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1 ‘ PROCESS FOR FORMING METAL DEPOSITED FILM

CONTAINING ALUMINUM AS MAIN COMPONENT BY

USE OF ALKYL ALUMINUM HYDRIDE

5 BACKGROUND OF THE INVENTION

Field of the inventiqn

This inﬁention relates to a process for
forming & deposited £ilm, particulsrly a process for
bt forming a deposited film composed mainly of Al and
10 containing additives such as Ti, Cu, etc. which can be
ﬁreferably applied to eleotrodes:or wiring of a
semiconductor integrated ciréuit device, etec.

Related background art

In the prior art, in electronic devices or

15 integrated circuits by use of semiconductors, for

electrodes and wiring, aluminum (Al) or a metal
containing aluminum as main component such as A1-5i - -
and the like has been pri;n_ari_ly used., Al has many
advantages such that it is inexpensive aﬁd high in

20 ' electroconductivity, that it can be also internally
chemically protected because a dense oxidized film can
be formed on the surface, and.théf it has good
adhesion to 8i, etc.

Ae the method for forming a film for
electrodes and wiring of Al or Al-Si as mentioned

25
above, there has been used in the prior art the
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_eputtering method such as magnetronjsputtaring, etc.

Howeéer, se;ective doposition and selective
growth can not be realized by the suputtering method
which has been used in the pfior art. The sputtering
is the physical deposition method based on flying of

sputtered particles in vacuum, the film thickness at

the stepped portion or the insulating film side wall

becomes extremely thin, leading to wire breaking in an
extreme case. Nopuniformity of film thickness or wire
breeking has the drewback that reliability of LSI is
markedly lowered.

On the other hand, since the integration

" degree of the ihtegrated circuit such as LSI, etc. is

increased, and fine formation of ﬁiring or multi-layer
wiring has been particularly required in recent vears.,
there is an increasing severe demgnd not found up fo
date.for Al or ‘Al-51i wiring ¢of the prior art. With
finer dimensional formation by increased integration
degr;e, the surface of LSI, etc. is subject to
excessive unevenness due to oxidation, diffusion, thin
£ilm deposition, and etching, etc; For example,
electroées or wiring metal must be deposited on the
surface with a ;tepped difference, or deposited in a
via-hole which is fine in diameter and deep. In 4

Mbit or 16_Mbit DRAM (dynamic RAM),. etc., the aspect

ratio (via-hole depth/via-hole diameter) of via;hole

i TietﬁIT'ﬂienlI[ﬁaced
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in which a metal composed mainly of Al such as Al-Si,

_etc. is to be deposited is 1.0 or more, and the.via-

hole diasmeter itself also becomes 1 pm or less.
Therefore, even for a via-hole with large aspect

ratio, the technique which can deposit an Al-S5i

compound is reguired.

Particularly, for performing sure electrical
connection to the devide under insulating film such as
8102, etc., rather than film formation, Al-Si 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 8i or metal surface and

not depositing it on an.insulating-film such_as Sioz.
etc. is required.

As the improved sputtering method, there has
been developed the bias sputtering method in which a
bias is applied on a substrate and deposition is
performed so as to embed Al or an Al-Si compoun& only
in the via-hole by utilizing the sputter etching
action and the deposition action on the substrate
surface. However, since the bias voltage of some 100
Vv 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, etc. Also, because of presence of both etching

action end deposition action, there is the problem’

O T
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that the déposition speed cannot be essentially

. improved.

In order to solve the problems as described
ahove, various types of CVD {Chemical Vapor
Deoposition) methods bave been proposed. In these
methods, chemical reaction of the starting gas in some
fofm is utilized. 1In plasma CVD or optical CVD,
decomposition of the starting gas occurs in gas phase,
and the active species formed there further rescts on
the substrate to give rise to film formation. Imn
these CVD methods, surface covefage on unevenness on
the substrate surface is good. However, carbon atonms
conteined in the starting gas molscule are
incorporated into the film. Also, particularly in
plasma CVD, the problem remained that there was damage
by charged perticles {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 surface,
etc. Also, it can be expected that depositibn within
via~hole will readily occur. Further, wire breaking
at the stepped portion can be avoided. Furthermore,
there are not ceaused damages by charged particles

which have been aobserved in the case of the plasma CVD

This Sheet Has Been Replaced -
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or the sputtering method. The methods of such a kind
include, for example, the method seen in Journal of
Electrochemical Society, Vol. 131, p. 2175 (1984). 1In
this method triisobutyl aluminum (i—G¢H9)3A1 (TIBA) 1is
used as organic. aluminum gas and sn Al film is formed
at a film formation temperature of 260 ¢ and a
reaction tube pressurs of 0.5 Torr. The substrate
temperatura is then mgintained at about 450°C and 81H4
is introduced to diffuse S1 in the Al film, thus
obtaining an AJ-81i film.

When TIBA is to be used, a continucus film can
not be obtained unless pretreatment is effected in
which prior to film formation, TiCl, is flowed ta
aotivate the substraté surface to form nuclei.
Furthermore, in case where TIBA is used, there is a
problem that surface flatness i1s not sufficient even
when 11014 is used. By this method it is not possible
to effect selective growth such as Al-8i deposition
only in via-holes.

As enother method, there can be mentioned the

nethod described in Japanese Journal of Applied

Physics, Vol. 27, No. 11, p. L2134 (1988). In this

method, TIBA and SiZH6 diluted with Axr gas are
supplied, and the gases are heated before TIBA reaches
the substrate. By this method, an Al-Si .film of a low
rasistivity can be epitaxially grown on a Si(100)

B «
. R
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1 wafer. Although the film obtained by this method has
. good high quality, there are involved the problens
that control is difficult due to necessity of heating
the gases and that apparatus for effecting this method

5 is complicated.

Jepanese Laid—-Open Paient Application No. 63—
33569 describes a method of forming & film by using no
TiCl4, but using in place thereof organic aluminum énd
s heating it in the vicinity of the substrate.

10 According to this method, Al can be deposited -
selectivaly only on the metal or semiconductor surface
from which the naturally oxidized film has been
removed.

In this case, it is clearly stated that the

15 step of removing the naturelly oxidized f£ilm on the
substrate surface is necessary before introduction of
TIBA. Also, it is described that, since TIBA can be
used alone, no carrier gas is required to be used, but
3r gas may be also used as the carrier gas. However,

the reaction of TIBA with another gas (e.g. Hz) is not

20
contemp;ated at all, and there is no description of
use of H, as the carrier gas. Also, in addition to
TIBA, trimethyl aluminum (TMA) énd triethyl alumninum
(TEA) are mentioned, but.there is no specific

a5 descxiption of other organic metals. This is because,

. . since the chemical properties of organic metals

is Sheet Has Been Relilaccd
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generally very greatly if the organic substituent

. attached to the metal elemsnt varies little, it .is

necessary to invéstigate individually by detailed

experimentation to determine what organic metal should

be used.

In the CVD method as described above, not only

there is an 1nconvenience that the naturally oxidized

£ilm mﬁst bhe removed, but also there is the drawback

that no surface emoothness can be obtained. Also,
there is the restriction that heating of the gas is
necessary, and yet heating must be done in the
vicinity of the substrate. Besides, it must also be
aexzparimentally determined at what poximity to the
substrate heating must be done, whereby there is also
the problem that the plagce for setting the heater
cammot be necessarily freely chosen.

In the pre-text of the 2nd Symposium of
Electrochemical Society, Brench of Japan (July 7,
1989), on page 75, there 1s a description of f£film
formation of Al according to the double wall CVD
method. In this method, TIBA is used and the device
is designed so that the gaé temperature of TBA can be
made higher than the substrate temperature. This
mathod may be also regarded as & modification of the
above-mentioned Japanese Laid—open Patent Application

No. 63-33569. Also in this method, Al can be

heet Has Been R laced ’
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selectively grown only on @ metal or semiconductor,

. but not only the difference beétween the ges

temporature and the substrate surface temperature can

be controlled with difficulty, but also there is the
drawback that the bomb and the pipeline must be
heated. Moreover, according to this method, there a;e
involved such problems that no uwnifoxrwm continuous film
can be formed, that flatness of the film is poor,
etc., unless the film is made thick to some extent.

As set forth sbove, the prior art methods have
the problems to be solved that it is difficult to
obtain a flat Al-Si film of a low resistivity and good
quality, that thers is considerable limitation in
apparatus and in f£film formation.

As described above; prior art methods camnot
necessarily effect woll selective growth of Al-8i, and
even if possible, there is a problem with respect to
flatness, resistance, pﬁrity, etc. of the Al film
formed. Also, there has been involved the problem
that the film formation method is complicated and can
be controlled with difficulty. |

Accordingly, the present inventors, in order
to investigate about the wiring material itself, have
made investigations by forming a deposited film of '51-
Ti, Al—Cu or Al-8i-Cu according to the sputtering

method by use of Al-Ti, Al-Cu or Al-Si-Cu as the

This Sheet Has Been Reﬂlaced a
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target.
However, no film of good quality satisfying

the requirements as described asbove in flatness,
denseness, selectivity superior over Al could be

obtained in the metbod of the prior art.

SUMMARY OF THE INVENTION

As described above, in the technical field of
semiconductors in which higher integration has been
dezired in recent years, for providing inexpensively &
seniconductor device which is more highly integrated
and also made higher in performances, there remained
many rooms to be improved.

The present invention has been acconplished in
view of the technical tasks as described above, and an
ohject of the present invention is to provide a
process for forming a deposited film composed mainly
of Al and containing an additive which can form a film
of good quality as the electroconductive material at a
desired position with good controllability.

.Another object of the present invention is to
provide a process for forming a deposited film |
compeosed mainly of Al and containing an additive which
can obtain a film which has extremely broad general
purpose utility and vet is of good quality, without

requiring partiocularly no complicated and expensive

h&ﬂfhsBamIkThmm
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deposited film forming apparatus.

Still another cbject of the present invention
is to provide @ process for forming a deposited film
composed mainly of Al and containing an additive which
can form a film excellent in surface characteristic,
electrical characteristics, purity, etc. according to
the CVD method utilizing alkyl 2luminum hydride,

hydrogen, and a gas containing et lesst one additive

element selected from Ti and Cu.

Still another objsct of the present invention
is to provide a process for forming a deposited film
composaed malinly of 4] and containing an additive
which ie extremely broad in general purpose utility
and excellent in selectivity, without requiring
particularly a complicated and expensive deposited
film forming apperatus.

Still another object of the present invention
is to pravide 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 containing at least one
additive element selected.from Ti and Cu.

Another object of the present invention is ‘o
form a deposited f£ilm excellent in flatness,
denseness, and also strong in elecromigration, stress

migration.

i
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1 Another objeot of the present invention is to

. form a deposited film sufficiently applicable to a
semiconductor integrated circuit device in which
~wiring of, for example, 1.0 pm or less is desired.

5 - Anothey object of the present invention is to
provide a process for forming a deposited film
comprising the steps of: |

| (a) providing a substrate having an electron
~ donative surface (A} and a electron non-donative

10 surface (B) in a space for formation of the deposited
fiim;

{b) introducing a gas of an alkyl alumipum
hydride, a gas containing titanium atoms and hydrogen
gas into the space for formation of the deposited

15 film; and

(c) ma;ntaining the temperature of the
electron donative surface (A) at a temperature not
lower than the decomposition temperature of the alkyl
aluminum hydridé and not higher than 450 9% to form an

20 aluminum f£ilm containing titanium selectively on the
electron donative surface (A).

Another object of the present invention is to
provide & process for forming a deposited film
comprising the steps of:

{a) providing a substrate having an ¢lectron

donative surface (A) and a electron non-donative .. ..;.' ...«
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surface {B) in a space for formation of the deposited
film;

(b) intraducing a gas of an alkyl alunipum
hydride, a gas containing titanium atoms, a gas
containing silicon atoms and hydrogen gas into the
space for formation of the deposited film; and

{c) mainteining the temperature of the
electron donative surface (A) at a temperature ﬁot
Jower than the decomposition temperature of the alkyl
aluminum hydride and not higher than 450 °C to form
an alumninum film containing titanium and silicon
selectively on the electron denative surface (A).

Another object of the present invention is to
provide a process for forming & deposited film
comprising the steps of:

(a) providing a substrate having an electron
donative surface in a space for formation of the
deposited film; | '

(b) introducing'a gas of an alkyl sluminum
hydride, a gas containing titanium atoms and hydrogen
gas intp the space for formation of the deposited
film; and

{c) maintaining the temperature of the
electron donative surface at a temperature not lower

than the decomposition temperature of the alkyl

~ aluminum bydride and not higher than 450 0c.to form an

, . v :
o° . o 5, ee,
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.1 aluminum £ilm containing titanium on the @lectron
. donative surface.
Another object of the present inventien is to
provide a process for forminé a depusited film
5 comprising the steps of:
| (aj providing a substrate having an electron
donative surface in a space I[or formation of the
deposited film; _
~ {b) introducing a gas of an alkyl aluminum
10 hydride, a gas containing silicon atoms, & gas
containing titanium atoma and hydrogen gas into the
space for formation of the deposited film; and
{c) maintaining the temperature of thé
electron donative surface at a temperature not lower
15 than the decomposition teﬁparature of the alkyl
aluminum hydride and not higher than 4650 °C to form an
gluminum film containing silicon and titanium on the
‘electron donative surface.
Another object of the present invention is to

provide a process for forming a deposited film

20
compris;ng the steps of:

() providing a substrale having an electron
donative surface in a space for formation of the
deposited film;

25 (b) introducing a gss of an- alkyl aluminum

hydride, a gas containing Cu and hydrogen gas into the

-
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space for formation'of the deposited f£film: and

{¢) maintaining the.temperature of the -
electron donative surface at a temperature not lower
than the decomposition temperature of the alkyl

aluminum hydride and not higher than 450 °C to form en

aluminum £film on the electron donative surfaca.

Another object of the present invention is to
provide a process for forming a deposited film
comprising the steps of:

{a) providing a substrate having an electron
donative surface in a spage for formation of the
deposited film;

{b) introducing a gas of an alkyl aluminum
hydride, a gas containing Si, a gas containing Cu and
hydrogen gas into the space for formation of the
deposited £ilm; and

{c) maintaining the temperature of the
electron daonative surface at a temperature not lower
than the decomposition temperature of the alkyl
alumjnum hydride and not higher than 450 °C to form an
aluminum film on the electron donative surface.

Another object of the present iavention is to
provide a process for forming a deposited film
comprising the steps of:

{a) providing a substrate having an electron

donative surface (A) and a@.electron oon-donative. . ... .

. ame .
s -t . - L. Ca R I R
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aluminum hydride and not higher than 450 °C to form en
aluminum film selectively on the electron donative

surface (A).

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a scﬁematic view for illustration of
a suitable deposited film forming apparatus in
praoticing the depoaited film forming process
according to the process of the present invention.

Fig. 2 is a schematic view for illustration of
sncther suitable deposited film forming apparatus in
practicing the deposited £ilm forming process
ﬁccording to the present invention.'

Figs. 3A - 3E are schematic sectional views
for illustration of the depoeited film forming process
according to one embodiment of the present invention.

Figs. 4A - 4E are illustrations for explaining
rformation of source and drain electrodes in contect
holes of a gate insulation type transistor.

Figs. BA — 5D are illustrations for explaining
the mechanism of Al deposition according to the

present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments according to the present

invention are described in detail bélow. but the,

This Sheet Has Been Re‘placed
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present invention is not limited by these embodiments,

.and it may have a constitution which mcocomplishes the

object of the present invention.

