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

BACKGROUND OF THE INVENTION

Field of the invention

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

semiconductor integrated circuit device, etc.

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

integrated circuits by use of semiconductors, for
electrodes and wiring, aluminum (Al) or a metal
containing aluminum as maig component such as Al-Si§
and the like has been primarily used. Al has many _
advantages such that it ig inexpensive and high in

electroconductivity, that it c¢an be also internally

chemically protected because a dense oxidized film can

be formed on the surface, and that it has good
adhesion to 8i, etc.

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

sputtering methed such as magnetron sputtering, etc.
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etc. Related background art In the prior art, in

el ectroni c devices or integrated circuits by use of sehiconductors,
for 15 electrodes and wiring, alumnum (A) or a netal cont ai ni ng

al um num as nmai n conponent such as Al -Si and the |like-has heen
primarily used. Al has nmany advant ag@s—such that it F§)IH€XD@H§IV@.L,

and high in el ectroconductivity, that it can be also |ntepmﬁll¥b 20
chem cally protected because a dense oxidized filmcan “——be-forrBd-on _i

the surfgce ?nd t hat 'tﬂgﬁév£¥¥xLelect;ve depogition and selective

growth can not be roalized by the sputtering method

1
H
]
!

4

which has been used in the prior art. The sputtering is
the physical dsposition method based on flying of
5 sputtered particles in vacuum, the film thickness at

the atepped portion or the insulating film side wall
becomes extremely thin, leading to wire breaking in an
extreme case. Nonuniformity of film thickness or wire
bresking has the drawback that reliability of LSI is

10 markedly lowered.

On the other hand, since the integration
degree of the integrated circuit such as LSI, etc. is
increased, and fine formation of wiring or multi-layer
wiring has been perticularly required in recent years,

15 there is sn increasing severe demand not found up to
date for Al or Al-5i wiring of the prior art. With
finer-dimensional formetion by increased integration
degree, the surface of LSI, etc. is subject to
excessive unevenness due to oxidation, diffusion, thin

20 film deposition, and etching, etc. For exampla,

electrodes or wiring metal must be deposited on the
surface with a8 stepped differehca, or deposited in.a

via-hole which ia fine in diametaer and deep. In 4

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

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

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

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

5 compound is reguired.

Particularly, for performing sure electrical
connection to the device under insulating film such as
$i0,, etc., rather than £ilm formation, Al-S8i is
required to be deposited so as to embed only the via-

10 hole of the device. In such case, a method of
depositing an Al alloy only on §i or metal surface and
not depositing it on an insulating film such as 5102,
ete. is required.

As the improved sputtering method, there has

15 been developed the bias sputtering method in which a
bias is applied on a substrate and deposition is
performed s0 as to embed Al or an Al-81i compound only
in the vie~hole by utilizing the sputter etching
action and the deposition actiorn on the substrate

oq Surface. However, since the bias voltage of some 100
V or higher. is applied on the substrate, deleterious
influence on the device occurs because of charged
particle damaging such as change in threshold of MOS-
FET, eto. Alsoc, because of presence of both etching

28 ection and deposition action, there is the problem

that the deposition speed cannot he essentially
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the stepped portion or t-he insulating film side wal

beconmes extrenmely thin, leading to wire breaking in an " extrene case.

Nonuni formty of filmthickness or wire

reliability of LSI is 10 narkedly | owered.
since the integration
etc. is increased, and fine formation of wiring or milti-Iayer:,
W ring has been particularly required in recent years, ' e
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degree of the.dntegrated circuiltissiguras ;

breaki ng has the drawback that
On_the ofher h

improved.

In order to solve the problems as described

" above, various types of CVD (Chémical Vapor

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

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

at the stepped portion can he avoided.

- Furthezrmore, there are not caused‘damageé by

charged particles which have been observed in the case

of the plasma CVD or the sputtering method. The
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excessi ve unevenness due to oxidation, diffusion, thin 20 film deposition,

and etching, etc. For exanple, el ectrodes or wiring netal must be
deposited on the surface with a stepped difference; or deposited in-a
via-hole which is fine in diameter and deep._In 4 Nbi't "0r: 16- Moi't: "DRAM
(dynamic RAM, etc., the aspect 25 ratio ?via-hole dept h/ vi a=‘hol'e. ,

di aneter) of via-hole in which a nmetal conposed mainfy "of "AI""stch as

Al -Si,

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

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

10 film.

When TIBA is to be used, a continuous film can
not be obtained unless pretreatment is effected in
which prior to film formation, ‘1‘1014 is flowed to
activate the substrate surface to form nuclei.

15 Furthermore, in case where TIBA is used, there is a

problex that surface flatness is not sufficient even

when 'ric14 is used. By this method it is not possible
to affect selective growth such es Al-Si deposition
only in via-holes.

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

o5 the substrate. By this method, an Al~-Si film of a low

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

5 is complicated. )

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

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

In this case, it is clearly stated that the

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

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

contemplated at all, and there is no description of

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

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

25 description of other organic metals. This is because,

since the chemical properties of organic matals
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and . not dep03|t|ng it on an insulating filmsuch as Sigerr],

etc. i.s required. As the inproved sputtering nethod, there has

15 been devel oped the bias sputtering nmethod in which a hias is i
applied on a substrate and deposition is per f or ned |G QSSHEGT e dr Al |

or an Al -Si conpound only in the via-fote by utilizing thepspyshter |

et chi ng action and the deposition action on the substrate—26-—surface.
However, since the bias voltage of sonme 100

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

5 be used.

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

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

15 the problem that the plece for setting the heater

cannot be necessarily freely chosen.

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

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

25 above-mentioned Japanese Laid-open Patent Application

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

This Sheet Has Been Replaced -

LT




V or higher is applied on the substrate, deleterious i nfl uence on the

devi c@E@fd!ﬂnraz/a;euaa?sess)m gisasxyed PagE (dei GhavTebaregiifl such as change in
threshol d 8f '428- 12:44 B3 Wil S0 5o hecalRMBE FPEYA-Bsente RREWhot h_ef chi ng @160
25 action and deposition action, there is the problem that the

deposi-ti on: speed cannot be essentially ] - :
e e ™ s

1 selectively grown only on a metal or semiconductér,
but not only the difference between the gas
temperature and the suhétrate surface temperature can
be contralled with difficulty, but also there is the

5 drawback that the Bomb and the pipeline must be
heated. Moregover, according to this method, there are
involved such problems that no uniform continucus film
can be formed, that flatness of the film is poor,
etc., unless the film is made thick to some extent.

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

15 As described above, prior art methods cannot
necessarily effect well selective growth of Al-8i, and
even if_possible, there is a problem with respect. to
flatness, resistance, purity, etc. of the Al film
formed. Also, there has been inveolved the problem

20 that the f£ilm formation mathod is complicated and can
be controlled with difficulty. .

SUMMARY OF THE INVENTION

As described above, in the technical field of
25 _semiconductors in which higher integration has been

desired in recent yesrs, for providing inexpensively.a

Sheet Has Been Replaced.

A LN




In order to solve the problens as descrlbed above, various types of
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utilized. |n plasma CVD or optlcal CVD, deconposition of the starting

gas occurs in gas phase, - and the active species fornmed there further
reacts on the substrate to give rise to filmformation—ln 10 these

CVvD et hods, surface coverage on unevennesE% t he sub TH@tgﬁgyrﬁggqﬁEhj

i s good. However, carbon atons contaied in the startihg ga P ’
are i ncorporated into the film Also, particularly in . D

t he probl em renai ned that there was danage

1 semiconductor device which is more highly integrated

- and also made higher in performances, there remained
many rooms to be improved.

The present invention has been accomplished in

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

10 controllability.

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

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

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

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

Still another chject of the present invenion

25 is to provide a process for forming a deposited film

of an Al1-8i film which is extremely broad in general
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is good in surface coverage on

t he surface,

via-hole will readily occur. Further, wire breaking at the stepped .
portion can be avoi ded. Furthernore, there are not caused dap&ge&
25 charged particles which have been observid-n the case } (% bJrhe.,--J
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articles (so called plasna damage) as in the case of
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etc. Also, it can be expected that deposition within

purpose utility and excellent in selectivity, without
requiring particularly a complicated and expensive
deposited film forming device.

Still another object of the present invention
is to provide a process for forming a deposited film
which can form an Al-Si film under good selectivity
according to the CVD method utilizing alkyl aluminum

hydride, hydrogen and a gas conteining silicon etoms.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

according to the present invention.

Figs. 3A ~ 3E ar¢e schematic sectional views for

illustration of tha deposited film forming process
according to one embodiment of the present invention.

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

present invention.
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as organic 5 alumnumgas and an Al filmis forned at a film

f or mat-i on tenperature of 260[err]C and a reaction tube pressure of 0.5
Torr. The substrate tenperature is then THIS SHEET rps 5o d
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{ DETAILED DESCRIPTION OF THE EREFERRED EMBODIMENTS

Preferred embodiments according to the present
invention are described in detail below, but the
present invention is not limited by thegse embodiments,

s and it may bave a comstitution which sccomplishes the
object of the present inventiom.

One preferred embodiment of the present
invention is a process for forming a deposited film
comprising the steps of:

10 (a) providing a substrate having an electron
donetive surface (A} in a space for formation of the
deposited film;

(b) introducing & gas of an alkyl aluminum
hydride, a gas containing silicon atoms and hydrogen

15 ‘gas into the space for formation of the deposited
film; and

- - . {c) maintaining the temperaturo of the . .
electron donative surface (A) within the range of from
the decomposition temperature of the alkyl eluminum

20 hydride to 450 °C to form an saluminum £ilm containing
silicon on the electron donative surface (A).

Further, another preferred embodiment of the
present invention is & procesa for forming a deposited
film comprising the steps of: )

25 (a) providing a substrate having an electron

donative surface (A) and a electron non-donative

—_—_
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pretreatnment is effected in - which prior to filmformation, Tid [err]"

is flowed t,0 activate the substrate surface to formnuclei. 15
Furthernore, in case where TIBA is used, there is a probl em t hat

surface flatness is not sufficient even when Tid][qgr

this nmethod it is not possible to effqet -sel ective MS ?Egtf Ab §¥EN

Al -Si deposition only in via-holes. 20 anot L Phod

there can be nentioned the met hod described in Japanese Journal of

Appl i ed

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

Clis
- /
CHs Ga\c

25 Ha
in thermal decomposition undergoes radical cleavage
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Physics, Vol. 27, No. 11 . L2134 (1988). In this met hod, TIBA and
Si 2H6[ a'f':F{Ii% zﬁ:{]h?? ?E%B‘f supmnesi pra®D Pk @as§s are heated
before TIBA reac

| ow resistivity can be epltaX|aIIy grown on a S|(100)

- 6- 1 wafer. Although the film obtained by this nethod has

- 13 - | THIS SHEET HAS
g REPLACED

I‘
).. l_

1 wherein Ga—CH3 bond is cleaved, while triethyl
gallium:
Calig-
™ CzaHs

Csz-Ga

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

10 Aattached with the same ethyl group:

in thermal decomposition undergoes radical

decomposition in which Al-G,H. is cleaved. However, tri-
15 1so-buty1 aluminum having 1c4 9 bonded therein:

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

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

20 and Al has a dimer structure at room temperature:

and thermal decomposition is radical decomposition in

25

This Sheet Has Been Rep

i

3214 8035, By HEARESTORYP+f0d, +anDRER S| film of a ms-

|
|



good high quality, there are involved the problens that control is
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Pat ent Application No. 63- 33569 describes a nethod- of. formng a film
by using ng Tid[err], but using in place thereof organic alunm num and
heating it in the vicinity of the substrate. 10 According to this nethod
Al can be deposited selectively only on the netal or sefﬁgo EEN
surface fromwhich the naturally oxi-dilaed fil m has been ‘e§
In this case, it is clearly stated that the R[P

1 whioch Al-CH3 group is cleaved, and at a temperature of
150 °C or lower, it reacts with atmospheric H, to form
CH,, and forms finelly Al.

