which deposition can be effected
only on one wafer by one deposition process. Besides,
since the deposition speed is 500 A/min. at the
highest, thc.throughput necessary for bulk production
cannot be realized.

Similarly, when TMA is employed, Al deposition
has boen attempted by use of plasma or light, the
device aléo becomes complicated due to use of plasme
or light, and also because of the sheet type device,
there remains room for improvement for sufficient
improvement of throughput.

Dimethyl aluminum hydride (DMAH) as the alkyl
éluminun hydride to be utilized in the present
invention is a substance known as alkyl metal, but it
could not be estimated et all what Al thin film could
be deposited depending on what reaction mode, uniess
deposited films are formed under all the conditions.

For example, in an example of deposition Al by optical

e

e

[
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CVD from DMAH, the surface morphology is inferior, and
the resistivity value was greater than the bulk value
tz.z Hohm:cm) as several uchm to 10 nohm cm, thus
being inferior in £ilm quality.

Now, referring to the drawings, preferred
enbodiments of the present invention are described in
more detail,

In the piesent invention, for depositing an Al-
Si film of good quality as the electroconductive
deposition £ilm on e substrate, the CVD method is
used.

More specifically, by use of dimethyl aluminum
hydride (DMAH):

CHs

Chemical. formula: CHs :: Ag —H

or monomethyl aluminum hydride (MMAHZ):

Chemical formula: CHa ag = "
H —

as alkyl aluminum hydride which is an organic metal as
tha starting gas containing at least one atom which
becomes the constituent of the deposited f£ilm, a ges
containing Si atoms as the starting gas and Hz aeg the
raaction gas, an Al-Si film is formed by geas phase
growth with a gas mixture of these on a substrate.

As the substrate aepplicsble in the present
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1 invention, a material having electron donative
property may be-employed.

The electron donative materisl is described in
detail below.

[3 The electron donative material refers to one
having free electrons existing or free electrons
intentionelly formed in the substrate, for example, a
material having a surface on which the chemical
reaction is promoted through give-and-take of

10 electrons with the starting gas molecules attached on
the substrate surface. For example, generally metals
and semiconductors correspond to such material. Those

" having very thin oxidized film on the metal or
semiconductor surface are also included. For, with

15 such thin film, the chenical reaction can occur
between the substrate and the attached starting
molecules. . -

Specifically, there may be included
semiconductors such as single crystallipe silicon,

90 Polycrystalline silicon, amorphous silicon, atc.,
binary system or ternary system or quaternary system
III-V compound semiconductors comprising combinations
of Ga, In, Al as the group III element and P, As, N as
the group V olement, or II-IV compound semiconducters,

25 OF metals themselves such as tungsten, molybdenunm,

tantalum, aluminum, titeniusm, oopper. ste., or

—— e —————

e
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silicides of the sbove metals such.as tungsten
gilicide, molybdenum silicide, tantalum silicide,
aluﬁinum silicide, titanium silicide, etc., further
metals containing either one of the constituent of the
abova metals such as aluminum silicon, aluminum
titanium, aluminum copper, aluminum tantalum, aluminum
silicon copper, ealuminum silicon titanium, aluminum
palladium, titanium nitride, etc.

On the substrate with such constitution, Al is
deposited only through simple thermal reaction in the
reaction system of the starting gas and-Hz.' For
exanple, the thermal roaotioﬁ in fha reaction system
between DMAH and Hz may be basically considered as

follows:

| CH )
o’ BYig rHs—~ 288 L +4CH T FHa

CHy” S~ CHs

DMAH assumes & dimer structure at room temperature.
Also, with MMAHZ, a high quality Al £ilm could be
formed by thermal reaction as.shown below in Examplgs.
Since HMAHZ has low vapor pressure as 0.01 to
0.1 Torr at room temperature, a large amount of the
starting material can be transported with difficulty,
and the upper limit value of the deposition speed is
aéveral hundred A/min. in the present embodiment, and

preferably, it is most desirable to use DMAH of which
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vapor pressure is 1 Torr at room temperature.

in anotﬁer erbodiment of the present
invention, the CVD method is used for selective
deposition. of a good Al fi1lm as the electroconductive
deposition film on the substrate.

More specifically, as described above, by use
of dimethyl aluminum hydride (DMAH) or monomethyl
aluninun hydride (MMAHZ), a gas containing S1 atoms as
the starting gas and H2 as the reaction gas, an Al-Si
£ilm is selectively formed on the substrate by gas
phase growth with a gas mixture of these. _

Tﬁe substrate applicable in the present
invention has a first_subatfate surface material for
formation of the surface on which Al-Si is deposited,
and a second substrate surface material on which no Al-
Si is deposited. And, as the first substrate surfsce
materjial, a material héving the algctron donative.
surface is used..

In contrast, ss the material for forming the
surface on which Al-81i is not deposited selectively,

namely the material for forming the electron non-

‘donative surface, aohventional insu;atinq materials,

oxidized silicon formed by thermal oxidation, CVD,
etc., glass or oxidized film such as BSG, PSG, BFS@G,
etc., thermally nitrided film, silicon nitrided film

by plasma CVD, low pressura CVD, ECR-CVD method, stc.
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Fig. 1 is @ schematic view showing a
p:eferable deposition film forming device for applying
the. present inventibn.

iﬂere, 1 is a substrate for forming an Al-S1
film. The substrate 1 is wounted on a substrate
holder 3 provided internally of the reaction tube 2
for forming a space for formation of & deposited film
which is substantially closed to Fig. 1. As the

material constituting the reaction tube 2, quartz is

‘preferable, but it may be also made of a metal.. in

this case, it is preferable to cool the reaction tube.
The substrate holder 3 is made of a metal, and is
provided with a heater 4 so that the substrate mounted
thereon can be heated. 'Bnd,'tha constitution is made
so that the substrate temperature cen be controlled by
controlling the heat deneration temperature of the
heatar 4. .

The feeding system of gases is ooﬁstitutad as
described below.

8 is a gas mixer, in which the first starting
gas, the second starting gas and the reaction gas are
mixed, end the mixture is fed into the reaciton tube
2. 6 is a sterting gss gasifier provided for
gasification of an organic metal as the first starting

The organic metal to be usad in the present
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1 4dpvention is liquid at room temperature, and is formed
info saturated vapor by passing a carrier gas through .
the liquid of the organic metal within the gasifiar 6,
which is in turn introduced into the mixer 5.

"The evacuation is constituted as desoribed

[#]

below.

7 is a gate valve, which is opened when
performing evacuation of a large volume such as during
evacuation internally of the reaction tube 2 before

10 formation of the deposited film. 8 is a slow leak
valve, which is used when pefforming evacuation of a
small volume such as.in controlling the pressure
internally of the reaction tube 2 during formation of
the deposited film. 9 is an evacuation unit, which is

15 constituted of a pump for evacuation suéh as turbo
molecular pump, etc.

- . . The conveying system of the substrate 1 is _
constituted as described below.

10 is s substrate conveying chasmher which can

o9 house the substrate before and after formation of the
deposited film, which is evacuated by cpening the
valve 11. 12 is an evacuation unit for ev#cuating the
conveying chamber, which ia constituted of a pump for
evacuation such as turbo moleculer pump, etc.

25 The valve 13 is opened only when the substrate

1 is transferred between the reaction chamber and the

\
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conveyiné space.

As shown in Fig. i, in the starting gés
gasifier 6 which is the gas formation chamber for
forming the #tartinq gas, the liquid DMAH maintained
at room temperature is bubbled with H, or Ar (or other
inert gas) as the carrief gas to form gaseocus DMAH,
which ;s transported to the mixer 5. The Hz gas a§
the reaction gas is transported through another route
into the mixer 5. The gases are controlled in flow _
rates so that the respective partial pressures may
becone desired values.