One preferred embodiment of the present

-invention is & process for forming a deposited film

comprising the steps of:

{a) providing a substrate having an electron
donative surface {(A) in a space ftor formation of the
deposited film;

{(b) introducing a gas of an alkyl aluminum
hydride, a gas containing en additive such as Ti, Cu,
etc. and hydrogen gas into the space for formation of
the deposited film; and

(¢) maintaining the temperature of the
electron donative surface {A) within the range of from
the decomposition temperatﬁre of the alkyl aluminum
hydride to 450 ©C to form an aluminum £ilm containing
the additive such as Ti, Cu, etc. on the electron
donative surface (A).

It is also preferred to additionally use a gas
containing Si atoms to thereby form an Al film
containing Si atoms end the additive such as Al-8i-Ti,
Al=S$i-Cu and the like.

Further, another preferred embodiment of ihe
present invention is a process for forming a deposited

film comprising the steps of:

This Sheet Has Been Reﬂlaced
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1 {a} providing a substrate having an electron

. donative surface (A) and a electron non-donative

surface (B) in a space for formation of the deposited
Film; | |

5 (b) introducing & gas of an alkyl asluminum
hydride, a gas containing an additive such as Ti, Cu,
aete. and hydrcgeh gas into the space for formation of
the deposited film; and

~ (c) maintaining the temperature of the

10 electron donative surface (2) within the range of from
the decomposition temperature of the alkyl aluminum
hydride to 450 °C to form en aluminum film containing
the additive such as Ti, Cu, etc. selectively on the
electron donative surface (4).

15 It is also preferred to additiocnally use a gas
-containing Si atoms to thereby form an Al film
bontsining Si atoms and the additive such as Al—Si;Ti.
Al-S8i-Cu and the like.

In the following, prior to detailed

20 description. tirst, the process for forming a

deposited film by use of an organic metal is outlined.
The decomposition reaction of an organic

lmetal, and hence the thin film deposition reaction

will vary qreaflv depending on the kind of the metal

25 atom, the kind of the alkyl bonded to the metal atom,
the means of causing the decomposition reaction to

Y

‘e

. . - .
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occur, ths atmospheric gas, eto.

For example, in the case of'm-R3 (M: the. group
IIX metal, R: alkyl group), trimethyl gallium:

CGHs

Clla-Ga”
2 ~Elg

in thermal decomposition undergoes radical cleavage
wherein Ga—CI-I3 bond is cleaved, while triethvl

gallium: Cal
I .
C2lig-Ga "
T~ CaHy

in thermal decompo=sition is decomposed through 4~
eliminatian into:
o Calg

H

Cofls—Ga

and 02H4. On the other hand, trietbyl aluminum

attached with the same ethyl group:

Cafly
Calig—pg— 2%
~CaHs

in thermal decomposition undergoes radical
decomposition in which Ai-CZH5 is cleaved., However,
tri-iso~butyl aluminum having 1G4H9 bonded therein:
LT _iCyHe .
.10439"' Aﬂ\icq l-lg
is subject to A-elimimation.
' Trimethyl aluminum (TMA) comprisging 033 groups

and Al has a dimer structure atf room tewperature: . - e

-~
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L cH
/C!ls\ kﬂ./ 3

. Cﬂz-\
A'ﬂ\cﬂz/ . T—Cls

CHs

and thermal decomposition is radical decomposition in

10

‘5 /

20
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which Al-cn3 group is cleaved, and at & tempexrature of

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

CH4, and forms finally Al.

However, at a high temperature of 300 % or
higher, even if HZ may be present in the atwmosphere,
UH3 group will withdraw H from the TMA molecule, until
finally Al-C compound is formed.

Also, in thé casa of TMA, in light or a
certain region controlled in electric power in Hz
atmosphare high frequency (ca. 13.56 MHz) plasma, 62H6
will be formed by the bridging CH3 between two Al's.

In essence, since even an organic metal
comprising CH3 group which the simplest alkyl group,
CZHS group or :104H9 group and Al or Ga has a resaction
mode depending on the kind of the alkyl group, the
kind of the metal atom, the excitation decomposition
means, for deposition of a wmetal 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 triiscbutyl aluminum:

iC.Hs -

(TIBA:= “*an — IC.Hs)
lC4Ha .

in the low pressure CVD mathod conprising mainly
thermal reection, unevenness of pm order is formed on
the surfaca, whereby the surface morphology is
inferior.. Also, hillock generation by heat treatment,

H

- . 2

.. . . o o«

LR} P he . o #te . . Ve, .
P .. . . . PLE
. H L o«

L LT

Wi

Q529



[ RECEIVED 82/2@ 15:17 199 ar S35Y864

PAGE 18 (PRINTED PAGE 22) ]

‘96 02/20_  168:24 ‘603 3211 5035 OKABE TOKY0-2

VYN A et Stessubvy

10

15

25

.
Yol

‘e ___________—-——————-—-————_‘

M A ®iatead o mea e tmete -

¢+ s N eman = s Ml o 00 08 0 meriew s

- 22 -

Si surface roughening through 81 diffusion at the
interface between Al and S8i occur, end also migration
resistance is inferior, whereby it can be utilized for
ultra-LSI process with difficulty.

For this reason, a method for controlling
precisely both the gas temperature and the substrate
temperature has beon . attemptred. Howeyer, the device
is complicated, aend the methad is of the sheet .
treatment type in which deposition can be effected
only on one wafaer by one deposition process. Besides,
since the deposition speed is 560 A/min. at the
highest, the throughput necessary for bulk production
cannot be realized.

Similarly, when TMA is employed, Al depogition
has been attempted by use of plasma or light, the
device also becomes complicated due to use of plasma
or light, and also beceuse of the sheet type device,
thare remains room for improvement for sufficient
improvement of throughput.

Dimethyl aluminum hydride (DMAH) as the alkyl
aluminum hydride to be utilized in the present
invention is a substance known as alkyl metal, bur it
could not be estimated at all'what Al thin film could
be deposited depending on what reaction mode, unless

deposited films are formed under all the conditions.

For oxamﬁle, in an example of deposition Al by optical -

Tt
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1 CVD from DMAH, the surface morphology is inferior, and
- the resistivity value was greater than the bulk value
{2.7 pohm.cm) as several nohm to 10 pohm ¢m, thus
being inferior in film quality.
5 Now, refer;ing.to the drawiags, preferred
embodiments of the present 1nventioﬁ are described in
- nore detail.'
. In the present invention, for depositing an Al-
Si f£ilm of good quality as the electroconductive
10 deposition film on a substrate, the CVD method is
used. .
More specificayly. by use of dimethyl alumipum
* hydride {DMAH):
CHx Ag —H
15 Chemical formula: CHs

ar monomethyl aluminum hydride (MMAH, ) :

8“3 ~. /‘H
- Chenical formula: y — AL

as alkyl aluminum hydride which is an organic metal as

20
the starting gas containing at least one atom which
becomes the constituent of the deposited film, a gas
containing an additive as the starting gas and Hz a8
the reﬁction gas, an Al f£film is formed by gas phase
25 - Orowth with & gas mixture of these on a substrate.

Furthermore, if desired, a gas containing T S e
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atoms may be added.

As the substrate applicable in fhe present
invention, a material having electron donative
property may be employed.

The electron donative material is described in
detail below.

The electron donative material refers to one

having free elactrons existing or free electrons

_intentionally formed in the substrate, for example, &

material haviang a surface on which the chemical

reaction is promoted through give-and-take of

electrons with the starting gas molecules attached on
the substrate surface. For example, generally metals
and semiconductors such as p~, n— and i-type ones
correspopd to such material. Those having very thin
oxidized film on the metal or semiconductor surface
are also included. For, with such thin f£ilm, the
chemical reaction can occur berween the substrate and
the attached starting molecules, |
Specifically, there may be included
éomicon@uctors such as single orystalline silicon,
polycrystalline silicon, amorphous silicon, etc.,
binary system or ternary system or qQuaternary system
III-V compound semiconductors comprising combinations
of Ga, In, Al as &he group IXII element and- P, Aé, N as
the group V element, or II-IV compound.semiconducters,
e
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or metals themselves such as tungsten, molybdenum,

. tantalum, aluminum, titaniuvm, cgpper, etc., or -

gsilicidas of the above metals such es tungsten
silicide, molybdenum silicide, tantalum silicide,
aluminum silicide, titenium silicide, eto., further
metals containing eithér one of the constituent of the
above metals such as aluminum silicon, alumipnum
titanium, alumirmm copper, aluninum tentelum, aluminum
silicon copper, aluminum silicon titanium, aluminum
palladium,. titanium nitride, etc.

'On the substrate with such constitution, Al is
deposited only through simple thormal reaction in the
reaction system of the starting gas and HZ' For
example, the thermal reaction in the reaction system
betwsan DMAH and Hz'may be sasically considered as -

follows:

CHa S L/CH’_*_ H.>288 & + 4Cl T +Ha21

cﬂs/ ~{ . 'TCﬁa

DMAH assumes a dimer structure at room temperature.
Also, with MMAHZ, a high quality Al film could be
formed by thermal reaction as shown below in Examplses.
Formation of Al-Ti (or Al-Si-Ti) by addition
of Ticl4 {or additionally Sizne) is due to the
phenomenon that ’1‘1614 {or additionally 512561 which . -

has reached the substrate surface is decomposed

-

"l
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through the surface chemical reaction, thereby

. incorporating Ti {or additionally Si) into the film,

Also with MMAH,, Al-Ti of high quality (o= A1-Si-Ti)
could be deposited by thermal reaction as shown below
in Examples.
| Also, formation of Al-Si-Cu or Al-Cu by
addition of siZHG, gto. and an alkyl copper compound
such as Cu(05H202)2. etc. is due to the phenomencon
that 8i.H, and Cu(C H,0,), which have reached the
substrate surface are decomposed through the surface
chemical reaction, whereby Si and Cu are incorporated
into the film. Also with MMAH,, , Al-Cu and Al-Si-Cu of
high quality could be deposited by thermal reaction as
shown below in Examples.

Since MMAH, has low vapor pressurs 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
several hundred &/min. in the present embodiment, and
preferably, it is most desirable to use DMAH of which
vapor pressure is 1 Torr at room temperature.

In anothar embodiment of the present
inventioﬂ, the CVD method is used for selective
éeposition of a3 good Al film as the elactroconductive

deposition £ilm on the substrate.

More qucificallv, as described above, by use -

.t et
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of dimethyl sluminum hydride (DMAH) or monomethyl

. aluminum hydride (MMAHz). a gas contalning Si atoms as

the starting gas and Hz as the reaction gas, an Al-8i
film is selectively formed on the substrate by gas
phase growth with a gas mixture of these.

The substrate applicable in the present
invention hags a first substrate surface material for
formation of the surface on which Al containing en
additive is deposited, and a second substrate surface
material on which Al containing en additive is not
deposited. And, as the first substrate surface
materizl, a material having the eloctron donative
surface is used.

In contrast, as the material for forming the
surface on which Al containing an additive is not
deposited selectivel#; namely the material for forming
the electron non-donative surface, conventiongl
insulating meterials, oxidized silicon formed by
thermal oxidation, CVD, etc., glass or oxidized film
such as BSA, PSG, BPSG, etc., thermally nitrided f£ilm,
silicbn. nitrided film by p}asma CVvD, low pressure CVD,
ECR~-CVD method, etc.

Fig. 1 is a schematic view sho.winu a
preferable deposition £film forming device for applying

the progsent invention.

Here, 1°is a substrate for forming an additive~ - i .-
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containing Al film. The substrata 1 ig mounted on a

. substrate holder 3 provided internally of the reaction

tube 2 for forming a space for formation of a
deposited film which is substantially closed to Fig.
1. As the materisl constituting the reaction tube 2,
quartz is preferable, but it may be also made of a
metal. In this case, it is ﬁreferable to cool the
reaction tube. The substrate holder 2 is made of a

mnetal, and is provided with 3 heater 4 so that the

_substrate mounted thereon can be heated. And, the

constifution is made so that the substrate temperature
can be controlled by controlling the heat generation
temperature of the heater 4.

The feeding system of gases is constitutéd as
described below.

5 is a gas mixer, in which the first starting
gas, the second starting gas and the reaction gas are
mixed, and the mixture is fed into the reaction tube
2. © is a starting gas gasifier provided for .
gasification of an organic metal as the first starting
gas. |

The organic metal to be used in the present
invention is liquid at room temperature, and is forqed
into saturated vapor by psssing a carrier gas through
the liguid of the 6rganic metal) within the gasjifier 6,

which is in turn introduced into the mixer 5.
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Tha evacuation is constituted as described

. below. .

7 is a gate valve, which is opened when
berforming evacuation of a large volume such as during
evacuation internally of the reaction tube 2 before
formation of the depogited film. 8 is a slow leak
valve, which is used when performing evacuation of a
smell volume such as in controlling the pressure
internally of the resction tube 2 during formation of
the deposited film. 9 is an evacuation unit, which is
constituted of a pump for evacuation such as turbo
molecular punmp., etg.

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

10 is a substrate conveying chamber which can
house the substrate before and after formation of the

deposited £ilm, which is evacuated by opening the

valve 11. 12 is en evacuation unit for evacuating the |

conveying chamber, which is coanstituted of 2 punp for
evacuation such as turbho molecular pump, etc.

.The valve 13 is opened only when tha substrate
1 is transferred between the reaction chamber énd the
conveying space.

As shown in Fig. 1, in the starting gas

gegifier 6 which is the gas formation chamber Ffor

forming the starting gas, the ligquid DMAH maintained

N
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at room températura is bubbled with Hz or Ar {(or other
inert gas) as the carrier ges to form gassous DMAE,
which is transported to the mixer 6. The H2 gas as
the reaction gas is transported through another route
into the mixer 5. Similarly, a gas containing an
additive such as Ti, Cu, etc., optiomnally together
with a gas containing 81 atoms ere introduced into the
mixer 5. The gases are controlled in flow rates so
that the respective partial pressures.may become
desired values.

In the case of forming & film by this dJdevice,
the first starting gas may be of course MMAHZ, but
DMAH with a vapor pressure enough to become 1 Torr at
room temperature is the most preferred. Also, DMAH
and MMAH2 may be used in a mixture.

As the seocond starting ges conteining Ti,
there can be used TiClg, TiCl4, TiBr, . Ti(CHs)A, etc.
0f these compounds, TiCl, and-Ti(cHs)4 which can be
easily decomposed at tha low temperature of 200 -
300°C are most preferabla. As the second starting gas
contain}ng si, there can be used Si HS' SiH,, SiSHS'
Si(CH,),, SiCl,, S5iH,Cl, end SiH Cl. Of these
compounds, Sizﬂs which can be easily decomposed at the

low temperature of 200 — 300°C &re most pfeferable.

" The gases such as TiCl4 (end Sizﬁa..if desired) are .. .. .. .

diluted with ‘H2 or Ar, trensported to the mixer 5 ... sy wri,

P . . . .
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through @ line other than the DMAH line and supplied

to the reaction tube 2.. .

The deposited film formed at a substrate

_temperature of 160 % o 450 °c by use of such

starting gas and reaction gas, with a thickness of,
for example, 400 A, has a resistivity at room
temperature of 3.0 - 6.0 pchm-cm which is
substantinlly equal to Al bulk resistivity, and is a
continuous and flat film. At this time, the pressure
during film formation ocan bs chosen within the range
from 10—3 Tory to 760 Torr. Also, even when the film
thickness may be, for sxample, 1 um, its resistivity
is ca. 3.0 - 8.0 pohm.cm, and a sufficiently dense
£film can be formed also with a relatively thickér
£ilm. Algo, the reflectance in the visiﬁle light
wavelength region is approximately 80 %, whereby a
thin film excellent in surface flatness can ba
deposited.