However, at a high temperature of 300 %¢ or

5 higher, even if Hz may be present in the atmosphere,
CHs group will withdraw H from the TMA molecule, until
finally Al-C compound is formed.

Alsc, in the case of TMA, in light or a
certain region controlled in elactric power in Hz
10 atmosphere high frequency (ca. 13.56 MHz) plesma, CZHG
will be formed by the bridging 033 between two Al's
In.essance, since even an organic metal
comprising CH, group which the simplest alkyl group,
C,Hg group or iC H, group and Al or Ga has a reaction
;5 mode depending on the kind of the alkyl group, the
kind of the metal atom, the excitation decomposition
means, for deposition of a metal atom from an organic
metal on a desired substrate, the decomposition
reaction must be strictly controlled. For example,

when Al is to be deposited from triisobutyl aluminum:

20 |
rea: T MPNpq — icata)
iClHo””
in the low pressure CVD method comprising mainly
thermal ;oaction, unevenness of pm order is formed on
25 the surface, whereby the surface morphology is

inferior. Also, hillock generation by heat treatment,
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descri bed ? 0% AL 12038 Used OBABSIOKYOr capri BREWgas is_ @16
required to be used, but . Ar gas may be also uséd as the . carrier gas:
However, 20 the reaction of TIBA with anot her gas (e.g. H2) I S not
contenplated at all, and there is no description of usge-ot--+2-as- the—m;_
carrier gas. Also, in addition to TIBA, trimethyl al umHand{EEnm): Gadeh |
triethyl alum num (TEA) are nentionediSbut there is ng speciff-FcACEDS i
description of other organic nmetals. This is because, simice the '

chem cal properties of organic netals
1 Si surface roughening through Si diffusion at the

interface between Al and Si occur, and also migration
resistance is inferior, whereby it can be utilized for
ultra-LSI process with Qifficulty.

5 For this reason, a method for controlling
precisaely both the gas temperature and the substrate
temperature has been attemptad. However, the device
is compliceted, and the method is af the sheet
treatment type in which deposition can be effected

10 only on one wafer by one deposition process. Besides,
since the deposition speed is 500 A/min. at the
highest, thc.throughput necessary for bulk production
cannot be realized.

Similarly, when TMA is employed, Al deposition

15 has been attempted by use of plasma or light, the
device aléo becomes complicated due to use of plasme
or light, and also because of the sheet type device,
there remains room for improvement for sufficient
improvement of throughput.

20 Dimethyl aluminum hydride (DMAH) as the alkyl

éluminun hydride to be utilized in the present

invention is a substance known as alkyl metal, but it
could not be estimated et all what Al thin film could
be deposited depending on what reaction mode, uniess
g5 deposited films are formed under all the conditions.

For example, in an example of deposition Al by optical

e

e
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-7- 1 generally vary greatly if the organic substituent attached to

the newakiveb @B 1:M8NbdRSarl 435deb€. 1 1 | Sage 168 (HERRS SR 1650 ! NVEStigate

i ndi vidual 19§ @3y2detidded B0I szexpesa ment at | GRABED TeRYDSS M n 8. \WREW Organic _@1s
netal should 5 be used. : ~ In the CVD net hod as déscri bed~above;, -

not only . there is an inconvenience that the naturally oxidized

filmnmust be renoved, but also there is the drawback

- 16 - THIS SHEET HAS BEEN
REPLACED

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

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

In the piesent invention, for depositing an Al-
Si film of good quality as the electroconductive
10 deposition film on e substrate, the CVD method is
used.
More specifically, by use of dimethyl aluminum
hydride (DMAH):
e~ ag -
15 Chemical. formula: CHy —
or monomethyl aluminum hydride (MMAHZ):

Chemical formula: CHa ag = "
H —

o0 a8 alkyl aluminum hydride which is an organic metal as
tha starting gas containing at least one atom which
becomes the constituent of the deposited f£ilm, a ges
containing Si atoms as the starting gas and Hz aeg the
raaction gas, an Al-Si film is formed by geas phase

25 growth with a gas mixture of these on a substrate.

As the substrate aepplicsble in the present

This Sheet Hag Been R
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that no surface snoothness can be obtained. Also, 10 there is the
restriction that heating_of the gas is necessary, and yet heating nust

be dbAEFE]YED {Bp/es 11:42 1396; 96 SORFSIEP PRINT EJE9) 1it nust al so be
exper i rren‘itigll y“detne'r‘?ri ne?gtai%g%%oxi mi ty%ﬁaﬁ@%gﬂ SUBSEFAL e--heati-ng----- 4199

must be dope, whereby there is also 15 the problemthat the place for

setting the heater cannot be necessarily freely chosen. I n
the pre-text of the 2nd Synposi um of El ectrochem cal Society, Branch
of Japan (July 7, 1989), on page 75, {fhere is a dp§§%|§gggﬂHQg ggHwT

20 formation of Al according to the double wall CVD
met hod, TIBA is used and the device ' : i

i

methodeed n thils

1 invention, a material having electron donative
property may be-employed.

The electron donative materisl is described in
detail below.

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

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

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

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

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

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

25 OF metals themselves such as tungsten, molybdenunm,

tantalum, aluminum, titenium, oopper., etc., or

—————

e
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I s designed so that the gas tenperature of TBA can be

the sukstivad G2/b£ 1085 404 M - s33ddsS SRR egarded as a
nodi fi cat |v0n oéint hee: 425 d!sgwezmnaasone E\?gﬁé : tﬁm o]

Application

-8-

open-. Prwent
No. 63-33569. Also in this nethod, A can be

1 selectively grown only on a netal or seniconductor,

10

15

20

25

made hi gher than

- 18 -

REPLACED

THIS SHEET HAS BEEN

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

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

follows:

H )
cua\&ﬂ “\5.0. c s'i' Ha—+ 248 § +4ClUL T +Hat
CHs” “~H~ “CHs

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

preferably, it is most desirable to use DMAH of which

This Sheet Has Been Replaced
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but npteiVey ak)28 191421 185ENC SRS een the ga tenperature and the

substrat e_6rd2ee LEAper agss 328035 rﬁ@aﬁ}ﬁ'ﬂ ®hidifficulty, but

also there is the 5 drawback that the bonb an e p pel|ﬁ@ st be @17
heat ed-. Moreover, according to this method, there are i nvol ved such

probl ens that no uniform continuous film can be forned, that flatness

of the filmis poor, etc., unless the filmis nade thick to sone

extent. 10 As set forth above, 4w prior apk—ﬁe%haﬁs‘H€V”ér

the problems to be solved that it is difficult to | THSHBH 5 éﬁ“A] Si
filmof a low resistivity and good qual ity, tha t herREALACERNsi der abl e

limtation i nl vap%ptp %rr%tsgts:rgngsi f 'Lé#rm;torrrg%gnl temperature.

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

5 deposition £ilm on the substrate.

More specifically, as described above, by use
of dimethyl aluminum hydride (DMAH) or monomethyl
aluninun hydride (MMAHZ), a gas containing S1 atoms as
the starting gas and H2 as the reaction gas, an Al-Si

10 f£ilm is selectively formed on the substrate by gas
phase growth with a gas mixture of these. _

Tﬁe substrate applicable in the present
invention has a first_subatfate surface material for
formation of the surface on which Al-Si is deposited,

15 @and a second substrate surface materiel on which no Al-
81 is deposited. And, as the first substratae surfsce
materjial, a material héving the algctron donative.
surface is used..

In contrast, ss the material for forming the

90 Surface on which Al-S1i is not deposited selectively,
namely the material for forming the electron non-
‘donative surface, aohventional insu;atinq materials,
oxidized silicon formed by thermal o#idation, cvo,
etc., glass or oxidized film such as BSG, PSG, BPSG,
etc., thermally nitrided film, silicon nitrided film

25
by plasma CVD, low pressura CVD, ECR-CVD method, stc.

This Sheet Has Been Rep
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15 As descri bed above, prior art nethods cannot necessarily

ef f eC RECGR®VED 92428 A ¢14B \19960sTOSH30E90T Al - Siracearre (PRINTED PaEEN1AS 1pOSSi bl e, there is

a probl em®i 1242} eé’bé&t t B3 3211 3038 ness, r ABR 2PF8-2 purttPRE®Rt c. of the Al @172
film forned. Also, there has been |nvolved the problem 20-that the
filmformation method is conplicated and can be controlled with
difficulty. SUVMMARY OF THE | NVENTI ON
above, in the technical field of 25 sem.cpmaductors in uﬂ ﬂéﬁﬁ 1%??%:N
i ntegration has been desired in recent years, foriLprovi

i nexpensively a '

1 Fig. 1 is @ schematic view showing a
preferable deposition film forming device for applying
the. present inventibn.

iﬂere, 1 is a substrate for forming an Al-S1

5§ film. The substrate 1 is wounted on a substrate
holder 3 provided internally of the reaction tube 2
for forming a space for formation of & deposited film
which is substantially closed to Fig. 1. As the
matarial cgnstituting the reaction tube 2, quartz is

10 Pprefersble, but it may be also made of a metal.. in
this case, it is preferable to cool the reaction tube.

The subgstrate holder 3 is made of a metal, and is
provided with a heater 4 so that the substrate mounted
thereon can be heated. 'Bnd,'tha constitution is made

15 ©o that the substrate temperature can be controlled by
controlling the heat deneration temperature of the
heatar 4. | .

The feeding system of gases is constituted as
described below.

20 8 is a gas mixer, in which the first starting
gas, the second starting gas and the reaction gas are
mixed, end the mixture is fed into the reaciton tube
2. 6 is a sterting gss gasifier provided for |
gasification of an organic metal as the first starting

05 998 ' '

The organic metal to be usad in the present

\\\\\\\\\\\\\‘\\\\\
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-9- senmi conductor device which is nore highly integrated and
al so needesvED epzz 11: %8 96 faDISazEEBCS, t herdde 1RTHRNEED Pace 1247B)Y FOONB to be
i mpr oved. 98 02723 12:48 T{R0%3aeP3%i nvent | OORABESTOBE®2 acsonpkEWshed in 5 @173

view of the technical tasks as described above, and an .Object of the

present inwention is to provide a process for fornmng a deposited film

whi ch can form an Al -Si filmof good quality as tihgiiel @ateyosongeetijve
- 21 - ~ REPLACGED |

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

"The evacuation is constituted as desoribed

(5]

below.

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

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

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

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

10 is s substrate conveying chasmher which can

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

25 The valve 13 is opened only when the substrate

1 is transferred between the reaction chamber and the

\
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natergﬁkgﬁt a desired position wth good 10 controllability.
Anot heér )4 /231 11{ {4l 9pf AT EIRB6M NVENt | (e Brul PRINTED PalE PO @ process for
a%ﬁ‘!?{’ ?T‘PI m s

fornimg a e clfll 8038 can obt aPFABRITOKYO-5i f4+hroRei ch has Q17
extrenely broad general purpose utility and yet is of good-quality," o
15 without requiring particularly no conplicated and expensi ve

deposited filmform ng device. Still another object of the

present invention is to provide a process for formng a deposited film
which can forman Al -Si filmexcellent in~s&fface 20 chitget efitiSt HRS BEEN

el ectrical characteristics, purity, etc. according th Rb tmoy‘

utilizing al kyl
D conveyin§ space.

| As shown in Fig. i, in the starting gés
gasifier 6 which is the gas formation cheamber for
forming the #tartinq gas, the liquid DMAH maintained

5 at room temperature is bubbled with H, or Ar (or other
inert gas) as the carrief gas to form gaseocus DMAH,
which ;s transported to the mixer 5. The Hz gas a§
the reaction gas is transported through another route
into the mixer 5. The gases are controlled in flow _

jo Yates so that the respective partial pressures may
becone desired values.