In the case of forming a film by thiS device,
the first gstarting gas may be of course MMAH, , but
DMAH with & veapor pressure enough to bebome 1 Torr at
room temperature is the most prefarred: Also, DMAH

and MMAH, may be used in a mixture.
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As the second starting.gas.containing 8§81,

there can be used 512H6._51H4. SigHg

SIH2012 and'sinacl. Oof these compounds, 51286 which

can be easily decomposed at the law temperature of 200

Si(CH )4, 31c1

= 300°C. The gases such as §i,H, are diluted with H,
or Ar and transported to fhe nixer § through a systen
other than the DMAH systenm. | |

' The deposited filn formed at a substrate
temperature of 160 °C to 480 °C by use of such
starting gas and reaction gas, with a2 thickness of for
exanple 400 A, has a resistivity at room temperature
of 2.1.- 3.0 yohm-om which is substantially equal to
Al bulk resistivity, and is a continuous and flat
£41m. At this time, the pressure during filn
formation can be chosen within the range from 10'3
Torr to 7680 Torr. Aiso. even when the film thickness
may be 1_um, its resistivity is ca. 2.7 - 3.0 pohm-cm,
and a sufficiently dense film can be formed also with
a relatively thicker film. Also, the reflectance in
the visible light wavelength region is approximately
80 %, whcrcby'a thin fila excellent in surface
flatness can be.depositcd.

The substrate togperaturé is desirably the

daconposition temperature of the starting gas

95 containing Al or higher, and 430 % or lowqr'as

—_—
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1 desoribed above, but specifically the substrate
tenperature ¢f 200 to 450 9¢ is more desirable, and
when deposition is carried out under this condition,

4 to0 107° Torr,

by making the DMAR partial pressure 10
5 the deposition speed becomes very great as 100 i/min.
to 800 z/uin.,'wherebv sufficient Qreat deposition
spead corresponding to the cost as the Al-Si
deposition technique for ultra-LSI can be obtained,
A more preferable substrate temperature
10 condition is 270 °C to 350 °C, and the Al~Si film
deposited under this condition is also satrongly
orientatable and, even when subjected to the heat
treatment at 450 °C for 1 hour, the Al-Si filn on the
81 monocryatalline or S8i polyerystalline substrate
is becones a good Al-§1i film without generation of
hillock, spike as seen in the film forming method of
the prior art. Also, such al-Si film is excellent-in .
elsctro-nigration resistance.
In the device shown in Fig. 1, Al-Si can be
20 deposited on only one sheet of subatrate in deposition
- for one time. Although a deposition speed of ca. 800
A/min. can be obtained, it is still insﬁtficient for
-performing deposition aof a large nunber of sheets
within a short time,
25 As the deposition f£ilm forming device for
improving this point, there is the low pressﬁre cvhn

/
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device which can deposit Al-Si by simultaneous
mounting of a large number of sheets of wafer. Since
the Al-Si film formation according to the present
invention utilizes the surface reaction on the
slectron donative substrate surface, in the hot wall
type low pressure CVD mnethod wherein only the
aubstrate is heated, Al can be deposited on the
substrate by use of DMAH and Hz and the Si starting
gas such as 51236. eta.

The reaction tube pressure nay'be 0.05 to 760
Torr, desirably 0.1 fo 0.8 Torr, the substrate
temperature 160 % to 50 °c. desirably 200 °¢ to 100
°c, the DMAE partial pressure 1 X 10‘5-told to 1.3 x
10'3¥fold of the pressuée in the reaction tube, the

8i,H, partial pressure 1 x 1077 -4

—fold to 1 x 10 "—fold
of the pressure in the reaction tube, and gndar such
conditions, Al-Si can be well deposited on.the - .
electron donative substrate.

Pig. 2 is a schengtie illustration showing a
deposited film forming device to which such present
invention is applicable.

57 is & subatrate for formation of Al-6i film.

50 is an ocutside reaction tube made of quayrtz for
forming & sﬁaco for foriation of deposited film
substantially olosed to the surrounding, 51 an

innerside reaction tube nade of gquartz located for
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1 geparating the flow of gaé within the outside reaction
'tube.so. 54 a flange made of & metal for opening and
closing of the opening of tha ocutside reaction tube
30, and the substrate 87 is located withiﬁ the

5§ substrate holding member 56 provided internally of the
innerside reaction tube 5i. <The substrate holding
menber 56 should be preferably made of quartz.

Also, in the present device, the substrate
tenperature can be controlled by the heater portion
10 59. The preasure internally ¢f the reaction tube 50
is constituted sa as to be controllable by the
evacuation system connected through the gas eﬁacuation
outlat 83.
The gas feeding system is constituted to have
15 a first gas system, a second gas system, a third gas
system and a mixer (none are shown in Fig. 2)
similarly as the device shown by the symbola § and-6.
in ria..l. and the starting gases and the reaction gas
are introduced into the reaction tube 50 through the
20 starting gas inlet 82. These gases react on the
surface of the substrate 57 during passage internally
of the innerside reaction tube 51 as shown by the
arrowhead 858 in Fig. 2 to depqsit Al-8i on the .
substrate surface. The'gasea after the reéction pass
25 through the gap formed between the innerside reaction
tube 51 and the outside reaction tube 50, and

—_—
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evacuated through the gas evacuation outlet 53,

In taking out and in the substrate, the flange
84 pade of a metal is permitted to fall by an elevator
(not sahown) togefher with the substrate holdinq member
66 and the substrate S$7 to be moved.to a predetermined
position where the substrate ia mounted and detached.

By forming a deposited film under the
conditions as described above by use of such devigce,
Al-Si films of good quality can be formed in all thé
wafers within the device.

As desoribed above, the film obtained
according to the Al-Si fila formation process based on
the smpbodiment of the present invention is dense with
little content of impurity such as carbon, etc. and
resistivity which is similar to bulk, and also has
high surface smoothness, and therefore remarkable
effeots as described below can be obtained. - .
(1) Reduction of hillock

Hillock ia'occurrence of concavities on the Al-
8l surface due to partial migration of Al-8i when |
inner stress during filam formation is released in the
heat treatment step. Also, similar phencmenon occurs
by local aigration by curreat passage. The Al-5i film
formed by the present invention has little inner

stress and is approximate to the state of
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monocrystal. For this reason, 1n'the heat treatment
at 450 °C for one hour, as contrasted to formation of
10% - 105/cm® of hillooks in the Al-Si f£ilm of the
prior art, the hi;look number c¢ould be greatly
improved as 0 to 10/0m2. Thﬁs, due to substantial
absence of Al-Si surface concavity, the resist film
thickness and the interlayer insulating film can be
made thin to be advantagecus for making it finer and
more flat.
(2) Improvement of electro-migration resistance

' Electro-migration is the phenomenon that the
wiring atoms move by passage of a ocurrent of high -
density. By this phénoménon, voids are generated and
grown along the grain boundary, whereby as accompanied
with raduction of the cross-sectional area, the wiriﬂg
generates heat to bs broken. In the prior art, the

anti-migration property has been improved by adding-

Cu, Ti, etc. to Al-8i to form an alloy. However, the

alloy formation results in complication of the etching
step and difficulty of minute formetion.
Migration resistance is generally evaluated by
average wiring life.
‘ The wiring formed by the sputtering method or
the CVD method of the pfior art.has obtained anaverage

2

wiring life of 1 x 10" to 103 hours (in the case of =

wiring crogs—-sectional area of 1 umz) under the

\
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1 current passage test conditions of-250 °C, 1 x 1ﬁ6

A/cn®. In contrast, the Al-Si film obtained by the Al-’ g
Si film formatiob method based om the embodiment of
the present invention could obtain an average wirinql
5 life of 103 to 104 houré with a wirihq having a cross—
sectional area of 1 pmz.
Hence, according to.the presont invention, for
exanmple, when the wiring width is 0.8 um, a wiring
layer thickness of 0.3 um can sufficiently stand
10 bPpractical application. That is, since the wiring
layer thickness can be made thinner, unevenness on the
seniconductor surface after arrangement of wiring cen
be suppressed minimum, and aléo high reliebility in
passing ordinary current ¢an be obtained. Also, this
15 is possible by a very simple process.
(3) Reduction of alloy pits in contact portion
-.-.By the heat treatment in the wiring step,-
sutectic reactidn between Al in the wiring material
and Si in the substrafé may occur to result in
20 penatration of.A1—81 sutectic called as alloy pit into
the supstrate in spiké pattern, thereby destroying
shallow junction.
As countermeasure, it is general to employ a
material other than pure Al when the depth of junction
25 i3 0.3 um or more and to employ barrier metal
technique of Ti, W, Mo type. -————~——__;_______;_
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However, there remain some.points to be

improved such as complication of etching, rise of

contact resistivity and the like. In Al-Si formed

according to the présent invention, generation of

alloy pits in contact portion with substrate crystal

due to heat treatment in the wiring step can be

inhibited and wiring with good contact can also be

obtained. In other words, wiring can be effected only

with an Al1~Si material without destroying junction

even when the junction is formed in a depth of about

0.1 um.