"The substrate temperature 1s desirably a
temperature whiqh is not lower than the decomposition
tempera;ures of the starting gas containing A1 and the
starting gas containing Ti (and the gas containing Si,
if employed) and not higher than 450 % as described
above, but specifically the substrate temperature of
220 to 450 °C is more desirable, and when_deposition

is carried out under this condiﬁioﬁ, by making the

IﬁwBaijimm!
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DMAH partisl pressure 10-4 to 10-3 Torr, the

.deposition speed becomes very great as 100 A/min. to

706 A/min,, whereby sufficlent great deposition speed
ag the Al1-Ti (or Al-Si-Ti) deposition techmnique for
ultra-L.SI can be obtained.

A more preferable substrate temperature
condition is 260 °C to 350 ©0, and the Al-Ti film,
etc. deposited under this condition is also strongly
orientatable and, sven when subjectad to the heéat
treatment at 450 °C for 1 hour, the Al-Ti film on the
81 monccrystalline or Si polycrystalline substrate
becomes a good Al-Ti £ilm without generation of
hillock or spike. Also, such Al-Ti film is excellent
in electro-migration resistance as compared to Al
£ilm.

As the gas containing Cu es tha second

starting gas (additive gas), bisacetylacetomate copper

Cu(c H 02)2, bigdipivaloylmethanate copper

gu(C )2, bishexafluoroacetylacetonate copper

11 19
Cu(c5 5 2)2 can be employed.

.Among them, °“‘°2“z°z’z having the least
carbon content and containing no F is the most
preferable.

However, since the above material is solid at

room temperature and is required to.be transported by...

sublimation, and it is necessary to heat preiim;nérili'ﬁg'

This Sheet Has Been. Tlaced |
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the second starting gas (additive gas) line 23, the

.mixer 5 and the reaction tube 2 to about 180°C. .

Also, it is nore effective to fiow a oérrier

gas such as Ar or Hz through the second starting gss

Jine 23.

As the gas containing Si as the third gas,
Sizﬁs; 81H4, Sisﬁs, Si[CH3)4, SiCl4. SiHZCIZ. SiHSCI
can be employed. Above all, Sizns which is readily
decomposable at a low temperature of 200 to 300°C is
the most desirable. The gases such as‘Sizﬁs are
diluted with Hz or Ar,_transported to the nixer §
through a line 22 other than the DMAH line and
supplied to the reaction tube 2.

| When & film formed at a substrate temperature
of 220 *C - 450°C by uee of such starting gss and
re;ction gas is analyzed according to Auger's electron
spectroscopy or photoelectric spestroscopy, no
entrainment af an impurity suqh as carbon or oxygen is
recognized in this film.

The deposited film thus formed has a
resistiyity of, for example, ﬁith & film thioknees of
400 2 , 2.7 - 3.0 pohm.cm at room temperature which is
subgtantially equal to the bulk resistivity of Al, and
becones continuous and flat film. Also, even with a
film thickness of 1 pm, its resistance at-room

tenpsrature is spproximately 2.7 - ;.0 uohmobm dnd a. .
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1 sufficiently dense film is formed with a relatively
thicker film. The reflectance in the visible .
wavelength region is approximately 80 %, and a thin
film with excellent gsurface flatness can be deposited.

5 The substrate temperature is desirably e
tomperature which is not lower than the decomposition
temperature of the starting gas containing Al and not
higher than 450 % as described above, but
specifically the substrate temperature of 220 to 450 °*C

10 is more desirable, and when deposition is carried

©out under.this condition, by making the DMAH partial
pressure :I.(J-4 to :l()"3 Torr, the deposition speed

becomes very great as 400 A/min. to 1000 A/min.,

whareby sufficient great deposition speed ass the Al-Si-Cu

1; depositian technigue for ultra-LSI can be
obtained,
A more prefersble substrate temperature

condition is 250 °C to 350 °C, and the Al-Si~Cu film
~ deposited under this condition is also strongly
| 20 orientatesble and, even wheﬁ subjected to the heat
treatment at 450 °C for 1 hour, the Al—Si;Cu film on
the Si monccrystalline or Si polycrystalline substrate
or on an oxide film becomes a good Al-Si~Cu Film
without generation of hillock or spike. Also, such
2 Al-Si-Cu film is excellent in electro-migration
resistance, and the contents of Si and Cu in the film
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In the device shown in PFig. 1, additive~

containing Al can be deposited on only one sheet of

substrate in deposition for one time.

deposition speed of ca. 800 &/min. can be obtained, it

is still insufficient for performing deposition of a

As the deposition film forming device for
improving this point, there is the low pressurs CVD
device which can'deposit additive—containing Al by
simultangous mounting of a lérge number of sheetrs of
wafer. Since the Al film formation according to the

present invention uwtilizes the surface resction on the

olectron donative substrate surface,

Although a

" large numbér of sheets within a short time.

in the hot wall

type low pressure CVD method wherein only the

substrate is heated, Al can be depaéited on the

substrate by use of DMAH and Hz and the addition gas.

For example, by adding DMAH, Hz and'a Ti stearting gss

such as TiCl4, etc., an Al-Ti film can be deposited

which contains 0.5 - 2.0 % of Ti.

_The pressure within the reaction tube is 0.05 -
760 Torr, preferably 0.1 - 0.8 Torr; the substrate

temperature is 160 "C - 450 °C, preferably 220 °C -

400 *C; the DMAH partiel pressure is

10-3 ~fold of the pressure within the reaction tube;

and the TiCl4 partial pressure is 1 = 10

1 x 10

1

: -

&

to 1.3 x

.~ 1 x 10
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fold of the pressure within the reaction tube. Under

a such condition, Al-Tl is deposited on an eleotion

donative substrata.

For example, by adding DMAH, Hz. a Cu starting

gas such as Cu(csuzoz)z, etc. and an Si starting gsas

such as SiZHS' etc., an Al-Si-Cu film can be deposited

which contains 0.5 — 2.0 % of Cu and 0.5 -2.0 % of 8i.

The pressure within the reaction tube is 0.05 -

760 Torr, preferably 0.1 - Q.S Torr; the substrate

temperature is 220 *'C - 450 °*C, preferably 280 "C -

400 *C; the DMAH partial pressure is 1 x 10 ° to 1.3 x

'.l()_3 —-fold of the pressure within the reaction tube:

the Cu'_(cslizoz)2

partial pressure is 5 x 10 % - 5 x 10

-fold of the pressure within the reaction tube; and

the Si H. partial pressure is 1 x 1077 to 1 x 1074

-fold of the pressure within the reaction tube. Under

such a condition, Al-Si-Cu is deposited on an ¢lectron

donative substrate.

FPig. 2 is a schematic illustration showing a

deposited film forming device to which such present

invention is applicable.

§7 is a substrate for formation of additive-—

containing Al film.

60 1s an outside reaction tube

made of quartz for fdrming a space for formetion of

deposited film substantially closed to the .

______;______~___~;;.
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surrounding, 51 en innerside reaction tube made of

the outside reaction tube 60, 54 a flange made of a
metal for opening'and cloging of the opening of the
outside reaction tube 50, and the subétrate 57 is
located within the substrate holding member 56

provided internally of the innerside reaction tube 51.

The substrate holding member 56 should be preferably

nade of guartz.

Also, in the present device, the subétrate
temperature can be controlled by the heater portion
59. The pressure internally of the reéction tube 50
is constituted g0 as to be controllable by the

evacuation system connected through the gas evacuation

outlet 53.

The gas feeding system is constituted to have
a first gas system, m second gas system, & third gas
system and a mixer (none are shown in Fig., 2}
similarly as the'deﬁica shown by the symbols & and 6
in Fig. 1, and the starting gases and_the raaotioq gas
are introduced into the reaction tube 50 through the
starting gas inlet 52. These gases react on the
surface of the substrate 57 during passage internally
of the innerside reaction tube 51 as shown by the
arrowhead 58 in Fig. 2 to deposit additivq-containing

Al on the substrate surface. The gases after the

PAGE 33 (PRINTED PAGE 37) 1
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_quartz located for separating the flow of gas within
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reaction pass through the gep formed between the

. ipnerside reactibn tube §1 and the outside reaction

tube 50, and evactated through the gas evacuation
outlet 53,

In taking out and in the substrate; the flengea
54 made of a metal is permitted to fqll by an elevator
{not shown) together with the substratée holding member
56 and the substrate 57 to be moved to a predetermined
position where the substrate is mounted and detached.

By forming a deposited film under the

conditions as described above by use of such device,

additive-containing 31 filims of .gocd quality dgn ba
formed in all the wafers within the device.

As described above, the film obtained
according to the additive-containing Al film formation
process based on the embodiment of the present
invention is dense with little content of impurity
such as carbon, etc. and resistivity ﬁhich is similar
to bulk, and also has high surface smoothnass, and
therefore remarkashle effects as described below can be
obtained.

(1) Reduction of hillock

Hillock is occurrence of concavities on the Al
surface due to partial migration of Al when inner
stress during film formation is released in the heat

treatment step. Also, similar phenomenon occurs -by LT
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local migration by ourrent passage. The additive-
containing Al £ilm formed by the present invention has
little inner stress and is approximate to the state
of monocrystal. For this reason, in thé heat
treatment at 450 °C for one hour, as contrasted to
formation of 10* - 10%/cu? of hillocks in the Al film
of the prior art, the hilleck number could be greatly
inproved as 0 to 10/cm2. Thus, due to substantial
absence of additive-containing Al surface concavity,

+the rasist film thickness and the interlayer

‘insulating film can be made thin to bo advantageous

for'making it finer and more flat. Furthemmore, the
additive-containing Al has reproducibility superior to
that of Al-Si containing no additive.
{2) Improvement of ¢lectro-migration resistance
Electro-migraetion is the phéenomenon fhat the
wiring atoms moﬁe by pessage of a current of high
density. By this phenomenon, voids are generated and
grown along the grain boundary, whereby as accompanied
with reduction of the cross-sectional area, the wiring
generates heat to be broken. In the prior art, the
anti-migration property has been improved by sdding
Cu, Ti, etc. to Al to form an alloy. However, the
alloy formation results in complication of the etching

step and difficulty of minute formation.

- Migration resistance is generally evaluated by:

LA

____________:________l___'.—-———"-' . ) . . R ; .‘_..:.‘ _".:._
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average wiring life.
The wiring formed by the sputtering method or
the GVD method of the prior art has obtained anaverage

wiring life of i:x 102 to 103

hours {in the case of a
ﬁiring cross—-sectional area of 1 umz) under the
current passage test conditions of 250 °G, 1x 106
A/cma. In contrast, the additive-~containing Al film
obtained by the additive-containing Al film formation
method based on the embodiﬁent of the present
invention could obtain an average wiring life of 103
to 104 hours with a wiring having a cross—sectional
area of 1 pmz.

Hence, according to the present invention, for
example, when the wiring width is 0.8 um, a wirihg
layer thickness of 0.3 um can sufficiently stand
practical application. That is, since the wiring
layer thickness can be made thinner, unevenness.on the
semiconductor surface after arrangement of wiring can
bée suppressed minimum, and also high reliability in
passing ordinary current can be cbtained. Also, this
is poss;ble by a very simple process. Furthermore,
the additive-containing Al has reproducibility
superior to that of Al-Si containing nﬁ additive.

(3) Reduction of slloy pits in contact portion

By the heat treatment in the wiriang step,

eutectic reéction between Al in the wiring material
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and Si in the substrate may occur to result in
penetration of Al-8i eutectic called as alloy pit into
the substrate in-spike pattern, thereby destroying '
shallow junction.

| As countermeasure, it is general to employ a
material other than pure Al wheﬂ the depth of Junction

is 0.3 um or more and to employ barrier metal

technique of Ti, W, Mo type.

Hawever, there remain some points to bae
imﬁroved such as complication of etching, rise of
contact resistivity and the like. In additive~
containing Al formed according to the present
invention, gensration 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 A1-5Si material without

destroving junction even when the junction is formed

in a depth of a&bout 0.1 um.
(4) Improvement of surface smoothness (patterning
&haractgristic improvement.of wiring}

In the prior art, roughness of the surface of
a metal thin £ilm had inconvenience in the alignmént
step for the mask and the substrate in the patterning
stap and in the etching step..

That is, there is unevenness extending to

e v . - . PO ALY ol . LY
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1 saveral um on the surface of Al film according to the
. prior art method, whereby the surface morphology is
poor, and therefore had the following disadvantages-

1) Alignment signals cause diffused reflection

5 to ogocur at the surface, whereby noise level becomes
higher and inherent slignment signals cannot be
- discriminated.
2) For covering large surface unevéhness, the
~ resist film thickness must be taken large, which is
| 10 ©Opposite to fine formation.

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

4) If the surface morphology is poor, the eide

i wall becomes notched in the wiring etching ster
according to its unevenness. =

According to the present invention, the
surface morphology of additive-containing Al film to
be formed is markedly improved to cancell all the

drawbacks described above.

20
_In other words, in the patterning step, at the
line width of the resolving power limit of the
exposure machine, the alignment precision 3 =0.15 unm
cen be accomplished, whereby wiring having smoath side
25 plane is rendered possible without ceusing halation to

occur. Furthermope,‘the edditive-containing A1 has . - . .-
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reproducibility superior to that of Al-Si containinq

.no additive. _ ' .

{(5) Improvement of éesistance-in contact hole and
through hole and of contact resistance

In the prior axrt method, if the size of the
contact hole becomes finer as 1 Hm X 1 um or less, Si
in the wiring ig precipitated on the substrate of the
contaot hole during heat treatment in the wiring step
to cover thereover, whereby resistance between the
wiring and the element becomes markedly larger.

Aécording to the present invention, since a
dense film is formed according to the surface
reaction, Al-Ti has beesn confirmed to have a
resigtivity of 3.0 ~ 6.0 Pohm'om. Also, the contact

resistivity cen attain 1 x 10 ° ohm-om®

at an area of
0.6 um x 0.6 um when the Si portion has en impurity of
10 cm .

According to the present inventioh, since a
dense film is formed by the surface reaction, it has
been confirmed that the Al-Si~Cu completely filled
within Fhe contact hole and through hole each has &
registivity of 2.7 - 3.3 pohm'cm. Also, the contact
-6

ohm~cm2 in the case
-3

resistivity cen attain 1 x 10
where the S$1 portion has an impurity of 102°cm in a
hole of 0.8 pm x 0.8 pm.

Thet is, according to the present inventionm, -

. “
L™
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the wiring material can be completely embedded only in

. the mipute opening, and also good contact with the

substrate can be obtained. Therefore, the present
invention can cantribute greatly to improvemeant of
resistance within hole and contact resistance which
have been the greatest problems in the fine process of
1 nm or less,

Figs. 3A ~ 3E show how the additive—containing
Al film sccording to the present invention is
selectivaly grown.

Fig. 3A is an illustration showing

schensatically the cross-—section of the substrate

" before formation of the additive-containing Al

-8
~s
10
15
20
25

deposited film according to the present invention. 90
is the substrate comprising an electron donative
material, and 91 a thin film comprising an olectron
non—donative material.