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

15 room temperature is the most prefarred: Also, DMAH

and MMAH, may be used in a mixture.

20
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al um num hydride, hydrogen, and a gas contai ning silicon atons.

St @Bk AP LR 1L o mzae&.esent QP Nl bits LyP OV de @ process

orm ngp 32 paatde 211 s038f an LSpiwt remel y broad gyrs

in généra

REPLACEMENT SHEET - 10- 1 pur pose

utility and excellent in select|V|ty mAthout T?qgrtrqgfgggqg larly a
conpl i cated and expensive _ E%ﬂ

REPLACED
1 As the second starting.gas.containing &1,
there can be used 512H6' _SiHr Sisﬁe, Si(CH )4. 3161

S.'IHzCH.2

can be easily decomposed at the law temperature of 200

and'SiHacl. Of these compounds, 51286 which

5 = 300°C. The gases such as S§i H, are diluted with H,
or Ar and transported to fhe nixer § through a systen
other than the DMAH systenm. | |

' The deposited filn formed at a substrate
temperature of 160 °C to 480 °C by use of such

10 starting gas and reaction gas, with a thickness of for
exanple 400 A, has a resistivity at room temperature
of 2.1.- 3.0 yohm-om which is substantially equal to
Al bulk resistivity, and is a continuous and flat
£41m. At this time, the pressure during filn

15 formation can be chosen within the range from 10™3
Toxrr to 760 Toxr. Aiso. even when the film thickness
may be 1_um, its resistivity is ca. 2.7 - 3.0 pohm-cm,
and a sufficiently dense film can be formed also with
a relatively thicker film. Also, the reflectance in

oo the visible light wavelengtk region is approximately
80 %, whcrcby'a thin fila excellent in surface
flatness can be.depositcd.

The substrate togperaturé is desirably the
deconposition tenperatqre of the starting gas

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

_—
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deposited filmform ng device. " Still another object of the

pr esenRECEER AR/2DN1: 46 1356 T 438060 OVi de Pac196 REHINER PadeOH9) HU @ deposited film

whi ch—ean fﬁr%(%{’n 14:4%; 1 P0IIAHGENISgood sel SBABB/TARYO-2 ?.accmvdi ng to the @iz
CVvD met hod utilizing al kyl al um num hydri de, hydrogen and a gas .
containing‘silicon atons. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 is a schematic view for illustration of ~a_Sui tabl e deposited

filmformng device in practicing -t 9 deposit dTHIS!| SHHST “*Entcess
according to the process of the present invent}i on. ﬁﬂé“bg Fig. 2
Is a schematic view for illustration of anot her i ,LAQ§Qoosit d film

formng device in
1 desoribed above, but specifically the substrate

tenperature ¢f 200 to 450 9¢ is more desirable, and
when deposition is carried out under this condition,

4 to0 107° Torr,

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

-
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practicing the deposited filmformn ng process

| nvent iRETEIVED B2/23 11:45 1996 AT 8f0es8A - 3E pade®  ACHRIMRD! fage Ba) 1,onal views for
2

illustratichf 84723 ha2:3@posMROICIZLE 5088 or m Ng PORABE TOKYO-

enbodi ment of the present invention. Figs. 4A - 4D are

il lustrations for explaining
present invention. 25

to the

10

15

- 25 - REPLACED

dgcqmﬁ*ng to one

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

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

7 4 _fo1a

8i,H, partial pressure 1 x 10" '—fald to 1 x 10
of the pressure in the reaction tube, and gndar such
conditions, Al-Si can be well deposited on.the - .
electron donative substrate.

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

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

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

innerside reaction tube nade of gquartz located for

This Sheet Has Been Replaced
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according to the present

20

the mechani smof Al _deposition_according
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- 11.- 1 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS -

Pr ef er Reeeliveryizyed WERS 3998 G Eagkic®0 t O t NEacBIGF Sy gl PYePtion are described
in detail 'B808¢23 bi&: 3¢ he T3 32y s6MNnt | NV e NOKABE TORVOH yl Em bk by these
enbodi nents, 5 and it may have a constitution which acconplishes the

obj ect” of fhe present invention. One preferred enbodi nent of

the present . I nvention is a process for formng o]
conprising the steps of: 10 Lahspnoviding_gmgﬁggﬁng‘Sh@%ﬁa
el ectron . REPLACED

Q17

an

[\

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

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

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

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

() ikracadesciory 1 g0 ammmah| | Wb enovrsd Wil 15, @ 035 contai ni ng
=-@r m—dlmon (6] e

silican af#f2/23d 1353 og8M03 381 I8 | nt 0 t heRAPPNDEY
deposited- film and (c) maintaining the tenperature of the
el ectron donative surface (A within the range of from.. .
deconposition tenperature of the al kyl -al um num Zq'-
forman al uim num fil m containing silicon on t

surface (A). " Further, anctHeh Dreferrde

ptesent invention is a process for forming a deposi

1 evacuated through the gas evacuation outlet 53.

In taking out and in the substrate, the flange
84 pade of a metal is permitted to fall by an elevator
(not sahown) togefher with the substrate holdinq member

5 E6 and the substrate 57 to be moved.to a predetermined
position where the substrate ia mounted and detached.

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

10 wafers within the device,

As desoribed above, the film obtained
according to the Al-Si fila formation process based on
the smpbodiment of the present invention is dense with
little content of impurity such as carbon, etc. and

15 resistivity which is similar to bulk, and also has
high surface smoothness, and therefore remarkable
effeots as described below can be obtained. - .
(1) Reduction of hillock

Hillock ia'occurrence of concavities on the Al-

20 81 surface due to partial migration of Al-Si when |
inner stress during filam formation is released in the
heat treatment step. Also, similar phencmenon occurs
by local aigration by curreat passage. The Al-5i film
formed by the present invention has little inner

25 stress and is approximate to the state of

This Sheet Has Been Replaced
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filmconprising the steps of: 25 ) (a) providing a éubstrate havi ng
an el eBECEY "2/23 (!Uﬁatlbﬁe\rss:lsds&ce (A oamd jga Qhﬁﬁ,ﬁﬁ @ReeN@py gonati ve

REPLA 2:51 ©03 3211 5038 E TARX0-2. .1, ppEW ace (B) in a g
space for formation of the deposited. f|In1 : - (b) - _
I ntroduci ng a gas of an al kyl al um num hydri de, a gas containing
silicon atons and hydrogen =
_ 28 - THIS SHEET HAS BEEN
REPLACED

1 monocrystal. For this reason, in‘the heat treatment
at 450 °C for one hour, as contrasted to formation of
10% - 105/cm® of hillooks in the Al-Si f£ilm of the
prior art, the hi;look number c¢ould be greatly
s improved as 0 to 10/0m2. Thﬁs, due to substantial
absence of Al-Si surface concavity, the resist film
thickness and the interlayer insulating film can be
made thin to be advantagecus for making it finer and
more flat.
10 (2) Improvement of electro-migration resistance
' Electro-migration is the phenomenon that the
ﬁiring atoms move by passage of a ocurrent of high -
density. By this phénoménon, voids are generated and
grown along the grain boundary, whereby as accompanied
15 WwWith raduction of the cross-sectional area, the wiriﬂg
generates heat to bs broken. In the prior art, the
anti-migration property has been improved by adding-
Cu, Ti, etc. to Al-Si to form an alloy. Howe@er, the
alloy formation results in complication of the etching
29 Step and difficulty of minute formation.
Migration resistance is generally evaluated by
average wiring life.
The wiring formed by the sputtering method or
the CVD method of the pfior art.has obtained anaverage

2

25 Wiring life of 1 x 10™ to 103 hours (in the case of &

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

\
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5 gas .into the space for formation of the deposited film and

(C) NRIRACEIVED sRLp3tinoist 1ISOEDRY Sisbse Of t he donat | ve surface (A
wi t hin t-he 48284183 of2:5Lom B3 3mhéoabco?r%olsa|ltf£ﬁ§a%%

oREw t he al kyl

aluminum 10 hydride to 450 [errJC'to form an aIun1nUﬁTf|In1containing

silicon selectively on the el ectron donati've surface - (A). oy
In the' foll'owing, prior to detailed descrlptlon %rrs%‘”tﬁe 6 g
for formng a 15 deposited filmby use of ‘an organi HEG! MY hL§
The deconposition reaction of an organi¢ 5,9 . nmetal, gnd heAeeA

filmdeposition reaction

10

15

25

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

2

A/cmn“. 1In contrast, the Al-§i film obtained by the Al-

Si film formation method based on the embodiment of
the present invention could obtain an average wirinql
life of 103 to 104 houré with a wirihq having a cross-—
sectional area of 1 pmz.

Hence, according to.the presont invention, for
exanmple, when the wiring width is 0.8 um, a wiring
layer thickness of 0.3 um can sufficiently stand
practical epplication. That is, since the wiring
layer thickness can be made thinner, unevenness on the
seniconductor surface after arrangement of wiring cen
be suppressed minimum, and aléo high reliebility in
passing ordinary current ¢an be obtained. Also, this
is possible by a very simple process.

(3) Reduction of alloy pits in contact portion

-.-.By the heat treatment in the wiring step,-
sutectic reactidn batween Al in the wiring meterial
and Si in the substrafé may occur to result in
penetration of.A1—81 sutectic called as alloy pit into
the supstrate in spiké pattern, thereby destroying
shallow junction.

As countermeasure, it is general to employ a
material other than pure Al when the depth of junction
is 0.3 um or more and to employ barrier metal
technique of Ti, W, Mo type. -———~———_;_______;_
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wll vary gfeatly dependi ng on the kihd of the netal atom the kind of

't he a hegkivioeaies 11:9 1598 dFBadsodt OM usi ng the

deconposi t'/P&M2{PackZi:8h t B3 321108€8r elpﬁ‘nmm 18% +s BhEw @ 15:
For exanple,:-in the case of MR3 (M _the group III netal R al kyl o
group); trinethyl gallium [err] 25 I n thernal

deconposi ti on undergoes radical cleavage
REPLACEMENT SHEET .
- 30 - THIS SHEET HAS BEEN

REPLACED

1 However, there remain some.points to be
improved such as complication of etching, rise of
contact resistivity and the like. In Al-Si formed
according to the présent invention, generation of

g alloy pits in contact portion with substrate crystal
due to heat treatment in the wiring step can be
inhibited and wiring with good contact can also be
obtained. In other words, wiring can be effected only
with an Al1~Si material without destroying junction

10 even when the junction is formed in a depth of about
0.1 um.

(4) Improvement of surfacea smeoothness (patterning
charéctaristic improvement of wiring)
In the prior art, roughness of the surface of

15 & metal thin film had inconvenience in the alignment
step for the mask and the substrate in the patteraning
step end in the etching step. L

That ig, there is unevenness extending to
savoéal um on the surface of Al £ilm according to the

29 Prior art method, whereby the surface morphology is
poor, and theretorb had the following disadvantages.

1) Alignment signals cause diffused reflection
to ocour at the surface, whereby noise level becomes
higher and inherent aliénnent signals cannot be

g5 discriminated.