(4) Improvement of surfacea smeoothness (patterning

characteristic improvement of wiring)

In the prior art, roughness of the surface of

a metal thin film had inconvenience in the alignment

step for the mask and the substrate in the patteraing

step and in the atching step.

That ig, there is unevenness extending to

savoéal um on the surface of Al £ilm according to the

prior art method, whereby the surface morphology is

poor, and therefore had the following disadvantages.

1) Alignment signals cause diffused reflection

to ocour at the surface, whereby noise level becomes

higher and inherent alignment signalsé cannot be °

discriminated.

2) For covering large surface unevenness, the

resist film thickness must be taken large, wﬁich is
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opposite ta fine formation,

3) If the surface morpholagy is poor, halation
due to the resist internal reflection will occur
locally, whereby resist remaining occurs.

" 4) If the surface morphology is poor, the side
wall becomes notched in the wiring etching step
according to its unevenness.

According to the present invention, the
surface morphology of Al-Si film to be formed is
markedly improved to cancell all the drawbacks
desaribed above.

In other words, in the patterning step., at the
line width of the resolv:ng'pONer limit of the
exposure machine, the alignment precision 8 =0.15 um
can be accomplished, whefeby wiring having snobth side
plane is rendered possible without causing halation to
oceur. _ _ | ' ;

(S) Improvement of resistance in contact hole and
through hole and of contact resistance |

In the prior art methed, if the size of the
contact hole becomes finer as 1 um X 1 um or less, Si
in the wiring s precipitated on the substrate of the
contact hole during heat treatment in the wiring step
to cover thareover, whareﬁy resistance between thé
wiring and the slement becomes markedly larger.

Accaording to the embodinent of the piesent
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invention, since a dense film is formed according to

the surface reaction, Al-Si has been confirmed to have

a resistivity of 2.7 - 3.3 pohm cm. Also, the contact

reaistivity can attain 1 x 10 ohmucn2 at an area of

0.6 pr X 0.6 pm when the Si portion has an impurity of
1029 en™3,
That is, according tp the present invention, a
good contact with the substrate can be obtained.
(6) It becomes possible to make hea;'treatment'éuring
wiring step lower or abolish the heat treatment step.
As desoribed in detail above. by applying the

present invention to the wiring formation nethod.of a

' semiconductor integrated circuit, the yield can be

improved, and reduction of cost can be promoted to
great extent as compared with Al wiring of the prio:
art.

Figa. SA - 3R show how the Al-Si filn .

according to the present invention is selectively
grown.
Fig. 8A is an illustration showing

schenatically the cross-section of the substrate

. before formation of the Al-Si deposited film according

28

to the present invention, 980 is the substrate
comprising an electron donative material, and 91 &
thin film comprising an slectron non-donative

naterial.
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1 In the case of using DMAH and i H as the

starting gases, when a gas mixture containing H2 as
the reaction gas ias fed onto the substrate 1 heated
within a temperature range froa the decomposition

§ tenperature of DMAH to 450 °c. Al is precipitated on
the substrate 96, whereby a continuous film of Al is
formed as shown in Fig. 3B. Here, the preasure within
the reaction tube 2 should be desirably 1072 vo 760
Torr, and the DMAH partial pressure preferably 1.5 x

-3

10 10-5 to 1.3 x 10 “—fold of the pressure within the

above reaction tube. The Si PR partial pressure

"7 to 1 x 10”™%-fo1d of the

should préterably be 1 x 10~
pressure within the reaction tube 3.
| When deposition of Al-5i is continued under

18 the above conditions, via the state of Fig. 3C, the al-
Si film grows to the level of the uppermost portion of
the thin film 91 as shown in Fig, 3D. Further, when
grown under the same conditions, as shown in Fig. SE,
the Al-8i film can grow to 5000 1 substantially

29 without growth in the lateral direction. This is the
mnost characteristic point of the dnpoaiied £ilm
obtained by the present invention, and it will be
understood how a film of good quality can be formed
under goad selectivity. ' ‘ : .

28 As the result of analysis according to Auger's
slectron spectroscopy or photoelectric spectroscopy,

h“*‘\~‘;“-—-‘hﬁ_
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1 no entrainaant-of'an impurity such as carbon or oxygen
is recogmized in this film.
The deposited film thus formed has a
resistivity of, for example, with a film thickness of
3 400 4, 2.7 - 3.0 pohm.cm at room temperature which 1s
substantially equal to the bulk resistivity of Al, and
becomes continuous ana flat film. Also, even with a
£11m thickness of 1 um, its resistance at room
temperature is approximately 2.7 - 3.0 pohm.cn and a
10 sufficiently dense film is formed with a relatively
thicker fili. The reflectance in the visible
 wavelength region is approximately 80 %, and a thin |
filp with excellent surface flatness can be deposited.
The substrate temperature in performing such selective
15 deposition should be desirably the decomposition
temperature of the starting gas containing Al or
higher and 450 9c or lower as mentioned above, but
specifically a substrate temperature of 200 to 450 °C
is desirable, and when deposition is performed under
20 such condition, the deposition speed is sufficiently
great as 100 i/min. to 800 i/nin. when DMAH pirtial

—4 =3 poxr. Thus a sufficiently

prassure is 10 to 10
great deposition speed can be obtained as the Al-81
deposition technique for'ultra-Lsr.

285 A more preferable substrate temperature
condition is 270 °C to 350 °C, and the Al-85i film

\
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1 deposited under this condition is also strongly
orientatable and, even when subjected to the heat
treatment at 450 °C for 1 hour, the Al-S$i film on the
Si monocrystalline or Si polycrystalline substrate

5 becomes a good Al-Si film without generation of
hilleck, spike. Also, such Al-Si film is e#cellent in
electro-migration resistance.

In the device ahown in Fig. 1, Al-Si can be
deposited on only one sheet of substrate in deposition
10 for one time. Although a deposition speed of ca. 800
i/min. can be obtafned, it is still insufficient for
performing deposition of a large number of sheets
within a short time.
As the deposition film forming device for
1§ improving this point, there is the low pressure cvD
device which can deposit Al-81 by sizultaneous
mounting of a large numnber of sheets of wafer. Since
the Al-Si deposition according to the present
invention utilizes the surface reaction of the
20 electron donative substrate surface, in the hot wall
type low pressure CVD method wherein only the
substrate is heated, a Al-Si compound containing 0.8
to 2.0 % of Si can be deposit-d ph the substrate by
adding DMAH, H, and a Si Qtarting gas such as Si_E.,
28 etc.

The reaction tube ﬁreasure may be 0.65 to 760

This Sheet Has Been Replace

T llll




[ RECEIVED 82/23 11:49 1996 AT 5330694 PAGE 188 (PRINTED PAGE 189)
'98 02/23 12:54 €03 3211 3038 OKABE TOKYO- ]»-.-» DREW

REPLACED

- 36 -

THIS SHEET HAS BEEN

Torr, desirably 0.1 to 0.8 Torr, the substrate

temperature 180 °C to 450 °C, desirably 200 °C to 400

10

¢, the DMAH partial pressure 1 X 10'5-fald to 1;3 x
10—3—fold of the pressure in the reaction tube. the

“T_¢old to 1 % 10 ¥-fola

Sizﬂs partial pressure 1 x10
of the pressure in the reaction tube, and under such
conditions, Al-Si can be selectively deposited on only
the electron donative substrate. In the case of such
selective deposition, & good Al-Si £ilm can also ba
farmed undef the above described conditions by use of
the deposited fila forming apparatus such as described
above by referring to FPigs. 1 and 2. -

As described ahove, the filam obtained

according te the Al-Si film selective formation
process based on the embodiment of the present

invention is dense with vary little content of

- impurity. such as carbon, etc. and resistivity which is

similar to bulk, and alsc has high surface smoothness,

25
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and therefore remarkable effects as described below
can be obtained.
(1) Reduction of hillock

The Al-S3i film formed Acoording to the present
invention has little internal stress and is approximate
to the state of monocrystal. For this reason, in the
heat treatment at 430 °C for one hour, as contrasted
to formation of 10% - 10%/ca® of hillocks in the Al-

Si £ilm of the prior art, the hillocks number could be

greatly improved as 0 to IO/cnz.