_In the case of using DMAH and a gas containing
an additive as the starting gases bptionally together
with a gas containing Si atoms, when.a gas pixture
containing H, as the reaction gas is fed onto the
substratae 1 heated to a température not lower than the
decomposition temperatures of DMAH and tha gas
bontaining an additive and not higher than 450 °c,

additive—containing Al is deposited- on the substrate

90, whereby a cbqtinunus film of additive—containing .- --
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1 Al is formed as shown in Fig. 3B.
For example, when a gas nixture containing
DMAH as the starting gase, :I.'iCl4 ag the addition gas
and H, as the reaoction gas is fed onto the substrate 1

heated to a temperature not lower than the

(4]

decomposition temperatureg of DMAH end ’.l'iCl4 aend not
higher than 450 °c, Al-Ti is deposited on the
substrate 90, whercby a continuous film of Al-Ti is
formed as shown in Fig. 3B. Here, the pressure within

10 the reaction tube 2 should be desirably 10'3 to 760
Torr, and the DMAH partial pressure preferably 1.5 x
1075 to 1.3 x 107 %-fo1d of the pressure within the
sbove reaction tube.

When deposition of Al-Ti is continuwed under

15 the above conditians, via the state of Fig. 3C, the Al-
Ti £film grows to the level of the uppermost portion of
the thin film 91 as shown in Fig. 3D. Further, when
grown under the seme conditions, as shown in Fig. 3E,
the Al-Ti film can gfow to 2000 X or more

substantially without growth in the lateral direction.

20
This is the monst characteristic point of the deposited
£film obtained by the present invention, and it will be
understood how e filh of good quality can be formed
under good selectivity.

25 Aé the result of analyais according to Apger's

electron. spectroscopy or photoelectric, spectroscopy, :.ii. i+

« 0~ . . . [
.o, . .. . oy -
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no entrainment of an impurity such as carbon or oxygen

. ig raecognized in this film. .

The deposited film thus formed has &

resistivity of, for exampls, with a film thickness of

400 X, 3.0 - 6.0 pohm.cm at room temperature which is

substantially equél to the bulk resistivity of Al, and
becomes continuous and flat film. Also, even with a
£film thickness of 1 um, its resistance at room
temperature is approximately 3.0 - 8.0 pohm.cm and a
sufficiently dense film is formed with a relatively
thicker film. The reflectance in the visible
wavelength region is spproximately 80 %, and a thin
film with excellent surfece flatness caa be depusiteﬁ.
The substrate temperature in performing such
selective deposition should ba deeirably not lower
than the decomposition temperatures of the starting
gas containing Al and the starting gas containing Ti
and not higher than 450 % as mentioned above, but
specifically a substrate temperature of 220 to 450 °c
is desirable, and when deposition is performed under
such condition, the deposition speed is sufficiently
great as 100 A/min. to 700 A/min. when DMAH partial

3 Torr. Thus a sufficiently

pressure is 10 % to 10~
great deposition speed can ba obtained as the Al-Ti
deposition technique for ultra-LSI..

A more preferable substrate temperature

Lot see PO P RCUY)
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condition iz 280 60 to 350 ‘C,'aﬁd the Al-Ti £ilm
deposited under this condition. is also strongly.
orientatable and, even when subjected to the heat
treatment at 450 °C for 1 hour, the AI-Ti film on the
Si monocrystalline or Si polvcryatalline substrate
becomes a good Al-Ti film without generation of
ﬁillook and spike. Also, such Al-Ti film is excellent
in electro—migration'resistanceaé as comparad with Al
film.

Also, when & gas mixture containing DMaH
optionally together with Si2H5 as the starting gass,
cu(canoélé es the addition gas and H, as the reection
gas is fed dato the substrate 1 heated within a
temperature range frqm the decomposition temperature
of DMRH to 450 °c,_A1—Si—Cu is deposited on the
substrate 90, whereby a continuous film of Al-Si-Cu
is formed as shown in Fig. 3B. Here, the pressure
within the reaction tube 2 should be desirably 10—3 to
760 Torr, and the DMAH partial pressure preferably 1.5

-5 3

x 10 ° to 1.3 x 10 ~-fold of the pressure within the

above reaction tube. The cu(CSH.ZOZ)2 pertial pressure

5

should preferably be § x 10 ° to § x 10 %-f01d of the

pressure within the reaction tube, end the s:lZH6
2

partial pressure should preferably be 1 x 10°° to 1 =

10‘4—fold of the pressure within the reaction tube 2.
When deposition of Al-Si-Cu is continued under:
Q_\—h
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the above conditions, via the state of Fig. 3C, the

,Al-8i-Cu 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.
3E, the Al-Si-Cu film can grow to 5000 X substantially
without growth in the lateral direction. This is the
most characteristic point of the deposited film
cbtained by the present invention, and it will be
understood how a film of good quality can be formed
under good selectivity.

As the result of analysis according to Auger's
electron epectroscopy Or photoelectrio spactroscopy,
no entrainment of an impurity such as carbon or oxygen
is recognized ip this filn.

The deposited film thus formed has e
raegistivity of, for exemple, with a film thickness of
400 3, 2.7 - 3.0 nohm-cm at room temperature which is
substantially equsl to the bulk resistivity of Al, and
becomes continuous and flat film, -Also, even with a
film thickness of 1 pm, its resistance at room
tembeﬁapure is approximately 2.7 - 3.0 uohm:-cm and a'
sufficiently dense film is formed with a relatively
thicker film. The reflectance in the visible
wavelength region is gpproximately 80 %, and a thin

£ilm with excellent surface flatness can be deposited.

The substrate temperature in performing such
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1 selective deposition should be desirably the
decomposition temperature of the starting gas .
containing A1 or higher and 450 °c or lower as
mantioned above, but specifically a substrate

s temperature of 220 to 450 ©c is desirable, and when
deposition is performed under such condition, the
deposition speed is sufficiently great as 400 A/min.
to 1000 A/min. when DMAH pertial pressure is 10"‘-to

~ 10”3

Torr. Thus a sufficiently great deposition speed
10 can be obtained ae the Al-8i-Cu deposition technique
for ultra-LSI. .

A more prefersble substrate temperature
condition is 250 °C to 350 %, and the Al-Si-Cu film
deposited under this condition is also strongly

15 orientatable and, even when subjected to the heat
treatment st 450 °C for 1 hour, the A1-Si-Cu film on
the i monocrystalline or Si palycrystalline substrate
or an oxide film becomes a good Al-Si-Cu film without
generation of hillock end spike. Also, such A1-Si-Cu

20 £film is excellent in electro-migration resistance and

the contents of S$i and Cu of the _film can easily be

S w .

It is possible to make the heat treatment
temperature during wiring step lower or to omit the

2% heat treatment step.

As described in detail above, by applying the;:.:::h,p;n

. .«
L N R
K] . - PR IR
. . .
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1 present invention to the wiring formation method of a
semiconductor integrated gircuit, particularly
embedding of contect hole or through hole, the yield
can be improved, and reduction of cost can be promoted

5 Tto great extent as compared with metallic wiring of

the prior art.
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Example 1
First, the procedure for Al-Ti film formation

is as follows. By ugse of the device shown in Fig. 1,
the reaction tube ﬁ is interﬁally evacuated to ca. 1 x
10—8 Torr by the evacuation unit 9. However, Al-Ti
film can ba also formed if the vacuum degrée within
tha reaction tube 2 may be worse than 1 x 1078 Torx.

After washing of 8i wafer,_tha conveying
chamber 10 is released to atmospheric pressure and 8i
wafer is mounted in the conveving chamber. The
conveying chamber is evacuated to ca. 10_6 Torr, and
then the gate wvalve 13 is opened and the wafer is
mounted on the wafer holdex 3.

After mounting of the wafer on the wafer
holder 3, the gate valve 13 is closed, snd the '
reaction chamber 2 is evacuated to a vacuum degree of
ca. 1 x 10°% Torr.

In this Example, DMAH is fed through the first
ges line. As the cérrier gas of DMAH line, H2 is
emploved. The second gas ling is used for H2 and the
third gas line for TiCla. The carrier gas is also H,.

By passing H2 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 1.5 Torr. Then, the wafer is

ecen Replaced
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heated by current passage through the-heater 4. After
the wafer temperature has reached a predetermined
temperature, DMAH and '1'1014 are introduced into the
reaction tube through the DMAH line and the TiCl,
line. The total pressure is ca. 1.5 Torr, and the
DMAH partial pressure is made ca. 1.5 x 10~% Torr.

The TiCl4 partial pressure is made 1.5 x 10-6 Torx.
When TiCl, and DMAH are introduced into the reaction
tube 2, Al-Ti is deposited. After a predetermined
deposition time has elapsed, feeding of DMAH and Tici,
is stopped. Next, heating of the heater 4 is stopped
to cool the wafer. Feeding'of H, gas is stoﬁpgd; 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 outline of Al-Ti film
formation is as described abouve.

Al-Ti films were deposited at the respective
temperatures each for 10 sheet samples following the
same procedure as described in Example 1 under the
followipg conditions: '

Total pressure: 1.5 Torr

DMAH partial pressure: 1.5 x 10 * Torr
TiCl, partial pressure: 2 x 10”8 Torr.

The Al-Ti. films deposited by varying the.

substrate temperature at 13 levels were evaluated by .
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use of varicus evalvation 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 temperaturs range of 200 to 400 *C. '
Exemple 2

Fcllowipg the same procedure as in Example 1
to set the paremeters as follows:

Total pressure; 1.5 Torr

DMAH partiael pressure: § x 10™% Torr

Substrate temperature {Tsub): 300 °C
and the TiCl4 partial pressure was vériad from 1.6 x

10”7

Torr to 1 x 10”% Torr to effect deposition. The
Ti content (wt.%) of the Al-~Ti films were varied from
0.001 % to 4.2 % approximately in proportion to the
TiCl, partial pressure. 4&s to resistivity, carbon
content, average wiring life, deposition speed,
hillock density and spike generation, the same results
as in Example 1 were obtained. However, in samples
having a Ti content of 3.5 % or higher, the surface
morpholpgy bécame bad. thereby making the reflectence
65 % or lower. Semples having a Ti content of less
than 3 % exhibited & reflectance of 80 to 90 %, which
was the same as in Example 1.

Example 3
First, the procedure of Al-Ti film formation

hﬁﬁHmﬂ&wnR1immd
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ig as follows. By the evacuation unit 8, the reaction
tube js evacuated internally to ca. 1 x 11‘.)"8 TOTrY.
Al-Ti film can be formad even if the vacuum degree in
the reaction tube 2 may be hiﬁher then 1 x 10™° Tors.
After washing.of the Si wafer, the conveying

chamber 10 is released to atmospheric préssure and the

- Si wafer is mounted in the conveying chamber. The

conveying chamber is evacuated to ca. 1 x 1078 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 vacuutt degree in the

reaction chamber 2 of ca. 1 x 10 ° Torr.

_ In this Example, the first gas line is used
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 Ti014.

By passing Hz through the second gas line, the
pressure within the reaction tube 2 is made a
predetermined value by ocontrolling the opening of the
slowllegk valve 8. A typical pressure in this Example
islmade approximately 1.5 Térr. Then, the wafer is
heated by current passage through the heater 4. After

the wafer temperature has reached a predetermined

. temperature, DMAH and TiCl4 are introduced into the
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resction tube through the DMAH line and the TiCl,
line. The total pressure is c¢a. 1.5 Torr, snd the
DMAH partial pressure is made ce. 1.6 x 10"4 Torr.
The TiCl, partial pressure is made 1.5 x 10~5 rorr.
When TiCl, end DMAH are introduced into the reaction
tube 2, Al-Ti is depéeited. After a predetermined
deposition time has ¢lapsad, feeding of DMAH and Ticl4
is stopped. Next, heating of the heatexr 4 is stopped
to coul the wafer. Feeding of H2 gas is stopped, and
after svacuation internally of éhe reaction tube, the
wafer is transferrad to the conveying chamber, and
only the conveying chamber is made atmospheric
pressure before taking out the wafer. The outline of
Al-Ti film formation is as described ahove.

For deposited films thus formed concerning
resistivity, carbon content, average wiring life.
deposition speed, hillock density, generation of spike

and reflectance, the same results as in Example 1 were

obtained.

Example 4
Following tbe same procedure as in Example 3

to set the parameters as follows:
Total pressure: 1.5 Torr
DMAH partial pressure: 5 x 10”"% Torr

Subgtrate temperature (Tsub): 300 *C
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and the TiCl4 partial pressure was varied from 1.5 x
10"7 Torr to 1 = 10-4 Torr to effect deposition. The
Ti content (wt.%) of the Al-Ti films were varied from

0.001 % to 4.2 % approximately in proporticn to the

,TiCl4 partial pressure. As to resistivity, carbon

content, average wiring life, deposition apeed,
hillock density and spike generation, the same results
as in Example 1 were obtained. However, in samples
having a Ti content of 3.5 % or higher, the surface
morphology became bad, thereby making the reflectance
65 % or lower. -Samples having a Ti content of less
than 3 % exhibited a reflectance of 80 to 80 %, which

was the same &3 in Example 1.
Example S

A silicon substrats was placéd in the low
pressure CVD method shown in Fig. 2, and Al-Ti film
w#s formed within the same badge. The film formation
conditions were made a reaction tube pressure of 0.3
Torr, a DMAH partial pressure of 3.0 x 1078 Torr, a

6 Torr, a substrate

TiCl4 partial pressure of 0.7 x 10
temperature of 300 °c, and @ film formation time of 10
minutes.

As the result of film formation under such
conditions, an Al-Ti £ilm of 7000 A wes deposited.
The film quality was very good, exhibiting the same

properties as one prepared at a substrate temperature
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of 300 °C shown in Example 1.

Exemple 6

The procedure of Example 1 was repeated to
effect deposition with the exception that MMAH2 was

used es the starting gas and the paramsters were set

as follows:

Total pressure: 1.5 Torr
MMAHZ partial pressure: S5 x 10—4 Torr
Tic14 partial pressure: 0.7 = 10-5 Torr

Ag a result, Al-Ti thin films wore depozited
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

Example 1.
Exaﬁgle 7
‘The procedure of Exanmple 1 was repeated ro
effect deposition with the exception that Ti(CHa)4 was
used in place of T:LCI4 as the starting material
containing Ti and the parameters were set as follows:
Total pressure: 1.5 Toxr
_DMAH partial pressure: & x 1074 Torr
Ti(cHS)4 partial pressure: 1.5 x 10-5 Torr
Ag a result, Al-Ti thin films were deposited
within the substrate temperature range of 160 “C to

400 °C which contained nao carbon impurity and were

excellent in flatness and denseness similerly as in
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Formation of Al-Si-Ti is effected by use of
the device shown in Fig. 1. The reaction tube 2 is
internally evacuated to ca. 1 X 10-'8 Torx by the
evacuation unit 5. However, Al-Si-Ti film can be algo
formed even if the vacuum degree within the reaction
tube 2 may be worse than 1 X 10”% Torr.

After washing of the Si wafer, the conveyin§
chamber 10 is released to atmospheric pressure and the
8i wafer is mounted in the conveying chember. The

conveyving chamber is evacuated to ca. 1 x 10'5 Torr,

" then the gate valve 13 is opened and the wafer is

mounted on the wafer holder 3.

After mounting of the wafer on the wafer
holder 3, the gate valve 13 is closed, and the
reaction chamber 2 is evacuated to a vacuum degree of

ca. 1 x 10~8

Torr.

In this Example, DMAH is fed through the first
gas line. BAs the carrier gas of DMAH line, H, is
employe@. The sescond gas line is used faor Hz and the
third gas line for 11014 diluted with Hz. The fourth
gas line is provided for S8i,H.. The third gas line,
the mixer and the reaction tube are previously heated

to 180 *C * 10 *C.