2) For covering large surface unevenness, the
resist film thickness must be taken large, wﬁich is

This Sheet Has Been Rep laced
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[ err | REcereD;

eI|n+n
the ot her
[err]

1 wherein Ga.CH[err] bond is-cleaved while triethyl gal I'i um
r‘tz?ag”fde 538868 t | On | PReE] EIOIPRINSEDOPAEE LI [err] -
qﬁ?tzg,é 2 03 3211 5038 [ er r JKABE TOKYOapid Gl+erdREWM err] .

hand,

10

15

triethyl aluminum 10 attached with the same ethyl group:
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opposite ta fine formation,

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

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

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

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

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

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

Accaording to the embodinent of the piesent

This Sheet Has Been Replac
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I n tcfhggqr!rl?l céjecorprl)ggi tg%sgn urslglergoes r%géscgl . Tl.:decorrp05|t|on I n which

Al - r %ﬁif r rj8% ( D iy num havi ng
. P J : >

iClerTiH err / on 2e there?n”&?%yf x%n‘}s ?ﬁg&;ﬁﬁl s- S%F*enct to - :
[err]-elimnation. ' Trimethyl alum num (TMA) conprising CH err]
groups 20-and Al has a dinmer structure at roomtenperature: [err]

and t her mal

.deconposition is radical deconposition ip_.25

10
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invention, since a dense film is formed according to

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

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

reaistivity can attain 1 x 10 ohmucn2 at an area of

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

prasent invention to the wiring formation method of 2

' semiconductor integrated circuit, the yield can be

1S

20

_ before formation of the Al-Si deposited film according

28

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

. !jga; 8A - 3B show how the Al-Si film .
according to the present invention is selectively
grown. |

Fig. 8A is an illustration showing

schenatically the cross-section of the substrate

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

naterial.
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-14- 1 which Al-CH err] group is cleaved, and at a tenperature of
150 [renetdi1GEoOdz/20YR 47 1996 At B3dabsy Wi th af ' Lk to form

CH err], APRIOR(2AnEi2Esmal IGosAB211 5038 ,.epsp,ho h&"'ﬂ‘ﬁoﬁ_;g‘t’ £

of 300 [err]C or 5 higher, even if "Herr] may DepPresent. in the = == ==

at nosphere,: CH3 group will withdraw H fromthe TMA nol ecul e, until
finally Al-C conpound is formed. C THIS SHEET L'hha BEEKF
- 33 - REPLACED
1 In the case of using DMAH and §i,H, as the

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

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

10 207°% to 1.3 x 1073-¢01d of the pressure within the
above reaction tube; The Sizxe partial pressure

7 4o 1 x 10”%-fo1d of the

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

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

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

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

h“*‘\~‘;“-—-‘hﬁ_

- This Sheet Has Beepy Replaceq

T

& Np@h tenperature e,



A:so in the case of TMA, in light or a certain region controlled in

el eCt inkdgvef \¥8)23 i 11: wbld 99614k s3RbeIRSPheEr € phipOfyg f Fﬁﬂﬂ:ﬁ 13.56 MHz) pl asm,
2H6 98 02/20 0 12:68 NECGOY 1208 5038 dQi NG CHY r@-?r.z(/{’/ggrhmv\l Q@188
I-n essence since even an organic.netal conpr|3|ng CH err] group vihi ch

the si-npl est al kyl group, Cerr]Herr] group or iCferr]Herr] group

and Al OL G haska reaction 15 node depending on the kind of the al
group, the ind of the netal atom e excitati eQfHEY IBSEN
means, for deposition of a netal aton1fr%€1an orgamOﬂﬂg i?ﬁ?on a
desired substrate, the deconposition reaction st hgmgﬁrlhflw
controlled. For exanple, 20 when Al is to be deposited fronltrllsobutyl
al um num 1 no entrainment of an impurity such as carbon or oxygen

is recogmized in this film.
The deposited film thus formed has a
resistivity of, for example, with a film thickness of
3 400 4, 2.7 - 3.0 pohm.cm at room temperature which 1s
substantially equal to the bulk resistivity of Al, and
becomes continuous ana flat film. Also, even with a
£11m thickness of 1 um, its resistance at room
temperature is approximately 2.7 - 3.0 pohm.cn and a
10 sufficiently dense film is formed with a relatively
thicker fili. The reflectance in the visible
 wavelength region is approximately 80 %, and a thin |
filp with excellent surface flatness can be deposited.
The substrate temperature in performing such selective
15 deposition should be desirably the decomposition
temperature of the starting gas containing Al or
higher and 450 9c or lower as mentioned above, but
specifically a substrate temperature of 200 to 450 °C
is desirable, and when deposition is performed under
20 such condition, the deposition speed is sufficiently
great as 100 i/min. to 800 i/nin. when DMAH pirtial

—4 =3 poxr. Thus a sufficiently

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

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

\
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[err] in the Iom1pressure CVvD net hod conprising mainly t her mal
r eact REDEJVED 92428 N8 I996f A or der raeE fe@r(AMBTEDPAEEZfBBS he surface, whereby
the surfad8 "rﬁﬂ?‘bhb? By i 3211 303% 1 or . AIABE EPYOrR k  ram@REM | on-hy. heat
treat nent, - 15 - 1 Si surface

roughenlng through Si diffusion at the:

10

18
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THIS SHEET HAs sEEN.

deposited under this condition is alsc strongly
orientatable and, even when subjected to the heat
treatment at 450 °C for 1 hour, the Al-S$i film on the
Si monocrystalline or Si polycrystalline substrate
becomes a good Al-Si film without generation of
hilleck, spike. Also, such Al-Si film is e#cellent in
electro-migration resistance.

In the device ahown in Fig. 1, Al-Si can be
deposited on only one sheet of substrate in deposition
for one time. Although a deposition speed of ca. 800
i/min. can be obtafned, it is still insufficient for
performing deposition of a large number of sheets
within a short time.

As the deposition film forming device for
improving this point, there is the low pressure CVD
device which can deposit Al-81 by sizultaneous
mounting of a large numnber of sheets of wafer. Since
the Al-Si deposition according to the present
invention utilizes the surface reaction of the
electron donative substrate surface, in the hot wall
type low pressure CVD method wherein only the
substrate is heated, a Al-Si compound containing 0.8
to 2.0 % of Si can be deposit-d ph the substrate by
adding DMAH, H, and a Si Qtarting gas such as Si_E.,
etc.

The reaction tube ﬁreasure may be 0.65 to 760

This Sheet Has Been Replac
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i nterface between Al and Si occur, and also migration resi stance is

I nfer mesmszabywusaﬁam $3306a4 | | | zed Phegriee (PRINTED {PREE- 168§ 1process with '

di f ficul t\P8 02523 “12:5¢ B\ 241 $03%as0n, a WARRLESEYPRR__conmt PBEY i ng @188
preci sely both the gas tenperature and the substrate . ° t enper at ure has '
"been attenpted. However, the device is conplicated, and the pethod is

of the sheet treatnment type in which deposition “qmsbgH@p_‘Tf HA5 eREENLO
only on one wafer by one deposition process. Besides SeplaeE
deposition speed is 500 A/mn. at the- 36 -=hi ghest, t.ﬁaqdmpgug&pdi——-——
necessary for bul k production . cannot be reali zed. :

Simlarly, when TMA is enployed, Al deposition

1 vorr, deairably 0.1 to 0.8 Torr, the substrate
" temperature 180 °C to 450 °C, desirably 200 °C to 400

¢, the DMAH partial pressure 1 x 10 “-fold to 1.3 x

10—3—fold of the pressure in the reaction tube. the

“T_¢old to 1 % 10 ¥-fola

& Sizﬂs partial pressure 1 x10
of the pressure in the reaction tube, and under such
conditions, Al-Si can be selectively deposited on only
the electron donative substrate. In the case of such
selective deposition, & good Al-Si £ilm can also ba

10 formed undef the above described conditions by use of
| the deposited film forming apparatus such asa @escribed
above by referring to FPigs. 1 and 2.

As described above, the f£ilm obtained
according te the Al-Si film selective formation
1§ process based'on the embodiment of the present
invention is dense with vary little content of
-1ipur1gy_such as carbon, etc. and resistivity which is

similar to bulk, and alsc has high surface smoothness,

5
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15 has_been attenpted b use of plasnma %“ devi ce al so

-becorPEE I 2 5. it u,sﬂgfélq‘ospl afg'i’Fa"” kAR Tw;ggﬂ“,’ Ad,ayso because of

@189
t he sheet type devi ce, ere remains roon1for"1ﬂpruvene for
sufficient i mprovenent of throughput. 20 - Dimet hyl al um num
hydri de (DMAH) as the al kyl al um num hydride to be utilized in the
pr esent I nvention.is a substance known as al
could not be estimated at all what Al thipSilmcp V@nQE@ST EQQdBE'EN slited
dependi ng on what reaction node, unless 25 depos ted_fﬁﬁﬁé med
under all the conditions. For exanple, in an exanple of deposition Al

by opti cal
1 and therefore remarkable effects as descoribed below

can be obtained.
(1) Reduction of hillock
The Al-S3i film formed Acoording to the present
S invention has little internal stress and is approximate
to the state of monocrystal. For this reason, in the
heat treatment at 430 °C for one hour, as contrasted
to formation of 10% - 10%/ca® of hillocks in the Al-
Si £ilm of the prior art, the hillocks number could be
10 greatly improved as 0 to IO/cnz.
.(2) Improvement of electro-migration resistance
In the prior art, thn anit-migration property
has been improved by adding Cu, Ti, ete. to Al-Si to
form an alloy. However, the alloy formation results
15 in complication of the etching step and difficulty of
minute formation. h
. _The wiring formed by the method of the prior .

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

3

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

20 area of 1 pnzj undex» the current paasage test
conditions of 250 °C, 1 x 108 A/cnz.- In contrast, the
Al-Si £ilm obtained by the Al-Si film selective
formation method based on the embodliment of the
present invention could 6$ta1n an averﬁg. w1r1n§ 1ife

3

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

sectional area of 1 ulz.

Th1s Sheet Has Been Replaced
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resistivit'gswaraie 12284 gr e@oen211hagust he EUTORY0- D{ug.rr] ohm CM) as gg
severdal=fErT] ohm t o "10 "[EFF oM ¢ "Thus "’ bei ng |nfer|or In fi

quality. B Now, referring to the draw ngs, preferred

enbodi ments of the present invention are described in nore detail

In the present invention, for depositingsgn Al - *?gE—gﬁaﬁwﬁAwEE«N-
' - - {AS BEEN
REPLACED

1 (3) Reduction of alloy pit ﬁn eontéct portion

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

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

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

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

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

(8) Improvement of resistance in contaei hole and
througﬁ,hpla and sontact resistance - .

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

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

2

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

25 case where the Si portion has an impurity of 1oz°cu-3
in a hole of 0.6 pym x 0.6 unm. ' '
\
 This Sheet Has Been R

T



Si ) kifefikn 39424 I, electr oconductive 10 deposition filmon a
sust P MRS Rt oo B B kS 1ol 10, 5 g
e (

use of dinmethyl alum num - hydrid DIVAH) :
e[rr] - 15 « . Chem cal formul a: or nnnonethyl al um num hydri de
(MVAH err]): Chemi cal fornul a: StifE:?rthuinO as
al kyl al um num hydride which is an orgaglc met ﬂﬁ§§ ¥ ahe st?ﬁtlng gas
contalnlng at | east one at om whi ch - REPLAC

1 That is, according to the present invention,

the wiring material can be completely ﬁnbedded only. in
the minute opening, and alsc good contact with the
substrate can be ocbtained. Therefore, the present
S inventioﬁ can eontéibute gréatly to iaprovement of
resistance within hole and céntact resistance which
have been the greatest problems in the fine process of
1 pur or less,
(6) It is possible to make the heat treatment
10 temperature during wiring step lower or to omit the
heat treatmesnt step. |
As desoribed in detaill above, by applying the
present invention to the wiring formation method of a
seniconductor integrated circuit, particularly
- 15 eabedding of contact hole or through hole, the yield
| can be improved, and reduction of cost can be promoted
to great extent as compared with Al-8i wiring of the_

prior art.