(2) Improvement of electro-migration resistance
In the prior art, thn anit-migration property
has been improved by adding Cu, Ti, ete. to Al-Si to
form an alloy. However, the alloy formation results
in complication of the etching step and difficulty of
minute formation. h
. _The wiring formed by the method of the prior .

art has obtained an average wiring life of 1 x 102 to

3

10° hours (in the case of a wiring cross—sectional

area of 1 pnzj under the current paasage tost
conditions of 280 . 1 x 108 A/cnz.- In contrast, the
Al-Si £ilm obtained by the Al-Si film selective
formation method based on the embodliment of the
present invention could 6$ta1n an averﬁg. w1r1n§ 1ife

3

of 10" to 10* hours with a wiring having a cross—

sectional area of 1 ulz.
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1 (3) Reduction of alloy pit ﬁn eontéct portion

The Al-Si selectively formed according to the
present invention can suppress generation of.alloy pit
at the contact portion with the substrate cfystal even

5 py the heat treatment during wiring step, and alsoc a
‘wiring with good contact characteristic can be
obtained. That 18, even when the junction is made
shallow to the extent of 0.1 pm, the Junction will not.
be destroyed with only the Al-Si material.

10 {4) Improvement of surface smoothness (patterning
characteristic improvement of wiring)

According to the present invention, the
surface morphology of the Al-Si film to be formed can
be improvad epoch-makingly, whereby all of the

15 problems of the prior art c¢an be 1nprov§d.

(8) Improvement of resistance in contaei hole and
through,hplc and sontact resistance -

According to the present invention, since
adense film 1s selectively formed by the surface

20 reaction even when the opening may be 1 pm X I um or
less, it has been confirmed that the Al-Si completely
filled within the contact hole and through hole each
has a resistivity of 2.7 - 3.3 pohm.cm. Also, the

2

contact resistivity can attain 1 x 10"6 ohm.com ;ﬁ the

25 case where the Si portion has an impurity of 1oz°cu-3
in a hole of 0.6 pym x 0.6 unm. ' '
\
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That ia, according to the present invention,
the wiring material can be completely ﬁnbedded only. in
the minute opening, and alsc good contact with the
substrate can be ocbtained. Therefore, the present
inventioﬁ can eontéibute gréatly to iaprovement of
resistance within hole and céntact resistance which
have been the greatest problems in the fine process of
1 pur or less,

(6) It is possible to make the heat treatment
temperature during wiring step lower or to omit the
heat treatmesnt step. |

As desoribed in detaill above, by applying the
present invention to the wiring formation method of a
seniconductor integrated circuit, particularly
eabedding of contact hole or through hole, the yield
can be improved, and reduction of cost can be promoted
to great extent as compared with Al-8i wiring of the_

prior art.
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REPLACED
Exgmgle 1 :
First, the procedure for Al-Si film formation

is as follows. By use of the device shown in Fig. 1,
the reaction tube 2 is internally evacuated to c¢a. 1 x
108 forr by the evacuation unit 8. However, Al-S5i
film can be also formed if the vecuun degree within
the reaction tube 2 may be worse than 1 x 10~ ° Torr.

After washing of 8i wafer, the conveying

chamber 10 is releesed to atmospheric pressure and Si

wafer is mounted in the conveying chamber. The
conveying chamber is evacuated to ca. 10-6 Tarr, and

then the gate valve 13 is opened and the wafer is

. mounted on the wafer holder 3.

After mounting of the wafer on tho,wafer
holder 3, the gate valve 13 is closed, and the
reaction chamber 2 is evacuated to a vaouum degree of
ca.: 1-x-10"3 Torr. - .

In this Example, DMAH is .fed through the first
gas line. As the carrier gas of DMAH line Hz which is
the same as the reaction gas is employed. The second
gas line is used for Ha and the third gas line for' |
siZHs. |

By passing Hz'through the second gas line, the
pressure within the reactlon tube 2 ia made a

predetexmined vilue by controlling the opening of the

slow leak valve 8. A typical pressure in this Example
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is made approximately 1.5 Torr. Thgn, the wafer is

heated ﬁy current passage through the heater 4. After .
the wafer temberature.haa feached a predetermined

temperature, DMAH and Sizﬂ6 are introduced into the

reaction tube through the DMAH line and the Sizﬁ5

line. The total pressure is ca. 1.5 Torr, and the

PMAH partial pressure is made ca. 1.5 x 10-4 Torr.

The Si,H, partial pressure is made 2 x 10~ ° Torr.

2
When s:zﬂa aend DMAH are introduced into the raeaction
tube 2, Al-S1 is deposited. After a predetermined
deposition time has e}epsed, feeding of DMAH and SizH6
is stopped. Next, heating of the heater 4 is stopped
to cool the wafer. Feeding of H, gas is stopped, and
after evacuation internally of the reaction tube,.the
wafer is transferred to the conveying qhamber; and
only the conveying chamber is made atmospheric before
taking out the wafer. The outline of Al-Si film -
formation is as described shova. |
Experimental example 1

Al-Si films were deposited at the respective

tempearatures each for 10 sheet samples following the

'éame procedure as described in Exsmple 1 under the

following conditions:
Total pressuré: 1.5 Torr

DMAH partial pressure: 1.5 x 10~4 Torr

siztl6 pertial pressure: 2 x 10 - Torr.
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The Al1-S1 films deposited by varying the
substrate temperatﬁre at 13 levels were evaluated by
use of various evaluation methods. The results are
shown in Table 1. '

It has been confirmed from the results that
films of extremely excellent quality can be obtained
within the témperature range of i6G to 450 °*C, more

preferably 200 to 400 °C, optimally 270 to 350 °*C.
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Substrate | 1 50| 180]200['2580|2T0]3800}330|3560{370[{400}430{480}470
-Evalu-_ tempar- '
ation ature
jtem . N {°'cy
Carbon
content: (1) - 0 0 0 0 0 0 0 o | o | ol o [1~8
Y '..l
Resistivity 2.7 2.1 2.7 2.7 2.7 2.1 2,1. 2.7 | 2.2 2.7. |21 2.7
3.3 1.3 3.8 .3 8.8 3.3 3.3 3.3 3.3 3.3 2.3 33
. Reflectance . . .
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Deposition : 100 |00 |teo {100 (100 [fes [i100 {100 [208 | 100 .
808 800 800 300 FYY) 800 800 800 300 360
Killock o |o 0 K o Q 0 0.
- 100 100 10t 10¢ | - 10¢ 104 104 104
Spika
generation - ~ ~ . -~ ~ - ~ ~
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. Table 1 (continued)
, .
Note: No deposition occurs at gubstrate temperature of 150 * ¢,

Average wiring life is time to wire breaklng when current

2
is passed at a current density of 1 &k 10 A/om through a cross-—

-7?—

Spike generation ratio i1s destruction probability at the

Junction portion of 0.15 im depth.
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1 Experimental example ¢
Following the same procedure as in Example 1

to set the parameteré ss follows:
Total pressure: | 1.5 Torr
5 DMAH partial pressure: § x 10 ¢ Torr
Substrate temperature (Tsub): 300 °C
and the 312H6 partial pressure was varied from 1.5 x
10"7 Torr to 1 x 10”% Torr to effect deposition. The
81 content (wt.%) of the Al-Si fiims were varied from
10 0.005 % to 5 ¥ approximately in proportion to the
Sizﬁs partial pressura. As to resiatiéity, carbon
content, aversge wWiring life, deposition speed, .
hillock density and spike generation, the same results
as in Experimental example 1 were obtained. However,
15 in semples having a Si content of 4 % or higher,
depositicon was generated in the films which appeared
to be.S{ to worsen surfece morpholegy, thereby making
the reflecteance 66 % or lower. Samples having a 81
content of less fhan 4 % exhibited e reflectance of 80
by tO 95 %, which was the same as in Experimental example
1.
Example 2
Firsf, the procedure of Al-Si film formation
is as followa. By the evacuation unit 9, the reaction
25 tube is evecuated internally to ca. 1 x 10-8 Tarr.
-
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Al-Si film can be formed even 1if the vacuum dééree in
the reaction tube 2 may be higher than 1 x 10-8 Torr.