By passing Hi‘through the second gas line, the
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pressure within the reaction tube 2 i& made &
predetermined value by controlling the opening of the
slow léék valve é. A typical pressure in this Example
is made approximately 1.5 Torr. Then, the wafer is
heated by current passage through the heater 4. Aftex
tha wafer tempefature has reached a predetermined
temperature, DMAH , TiCl, and Sizﬂs'are introduced
into the reaction tube through the DMAH line, the
TiCl4 line and tne-Sizﬂ6 line. The total pressure is
ca. 1.5 Torr, end the DMAH partial preséure is meade
ca. 1.5 x 10”% Torr. The TiCl, partial pressure ia
made 1 x 10 ° Torr end the $iH, partial pressure is

made 1 x 1079

Torr. When s:zﬂs and DMAH are
introduced into the reaction tube 2, Al-Si-Ti is
deposited. After a predstermined deposition time has
elapsed, feeding of DMAH, 'ricl4 and Sizne is stopped.
Nekt. ﬁeating aof the heater 4 is stopped to ¢ool the
wafer. Feeding of H2 gas is stopped, and after
evecuation internally of the reaction tube, the wafer
is transferred to the conveying chamber, and ouly the
conveying chamber is made atmospheric before taking
out the wafer. The outline of Al-Si-Ti film formation
is as described above.

Wafers were provided to deposit Al-Si-Ti films
of 5000 XA thickness following the above described

procedure under the following conditions.,
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b Total pressure 1.5 Torr
DMAH partial pressure 1.5 x 10”4 Tarr
TiCl4 partial pressure 1x 10'5 Tory
Si,H, partial prassure 1'x 10~° Torr
5 The Al-S8i-Ti films thus formed were subjected

to patterning according to conventional
photalithogrephic technique to obtain test samples in
which Al1-Si-Ti remained in the widtha of 2, 4 and 6 pm.
~ When the temperature (Ts) of substrate for
10 deposition was varied to evaluate the characteristics
‘of the deposited films, substantially the sawme results

as thoesa shown in Table 1 were obtained.

Example 9
Followiﬁg the same procedure as in Example 8
15 to set the parametears as follows:
Total pressure: 1.5 Torr

4

DMAH partial pressure: 5 x 10 © Torr

si,H. partial pressure: 1 % 10”% Torr

(3]
Subhstrate temperature (Tsub): 300 *C

20 and the TiCl4 partigl pressure was varied from § x

107 Torr to 1 x 10-4 Torr to effect deposition. The Ti
content (wt.%) of the Al-8i-Ti films were varied from
0.3 % to 4 %. As to resistivity, carbon content,
average wiring life, deposition spwed, and hillock
density, the same results as in Example 1 were

gbtained.
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Following the seme procedure &s in Example B

to set the peramesters as follows:
Total pressure: 1.5 Torr
DMAH partial pressure: 5§ x 102 Torr

6 Torr

TiCl, partial pressure: 1x 10

Substrate temperature (Tsub): 300 *C
end the SiZH5 partial pressure wes varied from 1.5 x
10~7 Torr to 1 x 107% Torr to effect deposition. The
Si content {wt.%) of the Al-Si-Ti films were varied
from 0.005 % to 5§ % epproximately in proportion to the
SiZHE partial pressure. As to resistivity, average
wiring life, deposition speed and hillock density, the
same results as in Bxample 8 were obtained. However,
in samples having a Si content of 4 % or higher,
deposition was generated in the films which appeared
to be Si to worsen surface morphology. thereby making
the reflectance 60 ¥ or lower. Semples having a S3%
content of legs than 4 ¥ exhibited a reflectance of 80
to 95 %. which was the same as in Fxample 6.
Exemple 11

The procedure of Example 6 was repeated tO.
effect deposition Al-8i-Ti under the following
conditions .

Total prassure: 1.5 Torr

4

. DMAH partial pressure: 5 x 10" Torr

_——
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1 SiZH6 partial pressure: 1 x 1073 Torr

'.1'1014 partial pressure: 1x iofﬁ Torsr

]
10
15
L
20
25

As a result, Al-S5i-Ti films were déposited
within the substrate temperature range of 160 °*C to
400 *"C which were excelleat in migration resistance,

£latness and denseness similarly as in Eample 6.

Example 12
Firgt, the procedure for Al-Ti film formation

. ig as follows. By use of the device shown in Fig. I,

the reaction tube 2 is internally evacuated to ca. 1 x
8

10 ° Torr by the avacuation unit 9. However, Al-Ti

film can be also formed if the vacuum degree within

the reaction tube 2 may be worse than 1 x 10_8 Torr.
After washing of Si wafer, the conveying

chamber 10 is released to atmospheric pressure end Si

wafer is mountad in the cbnve?ing chamber. The

S_TOrr, and

conveying chamber is evacuated tao ca. 10
then the gate valve 13 is opened and the wafer is
mounted on the wafer holder 3.

After mounting of the wafer on the wafer

halder 3, the gate valve 13 is closed, and the

-reaction chamber 2 is evacuated to a vacuum degree of

ca. 1 x 10”2 Torr.
In this Exanple, DMAH is fed through the first
gas line. As the carrier gas of DMAH line, Hz is

employed. The second gas line is used for H2 and the.

T
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third gas line for Ticl4 diluted with HZ'

By passing Hz through the second gas line, the
pressure within the reaction tube 2 ie made a
predetermined véiue by controlling the opening of the
slow leak valve 8. A typical pressure in this Example
is made approximately 1.5 Torr. Then, the wafer is
heated by current passagé through the heater 4. After
the wafer.temperature has reached a predetermined
temperature, DMAH and TiCl4 are introduced into the
reaction tube through the DMAH line and the TiCl,
line. The total pressure is ca. 1.5 Torr, and the

-4

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

When DMAH is introduced.into the reaction tube 2, Al-Ti

is deposited., The TiCl, partial pressure is made

6 porn. After a predetermined deposition

1.5 = 10
time has elapsed, feeding of DMAH and TiCJ.4 is
stopbed. 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 chamber, and

only the conveying chamber is made atmospheric before

" taking out the wafer. The outline of Al-Ti fiim

formation is as described above.
Next, preparation of samples in this Example
is explained below.

Si substrates (N type, 1 — 2 ohm-cm) were

mﬂEhsB&mRWmed
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gubjected to thermal oxidation at & temperature of

1000 °G according to the hydrogen combustion system

(H2= 4 liters/M, Oz: 2 liters/M).

The film thickness was 7000 & + S00 A. end the

rofractive index 1.46. A photoresist was coated on

the whole 5i substrate, and a desired pattern was

baked by an exposure machine. The pattern was such

that various holes of 0.25 um x 0.25 ym - 100 pwm x 100 pm

were opened. - After development of the resist, with .

the photoresist as the mask, the subbing $10, was

etched by the reactive ion etching (RIE), etc. to have

the substrate Si partially exposed. Thus, 130 sheets.

of samples heving various sizes of SiO2 holes of 0.25 pm x

0.25 pm - 100 pm x 100 pm were prepared, the

substrate temperature was set at 13 levels, and for

the samples at the respective temperatures, Al-Ti

films were selectively deposited following the

procedure as described ebove undér the following

conditions:

Total pressure: 1.5 Torr

_DMAH partial pressure: 1.5 x 1072 qorr

’ -
Ti014 partial pressure: 1.5 x 10 & Torx

The Al-Ti films deposited by varying the

substrate tempereature at 13 levels were evaluated by

use of various evaluation methods. The results are

shown in Table 2.
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in the asbove samples, no Al was deposited on
s:‘.O2 at a temperature range from 160 °c to 450 90, and

Al-Ti (0.5 %) was deposited only on the portion with

opening of $i0, to have 81 exposed.” Also, when

10

15

deposition was carried out in the above temperature
range continuously for 2 hours, similar selective

depositablity was maintained.

Example 13
First, the procedure for Al-Ti film formation

.is ag follows. By use of the device shown in Fig. 1,

the reaction tube 2 is internally evacuated to ca. 1 x
10-8 Torr by the evacuation unit 9. However, Aal-Ti
£ilm can be also formed if the vacuum degrse within

8 Torr.

the reaction tube 2 may be worse them 1 x 10~
After washing of Si wafer, the conveying

chamber 10 is relgssed to stmaspheric pressure and Si

wafer is mounted in the -conveying chamber. The

20

25

conveying chamber is evacuated to ca. 10~° Torr, and
then the gate valve 13 is opened and'the wafer is
mounted on the wafer holder 3.

_After mounting of the ‘wafer on the wafer
holder 3, the gate valve 13 is closed, and the
reaction chamber 2 is evacuated to a vacuum degree of

8 Toxrx.

ca. 1 X 10”
In this Example, DMAH is fed through the first

gas line. &s the carrier gas of DMAH line Hp is

Tl

A
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1 employed. The second gas line is used for Hz and the

third gas line for TiCl,. The cerrier gas is also H,.
By passing-Hz through the second gas line, the

pressure within the reaction tube 2 is made a

5 predeterhined value by controlling the opening of the.
slow leak valve 8. A typical pressure in this Example
is made approximately 1.5 Torr. Then, the wafer is
heated by current passege through the heater 4. After

~ the wafer temperature hes reached a predetermined

j0 temperature, DMAH and TiCl, diluted with H, are
introduced into the reaction tube through the DMAH
line and the TiCl, line. The total pressure is ca.

1.5 Torr, and the DMAH partial pressure is made ca.
4

6

1.5 x 10 * Torr. The TiCl, partial pressure is made

15 1.5 x 107 ° Torr. When DMAH is introduced into the
reaction tube 2, Al-Ti 'is deposited. After s
predetermined deposition time has elapsed, feeding of
DMAH is stoﬁped. Next, heating of the heater 4 is
stopped to cool the wafer. Feeding of H2 gas is

stopped, and after evacuation internally of the

20
reaction tube, the wafer is transferred to the
conveying chamber, and only the conveying chamber is
made atmospheric before taking out the wafer. The
outline of Al-Ti film formation is as desoribed above.
25 For deposited films thus formed concerning

resigtivity, carbon content, average wiring life,

[
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deposition speed, hillock density, generation of spike
and reflectance, the same results as in Example 12
were cbtained. |
As t0 the selective depositability depending

on the material of the substrate, the same resulis as
those .in Example 12 were obtained.
Example 14

' By means of the low pressure (VD apparatus
shown in Fig. 2, Al films were formed on the

substrates with the constitutions as described below

' (Samples 2-1 - 2~179).

Preparation of Saﬁgle 2-1

On & monocrystalline silicon as the electron
donetive first substrate surface material, a thermally
oxidized SiO2 film as thé electron non-donative second
substrate surface material was formed, and patterniag
was effected according to the photolithographic steps
as shown in Examp;e 1 to have the monocrystalline
silicon surface partially exposed.

The film thickness of the thermally §xidized
Sicz fi}m was found to be 7000 A, with the size of the
exposed portion of the monocrystalline silicon, nemely
opening being 3 wm x 3 um. Thus, Sample 2-1 was
prépared. (Herminafter, such sample is expressed as
Ythermally oxidized Sioz {(hereinafter abbreviated as

T-Sioz)/monocrystalline silicon)".

/
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Preparation of Samples 2-2 - 2-178

Sample 2-2 is an oxidized film formed by
normal preasure CVD (hereinafier abbreviated as
Siozifmonocrystalline silicon.

Sample 2-3 is 8 boron doped oxidized film
formed by normal pressure CVD (hereinafter ebbrevisted
as BSG)/monocrystalline silicon.

Sample 2~4 is a phosphorus doped oxidized £ilm
formed by normal'prsssure CVD (hereinafter abbreviated
as PSG)/monccrystalline silicon.

Sample 2~5 is a phosphqrus and boron doped
oxidized film formed by normal pressure CVD'
(hereinafter abbreviated as BSPG) /monocrystalline

silicon formed by noxmal pressure GVD.

Sample 2-6 is a nitrided film formed by plasma

CVD (hereinafter sbbreviated as P-SiN)/monocrystalline
silicon.

Sample 2-7 is a thermally nitrided film
{(hereinafter abbraviated as T-SiN)/monocrystalline
silicon.

Sample 2~8 is a nitrided film formed by low
pressure CVD (hereinafter abbreviated as LP-

SiN) /monocrystalline silicon.
Sample 2-9 ié a niirided film formed by ECR

device (hereinafter abbreviated as ECR-~-

SiN) /monocrystalline silicon.

B —
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1 Further, by combinations of thes electron

donative first substrate surface materials and the
electron non-donative second substrate surface
materials, éamples 2-11 — 2-179 shown in Table 3 were

5 prepared. As the first substrate surface material,
monocrystalline silicon (monocrystalline Si),
polycrystalline silicon (polycrystalline §i),
amorphous silicon (amorphous Si), tungsten (W),

~ molybdenum (Mo),'tantalum (Ta), tungsten silicide

10 (Wsi), titanium silicide (TiSi), aluminum (Al},
aluninum silicon (A1-Si), titanium aluminum (A1~Tii,
titanium nitride (TiN), copper (Cu), aluminum silicon
copper (Al-S$i-Cu), eluminum palladium {(Al-P4},
titanium (Ti), molybdenum silicide {Mo-Si), tantalunm

15 .silicide (Ta-Si) were employed. These samples and
A1203 substrates, 3102 glass substrates were placed in
the low pressure CVD device shown in Table 2, and Al-
Ti films were formed within the same badge. The film
forming conditions were a reaction tube pressurae of

-5

20 0.3 Torr, a DMAH partial pressure of 3.0 x 10 Tort,

a Tic.l4 partial pressure of 1 x 1O~6 Torr, a substrate
temperature of 300 °c and 8 £film formation time of 15
nminutes.

As thae resﬁlt of £ilm formation under such
;5 conditions, concerning all the semples applied with

patterning from Sample 2-1 to 2-179, deposition of Al-Ti

" _
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(1.5 %) film oocurred only on the eleotron donative
first substrate surface film to embed completely the
opening with the depth of 7000 i. The film quality of
the Al1-Ti film was found to be very good, exhibiting
the same properties as one prepared at a substrate
tenperature of 300 %c shown in Exaqple 12. On the
other hand, on the second substrate surface which is
électron-non-donafive, no Al-Ti film was deposgited at
all, wherehy complete selecfivity was obtained. On
both the A1203 substrate and the Sio2 glass substrate
which are elsctron mon-donative, no Al-Ti film was
deposited at all. |

Example 15

By use of the low pressure CVD device shown in
FPig. 2, Al1-Ti film was formed on the substrate with
the constitution as described below.

On a thexrmally oxidized film ss the electron
non-donative second substrate surface material, a
polycrystalline S1 as the electron donative first
substrate surface material was formed, patterning was
effected according to the photolithographic steps as
shown in Example 12 to have the thermally oxidized
film surface partially exposed. The film thickness of
the polyorystalline.silicon at this time was 2000 i,

with the size of the thermally oxidized f£ilm exposed

portion, namely opening being 3 um X 3 pm. Such
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sample is called 1-1. By combinations of the electron
pnon-donative second substrate surface materials (T-
$i0,, CVD-siQ,, BSG, Ps@, Bps@, P-8iN, T-SiN, LP-SiN,
ECR-SiN) and the electron-donative first substrate
surface materials (polycrystalline Si, amorphous Si,
Al, W, Mo, Ta, Wsi, Tisi, Tasi, al-si, Al-Ti, TiN, Cu,
Al-8i-Cu, Al-PQd, Ti, Mo~-S5i), Samples of 1-1 - 1-168%
shown in Table 4 were prepared. These samples wera
placed in the low CVD davice shown in Fig. 2, and Al-
Ti film was formeod within the same batch. The film
forming conditions were a reaction tube pressure of
0.3 Torr, a DUMAH partial pressure of 3.0 = 10 ° Torr,
a TiCl, pertial pressure of 1 x 10"% Torr, a substrate
tamperature of 300 “C and & £ilm forming time of 16
minutes. As the result of film formation under such
conditions, in all the samples from 1-1 to 1-169, no
Al-Ti film was deposited at all at the opening having
the electron non-donative second substrete expoesed,

but Al-Ti of about 7000 A was deposited only on the

electron donative first substrate, whereby complete

selectivity was obtained. The f£ilm quality of the Al-
Ti film deposited was found ta be very good,
exhibiting the same properties as one prepared at a
substrate températura of 300 *C in Example 12.