20
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becomes the constituent of the deposited film a gas containing S
at ongt BEEERV “ggﬁ#t?gj GAT BPRE942 as t PaBE 192 (pRTEI@S PheaNagAF, an Al -Si filmis
S ase’

fornecd—y ¢ 5 g?&WHIW‘E% a gas mORARE; TOR¥E-2t heses DREWa substrate. @ias:

As the substrate applicable in the present S

-17- . 1,invention, a material having-electron donative '
- 40 -
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THIS SHEET HAS BEEN
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Example 1
First, the procedure for Al-Si film formation

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

After washing of 8i wafer, the conveying

chamber 10 is releesed to atmospheric pressure and Si

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

then the gate valve 13 is opened and the wafer is

. mounted on the wafer holder 3.

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

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

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

predetexmined vilue by controlling the opening of the

slow leak valve 8. A typical pressure in this Example

- This Sheet Has Been Replaced
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The el ectron donative material is

prop?r%égdmyn% ﬁ':’% %‘éﬁ%ﬁugﬁl G "R 192 ggq@:%%gmn: dopati ve materi al

|
descri "'$6102/23 19§ > e
refers 1o one havi ng free el ectrons -exrstie or--ref el BCt r ons @193
intentionally forned in the substrate, for exanple, a mat eri al havi-ng

a surface 'on which the chem cal- reaction is pronoted through _
gi ve-and-take of 10 electrons with the starting gasml-ecules_attached on

the substrate surface. For exanpl e, gener%fLy met al s | THIS AHEET HAS BFEN
seni conductors correspond to such materi . Those haviREPLXEFY thin
oxidized filmon the netal or sem conduct or surfateare—atso—+retuded.
For, with

1 is made approximately 1.5 Torr. Thgn, the wafer is
heated ﬁy current passage through the heater 4. After
the wafer temberature.haa feached a predetermined
temperature, DMAH and Siéﬂs are introduced into the

5 reaction tube through the DMAH line and the Sizﬁ5
line. The total pressure is ca. 1.5 Torr, and the
DMAH partial pressure is made ca. 1.5 x 10™% rorr.

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

When sizﬂa aend DMAH are introduced into the raeaction

j0 ‘tube 2, Al-S1 is deposited. After a predetermined
deposition time hes elepsed, feeding of DMAH and SizH6
is stopped. Next, heéting 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

15 wafer is transferred to the conveying qhamber,.and
only the conveying chamber is made atmospheric before
taking out the wafer. The outline of Al-Si film -
formation is as described shova. |
Experimental example 1

20 ' Al-Si films were deposited at the respective
temperaturéa vach for 10 sheet samples following the
'éame procedure as described in Exsmple 1 under the
following conditions:

Total pressuré: i.s Torr

DMAH partial pressure: 1.5 x 10~4 Torr
' 6

siénﬁ pertial pressure: 2 x 10 ° Torr.

This Sheet Has Been Replaced
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substrate ‘gn@2 2 E 195) 1

Specificall'y, there may be in sem 03rs 2ttAREN singl e @19
crystalline silicon, 20 polycrystalline sili con, anor phous silicon, etc.,

bi nary. systemor ternary systemor quaternary system_ 1] -V corrpound

sem conduct ors conprising conbi nations of Ga, InﬂFA$ ""“ p Il
el enent and" P, As, N as the group ¥ @Resent, qgr ,gﬁi
sem conducters, 25 or nmetals thensel ves such as t urgst efEP denu

tantal um alum num titanium copper, etc., or

15  SUgdRedvbl H’Il ﬁtgggw%%%%g“rhgacgsgqscan occur bet ween t he
C

1 The Al1-S1 films deposited by varying the
subsatrate temperatﬁre at 13 levels were evaluated by
use of various evaluation methods. The results are

shown in Table 1.

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

preferably 200 to 400 °C, optimally 270 to 350 °*C.

10

20

25
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- 18 - 1 silicides of the above netal s“such as tungsten silicide,
nol ybUé'FF&WF F?-/F 1tE! 199%ATS30860'6 | | | Ci desse 195 (PRIkTEDIPREEMeE) hi Ci de, titanium
siliei de— &P O¥3 JTA8, D03 331 508 cont aj niOK4PECTORYEs2 Ona+oDRENE Q19!

consti tuent of the 5 above netals such as al uni num WHISCQHEF_]a'H
titanium al umi num copper, aluninumtantalum alun ng h?[? opper,
alum numsilicon titanium alum num pal | adi um titani ide,_ ptc.
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On the substrate with such constitution, Al .is

; _ ( 10 deposited only through
Si NPl cereckrin§Y/ 29 ©A6L 19BB alr k33086

R hbeD (printsd Pagk Qbsyl ie Starting gas and
H err]._ FOPS 02/23 dRadipl e, BeNA2x1h893¥al r eact OKKBEI TOR¥r2 r easd DREW system
bet ween DVMAH and H2 nmay be basically considered as follows: [err]

DVAH assunes a dimer- structure at roomtenperature. Al so, with

MVAH err], a high quality Al filmcould be 20 formed by thermal reaction
as shown bel ow i n Exanpl es

@198

: J‘nce MVAH[ err] has | ow vapor
ressure as 0.01 to -
P THIS SHEET HAS BEEN
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0.1 Torr at roon1tenperature, a Iarge.anDunt of the starting materi al
(fzvg ul tﬁ PABE sg7CkPRINEEDURAREgah i t val ue of the
hdr ed..ALOFABE [TOKYORS preseﬂﬁwenbodl ment ,

can Bé‘z'fst“éﬁﬁgas’é

deposi tton speed '8 et3it ¥

and preferably, |t |s m)st desirabl-e to use DVMAH of which

- 19 - 1

anot her enbodi nent of the present

1

10

25

vapor pressure is 1 Torr at roomtenperature.
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Experimental example ¢
Following the same procedure as in Example 1

to set the parametere ss follows:

Total pressure: | 1.5 Torr

DMAH partial pressure: § x 10 ¢ Torr

Substrate temperature (Tsub): 300 °C
and the 312H6 partial pressure was varied from 1.5 x
10"7 Torr to 1 x 10”% Torr to effect deposition. The
81 content (wt.%) of the Al-Si fiims were varied from
0.005 % to 5 % approximately in proportion to the
Sizﬁs partial pressura. As to resiatiéity, carbon
content, aversge wWiring life, deposition speed, .
hillock density and spike generation, the same results
as in Experimental example 1 were obtained. However,
in samples having a S1 content of 4 % or higher,
depositicon was generated in the films which appeared
to be.S{ to worsen surfece morpholegy, thereby making
the reflecteance 66 % or lower. Samples having a 81
content of less fhan 4 % exhibzted a reflectance of 80
to 95 ¥, which was the same as in Experimental example
1.

Example 2
First, the procedure of Al-Si film formation

is as follows., By the evacuation unit 9, the reaction .

tube is evecuated internally to ca. 1 x 10"8 Torr.

_—
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I nvention, the CVD nethod is used for selective deposition of a good

AI flﬁ Pﬁ“ﬁg e 8asp 098 tProwED iPhel @9y §he substrate.
%F@@y Oﬁg?sqéézl 3ve, by uIEABE TOKYps2 d)l e+ DREW al urmi num Q@19

hydrldg (DVAH) or nnnonethyl al um num hydride (MVAH err]), a gas
containing Si atoms as the starting gas and Herr] as the reaction
gas, an Al-Si 10 filmis selectively forned on the substrate. by gas

phase growth with a gas mxture of these. THIS SHEETeHASIBEENT: e
applicable in the present i nvention Afs™a ffrst REPBACED € surff ace
material for formati on of the surface on whreh—A=St—trs—deposited, 15

and a second substrate surface material on which no Al -
1 Al-Si film .can be formed even if the vacuum degree in

the reaction tube 2 may be higher than 1 x 10 Torr.

After washing of the Si wafer, the conveying

chamber 10 is rg;eased to atmospheric pressure and the

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

After mounting of the wafer holder 3, the gate

10 valve 13 is evacuated to a vaéuum'degree in the
reaction chamber 2 of ca. 1 X :I.O-8 Torr.

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

15 third'gaa line is provided for S1,H..

By passing Hz through the second qﬁs line, the
prcssuxe.within the reaction tube 2 is made a - .
predetermined value by controlling the opening of the
slow leak valve 8. A typical pressure in this Example

20 is made approximately 1.8 Torr. Then, the wafer is
heated by current passage through the heater 4. After
the wafer temperature has reached a predétermined
temperature, DMAH and Sizns are introduced into the
reaction tube through the DMAH line end the 51zﬁ§

25
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Si is deposited. And, as the first substrate surface material, a

mat er { RECEIMRD 82423 t1is2 AbSECAT Sxdagdpnat | ve LS, sed. I'n
cont ast, -'a?é_qz;%é’ mh3:87 i al BOIrI2LbSA3Ng e m&%&%gﬁ%\tkbl Al -Si is not g o
deposited sel ectively, nanely the material for formng the el ectron

non- donative surface, conventional insulating materials, :

oxi di zed silicon forned by thermal oxidation, CVD, et-e———glass or

oxi di zed filmsuch as'BSG PSG BPSG 25 etc., th LTS IS#EET tHASABEEN | | m

silicon nitrided film by plasma CVB, 4%ow pressure (RERLAEEIR- CVD fret hod,

etc.

1 1line. The totsl pressure is ca. 1.5 Torr, and the
DMAH partial pressure is made c¢a. 1.5 x 10~% Torr. .

5

The Si . H_ partial pressure is made 2 x 10 ° Torr. When

26

512H6 and DMAH are introduced into the reaction tube
'§ 2, Al-8i is deposited. After a predetermined |

deposition time has elapsed, feeding of DMAH and 812H5

is stopped.. Next, heating of the heater 4 is stopped

to cool the wafer. Peeding of Hz gas is stopped, and

after evacuation internally of the reactiom tube, the
10 wafer is trensferred to the conveving chamber, and

only the oonveying chamber is made atmospheric pressure

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

formation is as described abova.

Experimental example 3
15 For deposited films formed according to the

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

20 Experimental example 4

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

Total pressure:l 1.5 Torr .

DMAH partial_préssure: 5 x 1072 Torr

2§ Substrate temperature (Tsub): 300 °*C

This Sheet Has Been R
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- 20- Fig. 1is a schedﬁtic vi ew showi ng a preferable

deposh BECBY{ER B2/p3 AL S319Rg AdeBaBase f Or appdeyizB@ (Printep PAER Af,2$eNt i nvention.
Her e —4—i s °% %{tfst 12188 1 B3 32Hi ARPSan Al - Si OKGBE TORNMR2- Thes smEwstrate I is  ggao
nmounted on a substrate hol der 3 provided internally of the reaction :
tube 2 for formng a space for formation of a deposited film

which is substantially closed to Fig. 1. As the terial constituting

t he re_actio‘n tube 2, quartz is - 48 - TH!S SHEET HAS BEEN
REPLACED

1 and the Sizus partial pressure was varied f?om 1.5 x
10~7 Torr to 1 x 10™% Torr to effect deposition. The
Si content (wt.%} of the Al=-Si films were varied from
0.005 % to 5 % approximately in proportion to the

5 Sizns partial praésure. As to resistivity, cerbon
content, average wiring life, deposition speod,
hillock density and spike generation, the same results
as in Experimental example 1 were obtained. However,
in semples having e Si coﬁtent of 4 ¥ or higher,

10 deposition was generated in the films which appeared
to be Si to worsen surface mo;phology,'thareby_making
the ref;ectance_ss ¥ or loer. Samples having a Si
content of less than 4 ¥ exhibited a reflectance of 80

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

15 1'
Example 3

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

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

25 s;zﬂs partial preésure of 1.0 = 10‘6 Torr, a substrate

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

‘This Sheet Has Been Replaced
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10 preferable, but it may be also nmade of a netal. In this case, it is

pr ef eraateiventea/2300! s3t 1986 AE 8N t UDE.pace 201 (PRATEDURASE hol der 3 is made
of a_metalf9 8433 42:58  EPWIINEBOMSth a heaORABE 40-Eﬁgﬁ$mubst rate

nount ed t hereon can be heated. And, the constitution is made 15 so
that the stubstrate tenperature can be controlled by controlling the
heat generation tenperature of the heat er 4. N edi ng

system of gases is constituted as descri bed

qhﬁMSHEEbHAS 5is a
gas mixer, in which the first starting = 4% gas, the secgﬂdﬁﬁﬁarti gas and
the reaction gas are m xed, and-the m xture i : ' e reaciton
t ube '

1 minutes.