After washing of the Si wafer, the conveying
chamber 10 is rgieased to atmospheric pressure and the
Si wafer is mounted in the conveying chamber. The
con&eying chember is evacuated to ca. 1 X 10~ Torr,
then the gate valve 13 is opened and the wafer is
mounted on the wafer holder 3. '

After mounting of the wafer holder 3, the gate
valve 13 is evacuated to a vaéuum'degree in the
reaction chamber 2 of ca. 1 X :I.O-8 Torr.

In this Example, the first gas line is used
for DMAH. As the carrier ges for the DMAH'line, Ar is
employe&. The segond ges line is used for HZ' The
third'gaa line is provided for S1,H..

By passing Hz through the second qﬁs line, the
prcssuxe.within the reaction tube 2 is made a - .
predetermined value by controlling the opening of the
slow leak valve 8. A typical pressure in this Example
is made approximately 1.8 Torr. Then, the wafer is
heated by current passage through the heater 4. After
the wafer temperature has reached a predétermined
temperature, DMAH and 8;2 6 are introduced into the

reaction tube through the DMAH line and the sxzﬁg
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line. The total pressure is ca. 1.5 Torr, and the
DMAH partial pressure is made c¢a. 1.5 x 10~% Torr. .

"5 worr. When

The Sizﬂ partial pressure is made 2 x 10
512H6 and DMAH are introduced into the reaction tube
2, Al-8i is deposited. After a predetermined |
deposition time has elapsed, feeding of DMAH and Si H6
is stopped. Next, heating of the heater 4 is stopped
to cool the wafer. Peeding of Hz gas is stopped, and
after evacuation internally of the reactiom tube, the
wafer is trensferred to the conveyving chamber, and

only the conveying chamher is made atmospheric prassura

before taking out the wafer. The outline of Al-Si film

formation is as described abova.

Experimental example 3
For deposited films formed according to the

method of Example 2, concerning resistivity, carbon
content, average wiring lifé, deposition speed, hillock
density, generation of spike and reflectance, the same
results as in Example 1 were cbtained.

Experimental example 4

Following the same procedﬁre as in Example 2
to set the parameters as follows:

Total pressure:l 1.5 Torr .

DMAH partial_préssure: 5 x 1072 Torr

Substrate temperature (Tsub): 300 °*C
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10~7 Torr to 1 x 10™% Torr to effect deposition. The
Si content (wt.%} of the Al=-Si films were varied from
0.005 % to 5 % approximately in proportion to the
Sizﬁs partial praésure. As to resistivity, cerbon
content, average wiring life, deposition speod,
hillock density and spike generation, the same results
as in Experimental example 1 were obtained. However,
in semples having e Si coﬁtent of 4 ¥ or higher,
deposition was generated in the films which appeared
to be Si to worsen surface mo;phology,'thareby_making
the ref;ectance_ss ¥ or loer. Samples having a Si
content of less than 4 ¥ exhibited a reflectance of 80

to 96 %, which was the same as in Experimental example

1.
Example 3

--~This Example 3 is film formation according to
the low pressure CVD method.
Experimental example &

A silicon substrate was placed in the low
pressure CVD method showﬁ in Fig. 2, and Al-Si film
was-rormed within the same beadge. The film formation
conditions were made a reaction tube pressure of 0.3
Torr, a DMAHM partial ﬁféssure of 3.0 x 10> worr, a ‘
s;zﬂs partial preésure of 1.0 = 10‘6 Torr, a substrate

temperature of 300 °C, and a film formation time of 10
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minutes.

As the result of film formeation under such
conditions, an Al-Si £ilm of 7000 & was deposited.
The film quality was very good, exhibiting the
sameproperties as ono prepared at a substrate
temperature of 300 ¢ shown in Experimental example 1.

Exsmple 4
This Example 4 shows a film formation method

using MMAH, in place of DMAH.

2
Experimental example §
The procedure of Example 1 was repeated to

effect daposition with the exception that MMAH2 was
used as the starting gas and the parametere were sat
as follows:

Total pressuré: 1.5 Torr

MMAH,, paftial pressure: 5 x 10 * Torr

- -S1,H, partial pressure:. 1.0 x 107° Torr .

As a result, Al-Si thin films were daposited
within the substrate temperature range of 160 °"C to
400 °C which contained no carbon impurity and were
excellent in flatness and denseness similarly as in
Experimental example 1. |
Example § _

This Example 5'performs deposition using a gas
othar than si,He as a gas of the compound containing

silicon atoms.
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1 Experimental sxample 7

The procedure of Example 1 was repeated to
effect deposition with the exception that s:iH4 was
used in place of Si,H. as the starting material

§ containing Si and the parameters were set as follows:

Total pressure: 1.5 Torr

DMAH partial pressure: 5 x 10°% Torr

SiH, partisl pressure: 1 x 1075 rorr

As & rasult, Al-8i thin films were depoéited

10 within the substrate temperature range of 160 °*C to
400 °C which contained #o carbon impurity and wera
excellent in flatness and denseness eimilarly as in
Experimentai exanmple 1.

Examples 6 to 8 and Experimental e¢xamples 8 td

16 15 described below are examples when forming Al-Si
films selectively. _

Exemple- 6 - .

In this Exemple 6, selective deposition of Al-
Si is effected by use of the device shown in Pig. 1.

20 The reaction tube 2 is internally evacuated to ca. 1 x
10™% Torr by the evacuation unit'9. However, Al-si

~ film can be also formed even if the vacuum degree

within the reaction tube 2 may be worse than 1 = 10—8

Torr.

25 Aftar washing of the Si wafer, the conveying

chamber 10 is released to atmospheric pressure and the

\
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81 wafer 'is mounted in the conveying chamber. The
convéying chamber is evacuated to ca. 1 x 10~% rorr,
then the gate valve 13 is oﬁenad and the wafer is
mounted on the wafer holder 3.

Aftar mounting of the wafer on the wafer
holder 3, the gate valve 13 is closed, end the
reaction chamber 2 is evecuated to a vacuum degrée of

ca. 1 x 10~ 8

Torr.

In this Example, DMAH is fed thréuqh the first
gas line. As the carrier gas of DMAH line, Hz is
employed. The sacond gas line is used for H, and the
third gas line for SiZHG' By passing Hz through the
second gas line, the pressure within the reaction tube
2 is made a predetermined value by controlling the
opening of the slow leak valve 8. A typical pressure
in this Example is made approximately 1.8 Toﬁr. Then,
the wafer is heated bf current passage through the -
heater 4. After the wafer temperature has reached a
prdq.taryiﬁsd temperature, DMAH and S:I.ZH6 ars
introduced into the reaction tube through the DMAH
line and the 81236 line. The total pressure is ca.
1.5 Torr, and the DMAH partial pressure is made ca.
1.6 x 10° % Torr. The 8i,H. partiel pressure is made 2
x 10™° Torr. When 81,H; end DMAH ere introduced into
the reaction tube 2, Al-Si is deposited. After a

predetermined deposition time has elapsed, feeding of
_—
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DMAH and Si Hs is stopped Next, heating of the
heater 4_is stoppedto cool the wafer. Feeding of Hz'
gas is stopped, and after evacuation internally of the
reaction tube, the wafer is transferred to the
conveying chamber, and only the conveying chamber is
made atmospheric before taking out the wafer. The
cutline of Al-Si film formation is as described above.

Experimental example 8

$i substrates (N type, 1 - 2 ohm:cm) were
subjacted to thermal oxidation at & temperature of
1000 % according to the hydrogen combustioﬁ systenm
(Hy: 4 liters/M, 0,: 2 liters/M).