Example 16

When deposition was carried out according tc
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the same procedure as shown in Example 12 by use of

MMAH, as the starting gas and setting the conditions

as follows:

Total pressure: 1.5 Torr

MMAH2 partial pressure: § x 10'4 Torr
TiCl, partial pressure: 1.5 x 10~% Torr
in the temperature range of the substrate temperature
from 160 °C to 400 °C, an Al-T1i thin film containing
no carbon impurity and having excellent flatness,
denseness and selectivity depending on the substrate
surface materials was deposited similarly as in
Example 12.

Example 17_

First, the procedure for AlfSi—Ti £ilm
formation is as follows. By use of the device shown
in Fig. 1, the reaction tube 2 is internally evacuated
to ca. 1 x :I.D-8 Torr by the evacuation unit 9.
However, A1-8i-Ti film can be also formed if the
vacuum degree within the reaction tube 2 nay be worse
“8 porr. |

After washing of Si wafer, the conveying
chamber 10 is released to atmospheric pressure and Si
wafer is mounted in the conveying chamber. The
conveying éhamber is evacuated to ca. 10»6 Torr, and

then the gate valve 13 is opened end the wafer is

mountad on the wafer holder 3.

-_
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After mounting of the wafer on the wafer
holder 3, the gate valve 13 is closed, and the
reaction chamber 2 is evacuated to & vacuum degree of
ca. 1 x 107 Torr. _

In this Example, DMAN-is fed through the first
gas line. As the carrier gas of DMAH line, H, is
employed. The second gas line is used for H, and the
third ges line for Ticl4 diluted with H,. The fourth
gas lihe is provided for 512H5. The third gas lineg,
the mixer and the reaction tube are preheated to
180 “Cc X 10 °C.

By passing Hz through the second gas line, the
pressure within the reaction tube 2 is made &
predetermined value by controlling the opening of the
slow leak valve 8. A typical pressure in this Example
is made approximately 1.5 Torr. Then, the wafer is
heated by current passage through the heater 4. After
the wafer temperature has reached a predetermined
temperature, DMAH, TiCl4 and SiZHG are introduced into
the reaction tube through the DMAH line, the Ticl4
line and the SiZHG line. The total pressure is ca.
1.5 Torr, and the DMAH partial pressure is made ca.
1.5 x 10" % Torr. The TiCl, partial pressure is made 1

-6

x 10 Torr and tha Si HG partial pressure is made 1 x

10”5 Porr. When Si,H. and DMAH ere introduced into

the reaction tube 2, Al-Si-Ti is deposited. RAfter a

This Sheet Has Been Replaced
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predetermined deposition time has elapsed, feeding of

DMAH,_TiCJ.4 and 312H6 is stopped. Next, heating of

the heater 4 is stopped to 6ool the wafer. Feeding of

H., gas is stopped, and after evacuation intermally of

2
the reaction tube, the wafer is transferred to the
coaveying chamber, and only the conveying chamber is
made atmospheric before taking out the wafer. The
cutline of Al~-8i-Ti ¥ilwm formation is es described
ébove.'

Next, preperation of samples in this Exemple
is explained below.

S1 substrates (N type, 1 - 2 ohm.cm) were
subjected to thermal oxidation at a temperature of
1000 °¢ according to the hydrogen combustion system
(HZ: 3 liters/M, 0,: 2 liters/M).

The wafers having an oxide film were provided
to deposit Al-Si-Ti films of 5000 A thickness

following the above described procedure under the

following conditions.

Total pressure 1.5 Toxrr

DMAH partial pressure 1.5 % 10-4.Torr
TiC1, partial pressure 1 x 1079 Torr
Si,H, partial pressure 1 x 10°° Torr

Tha Al-Si-Ti films thus formed were subjected
to patterning according to conventional

photolithographic technique to obtain test samples in
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1 which A)l-Si-Ti remained in the widths of 2, 4 and & pm.
When the temperature (Ts) of substrate for
deposition was varied to evaluate thé characteristics
of the deposited films, substantially the seme results
§ @as those shown in Table 2 were obteained.
Example 18 ' -
By means of the law pressure CVD apparatus
shown in Fig. 2, Al-8i-Ti1 films were formed on the
N substrates with the constitutions as described below.
10 On a monocyystalline silicon as the electron
donative first substrate surface material, & thermally
oxidizad.sioz film as the electron non-donative second
substrate surface material was formed, and patterning
was effected acdording to the photolithographic steps
15 to have the monoc¢rystalline silicon surfece partially
axposed.
The film thickness of the thermally oxidized

$3i0., film was found to be 7000 A, with the size of the

2
exposed portion of the monocrystalline silicon, namely

20 opeaing being 3 um x 3 pm. Thus, a sample was
prepared. (Hereinafter, such'sample is expressed as
“thermally oxidized SiO2 {hereinafter abbreviated as T-
Sioz)/monocrystalline silicon)".

Following the same procedure as described
25 above, samples were_prapared as follows.

Oxidized film formed by normal pressure CVD

_—
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(hereinafter abbreviated as Sioz)lmonocryatellina
silicon. |

Phosphorus doped oxidized film formed by
normal pressure CVD (hereinafter abbreviated as
PSG} /monocrystalline silipoﬁ. .

Phosphorus and boron doped oxidized £ilm
formed by normal pressure CVD (hereipafter abbreviated
as BSPG)/monocrystalline silicon formed by normal
pressure CVD.

These samples and A1203 substrate, 8102 glass
substrates were placed in the low pressure CVD device
shown in Table 2, and Al1-Si-Ti films were formed
within the‘same bedge. The filwm forming conditions
were a reaction tube pressure of 0.3 Torr, a DMAE
partial pressure of 3.0 x 10'_5 forr, a TiCl4 partial
pressure of 1 x 10 ' Torr, a Si,He partial pressure of
1x 10-6 Torr, a substrate temperature of 300 °C and
film formation time of 30 minutes.

As the result of film formation under such
conditions, concerning all-the samples applied with
patterning, deposition of Al-8Si-Ti film occurred only
on the electron donative, 8i substrate surface film
to embed completely the opening with the depth of 7000 A.
The film quality of the Al-Si-Ti film occurred only
be very good, exhibiting the same properties as one

prepared at a substrate temperature of 300 9¢c shown in
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Example 12. On the other hand, on the second

substrate surface which is electron non—donative, ho
Al~-Si~-Ti film was depousited at all, whereby.completa
selectivity was cbtained. On both the 41,0, substrate
and the Sa‘.o2 glass substrate which are electron non-

donative, no Al-Si-Ti film wes deposited at all.

Example 19

Following the same procedure as in Exemple 17

to set the parameters as follows:

Total pressure:

DMAH partial pressure: § x 1()"4

SiZH6 partial pressure:

1 x 1073 Torr

Substrate temperature (Tsub):

and the TiCl4 partial pressure was varied from § x

107 Torr to 1 x 10-4 Torr to effect deposition. The Ti
content (wt.%) of the Al-Si-Ti films were varied from
0.3 ¥ to 4 %. As to resistivity, carbon coatent,
average wiring life, deposition.speed, and hillock
density, the sawme results as in Example 12 were
c¢btained. Similarly as.in Example 13, selactive

depositability depending on substrate surface material

1.5 Torr

300

was also gonfirmed over the entire region.

Example 20

Folléwing the same procedure as in Example 17

to set the parameters as follows:

Total pressure:

1.5 Torr

This Sheet Has Been Reﬂ

L

Il

Torr

~C

@584



[ RECEIVED 82/20 15:38 199§ AT 5354864
'98 02720 18:45 03" 3211 5035

L]

10

15

20

PAGE 73 (PRINTED Page 78)
OKABE TOEKYOD-2 !

- 78 -

5 % 10-4 Torr
6

DMAH partial pressure:
TiCl, partial pressure: 1x 10 ° Torr '
Substrate temperature (Tsub): 300 °C

and the'Sizﬂs partial péessura was variad from 1.5 =
10”7 Torr to 1 x 10 ¥ Torr to effect deposition. The
Si content (wt.%) of the Al-Si-Ti films were varied
from 0.006 ¥ to 5 % approximately in proportion to the
SiZHG partial pressure. As toc resistivity, average
wiring life, deposition speed and hillock density, the

same results as in Example 12 were obtained. However,

in samples having a S8i content of 4 ¥ or higher,

-deposition was generated in the films which appeared

to be Si to worsen surface morphology, thereby making
the reflectance 60 % or lower., Samples having a Si
content of less than 4 % exhibited a reflectance of 80
to 95 %, which was the same as in Example 17.
Furthermore, selactive depositability depending on
substrate surface material was confirmed over the
entire region.
Example 21

The procedure of Example 17 was repeated to
deposit Al-Si-Ti with the exception that the
parameters were set as follows:

Total pressure: 1.5 Torr

DMaH partial pressure: 5§ x 10—4 Torr

SiyHg partiael pressure: ix 10‘"5 Torr
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As a result, Al-8i-Ti films were deposited
within the substrate tempeiature raﬁge of 180 °C to 400 *C
which were excellent in migration resistance, flatness,
densenass and selectivity depending on substrate surlace
material similarly as in Example 12.

In the following, description is made about Examples
in which Al-Cu or Al-Si-Cu is deposited by use of Cu in
placae of Ti as the additive.

Example 22

By the evacuation unit 9 of the device shown in Fig.,
1, the reaction tube 2 is internally evacuated to ca. 1 x
10-8 rorr.

However, film deposition of Al-Si-Cu is possible
even when the vacuum degree within the reaction tube 2 maj be
worse than 1. x 10~8 Torr (e.g. 1 x 1077 or 1 x 10-6),

After washing of Si wafer, the conveying
chamber 10 is released to atmospheric pressure and Si
wafer is mounted in the conveying chambex. The

6 Torr,

conveying chember is evacuated to ca. 1 x 10~
and thean the gate valve 13 ism opened sad the wafer is
nmounted on the wafer holder 3.

After mounting of the wafer on the water
holder 3, the gete valve 13 1s closed, and the
reaction chamber 2 is e§acuated t0o a vacuum degree of

ca. 1 x 10" 8 Torr.
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In this Example, DMAH is fed through the first
Qas line. As the carrier gag of DMAH line H2 is
employed. The second gas line is used for H,, the
third ges line for Cu(C.H,0,),, and the fourth ges
line for Sizﬂs. The third gas line, the mixer and the
reaction tube are preliminarily heated to 180 °C ¥ 10
“C. |

By pasSingﬂﬁz through the second gas line, the
pressure within tge reaction tube 2 is made a
predetermined value by controlling the opening of the
siow leak valve 8. A typical pressure in this Example
ies made approximately 1.5 Torr. Then, the wafer ;s
heated by current passage through the heater 4. After’
the wafer temperature has reached a p:edetermined
temperature, DMAH, Cu(05H702)2 and Sisz are
introduced into the reaction tube through the DMAH
line, the Cu(05H702)2 line and the Sizﬂ6 line. The
total pressure 'is ca. 1.5 Torr, and the DMAH partial
pressure is made ca. 1.5 x 104 Torr. The Cu(csHéoz)z par-
tial pressure is made 1 x 106 Torr,«%ﬁdfthexsgzﬁa partiai
pressura is made 1 x 10_5 Torr. When s:izl-l6 ‘and DMAH
are introduced into the reaotion tube 2, Al-5i-Cu is
deposited. After a predetermined deposition time hes
702)2 and SiZHG is
stopped. Next, heating of the heater 4 is stopped to

elapsed, feeding of DMAH, Cu(czﬂ

cool the wafer. Feeding of Hyp gas is stopped, and
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after evacuation internally of the reaction tube, the
wafer is transferred to the conveying chamher, and’
only the conveying chamber is made atmospheric before
taking out the wafer. The outline of Al-$i—Cu film
formation is as described above.

Next, preparation of samples in this Example
will be explained below.

Si substrates (N type, 1 ~ 2 ohm-.cm) were
subjeoted to thermal oxidation at a temperature of
1000 “C according to the hydrogen qoﬁbustion system

{# 2 liters/M, 02: 2 liters/M).

2°
The wafer with the oxidized film was prepaered,

and an Al-Si-Cu film of 5000 i was deposited by

following the above~mentioned procedure under the

following conditions:

Total pressure: 1.5 Torr

1.5 x 10 % Torr
G

DMAH partial pressure:
Cu{CSH..'zoz)z pertial pressure: 1 x 10" Y Torr

Si,Hg partiel pressure: 1 x 107° Torr.

By using the conventional photolithographic
technique, patterning was carried out so that the Al-
Si-Cu might remasin in widths of 2, 4 and 6 pm.

The results of evaluation of the films
deposited by changing the temperature of deposition

substrate (Ts) and of the cases in which the wiring

width of Al-Si-Cu was varied are shown in Table 5.
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In the above-mentioned sample, within the
temperature range of 220 *C to 400 °C, filme could be
obtained which had very few hillocks and were
exoellsnt in the electro~-migration resistance.

Also, the paltterning property of the present
Al-8i-Cu was extremely good.

Example 23

The procedure of Example 22 was repeated by
using the device as showa in Fig. 2 to affect
depasition Al-8i-Cu under the following conditdions:

‘Total pressure: 1.5 Torr

4

DMAH partial pressure: 5§ x 10 = Torr

81236 partial pressure: 1 x ;0_5 Torr
Cu(csﬁjoz)2 partisl pressure: 1% 10"6 Torr
Substrate temperature: 300 *°C
As 2 result, Al-Si-Cu films could be obtained
which were excellent in migration resistance, flatness
and denseness similarly as in BExample 22.
Example 24

Following the same procedure as in Example 22

to set the parameters as follows:

Total pressure: 1.5 Torr
DMAH partial pressure: 5 x 10™4 Torr
Sizﬁ6 partial pressure: i x 10—5 Tory

Substrate temperature (Tesvb): 300 *C

and the Cu(CgH707)3 partial pressure was varied from 5

IR
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x 10-7 Torr to 1 x 10-% Torr to effect deposition.

The Cu content (wt.%) of the Al-Si-Cu films were
varisd from 0.3 % to 4 ¥ depending on the Cu(C H,0,],
partial pressure. As to resistivity, carbon content,
average wiring life, deposition speed, and hillock
density, theo same results as in Exemple 22 were
obtsined. However, the samples having a Cu content of

3 % or higher had high probability that the surface

moyrphology was slightly worsened.

Example 25
Following the same procedure as in Example 22

t0 set the parameters as follows:

'To;al pressure: 1.5 Torr

DMAH partiel pressure: 5 x 10+ Torr

Cu(C5 7 2)2 partial pressure: 1x 10—5 Torx

Substrate temperature (Tsub): 300 "C
and the siZH6 partial pressure was varied from 1.5 X
10~7 yorr to 1 x 10~ % Torr to effect deposition. The
Si content {wt.%) of the Al-Si-~Cu films were varied
from 0.005 % to'5 % depending on the SiZHB pertial
pressure. As to resistivity, average wiring life,
deposition speed, and hillock density, the same
results as in Example 22 were obtained. Howevaer, in
samples having a Si content of 4 % or higher,
deposition was generate# in the films which appeared

to be Si to slightly worsen surface morphology,
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thereby making the reflectsnce 65 % 6r lower. Samples
baving & Si content of less than ¢ % exhibited a
reflectance of 80 to 95 %, which was the same as in
Bxemple 22. '
gxémpla 28 . '
Following the same procedure as in Example 22
to set the parameters as follows:‘
Total pressurae: 1.5 Torr
DMAH partial pressure: 5§ x 1074 Torr
Cu(C.H,0,), partial pressure: 1 % 10”5 Torr
Substrate temperature: 300 *C
and the deposition was effected without flowing Si,H..