As the result of film formeation under such
conditions, an Al-Si £ilm of 7000 & was deposited.
The film quality was very good, exhibiting the

5 sameproperties as one prepared at a substrate
temperature of 300 ¢ shown in Experimental example 1.

Exsmple 4
This Example 4 shows a film formation method

using MMAH, in place of DMAH.

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

effect daposition with the exception that MMAH2 was
used as the starting gas and the parametere were sat
as follows:
15 Total pressuré: 1.5 Torr
MMAH,, paftial pressure: & x 10 * Torr
- -S1,H, partial pressure:. 1.0 x 10“? Torr -
As a result, Al-Si thin films were daposited
within the substrate temperature range of 160 °"C to
og 400 °C which contained no carbon impurity and were
excellent in flatness and denseness similarly as in
Experimental example 1. |
Example § _
This Example 5'performs deposition using a gas
25 othar than si,He as a gas of the compound containing

silicon atoms.

This Sheet Has Been Replaced
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2. 6 1s a starting gas gasifier provided for gasification of an

or gani geceRikes r st ting 25 gas. The organic neta

to be‘ used'%'r'izzjt?gré;;%g é&de‘n&;:?g%ﬁl sogs PAGE 262 (PRINTGD PAGE 203, | - 21 -

1 invention is liquid at roomtenperature, ORARE TUYPR e+ DREY | ¢ @20
saturat ed vapor by passing a carrier gas through + the liquid of the

organic netal within the gasifier 6, which is in turn introduced into

the mi xer 5. '
' ~ 50 -

THIS SHEET HAS BEEN |
REPLACED

1 Experimental sxample 7

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

§ containing Si and the parameters were set as follows:

Total pressure: 1.5 Torr

DMAH partial pressure: 5 x 10°% Torr

SiH, partisl pressure: 1 x 1075 rorr

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

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

Examples 6 to 8 and Experimental ¢xamples 8 td

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

Exemple- 6 - .

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

20 The reaction tube 2 is internally evacuated to ca. 1 x

10 Torr by the evacuation unit 9. However, Al-S5i

~ film can be also formed even if the vacuum degreé

within the reaction tube 2 may be worse than 1 x 10—8
Torr. _

25 Aftar washing of the Si wafer, the conveying

chamber 10 is released to atmospheric pressure and the

\
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5 The evacuation is constitutéd as descri bed bel ow.

7 1S @ eeE@iveo \48)2%G1: 2¢1bseh ned whe form' ng evacuation of a
| ar ge_vol urs saseh wsaﬁr?lgs:%%i ﬁyﬁcﬁﬁﬁgl iy ‘lﬁggg tpfl t@g{; eaction tube
2 before 10 formation of the deposited film B-Fs | oW’ val ve, @20

whi ch is used when performing evacuation of a snall vol une such as in.'
controlling the pressure internally of the reaction tube 2 during -
formati on of the deposited film 9 is an evacu -1s 15
constituted of a punp for evacuation suchggs—turbo TTHB SHEEL HAS, B éﬁho,

et c. The .conveyi ng syst em of the substratg 1 |SRH%ACED

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

Aftar mounting of the wafer on the wafer

[H]

holder 3, the gate valve 13 is closed, end the
reaction chamber 2 is evecuated to a vacuum degree of

~8 gory.

ca. 1 x 10
In this Example, DMAH is fed thréuqh the first
10 @88 line. As the carrier gas of DMAH line, Hz is
employed. The second gas'line is used for H, and the
third gas line for 31ZH6 By passing Hz through the
second gas line, the pressure within the reaction tube
2 is made a predetermined value by controlling the
1s opening of the slow leak valve 8. A typical pressure
in this Example is made approximately 1.8 Toﬁr. Then,
the wafer is heated bf current passage through the -
heater 4. After the wafer temperature has reached a
prdq.taryiﬁsd temperature, DMAH and S:I.ZH6 ars
20 introduced into the reaction tube through the DMAH
line and the 81236 line. The total pressure is ca.
1.5 Torr, and the DMAH partial pressure is made ca.
1.6 x 10° % Torr. The 8i,H. partiel pressure is made 2
x 10™° Torr. When 81,H; end DMAH ere introduced into
the reaction tube 2, Al-Si is deposited. After a

predetermined deposition time has elapsed, feeding of
_—
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constituted as described bel ow. ' 10 is a substrate conveying

chanberpeslives 2530 substrate before and after formation of the
deposi t ed fael m/zmﬂhséhg%)wg%asé%ﬁggqspy FagFctm (g%tpgg PAGE 285y gl ve 11. 12 is an
ve

evacuation unit for evacuating the* con a fher**B%ERh i s @20
constituted of a punp for evacuation such as turbo nol ecul ar punp,

etc. 25° - The valve 13 is opened only when the substrate lis
transferred -between the reactlon chanber and the THIS SHEET HAS BEEN
REPLACEMENT SHEET - §2 - _ REPLACED

1 DMAH and Sizﬂs is stopned. Next, heating of the
heater 4_is stoppedto cool the wafer. Feeding of Hz'
gas is stopped, and after evacuation internally of the
reaction tube, the wafer is transferred to the

5 conveying chamber, and only the conveying chamber is
made atmospheric before taking out the wafer. The

ocutline of Al-Si film formation is as described above.

Bxperimental example 8
éi substrates (N type, 1 - 2 ohm:om) were
10 Subjacted to thermal oxidation at & temperature of
1000 % according to the hydrogen combustioﬁ systenm
(Hy: 4 liters/M, 0,: 2 liters/M).
The film thickness was 7000 4 + §00 X, and the
refractive index 1.46. A photoresist was coated on
15 the whole §1 substrate, and a desired pattern wes
baked by-an exposure machine. The pattern was such
that various holes of 0.25 um x 0.25 pm - 100 pm x 100
Am were opensd. After davelopment of the resist, with
the photoresist as the mask, the subbing 810, was
20 etched by the reactive ion etching (RIE), etc. to have
the substrate Si partially exposed.' Thus, 130 sheets
of samples having various sizeg of 810z holes of 0.25
opm X 0.25 pm - 100 pm x 100 pm were prepered, the
substrate temperature was set at 13 levels, and for
25 the samples each of 10 sheets at the'respoctive

~ temperaturas, Al-Si films were selectively deposited

- This Sheet Has Been Repl
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- 22 - 1 conveying space. As shown in Flg 1, in the

St ar tfi BEQEIYEDSB2/23 11: P95k iaG s3fbedi Ch i Sp I.on chanber for
formng t ﬁ&' 483t | 130 as Beha211i spesd Eﬂg?ﬁ(ﬁg%m%%

m tenper ature

i's bubbled with Herr] or Ar (or other i nert gas) ast e carrier gas

to for'm gaseous DVAH, which is transported to _the mxer&—
as the reaction gas is transported through andtmw SHEET ¢iAS BEEN
m xer 5. The gases are controlled in flow 10 ratges so RERUACEDe res

—+hey H2 gas

hto t he
ective

partial pressures nmay becone desirad33af ues.

1 following the procedure as desoribed above under the
following conditions:
Total pressure: 1.5 Torr
DMAH partial pressure: 1.5 x 107 Torr
5 ' §81,H, partial pressure: 2 x 10”¢ Torx
The Al-Si Films deposited by varying the
substrate temperature at 13 levels were evaluated by
use of various evaluation methods. The results ere

shown in Table 2.

10-

15

20

as Been Replaced
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t he second

oVt PR S T :z*:z';i b P GRS ) S o), g

Si[efT]Herr], Si(CHerr])[err [err
O these conpounds Si[err]H err] Mthh can be easily deconposed at the
| ow tenperature of 200 5 - 300[err]C. The gases such as Si[err]Herr] are
diluted with Herr] or Ar and transported to the mxer 5 through a
system ' -

- 55 - THIS SHEET HAS BEEN
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other than the DVAH system

The deposited filmforned at a

Subst ¢ ARCBIVED B2/28 WXSE abasr @ S3kaedd0 [err}@gtﬁaé}ﬁgm[sgrxkgnpy]use of such 10

st ar ti-ng—gd8 UAP r BHOL | orfBYAS21iSeI a t hi ck

-+ BHEWPI € 400 A

has a resistivity at roomtenperature. of 2.7 - 3.0 [errJ]ohmcmwhich is
substantially equal to Al bulk resistivity, and.is.a _continuous and
flat film At this time, the pressure during f| TS SBEETOHARBEPR {can be
chosen within the range from 10[ err] Torr to 70 11”HEPL&¢§P even when
the filmthickness -~ nmay be 1 [err]m=i 88 Tesi st Fvity—t5—6can 3.0

[err] ohm cm

and a sufficiently dense filmcan be fornmed al so mﬁth

arelatively thicker film Al so, the reflectance I n

10

15

20

In the above samples. no Al-51i was deposited

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

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

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

Total pressure: _ 1.5 Torr

DMAH partial pressure: 5 x 10™ % Torr

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

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

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

Si,H, partial pressure. As to resistivity, carbon
content, average wiring life, deposition speed,
hillock density and spike generation, the same results
as in Experimental example 8 were obtained. However,
in samples having a Si content of 4 ¥ or higher,
deposition was generated in the films which appeared
to be 81 to worsen surface morphology, thercby making
the reflectance 65 X or lowar. Samples having a Si
content of less than 4 % exhibited a reflactance of 80
-
This Sheet Has Been

(M i
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20 the visible light wavel ength region'is approxi mately .

t hi n { iRECENvER @et2B anisei 19965 AW £G4y fl ahiess (Qﬁ,ﬂgjéaemggegﬁfl L ed.

The substr #8c0% 2%y

the starting gas 25 containing Al or higher, and 450 err] | ower
REPLACEMENT SHEET . - 24 - 1 descri bed
above, but specifically the substrate o
- §7 - THIS SHEET HAS BEEN
: 'REPLAGED

(5]

10

13

d¥: M ur e 32asis03b| y the o

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

Furthermore, similarly as in Experimental example 8§

selective depositability depending on substrate
surface material was also confirmed over the enlire
region. |

Example 7

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

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

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

In this Exanmple, the first gas line is uied
for DMAH. As the carrier gas for the DMAH line, Ar is

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

third gas line is provided for Si,Hg.

This Sheet Has Been: ‘Rep
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t enpef SEGEFED ;fgﬁ@sﬁds%ﬁéaglrﬂﬁsi S MphdR ﬂﬁ&i’ﬁlﬁ‘&b@hsxﬁé}qi_ ; When deposition

i s car++e d&¥:%thi s 8%p by OFABE moKYD pREW t i al @21
pressure 10[err] to 10[err] Torr, 5 the deposition speed becones very

great as 100 A/ mn. to 800 A/mn., whereby sufficient great deposition
speed corresponding to the cost as the Al -Si deposition technique for
ultra-LSI can be obtai ned. A nore prefer € T 3
tenperature 10 condition is 270 [err] C-t $8350 [err]gt,wl%r%*é?‘ Aﬁgngilm
deposited under this condition i-s also strongly _rien_E# EB and, |even

when subjected to the heat treatnent at 450 [err]C for 1 hour, the

Al-Si filmon,the S| BYPPREL YRS 3&2' | (i SUGhSenBOLYCoNE [ Gld T ineSURBRT At €
pressure within the reaction tube 2 is made a ‘
predetermined value by controlling the opening of the
slow leak valve B. A typical pressure in this Example

S 1s made epproximately 1.5 Torr. Thcn, the wafer is
heated by current passage through the heater 4. After
the wafer temperature has reached a predetermined
temperature, DMAH and s:lzl-lB are introduced into the
reaction tube through the DMAH line and the SiéH6

10 line. The total 'pressurc is ca. 1.5 Torr, and the

4

DMAH partial pressure is mede ca. 1.5 x 10 * Torr.