The film thickness was 7000 & + §00 &, end the
refractive index 1.46. A photoresist was coated on
the whole §1 substrate, and a desired pattern wes
baked by-an exposure machine. The pattern was such
that various holes of 0.25 um x 0.25 pm - 100 pm x 100
Am were opensd. After davelopment of the resist, with
the photoresist as the mask, the subbing 810, was
etched by the reactive ion etching (RIE), etc. to have
the substrate Si partially exposed.' Thus, 130 sheats

of samples having various sizeg of 810z holes of 0.25

opm X 0.25 pm - 100 pm x 100 pm were prepered, the

substrate temperature was set at 13 levels, and for

the samples each of 10 sheets at the'respoctive

~ temperaturas, Al-Si films were selectively deposited
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following the procedurae as desoribed above under the

following conditions:
Total pressure: 1.5 Torr
DMAH partial pressure: 1

' Sizﬂs partial pressure:

5 x 10-4 Torr
2 x 10~° Porx

The Al-Si Films deposited by varying the

substrate temperature at 13 levels were evaluated by

use of various evaluation methods. The results are

shown in Table 2.

..:,~————"”“;~——”~—‘—‘-———~—

as Been Replaced

i

This Sheet ‘

il

Q208



w »n e -
[ ] o '«n [=] (4] b
Table 2
\ Substrate | 1 50| 3180]200/260|270]300]|830(38350[370|400]/420{450(az0
Bvalu- temper- .
aticn ature .
lt“ \ ‘ .C) ‘
Carbon
conteat (1) ~]Jojo|ofoelo)|lofo]|ofo]o]| o |1~
Resistivity 2.1 a1 jar far far oz Yy lar e a1 |ur |aa
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Table 2 {( continued)

Note: No deposition occurs at substrate temperature of 150 °C.

Average wiring 1ife is time to wire breaking when current

'ls passed at a curxent density of 1 x 10 A/cm through a cross-
sectional area of 1 umzat 250 ‘C.

Spike generation ratio is destruction probability at the
junction portion of 0.15 ym depth.
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In the abova_sampleé. no Al-Si wes deposited

on 8i0, at a temperature range from 160 % +o 450 ¢,

2
and Al-Si uaa'depositad only on the portion with
openiﬁg of $10, to have §i exposad. Also, when
deposition was carried out'in the above temperature
range continuously for 2 hours,-similar selective
depositablity was maintained.
Experimental example 9 |

Following the seme procedure as in Example 1
to set the parameters as follows:

Total pressure: _ 1.5 Torr

DMAH partial pressure: 5 x 10™ % Torr

Substrate temperature (fsub): 300 °C
and the 31236 partial pressure was varied from 1.5 x
10-.2 Torr to 1 x 1074 Torr to effect deposition. The

Si content (wt.X) of the A1-Si filme were varied from

0.005-%-to 5 % approximately in proportion to the .

Si,H, partial pressure. As to resistivity, carbon
content, average wiring life, deposition speed,
hillock density and spike generation, the same results
as in Experimental example 8 were obtained. However,
in samples having a Si content of 4 ¥ or higher,
deposition was generated in the films which appeared
to be 81 to worsen surface morphology, thercby making
the reflectance 65 X or lowar. Samples having a Si

cantent of less than 4 % exhibited a refloctanca aof 80

-
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to 95 %, which was the same as in Experimental example
8.

Furthermore, similarly as in Experimental example 8§
selective depositability depending on substrate
surface material was also confirmed over the enlire
region. |
Example 7

First, the procedure of Al-Si film formation
is as follows. By the evacuation unit 9, the reection
tube 2 1s evacuated internally to ca. 1 x 10°° Torr.
Al-S1 film can be formed even if tha #acuum degree in
the reaction tube 2 nmay be worse than 1 x 10-8 Torr.

After washing of the Si wafer, the conveying
chamber 10 is released to atmospheric pressure and the
81 wafer is mounted in the conveying chamﬁer. The
conveying chember is evacuated to ca. 1 x 10-6 Torr,
then the gate valve 13 is opened and the wafer is- _
mounted on the wafer holde£ 3.

After mounting of the wafer holdér 3, the gate
valve 13 is closed and é#acuated.td a vacuum degree in
the reaction chember 2 of ca. 1 x 10~ 2 Torr.

In this Exanmple, the first gas line is uied

for DMAH. As the carrier gas for the DMAH line, Ar is

" employed. The second gas line is used for H,. The

third gas line is provided for Si,Hg.
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By passing Hz through the second gas line, the
pressure within the reaction tube 2 is made a ‘
predetermined value by controlling the opening of the
slow leak valve B. A typical pressure in this Example
is made epproximately 1.5 Torr. Thcn, the wafer is
heated by current passage through the heater 4. After
the wafer temperature has reached a predetermined
temperature, DMAH and s:lzl-lB are introduced into the

reaction tube through the DMAH line and the Si_H

276
line. The total pressure is ca. 1.5 Torr, and the

-4

DMAH partial pressure is made ca. 1.5 x 10 Torr.

When 81235 and DMAH are introduced into the reaction
tube 2, Al-Si 1s dQepoasited. After a predetermined.

deposition time has elapsed, feeding of DMAH and SiH,

- is stopped. Next, heating of the heater 4 1Is stopped

to cool the nater.. Feeding of H2 gas 1s stopped, and
after-evacuation internally of the reaction tube, the
wafer is transferred to the conveying chamber, gnd

only the conveving chambar is made atmospheric before

taking out the wafer. The outline of Al-S4i film

. formation is as described above.

Experimental example 10
Al-81 filni were formed'aocording to the

method of Example 7.' For the deposited films
obtained, concerning resistivity, carbon content,

average wiring life, deposition speed, hillock density,

—‘_‘—‘————~———_______
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generation of spike and reflactance, the ssme results
as in Experimental example 8 were obtained.

Also, selective depositability with subétrate'
was the same as in Experimental exampla 8,
Experimentael example 11 | |

Following the same procedure as in Example 7
to set the paremeters as follows:

Total pressura: 1.5 Torr

DMAH partial pressure: 5 x 1074 Torz

Substrate temperature (Tsub): 300 °C
and the 812H5.part1a1 praessure was varied fﬁom 1.6 x
1077 Torr to 1 x 10~ % Torr to effect deposition. The
Si content {(wt.X) of the Al-S1 f£ilms were varied from
0.0056 % to § % approximately in proportion to the
Sizne partial pressure. As to resistivity, carbon
content, average wiring life, deposition speed,
hillock. density aﬁd spike generation, the same results
as in Experimental exemple 8 were obtained. However,
in eemples baving a Si conteat of 4 % or higher, .
deposition was generated in the films which appeared
to be Si to worsean surface morphology, thereby making
fho reflectance 65 % or lower. Samples having a Si
content of less than 4 % exhibited a reflectance of B8C
to 95 %, which was the same as in Experimentel exanple
8. Furthermore, similerly as in Experimental example"

8, selective depositability depending on substrate

:\
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surface materisal was aiso confirmed over the entire
region.
Example &

This Example is selective deposition of Al-Si'
according to the low pressure CVD method.

Experimenfal example 12

By means of the reduced pressure CVD device
shown in Fig. 2, Al-Si films were formed on the
substrates with the constitutions as described below
{Samples 5-1 ~ 5-179).

Preparation of Sample 5-1 |

On & monocrystalline silicon as the electron
donative first substrate surface material, a thermally
oxidized Sio2 film as tha elsctron non-donative second
substrate surfaece material was formed, and patterning
was effected according to the photolithographic steps
as shown in Experimental example 8 to have the -
monocrystalline silicon surfece partially exposed.

The film thickness of the thermally oxidized
Si0, film was found to be T000 i, with the size of the

exposed portion of the monocrystalline silicon, namely -

opening being 3 um x 3 um. Thus, Sample §5-1 was

prepared. (Hereinafter, such sample is expressed as

"thermally oxidized $10, (hereinafter abbreviated as T-

Sioz)/monocrystalline gilicon").

Preparation of Samples 5~2 - §-179

- __
Thls Sheet Has Been

LTI

Q212



L RECSIYED 82/23 11:57 1996 AT S330694
88 02/23 13:02 .03 3211 5038 ORABE TOKY0-2

10

20

PAGE 213 (PRINTED PAGE 21%) )
~+++ DREW

THIS SHEET HAS BEEN
- el- _ REPLACED

Sample 5-2 is en oxidized film formed by

normal pressure CVD (hereinafter abbreviated as

. 5i0,) /monocrystalline silicon.