The Cu content in the formed Al-Cu filwm was 0.5%, and

evaluation of the electro-nigration resistance was

excellant as compared with Example 22.
Example 27

Fo%lowing the same procedure as in Example 22
to set the parameters as follows:

Total pressura: 1.5 Torr

DMAH partial pressure: 5 x 10 Torr

“5 Torr

0. )2 partial pressure: 1 x 10-6 Torr

Si H5 partial pressure: 1 x 10
Cu{Cy M4
and deposition of Al-S8i-Cu was effected.

Within the substrate temperature range of 220
“C - 400 °C, Al-Si-Cu films could be obtained which

were axceéllent in the migration resistance. flatness

T, i
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and denseness siﬁilarly as in Example 22.
Example 28

Following the same procedure as in Example 22
t0 set the parameters as follows:

Total pressure: 1.5 Torr

DMAH partial pressure: 5 x 10~% Torr

SigHy psrtial pressure: 1 x 1072 Torr

Cu{C HF0,), partial pressure: 1 x 107% Torr
and deposition of Al-8i-Cu was efchted.

Within the substrate temperature range of 220
*C - 400 °C, Al-8i-Cu filmé could be obtained which
were excellent in the migration resistance, flatness
and denseness similarly as in Example 22.
Example 29

By means of the reduced pressure CVD device
shown in Fig. 2, Al-Si-Cu films were formed in same
manner as in Example 23 on the substrates with the
constitution as described below.

On a monocrystalline silicon surface in which

phosphorus of_io20 cm ° was selectively diffused, a

thermally oxidized Sioz film was formed, and
patterning was effectéd according to the copventional
photolithographic steps to have the monocrystalline
silicon surface partially exposed.

The £film thickness of the thermally oxidized

5103 film was found to be 7000 A, with the size of the
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1 exposed portion of the monocrystalline silicon, namely
opening being 0.8 pnm % 0.8 um. Thus, samples were’

prepared.

These samples were placed in the redused

5 preasure CVD device shown in Teble 2, and Al-Si-Cu
films were formed within the same batch. The Ffilm

forming conditions wers a reaction tube pressure of

5

0.3 Torr, & DMAH partial pressure of 3.0 x 310 ° Torr,

6 Torxr, a

10 Qu(CSHTOZJZ partial pressure of 1 x 10771 Torr, a

~ a 8i,H, partial pressure 0f 1.0 x 10~

substrate temperature of 300 °C and a film formation
.time of 10 minutes.
As the result of the film formation under such
conditions, the gontact resistance between the
15 phosphorus diffused region of silicon and the

7

deposited Al-Si-Cu £ilm was 8 X 10° % to 1.2 x 10 ohm

cmz. In short, the inside of the via-hole could be

filled up with the deposited Al-Si~Cu, without

e
providing any barrier metal or the like in the via-
20 hole. and good contact resistance and excellent
resistance in hole could ba obtained.
25
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Example 30
First, the procedure for Al-Si-Cu film formation

is as follows. By use of the device shown in Fig. 1,
the reaction tube 2 is internally evacuated to ca. 1 X
1078 forr by the evacutation unit 9. However, Al-Si-Cu
film can be also formed if the vacuum degree within the
reaction tube 2 may be worse than 1 x 10"8 Tarr.

After washing of Si water, the conveying
chamber 10 is released to atmospheric pressure and Si
wafer is mounted im the conveying chamber, The

& Toxr,

conveying chamber is evacuated to ca. 1 = 10~
and then the gate valve 13 is opened and the wafer is
mounted on the wafer halder 3.

After mounting of the wafer on the wafer holder
3, the gate valve 13 is closed, and the reaction
chamber 2 is evacuated to a vacuum degree of ca. 1 x 1078
Torrx.

In this Example, DMAH is fed through the first

gas line., As the carrier gas of DMAH line H, is employed.

2
The second gas line is used for H,, the third gas line

2
third gas line, the mixer, and the reaction tube were

for Cu(C.H.,0,), and the fourth gas line for Si H.. ‘The
preliminarily heated to 180 °*C + 10 °C.

By passing H? 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
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1 is made apprbiimately 1.5 Torr. Thefi, the wafer is
heated by current passage through the heater 4. After
the wafei temperature has reached a predetermined
temperature, DMAH, Cu(C5H702)2 and Si,Hg are introduced

into the reaction tube through the DMAH line, the

(42

Cu(c5H702]2 line and the Sizua.line. The total pressure

is ca. 1.5 Torr, and the DMAH partial pressure is made

ca. 1.5 x 107% Torr. The Cu(C4H,0,), partial pressure
~ is made 1 x 10-% Torr, and the Si,H, parrial pressure

10 is made 1 x 1073

- Torc. When SiZHG and DMAH are
introduced into the reaction tube 2, Al-Si-Cu is
deposited. After a predetermined deposition time has
elapsed, feeding of DMAH, Cu[C5H702)2 and Sizu6 is
stopped. ﬁext, heating of the heater 4 is stopped tc

15 cool the wafer. Feeding of H, gas is stopped, and after
evacuation internally of the reaction tube, the wafer is
transterred to the conveying chamber, aﬁd only the
conveying chamber is made étmospheric before taking out
the wafer. The outliné of Al-Si-Cu film formation is

20 @as described above. | |

Preparation of a sample in this Examplce will be
explained below.

Si substrates (N type, 1-2 ohmécm) were
subjected to thermal oxidation at & temperature of

25 1000 °C according to the hydrogen combustion system
(H

3 liters/M, .0,z 2 liters/M).

2°¢ 2

The wafter with the oxidized film was prepared,

and Al-Si-Cu film of 5000 A was deposited by Following
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the above-mentioned procedure under thé& following
conditions:
Total pressure s 1.5 Torr

DMAH partial pressure : 1.5 X 1074 rorr

-6

Cu(CSH7 21 part1a1 pressure : 1 X 10 = Torr

Si JHg partlal pressure 3 1 x 10 =3 gorr.

By using the conventional photolithogragyic
technigue, patterning was effected so that the Al-Si-Cu
might remajin in widths of 2, 4 and 6 pum,

The results of evaluation of the films deposifed
by changing the temperature of deposition substratc (Ts)
and of the cases in which the wiring width of Al-Si-Cu
was varied are shown in Table 6.

Within the temperature range of 220 “C - 400 °C,
films could be obtained which had very few hillocks and
were excellent in the electro-migration resistance.

Also, tha patterning property of the present
Al-Si-Cu was extremely good.

Example 31

By means of thé reduced pressure CVD device
shown in Fig., 2, Al=-Si-Cu films were formed on the
substrates with the constitution as described below,

On a monccrystalline silicon as the electron
donative first substrate.surface material, a thermally_
oxidized 8i0, £film as the electron non-donative second
substrate surface material was formed, and patterning

was effected according to the photolithographic steps

to have the monocrystalline silicon surface partially
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exposed.

The film thickness of the thermally oxidized

§10. f£ilm was found to be 7000 A, with the size of the

2
exposed portion of the monécrystalline silicon, namely
opening being 3 ym x 3 um., Thus, a sample was prepared.
(Hereinafter, sﬁch sample is expressed as “thermally
oxidized sio2 (hereinafier abbreviated T-Sioz)/mono~
crystalline silicon*).

Similarly, the following samples were prepared:

an oxidized £ilm formed by nomal pressure CVD

(hereinafter abbreviated as-SiOzjfmonocrystalline silicon,

a phosphorus doped oxidized film formed by normal

pressure CVD (hereinafter abbreviated as PSG)/
monocrysfalline silicon, and

a phosphorus and boron doped oxidized film
formed by normal pressure CVD (hereinafter abbreviated
as BSPG)/monocrystalline silicon.

These samples and A1203 substrates, 55.02 glass
substrates were placed in the reduced pressure CVD
device shown in Table 2, and Al-Si-Cu films were formed
within the same batch. The film forming conditions were
a reaction tube pressure of 0.3 Torr, a'DMAH partial

S

pressure of 3 x 10 ° Torr, a Cu(C,H,0,), partial

pressurc of 1 x 10~/ Toxr, a SiZH6 partial pressure

of 1 x :I.O—6 Torr, a substrate temperature of

300 “C and a film formation time of 10 minutes.
As the result of film formation under such

conditions, concerning all the samples applied wiih
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patterning, deposition of Al-Si-Cu £ilm occurred only

on the electron donative Si substrate surface film to

embed éompletely the opening with the depth of 7000 4
The film gquality of the Al-Si-Cu film was found to be
very good, exhibiting the samé properties as one
prepared at a substrate femperature of 300 °C shown in
Example 30. On the other hand, on the second substrate
surface which is electron non-donative, no Al-Si-Cu film
was deposited at all, whereby complete selectivity was

obtained. On both the Al substrate and the s;o

1293 2
glass substrate which are electron non-donative, no

Al-Si-Cu film was deposited at all.

Examgle 32

Following the same procedure as in Example 30 to

set the parameters as follaows:

Total pressure: 1.5 Torr
DMAH partial pressure: 5 x 10™% Torr
Si,H, partial pressure: 1 x 107> Torr

Substrate temperatuxe (Tsub): 300 °C
and the Cu(C5H702)2 partial pressure was varied from

T Torr to 1 x 1074

5 x 10 Torr to effect deposition.
The Cu content (wt.%) of the Al-Si-Cu films were varied
from 0.3 & to 4 2 depending on the Cu(C5H702)2 partial
pressure, As to resistivity. carben contcent, average
wiring life, deposition speed, and hillock density, the
same results as in Example 30 were obtained. However,
in samples having a Cu content of 3 % or highex, the

surfacc morphology was worsened. Similarly to Example
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1 31, the depaosition seleéfivity depending on the
substrate surface material was confirmed over the entire
region,

Example 33

5 Fbllowin§ the same procedure as in Example 30
to set the parameters as follows:

Total pressure: 1.5 Torr

“4 porr

DMAH paftial pressure: 5 x 190
~ Cu(c5H7dz)2 partial pressure: 1l x 10"6 Torr

10 Substrate temperature (Tsub): 300 °C

and the Si_H, partial pressure was varied from ].5 X 10~7
Torr to 1 x 10~% Torr to effect deposition. The Si content
(wt.$) of "the Al-Si-Cu films were varied from 0.005 % to

5 % approximately in proportion to the SiZHG partial

15 pressure. As to resistivity, average wiring life,

deposition speed, and hillock density, the same results

as in Example 30 were obtained. However, in samples
~— having a Si content of 4 % or ﬁigher, deposition was

generated in the films which eppeared to be Si to worsen

20 surface morphology, thereby meking the reflectance &5 %

or lower.  Samples having a 8i content of less than 4 %
exhibited a reflectance of 80 to 95 &, which was the
same as in Example 30. Similarly to Example 31, the
selective depositability depending on the substrate
surface material was confirmed over the entire region.
Example 34

Following the same procedure as in Example 30

- to set the parameters as follows:
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3 Total pressures: . 1.5 Toxrr
DMAH partial pressure: s x 1074 Torr
Cu(CSH".Ioz)2 partial pressure: 1 x 1.0"6 Torr

Substrate temperature : 300 °C
5 .and the deposition was effacted wifhout flowing Sizns.
The Cu content in the formed Al-Cu film was 0.5 %, and
evaluation of the electro-migration resistance was
excellent as compared with Example 30.
~ | Also, the selective depositability depending on
10 the substrate surface material was confirmed similarly
as in Example 30.
Example 35
Following the same procedure as in Example 30

to set the parameters as follows:

18 Total pressure: 1.5 Torr
DMAH partial pressure: 5 x 10°% porr
Sizr—l6 partial pressure: 1 x 10-5 Torr

. -6
Cu(Cllﬂ19 2)2 partial pressure: 1 x 10 Torxr

and deposition of Al-Si-Cu was effected.
20 Within the substrate temperature range of 220 °C
- 400 *C, Al-S5i-Cu films could be obtained which were
excellent in the migration resistance, flatness, denseness
and selectivity depending on substrate surface material -

similaxly es in Example 30,

25 EXx le 36
Following the same procedure as in Example 30

to sat the parameters as followss

—_—
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DMAH partial pressures ' 5 x 107¢ Torr
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Cu(C.HF¢0,), partial pressure: 1 x 10 ° Torr
and deposition of Al-Si-Cu was effected,

Within the substrate temperature range of 220 °C
- 400 °C, Al-si-Cu films could be obtained which were
excellent in the migration resistance, flatness,
denseness, and selectivity similarly as in Example 30.
Example 37 -

By means of the reduced pressure CVD device
shown in Fig. 2, ‘Al-Si-Cu £ilms were furmed in the same
manner as in Example 31 on the substrates with the
constitution as described below.

In a monocrystalline silicon as the eleclron
donative first substrate surface material, phosphorus

-3

of 1020 cm was selectively diffused, and a thermally

-oxidized‘5102 £film as the electrxon non-donative second

substrate surface material was formed thereon, and
patterning was effected according Lo the conventional
pﬁotolithogr&phic steps to have the monocrystalline
silicon surface partially exposed.

The £ilm thickness of the thermally oxidized
SiO2 film was found to be 7000 i, with the size of the
exposed portion of the monocrystalline silicon, namely

opening being 0.8 ym x 0.8 yum. Thus, samples were

prepared.
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These samples were plnce& in the reduced
pressure CVD device shown in Table 2, and Al—Si;CU'films
were Formed within the ssme batch, The film forming
conditions were a reaction tube pressure of 0.3 Torr, a

DMAH partial pressure of 3 x 1073

-6

Torr, & SiZHG partial
pressure of 1 x 10 ° Torr, a Cu(C5H702)2 partial
pressure of 1 x 10677 Torr, a substrate temperature of
300 °C and a film formation iime of 10 minutes.

As the result of film formation under such
conditions, concerning all the samples applied with
patterning, deposition of Al-Si-Cu film occurred only on
the electron donétive silicon substrate surface to embed
complatel&_the opening with the depth of 7000 i. The
film gualily of the Al-Si-Cu f£ilm was found to be very
good, exhibiting the same properties as one prepared at
a substrate temperature of 300 °C shown in Example 30.
On the other hand, on the oxidized film surface which is
clectron non-Qonative, no Al-Si-Cu film was depcéited at
all, whereby complete selectivity was obtained.

Further, the contect resistance between the
phosphorus-diffused region of silicon and the deposited

=7 -6 ohm-cmz.' The

Al-S$i~-Cu film was 8 x 10 to 1.2 x 10
inside of the via-hole could be filled up with the
Al-$i-Cu deposited, without providing any barrier metal
or the like in the inside of the via-hole, and good
cantact resistance and cxcellent resistance within the

hole could be obtained.
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i Next, an application example utilizing each
example as mentioned above for formation of electrodes
of a semiconductor device will be explained. |

As an example fbr forming source-~drain

5 electrodes of gate insulation type transistor, electrode
formation within the conéact hoie on the source-drain
was carried out by use of the film formation method
according to the present invention. This is described

~ by referring to Figs. 4A - 4E.

10 First, on a p-type silicon wafer 501, by use of
conventional selective oxidation method, etc. a thick
field oxidized film and a thin thermally oxidized film’
502 were formed on the wafer 501 (Fig. 4A).