When 81235 and DMAH are introduced into the.reaction
tube 2, Al-Si 1s dQepoasited. After a predetermined.
deposition time has elapsed, feeding of DMAH and SiH,
15 1s stopped. Next, heating of the heater 4 1Is stopped
t0 co0o0l the nater.. Feeding of H2 gas is stopped, and
after-evacuation internally of the reaction tube, the
wafer is transferred to the conveying chamber, gnd
only the conveving chambar is made atmospheric before
‘20 taking out the wafer. The outline of Al-Si film
. formation is as described above.
Experimental example 10
Al-81 filni were formed'aocording to the
method of Example 7.' For the deposited films
g5 ©Obtained, concerning resistivity, carbon content,

average wiring life, deposition speed, hillock density,

—_—
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15 becones a good Al -Si filmwithout géneration of ~hill ock, spike as

seen  medeip fak)2811h @F Nost0aBfed Of r rt. Also, such Al-Si film
i's excel | el#8-0223 1%loact r Gom uAisos Py ? b TR 212) 3 the device

shown in Fig. 1, A -Si .can be 20 deposited on onll§/Y one- s‘ﬁéebt Of substrate @2
I n deposition for one tinme. Although a deposition:-speed of ca. 800

Alnmin. ‘can be obtained, it is still insufficient for perform ng

~deposition of a | arge nunber of sheets within a short tine.

As the deposition filmform ng device for I mpr Vig $UHES A8 BEENthere

is the | ow pressure CVD 59 - REPLACED

1 generation of spike and reflactance, the same results
as in Experimental example 8 were obtained.
Also, selective depositability with subétrate'
was the same as in Experimental exampla 8,
§ Experimentel example 11 | |
Following the same procedure as in Example 7
to set the paremeters as follows:
Total pressura: 1.5 Torr
DMAH partial pressure: 5 x 1074 Torz
10 Substrate temperature (Tsub): 300 °C
and the 812H5.part1a1 praessure was varied fﬁom 1.6 x
1077 Torr to 1 x 10~ % Torr to effect deposition. The
Si content {(wt.X) of the Al-S1 f£ilms were varied from
0.0056 % to § % approximately in proportion to the
15 S1,He partial pressure. As to resistivity, carbon
content, average wiring life, deposition speed,
hillock. density aﬁd spike generation, the same results
as in Experimental exemple 8 were obtained. However,
in eemples baving a Si conteat of 4 % or higher, .
20 <Geposition was generated in the films which appeared
to be Si to worsean surface morphology, thereby making
fho reflectance 65 % or lower. Samples having a Si
content of less than 4 % exhibited a reflectance of B8C
to 95 %, which was the same as in Experimentel exanple
25 8. Furthermore, similerly as in Experimental example"

8, selective depositability depending on substrate

:\
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- 25- ggy é@ can deposit Al - Si by S|nultaneous nounting of a
g[m-:c E )6 hﬁlgba?% E) . .

| ar g1 ERBE 2121 PgE #13) m f or mat i on
accordi ng to the present .|nve |on utili P¥O=4ir f 2ce DRBicti on on the @21
5 el ectron donative substrate surface, in the hot wall type | ow
pressure CVD nmethod wherein only the substrate is heated, A can be
deposited on the substrate by use of DMAH and Hlerr] and the S
starting : ~ 60 - THIS SHEET HAS BEEN

REPLACED

1 surface materisl was aiso confirmed over the entire
region.
Example &
This Example is selective deposition of Al-Si'
5 according to the low pressuré CVD method.

Experimenfal example 12

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

10 {Samples 5-1 ~ 5-1179).

Preparation of Sample 5-1

On & monocrystalline silicon as the electron
donative first substrate surface material, a thermally
oxidized Sio2 film as tha elsctron non-donative second

15 substrate surfece material was formed, and patterning
was effected according to the photolithographic steps
as shown in Experimental example 8 to have the -
monocrystalline silicon surfece partially exposed.

The film thickness of the thermally oxidized

20 510, film was found to be 7000 %, with the size of the
exposed portion of the monocrystalline silicon, namely -
opening being 3 um x 3 um. Thus, Sample §5-1 was
prepared. (Hereinafter, such sample is expressed as
"thermally oxidized $10, (hereinafter sbbreviatsd as T-

25 Sioz)/monocrystalline gilicon").

Preparation of Samples 5~2 - §-179

-
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gas sut cg'a‘t'%% {fﬁ’}f}lﬁﬂﬁr‘]’ 53%‘!‘%“ PAGE 213 (RRANTED @eeetdion 1t ube pressure may

be 0705 To Torr, desi ra y 0 1 to 0.%BABRTEY0 2 o suh dRE®i € @21
t enperature 160 [err]C to 450 [err]C, desirably 200 [err]C to 400 .
[err]C, the DVAH partial pressure 1 x 10[err] fold to- 1.3 X ~10[ err]

-fold of the pressure in the reaction tube, the 15 S fisrdpfcer Mal
pressure 1 x 10[err]-fold to 1 x 10[err4 gfotd of Jﬂg ér NA%R$Ehthe
reaction tube, and under such conditions, Al-Si oan_be%EE@E%@QQQ§LEed

on the el ectron donative substrate. Fig. 2 is a schematic
illustration showing a 20 deposited f|In1forn1n% device to which such
pr esent invention i Sample §aB| ¢s en oxidized Tilm formed by

normal pressure CVD (hereinafter abbreviated as
. 5i0,) /monocrystalline silicon.

Sample 5-3 is a boron doped oxidized fi;m

5 formed by normal pressure CVD (héreinafter abbreviated
as BSG) /monocrystalline silicon.

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

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

Sample §-6 is a nitrided film formed by plasma

15 ©CVD (hereinafter ehbreviated as P-5:N)/monocrystalline
silicon. '

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

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

Sample 5~9 is a nitrided film formed by ECR
device (hereinafter aebbreviated as ECR-

95 SiN)/monocrystalline silicon.

Further, by combinations of the elactron

This Sheet Has Been
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57 i st BECEUYER 82/33 a1:58n9%ATnsasisen Of Al p&sk ik l(Mintep PaseDidsj § an out si de

reacti om—tube el BP3 qualPd Rt 5038 o i OBABE TR0 f ors$ OREML i ON Of Q21
deposited film 25 substantially ‘closed to the surrounding, -51 an '

i nnersi de reaction tube nade of quartz | ocated for

- 26 - 1 separating the flow of gas within the~eutside reaction
tube 50, 54 -a flange made of a metal for é)é)e_pi ng apdHiS SHEET HAS BEEN
REPLACED

1 donative first substrate surface materials and the
elactron non-donative second suhstraté surfage
materials, Semples 5-11 -~ 5-179 shown in Table 3 were
prepared. As the first substrate surface material,

5 monocrystalline silicon (monoorystalline Si},
polycrystalline silicon {polycrystalline 8i),
amorphous silicon (emorphous Si),.tungsten (W),
molybdenum {Mo), tantalum (Ta)}, tungsten silicide
(WSi), titanium silicide (Tisi), aluminum (Al),

10 @aluminum silicon (Al-Si), titanium aluminum (A1-Ti),
titanium nitride (TiN), copper (Cu), aluminuﬁ eilicon
copper (Al-Si-Cu), aluminum palladium (Al-Pd),
titanium (Ti), molybdenum silicide (Mo-Si), tantalum
sflicide (Ta-51) were employed. Thase samples and

.15 51203 substrates, Sio2 glass substrates ware placed in
the low pressure CVD device shown in Table 2, and Al-
81 films were formed within the same badge. The film
forming conditions were a reaction tube pressure of
0.3 Torr, a DMAH partial pressure of 3.0 x 10 > Torr,

o9 @ SisH partial pressure of 1.0 x 107% forr, a
substrate tamberature of 300 °C and & film formation
‘time of 10 minutes,

As the result of film formation under such
conditions, concerning all the samples appliad with

95 Detterning from Sample 5-1 to.5-119, depositioﬂ'of Al-
Si film occurred only on the electron donative first

—_—
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cl ositrRECEIVEDt d2¢23013c50i 1996 Of ssd@esuout Si derab At {PRINTENENRE p0, and the
substrat e-8793/23| J2:%ed WWPNPHLIHES 5 subsomsemmﬁfsﬁg*mmr 56 provided gays

internally of the i nnerside reaction tube 51. The -substrate hol di ng
menbef 56 ‘shoul d be preferably nade of quartz. Al so, in the
present device, the substrate tenperature can be controlled by the

heater portion 10 59. The pressure interpally TH be 50
is constituted so as to be controllablé f'he 4 b tHASNBEENS| em
connect ed through the gas evacuation out | et __ REPLACED The gas

feeding-systemis constituted to have 15 a first gas system—a—slecond gas
system a third g33trete surface film to embed completely the opening

with the depth of 7000 i. The film quality of the Al-
Si film was fouﬁd to be very good, exhibiting the same
properties as one prepared-at a substrate temperature

s of 300 °C shown in Experimental example 8. On the
other hand, on the second substrate surface which is
elactron non-donative, no Al-Si film was deposited at
all, whereby complete selectivity was obtained. 0On
both the A1,0, substrate and the Si0, glﬁss substrate

10 which ere electron non-donative, no Al-Si film was
depogitaed at all. |

Experimental exampie 13

By use of the low presgure CVD device shown in

Fig. 2, Al-Si'film-uas formed on the substrate with
15 the constitution as described below.

On a thermally.bxidiéed £ilm es the electron
non~donative second substrate surface material, a-
polycrystalline Si as the electron donative first
substrate surface matoriallwas formed, patterning was

20 effocted according to the photolithographic steps as
shown in Experimental example 8 to have the thermally
oxidized film surface partially exposed. The film
thickness of the polycrystalline silicon at this time
was 2000 X, with the size of the thermally oxidized

25 £film exposaed portion, namely opening being 3 um x 3
pm. Such sample is called 6-1. By combinations of

;I\

This Sheet H. Been Replaced

T



syst eMpideived oB)2%0 : BNQEEARL own in FIE simlarly as the device
shown Dyt ¢ 82/890lis:08 anthed 3211 soss Fi o ?5 E@H@“'"sj‘é? thj JNgegases and the

reacti on gas are introduced into t‘he reaction ube 50 th gh the 20
startimg gas inlet 52. These gases react on the surface of the
substrate 57 during passage internally of the i nner si de-reaction tube

51 as shown by the arrowhead 58 in Fig. 2 to
substrate surface. The gases after the reati~on pa JHIQ SHERT (B%hBEﬁNe gap
forned between the innerside reaction tube 51 and thRERLACEDde repction

tube 50, and

) the electron non-donative second substrate surface
matériala,{T-SiOZ, CVD-SiOz, BSG, PSG, BPSG, P-SiN, T-
SiN, LP-SiN, ECR-S:N) and the electron-donative first
substrate surfece materials (polycrystalline Si,

5 . amorphous Si, Al, W, Mo, Ta, WSi, Tisi, IéSi, Al-8i,
Al-Ti, TiN, Cu, Al-si-Cu, Al-P4d, Ti, Mo-Si), Samples
of 6~1 - §-169 shown in Table 4 were prepared. These.
samples were placed in the low CVD device shown in
Fig. 2, and Al-Si film was formed within the same

10 badge. fhe filn forming conditions were a reaction
tube pressure of 0.3 Torr, & DMAH partial pressure of
3.0 x 10"5 Torr, a SizHG partial pressure of 1.0 x 10
6 Torr,a substrate tempersturs of 300 °C and a film
forming time of 10 minutes. As the result of film

15 formatioa under such conditions, in all the samples
from 6—-1 to 6~169, no Al-Si film was deposited at all
-at -the opening having the electron non-donative second
substrate exposed, but Al-Si of about 7000 & was
deposited only on the electron donative first

90 Substrate, whereby complete selectivity was obtained.
The film quality of the Al-S1 film deposited was found
to be very good, exhibiting the same properties as one
prepared at a substrate temperature of 300 °C in

Experimental example 8.