Sample 5-3 is a boron doped oxidized fi;m
formed by normal pressure CVD (héreinafter abbreviated
as BSG) /monocrystalline silicon.

Sample 5-4 is a phosphorus doped oxidized film
formed by normal pre@sure CVD (hereinaftér abbreviated
as PSCG)/monoorystalline silicon.

Sample 5-5 is a phosphorus and boron doped
oxidized film formed by normal pressure CVD
(herainafter abbreviated as BSPG)/monocrystalline
silicon formed by nofnal praessure CVD.

Sample §-6 is a nitrided film formed by plasma
CVD (hereinafter ahbreviated as P-S:N)/monocrystalline
silicon. '

- . ..Sample 5-7 is & thermally nitrided.film -
(hereinafter abbreviated as T-S:N)/monocrystalline
silicon.

Sample 5-8 is a nitrided film formed by low
prossure CVD (hereinafter sbbreviated as LP-
S:NI/nonoerystalliné silicon.

Sample 5~9 is a nitrided film formed by ECR
device (hereinafter aebbreviated as ECR-
SiN)/monocrystalline silicon.

Further, by combinations of the elactron

—_—
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donative first substrate surface materials and the
elactron non-donative second suhstraté surfage
materials, Semples 5-11 -~ 5-179 shown in Table 3 were
prepared. As the first substrate surface material,
monocrystalline silicon (monoorystalline Si},
polycrystalline silicon {polycrystalline 8i),
amorphous silicon (emorphous Si),.tungsten (W),
molybdenum {Mo), tantalum (Ta)}, tungsten silicide
(WSi), titanium silicide (Tisi), aluminum (Al),
aluminum silicon (Al-Si), titanium aluminum (Al-Ti),
titanium nitride (TiN), copper (Cu), aluminuﬁ eilicon
copper (Al-Si-Cu), aluminum palladium (Al-Pd),
titanium (Ti), molybdenum silicide (Mo-Si), tantalum
sflicide (Ta-51) were employed. Thase samples and
51203 substrates, Sio2 glass substrates ware placed in
the low pressure CVD device shown in Table 2, and Al-
81 films were formed within the same badge. The film
forming conditions were & reaction tube pressure of
0.3 Torr, a DMAH partial pressure of 3.0 x 10 > Torr,
a 8i HG partial pressure of 1.0 x 10 -6 forr, a

substrate tamperature of 300 °C and & film formation

‘time of 10 minutes,

As the result of film formation under such
conditions, concerning all the samples appliad with
patterning from Sample 5-1 to 5-179, depositioﬂ'of Al-
8i £ilm occurred only on the electron donative first

T
~* This Sheet Has Been

HIMI’ L Wi~



{ RECEIVED 82/23 11:58 1996 AT 5338694 : PABE 215 (PRINTED PABE 21g) ]

10

15

20

25

98 02/23 13:03 €03 3211 5035

OKABE TOKYO-2 +++ DREW

THIS SHEET HAS BEEN
REPLACED

- 63 -~

subsatrate surface film to embed completely the opening
with the depth of 7000 i. The film quality of the Al-
Si film was fouﬁd to be very good, exhibiting the same
properties as one prepared-at a substrate temperature
of 300 °C shown in Experimental example 8. On the
other hand, on the second substrate surface which is
elactron non-donative, no Al-Si film was deposited at
all, whereby complete selectivity was obtained. 0On
both the A1,0, substrate and the Si0, glﬁss substrate
which are slectron non-donative, no Al-Si film was
depogitad at all. |

Experimental exampie 13

By use of the low presgure CVD device shown in
Fig. 2, Al-81 film was formed on the substrate with
the constitution as described below.

On a thermally.bxidiéed £ilm es the electron
non~donative second substrate surface material, a- _
polycrystalline Si as the electron donative first
substrate surface matoriallwas formed, patterning was
effocted according to the photolithographic steps as
shown in Experimental example 8 to have the thermally

oxidized film surface partially exposed. The film

thickness of the polycrystalline silicon at this time

was 2000 X, with the size of the thermally oxidized
£film exposaed portion, namely opening being 3 um x 3
pm. Such sample is called 6-1. By combinations of

r‘\‘-h—‘_‘-“‘*‘-\~_
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the electron non-donative second substrate surface
matériala,{T-SiOZ, CVD-SiOz, BSG, PSG, BPSG, P-SiN, T-
SiN, LP-SiN, ECR-S:N) and the electron-donative first
substrate surfece materials (polycrystalline Si,
amorphous Si, Al, W, Mo, Ta, WSi, Tis{i, TﬁSi, Al-8i,
Al-Ti, TiN, Cu, Al-si-Cu, Al-P4d, Ti, Mo-Si), Samples
of 6~1 - §-169 shown in Table 4 were prepared. These.
samples were placed in the low CVD device shown in
Fig. 2, and Al-Si film was formed within the same
badge. fhe filn forming conditions were a reaction
tube pressure of 0.3 Torr, & DMAH partial pressure of
3.0 x 10"5 Torr, a SizHG partial pressure of 1.0 x 10
6 Torr,a substrate tempersturs of 300 °C and a film
forming time of 10 minutes. As the result of film
formation under such conditions, in all the samples

from 6—-1 to 6~169, no Al-Si film was deposited at all

-at -the opening having the electron non-donative second

substrate exposed, but Al-Si of about 7000 & was
deposited only on the electron donative first
substrate, whereby complete selectivity was obtained.
The film quality of the Al-S1 film deposited was found
to be very good, exhibiting the same properties as one
prepared at a substrate temperature of 300 °C in

Experimental example 8.

_
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| {note) Numeral

shows sample No.
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. Table 4 {continued)
seti] i | oo | A% | aeeal T | wo-st| 1a-si
. : ~Si-Cu} '
T-5t0, | 6-at | g-100| e~rta| e-t20 s-131| s-141 s-151| 6-181
S0, | 6-92 | e-t02] s-m2| s-122| s-132] s-142| 6-152} G6-162
BS6 6-93 | 6-108| 6-123| 6-123] 6-133) €-143| 6-153| 6-163
pse 684 | 6-104] 6-114 | 6-124| &-134| 6-144 | 6-154 | 6-14d
BPSE | G-95 [ 6~105| 6-115| 8-126{ 6-135] 6-145| €-155] G-168
p-SiN | 6-g6 | 6~106| €-116|. e<t26| s-136| 6-146 | 6-156| 6-186
T-SIN | 697 | 6-107| 6<117| &~127| 6-137) 6-247| 6-157| 6-167
AP-SIN | 6-98 | &-108| 6-118| 6-128| 6-138| 6-148] 6-158| 6-168,|
ECR~SIN |- 6~09 | 6-109| 6<119 | 6-129| 6-139] 6-349 | §-158| 6-16¢ |-

.

(note) Numeral shows sample No.
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Experimental example 14

When deposition was carried out according to
the same procedure aé shown in Experimentél example 8.
by use of MMAH2 as the starting gas and setting the
conditions as follows: '

Total pressure: 1.5 Torr

4 pory,

MMAHz partial prassuga: 5§ x 10

3i,H, pertial pressure: 1 x 1075 Torr
in the temperature renge of the substrate temperature
from 160 °C to 400 °C, an Al-Si thin film containing
no carboan impurity and ha#ing excellent flatness,
danseness'and selectivity with the substiate surface
materials was deposited similariy as in Experimental
example 8. |

Experimental example 15

When deposition was carried out by following

the procedure of Experimental example 8§, but - .

~substituting s:u-!,1 for Si H, as the starting material

containing 5i end setting the conditions as follows:
Total pressure: 1.5 Torr
DMAK partial pressure: 5 x 10 % Torr,
SiH

4
in the temperature range of the substrate temperature

partial pressure: 1 x 1075 Torr

from 160 °C to 400 °C, an Al-Si thin film containing
no carbon impurity and having excellent flatneass,

denseness and selectivity with the substrate sur:aca
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materials was deposited similarly &s in Experimental
example 8.

Comparative experiment

An Al film was formed on a monocrystalline
silicon under the following conditions.