Next, with the use of SiH, gas as the starting

4
15 9as, a polycrystalline silicon layer was formed by the
thermal CVD method, a polycrystalline silicon gate
electrode 504 was formed, and also with the thick field
oxidized film and the gate electrode 504 as the mask,
phosphorus was ion injected self-matchingly to form an
0 impurity diffused region 505 of 1 x 107% em™? (rig. 48).
Next, an oxidized silicon f£ilm 508 was forwed by
us¢ of the thermal CVvD method (Fig. 4C).
By use of the Jithographic method, a contact
hole 509 with a size of 0.5 pm x 0.5 pm was formed
25 (Fig. 4D).

By transferring the substrate thus obtained to

the device shown in Fig. 1, Al film was formed.

ﬂwaHuBumRThmﬂ
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At tﬁis time, the substrate temperature was
made 270 °C, and DMAH was employed as the starting gas,
H, as the carrier gas, and ’riC14 as the ﬁdditive gas
to carry out formation of Al film.

After completion of formation of Al film, the
transistor was taken out from the f£ilm forming device
and observed. As the result, it was found.that Al £ilm
510 was deposited only on the 8i 505 wherein phosphorus

was diffused in the conlact hole 509, and not deposited

- on the oxidized f£ilm 508 (Fig. 4E). Further, the

surface of the Al £ilm 510 was very flat. When the

characteristics of the transistor obtained were examined,

extremely good characteristics were exhibited.
Separately, according to the same steps, the
substrate was made N type, and the impurity was changed

from phosphorus to boron to prepare P channel MOS.

Comparative experiment

Bn Al film was formed on @ monaocrystalline’
silicon under the following_conditipps{_“
By passing aAr in place of H2' Al was deposited

by pyrolysis of DMAH. The total pressure at this time

&eo4

was mada 1.5 Torr, the DMAH partial pressure 1.5 x 10 % Torr,

and the substrate temperaturc of 270 -350 “C.

When the Al £ilm thus formed was avaluated.
about 2 % of c;rbon was foﬁnd to be contained at the
minimum.l

Resistivity beceme greater by 2-fold or more

than the case when hydrogen was employed.
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As to reflectance, it was lowered to sebout 1/3
to 1/9 rglative the casé when hydrogen was employed.

* - -8imilarly, wiring 1life was sharter by 1 tu 2
cipher, generation probability of hillock became
gieater by 2 cipher or more, and a large number of
spikes were found to be generated.

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

As described above, Al deposited anly by
decomposition of DMAH without use of H, is inferior in
£film quality, and was unsatisfactory as the 31 film
for a semiconductor device.

Separately, without use of Hz' OMAH was
dacomposed by the optical CVD method to deposit 3l. °
As the result, some Smprovement such &s no containment

of carbou, and the like,was observed from as the Al
film prepared as compared with the case when no iight
was employed, but_orhef characterisﬁics were not
improved so much, and the Al film was still
unsatigfactory ss the Al film“for a.semiconductor '

device.

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

When DMAH.reaches the electron donative
‘substrate, namely the substrate bhaving electrons under

the state on which hydrogen atoms are attached (Fig.
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5A} with the meihyl groups directed toward the
substrate side, one electron of the substrate cuts one
bond of Al and a methyl group (Figs. 58 and 5C).

The reaction scheme at this time is as
follows:

(CH,) ,AlH + 2H + 2e —> 20341 + Al-H

Further, similar reactions will 'proceed for
the hydrogen atoms remaining oa deposited Al having
free electrons (Fig. 5D). Here, when hydrogen atons
are deficient, hydrogen wolecules constituting the

reaction gas are decomposed on the substrate to supply

-hydrogen stoms. On the other hand, siunce there is no

@lectron eon the electron non—donative surface, the "
above—mentioned reaction will not proceed and no Al
deposited. -

Figs. 5A - 5D are .illustration.s for bettex
understanding of the reacion mechanism, end the
nunbers of H, ¢ and Al shown in Figs. 5A - 5D are not
necessarily coincident. .

In the case of Al-Ti, Al-si-Ti, Al-Cu, and
7Al-5i-Cu £films, Ti, Cu and Si atoms are incorporated
into Al during the process of the reaction as

descxribed above.

As described above, accoxrding to the present
invention, a low resistivity, dense and flat additive-
containing A1 film could be deposited on a substrate.

Also, depending on the kind of the substrate,

—_—
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1  additive-containing Al can be formed with excellent
selectivity. |
As explained in the foregoing, according to the
present invention, low resistance, dense and flat Al
5 films containing an additive such as Al-Ti, Al-Si-Ti,
Al-si-Cu and Al-Cu £ilms can be deposited on a substrate.
Also, if necessary, good selective deposition can be

carried out.
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Table 1 {Continued)
Notes No deposition occurs at the substrate temperafure of 150 °*C.

Ayerage wiring life is time to wire breaking when current .

is passed at a current density of 1 x 106 A/cm through a CIOSS“

sectional area of l,nm2 at 250 °C.
Spike generation ratio is destruction probability at. the

_Junction portion of 0.15 um depth.
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Table 2
Eubstrate
Lemperxa- .
ture gpq .'

Evalua-
tiod wor | 1sor | wor | moe | amee | seec [ mor | ssec | srer | 4oet ] a0t | 40T | @¥
Caxbon Ros . > saveral 4
Coatent aepozltid‘:_ ) Lover tham | 8 _ containad

detection limit
Rew e P ad
slazivity — . BB uem

80~-50%¢ §5~809% 60% ©F lowerx
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ance N . _ .
Average > e >
wiring “i -
lze — 107 ~5 X104 nrs. ~o103 pra,

averal
Peposition X /i , 100~ B00AZ,, 1 R
spesd —_— 3] } > 1&
-3 4 =2
}en? em 0~10" cw
A1 10ck Pt s ez 0~10 sl< 3
density = il .
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Table 2 {(Continued)
Notet No dsposition oceurs et the substrate temperature of 150 °C.

Average wiring life is time to wire breaking when current

is passed at a current density of 1 % 106 Alcm through a Cross-

sectional area of 1 nmz at 250 *C:
Spike generation ratio is destruction probablility at the

- por -

junctlion portion of 0,15 ym depth.
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Tablg 3
crystaltice | crogiatisne| Aroreous | o Mo | Tta | wsi | Tist
Si Si Si .

T-5i0, 2-1
$i0, 3-2 2-12 2-22 | 3-32 | 2-42 | 2-52 | 2-62 | 2-12
BSG 2-3 2-13 2-23 | 9-33 | 2-43 | 2-53 | 2-83 | 2-73
PSE 2-4 2-14 2-24 | 2-34 | 2-44 | 2-54 MLh 1-74
BPSG 2-5 2-15 2-25 | 9-35 | 2-45 | 2-55 | 2-85 | 2-75
P-SiN 7-§ 2-16 2-26 | 2-38 | 2-46 | 2-56 | 2-68 | 2
T-SIN 3-7 3-17 2-27 | 3-37 | g-a7 | 2-57 | 2-67 l 217
LP-SiN 2-8 2-18 2-28 | 9-38 | 2-48 | 2-58 | 2-68 | 2-78
ECR-SiN 2~ 2-14 2-29 | 2-39 | 2-48 | 2-59 | 2~68 | 2-70
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Table .3 {continued)
AL ALSi| AQTi | Ti-N Cu H:Q AL Pd Ti Mo-Si . Ta-Si
~-Si-Cu |
T-5102 |
5i02 1-82 2-92 2-102 | 2-112| 2-122| 2-132{ 2-142} 2-152)] 2-16%2| 2-172
BSG 2-83 2-93 2-103 | 2-113| 2-123}| 2-133} 2-143| 2-153} 2-163) 2-173
BSG 2-84 2-94 2-104 | 2-114] 2-1241 2-134| 2-144| 2-154} 2-164] 2-i74
BPSE ‘2-8% 2-9% 2-105 | 2-1151 2-125} 2-135| 2-145{ 2-155| 2-165] 2-17%
P-SiN 2-86 2-96 2-106 | 2-136§ 2-126% 2-1361 2-146) 2-156} 2-166§ 2-176
T-SiN, 2-81 | 2-91 2-107 1 2-117 | 2-127§ 2-137 | 2-147\ 2-157 } 2-167§ 2-177
LP~-SiN 2-88 2-38 2-108 | 2-118] 2%-128{ 2-138 | 2-148} 2-158 | 2-168) 2-178 .
ECR~SIiN 2-81 -89 9-108{ 2-119] 2-129] 2-139| 2-148) 2-158| 2-16%8| 2-179
(Note} Numeral indicates Sample No.
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Table 4
- eryotailine cryzfi'{:l-ine Amorphous | .. Ko Ta | WSi. Tisi
Si Si

T-510, 1-1 1-11
$i02 1-2 1-12 1-22 1-32 | 142 | 152 | 162 | 172
BSG | 1-3 1-13 1-23 1-33 | 1-~43 | 1-53 | 1-683 | 1-73
PS6 1~4 1-14 1-24 1-34 | 144 | 1-54 | 1-64 | 1-14
"BPSE 1-§ 1~15 1-25 1-35 | 1-45 ]| 1-55 | 1-65 | 1-75
p-SiN - 1-6 1-16 1-26 1-36 | 1-46 | 1-56 | 1-86 | 1-78
T-Sil 1-7 1~17 1-27 1-37 | -1-47 | 1-87 | 1-67 | %7
LP~$1N 1-8 1-18 1-28 1-38 | 1-48 | 1-58 | 1-68 | 1-78
ncn-s}N 1-9 19 1-29 1-38 | 1-48 | 1~59 | 1-68 | 179
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Table 4 (continued)

pee | aesi| aeti) Tin | oo | 00 Faeed| T0 | Mo-si| Tasi
1-510, |
$i02 1-82 | 1-92 | 1-a02| 1-112} s-122{ 1-192| 1-142 1-152| 1-162} 1-172
856 1-83 | 1~03 | 1-108] 1-118] 1-123| 1198 | t-148] 1-153| 1-163] 3-179
PSG 1-84 1-94 1-104 { 1-114] 1-124] 1-134| 1-144} 1-154) 1-164] 1-174
‘BPS8 1-85" | 1-85 | 1-108{ 1-115| 1-125{ 1-136{ 1-145] 1-i§5| 1-165] 1-175
R (-85 | 1-96 | 1-1e6| 1-116 | 1-126) 1-136] t-146] 1-156 ] 1-166| 1-176
T-Sil 1-87 | 1-87 | 1-107] 1-117] 1-127| 1-187| 1-147| 1-157| 1-167] 1-107
LP-51H 1-68 | 1-88 | 1-108| 1-118[ 1-~128 1-198{ 1-148| 1-158| 1-168} 1-178
ECR~S1N 1-83 | 1-99°| 1-109| 1-139| 1-128] 1~138) 1-149| i-150 | 1-189| 1-178,

{note) Numeral indicates Sample No.
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Table 5
‘ T 400 C  450C
Substrate 210 T 450 € 300 C 350
tempexature (' ' -
in 4 6 4 4
width of wiring 4 4 2 .
- (um) : - 33.
pesistivity (Qom}]3.6~3.3 2.7~4.0
- ' C t6~~100
“uillock density |10~ 100 0 ~100
(cm‘z)
- : 3
' | 204 x103 2 %10
average wizing | 5 o 103] geaxned | 13 x10° 2~axsed | ax103 | 2~4xie g 4 K10 _
1ife {(hrs.) S onger
Y 500 ~1000- ‘
Deposition speed | 400 ~500 §00 ~300

&
Afmin.
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Table 5 {Continued)

ime to wire breaking when current

Average wiring life is t
05 a/em® through a cross-

is passed at a current density of 1 x1

sect.tonal area of 1 )Jm at 200 °C.
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Table 6
: 50 T 400 C 450°C
Substrai’::e (*cl 226 T 250 C 380 ©
temperature :
4 4
width of wiring 4 4 2 4 6 |
{ue ) —
2.7~3.0 . R .
Resistivity {Qcm) 3.0 ~3.3 .
16~100 .
1 o~100
#illock density 10~10 OA'! 0 l
-2 .
(em ) . .
| 1 ~4 %100 2 X 10%
aAverage wiring 2 x 103 2~4x103 1~3 xlo! 2”4’(10’ 4,‘10; 2"‘4’(10_. 2
e or longer
' | e . §00 ~1000 .
ab ~800 R
speed | 400 ~580 6
I.Jeposition re ]
A/min,
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pable 6 .(Continued)

Nofe:

g life is time to wire breaking when current
A/cm through a cross-

Average wirin
is passed at a current density of 1 x 10°

sectional area of 1 ).xm at 200 °C.
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CLAIMS:

1. A process for forming' a deposited f£ilm
comprising the steps of: |

{a) providing a substrate having an electron
donative surface in a space for formation of the
deposited £ilm;

(b) dintroducing a gas of an alkyl aluminum
hydride, a gas éontaining titanium and/or copper é%oms
and hydrogen gas into eéid space for formation of
deposited film; and

(¢) maintaining the temperature of said electron
donative surface within the xange of from the

decomposition temperature of .said alkyl aluminum

hydriée to 450°c_to form an aluminum film optionally
containing titanium and/ox copps# on said electron
donative surface. |

2. A process for preparing a semico;ductor
device comprising the steps of: |

forming an insulating £film on a semiconductor
subgtrate; _ . |

forming on said insulating f£film an opening
through which +the surface of said semiconductor

substrate is exposed: and

O
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A

applying chemical vapor deposition method by

use of an alkyl aluminum hydride, a gas containing
titanium and/or oopper afnms and hydrogen to form an

aluminum fiim optionally containing titanium and/ox

- gopper selectively in said opening.

3. The process accoxrding to claim 1 ox 2,
wherein said alkyl aluminum hydride has a methyl

group.

4. The process according to claim 3, wherein
sald alkyl aluminum hydride is dimethyl aluminum

hydride.

5. The process according to claim 1 or 2,
wherein said alkyl aluminum hydride is monomethyl

aluminum hydride.
*
6. The process according to any preceding claim,
wherein said gas containing +titanium comprizes

TiCl4.

7. The process according to any preceding claim,

wherein step (b) additionally comprises introducing a .

gas containing silicon atoms,

* c L M 1] *
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8. The procesg according to any preceding claim,
wherein step (a) comprises providing a substrate
Ihaving an electron dongtive surface (A) and an
electron non-donative surface {(B) in a space for
formation of the deposited film.

9. The process according to any preceding claim,
wherein said electron donative surface comprises a

silicide.

10. The process according to c¢laim 9, whoerein
said electron donative surface comprises singla
monocrystalline silicon, polycrystalline silicon or

amorphous silicon.

11, The process according to any preceding
claim, wherein said electron donative - surface

comprisea a semiconductor.

12, The pracess according to claim 11, wherein

salid electron donative surface comprises a IIXI-V
compound semiconductor contalning an element belonging
to +the group IIX of the periodid table and an element

belonging to the group V of thea periodic table.

13. The process accoxding to claim 11, wherein

* c L L} s * ’
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said eolectron donative surface comprises a II-VI
compound semiconductox containing.an olement belonging
o ‘the group II of the periodic table and an element

belonging to tha group VI of the perlodic table.

14. The process according to any preceding
claim, wherein said alectron donative surface

comprises a metal.

15. The ﬁrocess accoxrding to claim 14, wherein
said electron donative surf#ce comprises a metsal
containing at lesst one element =elected from
tungsten, molybdenum, tantalum, aluminum, titanium and

copper.

16. The process according to claim 8, wherein -

said electron non-donative surface (B) comprises an

insulating materxial.

17.. A deposition process which comprises
applying an organic aluminum hydride, copper and/or
titanium atoms, and hydrogen to an electron donative
suxface under conditions to cause decomposition of the

aluminum compound.
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