By peassing Ar in place of Hz, Al was deposited
by pyrolysis of DMAH. The total pressure at this time
was made 1.6 Torr, fha DMAH partial pressure 1.5 x 10
4 Torr, and the substrate temperature of 270 -~ 350 °cC.

Whan the Al film thus formed was evaluated,
sbout 2 % of carbon was found to be contained at the
pinipum,

Resistivity became greaster by 2-fold or more
than the case when hydrogen was employed.

As to reflectance, it was lowered ta about 1/3
to 1/9 relative the case when hydrogen was employed.

- - 8imilarly, wiring 'life was shorter by 1 to 2
cipher, generation probability of hillock became
greater by 2 cipher or more, and & large ﬂumber of
spikes were found to be generated.

As to the deposition speed, it was lowered to
1/2 to 1/4.

| As dascr;bed above, Al deposited only by
decomposition of DMAH without use of H, ie inferior in

film quality, and was unsatisfactory as the Al film

for a gemiconductor device. §‘““‘“*---____‘~\
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Separate;y, without use of.Hz, DMAH was
decomposed by the optical CVD method to deposit Al,

As the result, some improvement such as no containment
of carbon, and the like was observed from as the Al
£ilm prepared as compared with the case when no light
was employed, but other characteristics were not
improved so much, and the Al film was still
unsatisfactory as the Al film for a semicondustor
device. .

As described above, the mechanism of Al
doposition according to the present invention may be
présently hypothesized as follows.

When DMAH reaches the electron donative
substrate, namely the substrate having electrons under
the state on which hydrogen atoms are attached (Fig.’
4A) with the methyl groups directed toward the
substrate side, one electron of the substrate cuts one
bond of Al and a methyl group (Figs. 4B and 4C).

The reaction scheme at this time is as
follows: _

(CHg) ,AlH + 2H + 2e — zcn4t + Al-H.

Further, similar reactions will proceed for
the hydrogen atoms remaining on deposited Al having
free electrons (Fig. 4D). Here, when hydrogen atonms
are deficient, hydrogen molecules constituting the
reaction gas are decomposed on the substrate to supply

\
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hydrogen atoms. On the other hand, since there is no

electron on the electron non-donative surface, the

above-mantioned reaction will not proceed and no Al

deposited.

Figs. 4A - 4D are illustrations for better

understanding of the reacion mechanism, and the

numbers of H, e and Al shown in Figs. 4A - 4D are not

necessarily coincident.

In the gase of an Al-Si f£film, Si atoms are

incerporated into Al during the process of the

reaction as described above.

As described above, according to the present

invention, a low reaiétivity, dense and flat Al-Si

film couvld be déeposited on a substrate.

Also, depanding on the kind of the subsatrats,

Al-Si can be formed with excellant selectivity.

_
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comprising the steps of:

(a) providing a substrate having an elsctron
donative surface (A) in a space for formation of the
deposited film;

{b) introducing a gas of an alkyl aluminum
hydride, a gas containing silicon atoms and hydrogen
gas intoc said space for formatlon of deposited film;
and |

{¢) maintaining the temperature of said‘alectron
donative sur!acé (A) within the range of from the
decomposition temperature bf sajd aikyl aluminum
hydride to 450 °C to form an aluminum film containing

silicon on said electron donative surface (A).

2. ... The process according to Claim 1, wherein.
said alkyl aluminum hydride is dimethyl aluminum
hydride.

| 3. The process according to Claim 1, wherein
said alkyl aluminum hydride is monomethyl aluminum

hydride.

4. The process according to Claim 1, wherein

- sald subetrate i1s constituted of a material selected

T L LU
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from single monocrystalline silicon, polycrystalline

silicon and amorphous silicon.

s. The process according to Claim 1; wherein
gaid substrate is a I1I-V compound saemiconductor
containin§ an element belonging to the group III of
the periodic table and an element belongihg to the

group V of the periodic table.

6. The process according to Claim 1, wherein

.said substrate is a II-VI compound semiconductor

containing an elesment belonging to tha group II of the
periodic table and an element belonging to the group

Vil of the perlodic table.

7. The process according to GClaim 1, wherein

said substrate is a metal containing at least one

_elenent selected from ttngsten, molybdenum, tantalum,

aluminum, titanium and copper.

‘8, The process according to Claim 1, wherein

said substrate is a metal.

9. . The process according ta Claim 1, wherein

said substrata_:s a somiconductor.
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10. The process according to Claim 1, wherein

said substrate is silicide.

11. The process according to Claim 1, wherein

said aluminum film is monoorystalline.

12. A process for forming a deposited £ilm
comprising the steps of:

(a) providing a substrate having an electron
donative surface (A) and an electron non-donative
surface (B) in s space for formation of the deposited
film;
- {b) intraduCing a gas of an alkyl alumipum
hydride, a gas containing silicon atoms and hydrogen
gas into s=zid space for formation of the daposited
£film; and

. {g)..mainteaining the temperature of gaid electron
donative surface {A) within the range of from the
decomposition temperature of said alkyl sluminum
hydride to 450 °C to form ap aluminum film containing
silicon selectively on said electron donative surface

(a).

13. The p:ooesé according to Claim 12, wherein
said alkyl aluminum hydride is dimethyl aluminum
hydride.
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14. The process according to’' Claim 12, wherein
said alkyl eluminum hydride is monomethyl aluminum

hydride.

15. The process according to Claim 12, wherein
said electron donative surface (A) is formed of a
material selected from monocrystalline silicon,
polycrystalline silicon and amorphous silicon, and
said electron non—donative surfece (B) is formed of an

insulating material.

16. The process according to Claim 12, wherein
said electron donative surface (A) is formed of a III-
V group compound semiconductor containing an element
bhelonging to the group III of the periodic table and
an element belqnginq to the group V of the periodic
table; and said electron non~donative surface (B) is

formed of an insulating material.

1z. The process according to Claim 12, wherein
said electron donative suiface (A) is forﬁed of a II-
Vi group compound semiconductor containing an element
belonging to the group II of the periocdic table and an
element beionging to the group VI of the periodie
table, and said electron non-donative éurfaca (B) 1is

formed of an insulating material.
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18. The process accor&ina to.Claim 12, wherein
said electron donative surface (A) is formed of a
metal containing at least one element selected from ' g
tungsten, molybdenum, tantalum, aluminum, titanium and
copper., and said electron nqn-donatiée surface (B) is

formed of an insulating material.

19. The process according to Claim 12, wheredin
said elactron donative surface (A) is formed of a
metal and said electron non-donative surface (B). is

formed of an insulating material.

20. The process according to Claim 12, wherein
said electron donative surface (A) is formed of a
semiconductor and said electron non-donative surface

(B) is formed of an insulating material.

21. The process according to Claim 12, wherein
said @lectron donative surface (A) is formed of
silicide and said electron non-donative surface (B) is

formed of an insulating material.

22, A process for forming a deposited film,
which compriees depositing eilicon-containing aluminum
on a subatrate according to the chemical vapor

deposition method utilizing a gas of an alkyl aluminum
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hydride, a gas containing silicon atoms and hydrogen

gas.

23. A process for forming & deposited £ilm,
which oompfiaas selectively depositing silicon-
containing eluminum according to the chémical vapor
deposition method utiliging a gas of an alkyl aluminum
hydride, a gas containing silicon atoms and hydrogen
gas on a substrate having an insulating surface and an

electroconductive surface.

24. The process acoording to anyone of claims 1,
12, 22 end 23, wherein the gas containing silicon

atoms is selected from 8iH,, Si,H;, Si Hg, Si(CH,),,

Si014' SiHZClz and 5133c1.
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25. A péocass for forming a film on & substrate by

- chemical vapour depogition which comprises reacting an

alkyl aluminium hydride, a gaseous material containing
silicon atoms and hydrogen to form a £ilm containing

aluminium atoms and silicon atoms.

26. A process according to claim 25, wherein the film

formed containg aluminium as main component.

27. A process for forming a film on a substxete by
chemical vapour deposition which comprises reacting an
alkyl aluminium hydride and hydrogen to form a film

containing aluminium atoms.

28. Use for the formation of the wiring of a
semicondnétor integrated oirculit of Al-Si wiring
formed by chemical vapour deposition from an alkyl
aluminium  hydride, a gaseous material ocontaining

silicon atoms and hydrogen.
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