25
_—
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pr edet er m ned position where the substrate is nounted and det ached.
By formng a deposited fil munder the condi t i Qg @SHEES HAP BEE hPove by
use of such device, - A-Si filnms ef 6§ood qualifty caﬂEeAEarme n all
t he
1
v minIMmviwv]®|=]ww]om
S IT{ZITIZIZTIZIZNE
L] Wwiliwminniwiwvm | iwm]luviw w
-4 3 o w | Wi~ ),
o 2 L] L] « a9 [ 2
b2 B S B o o [
S
R Rl Rl B g R - g -
w ool rr el clel el el
e, ¥ ("7 ] [ Wyl W» N L7 1 L)
g lzl2|z|3|2|2l5]2|s
Ll S Bl g Bl g g g
w{mlew'lwlwiwjaalje~]m|on
g us [ 8 W] |
10 o B g gt i o
] $¥3§$‘~==?3
: SlatEIE|S1EIS L&
- s [TIRIRITISITITINT
WiwiWiwnmppBIiI IO W
18 !'T. wlwmlm|lw wiolnlwo]|w
- 3 Il o 6 Bl Bl Bl Bl ol
" in wjwojlwjvliw|wvw|w]|a
-4 3 &
R =l
- -t ~Nl ™M < u [ ol [--} o
seen|FITITITITITITIFIT
o &8 wlwlw|lwqla|vw|jewlw|w
& &)
l} -
5_-20—4-4'3-‘«‘-;:5@::-@?
- FO7) IO O IO B A B TR BRI B
20 o wlwjlwjwlivwiviwu]lne|w
D~
-
L > [ md
=) ™ DI Ejw]
AEHEHEEHAE
l—w a'“‘A.!--.-.:mr
25

This Sheet Has Been Replaced

L R




10 wafers within the device. ' As descri bed above, the film

obt 2igRGGvep az/ACKH Halishl at GadeéiR Al - Si dabd Bief @RiWRD MBe RIHCELSS based on the
enbodi nende od/20 hesmesenom S2LErRO3BN i s deneRABRITORNO-2 | 4-«&tBREWCont ent of @218

i npurity such as carboh, &t¢™aAd 15 resistivity which is sinilar to bulk,

and al so has hi gh surface snoot hness, and therefore remarkabl e
effects as described bel ow can be obt ai ned. (1) Reduction of hillock
Hi |l ock is occurrence of concavities on the Al - 20 $iTHIIISHEER HASeBERN
partial mgration of A -Si when isnGd -stress duriing flhEpLA@Egatlon S
rel eased in the heat treatnment step. Al so, siml ar—pheroreren—eeedd s
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by local migration by current passage Th'? AI SI formed by the @1s
presen t3- B 1698 Sat | akdebe | nnerPﬂGQSI% gi.apbm mate to the
%P%E%%%?fs 13:08 2303 3211 5035 -28- 1 nonocrystal.
FOT"'T'hIS reason, in the-heat treat mant at 450 [err]C for one hour, as
confrasted to forrratlon of 10[err]- 10[err]/cnferr] of hillocks in the
Al -Si filmof the prior art, the hillock nunber could be greatly
- 81 - THIS SHEET HAS BEEN
- REPLA_CED
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5 inproved as 0 to 10/cnferr]. Thué due to substanti al absence of

;A‘Insﬁ:ag sta%ffzgcigﬂlﬁaﬂé t?(r sdahiBy ' €SI St Pf\éslﬁh (PRINTED [BafK 8459 and the interlayer

§N ggsbe 03 321Rd038 hi n t 0 beKABE|\ToEMO0ag) e o~ fDREW maki ng it @220
fimer and. nore-flat. 10 (2) Inprovenent of electro-mgration
resi stance El ectro-migration is the phenonenon that the
W ring atons nove by passage of a current of high I Ri s
phenonenon, voids are generated and grown al o Tl'fﬁe Eégtjyoun ary,
wher eby as acconpanied 15 with reducti®h™of the crss-s d, the
W ring generates heat to be broken..In the prior art, the
anti-mgration property has been inproved by addi ng-
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to forman all oy. However, the all oy formation

resul {g“i‘h"g&a&g;ﬁl[ﬁ#:(’gﬁ %;@Pﬁﬁgﬁ%@ N@AGE2E1 PR rmrvdsu:ltzéf ijcul ty of ninute
e

REPLACEMENT SHEET

f or mat TON. si st ance° dJex¥eral | y+e\DREWat ed by
average wiring-life. The wiring formed by the sputtering

met hod or the CVD nethod of the prior art has obtai ned anaverage 25
wiring life of 1 x 10[err] to 10[err] hours (in the gase of a S Wwiring
cross-sectional area of 1 [err]m under.tpgg - THIS SHEET HAS BEEN

REPLACED

1 Experimental example 14

When deposition was carried out according to
the same procedure aé shown in Experimentél example 8
by use of MMAH2 as the starting gas and setting the
5 conditions as follows: '
Total pressure: 1.5 Torr

“4 pory,

MMAHz partial prassuga: § x 10
3i,H, pertial pressure: 1 x 1075 Torr
in the temperature renge of the substrate temperature
10 from 160 °C to 400 °C, an Al-Si thin £film containing
no carboa impurity and ha#ing excellent flatness,
danseness'and selectivity with the substiate surface
materials was deposited similariy as in Experimental
example 8. |

15 Experimental example 15

When deposition was carried out by following
the procedure of Experimental example 8§, but - .
~substituting s:u-!,1 for Si H, as the starting material
containing Si end setting the conditions as follows:
20 Total pressure: 1.5 Torr
DMAK partial pressure: 5 x 10 % Torr,

SiH, partial pressure: 1 x 1.0°5 Torr

4
in the temperature range of the substrate temperature
from 160 °C to 400 °C, an Al1-Si thin film containing

o5 DO carbon impurity and having excellent flatneass,

denseness and selectivity with the substrate sur:aca

This Sheet Has Been Replaced '
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- 29- sage_t est condltlons of 250 [err]C, 1 x 10[err]

A cn[ttif]}'?fa% ?n%ﬁ? 188 B sy | P9S8 728 (ERAMIED pageI 33l S film

formati on net hod based-on -t he enbogl ment of " s g'zpres'em”m%vent I on @22
coul d -obt ai.-n an average wiring 5 life of 10[err] to 10[err] hours with a

W ring having a cross- sectional area of 1 [err]nferr].

Hence, according to the present invention, for H
wiring wwdth is 0.8 [err]m a wring ayer th Z ry] mcan
sufficiently stand 10 practical appllca}|on |s REPLAG%Dthe ring

| ayer thickness can be made thinner, unevenness on the

1 materials was deposited similarly &s in Experimental
example 8.

Comparative experiment

An Al film was formed on a monocrystalline
§ silicon under the following conditions. |
By peassing Ar in place of Hz, Al was deposited
by pyrolysis of DMAH. The total pressure at this time
was made 1.6 Torr, fha DMAH partial pressure 1.5 x 10
4 Torr, and the substrate temperature of 270 -~ 350 °cC.
10 Whan the Al film thus formed was evaluated,
sbout 2 % of carbon was found to be contained at the
pinipum,
Resistivity became greaster by 2-fold or more
than the case when hydrogen was employed.
15 As to reflectance, it was lowered ta about 1/3
to 1/9 relative the case when hydrogen was employed.

- - 8imilarly, wiring 'life was shorter by 1 to 2
cipher, generation probability of hillock became
greater by 2 cipher or more, and a large ﬂumber of

20 Spikes were found to be generated.
As to the deposition speed, it was lowered to
1/2 to 1/4.
| As dascr;bed above, Al deposited only by
decomposition of DMAH without use of H, ie inferior in

o5 film quality, and was unsatisfactory as the Al film

for a gemiconductor device. §‘““‘“*---____‘~\
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sem ¢ surface after arrangenent of wiring can be suppressed
m ni ﬁg;‘hg&g&%% '5{/71‘29 i'i o3 tn PABE 223p Bln‘ PAGE d2nary current can be

obt aiTied. Al so, thls- 15 I's"possible by a E¥foRe prockRER. (3) @2:
Reduction of alloy pits in contact portion By the heat treatnment in
the wiring step, - eutectic reaction between Al in the mﬁring naterial

and Si in the substrate may occur to result in 20 p Si

eutectic called as alloy pit into - thd1lsabstrate |n Spl igé@@

t her eby destroying shal | ow j uncti on. Qeasure
t

it is general to enploy a mat eri al other than pure AI mhen t he dep
of junction

h

Separate;y, without use of.Hz, DMAH was
decomposed by the optical CVD method to deposit Al,

As the result, some improvement such as no containment
of carbon, and the like was observed from as the Al

§ film prepared as compared with the case when no light
was employed, but other characteristics were not
improved so much, and the Al film was still
unsatisfactory as the Al film for a semicondustor
device. .

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

When DMAH reaches the electron donative
substrate, namely the substrate having electrons under

15 - the state on which hydrogen atoms are attached (Fig.'
4A) with the methyl groups directed toward the
substrate side, one electron of the substrate cuts one
bond of Al and a methyl group (Figs. 4B and 4C).

The reaction scheme at this time is as

g0 Tollows: _

(CHg) ,AlH + 2H + 2e — zcn4t + Al-H.

Further, similar reactions will proceed for
the hydrogen atoms remaining on deposited Al having
free electrons (Fig. 4D). Here, when hydrogen atonms

o5 @re deficient, hydrogen molecules constituting the
reaction gas are decomposed on the substrate to supply

\
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25 I?ﬁﬂﬁéﬂ %L; qgﬂﬁlgnre and to enploy barrier netal techni que of Ti,
ND v 96 AT 5330694 PABE 224 (PRINTED PAGESS:
98 0 5)
However t her &/ Fbndh P sonP B S08% b ORARE) TORNOc2 suc-h-.ammonpl i cation
of etching,.rlse of cont act reS|st|vity and the like. In Al-Si forned

according to the present invention, generation of

10

15

20

25

- THIS SHEET HAS BEEN
~ 12 - REPLACED '

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

electron on the electron non-donative surface, the

above-mentioned reaction will not proceed and no Al
deposited. .

Figs. 4A -~ 45 are illustrations for better
understanding of the reacion mechanism, and the
numbers of H, e and Al shown in Figs. 4A ~ 4D are not
necessarily coincident.

In the case of an Al-Si film, Si atoms are
incorporated into Al during the process of the
reaction as doscribed above.

As described above, according to fhe present
invention, & low resistivity, demse and flat Al-Si
film could be deposited on a substrate.

Also, depcnding on the kind of the substrate,

Al-Si can be formed with excellant selectivity.

__________-__——__—_‘_ﬁ—.
. This Sheet Hag Been R

(W Ill Iﬂ!

@22



5 al | ordtbdsS 0 Qrtion mnth substrate crystal due to heat
t reat[rrenl? '%nﬂﬂo &Vﬁ%fb% ggﬁf PAGE 2?%%5%?{&#&% ring with good

contact ‘can al so be obtalned In ot her--wor rlny“ be effected @228
only . with an Al-Si material w thout destroying junction 10 even when
the junction is fornmed in a depth of about 0.1 [err]m .. (4)
| nprovenent of surface snoot hness (patterning characteristic
i mprovenent” of w ring) In thegpsior art, roughness of the
surface of 15 a netal thin film had inconvenie 1t
step for the mask and the substrate in the pattegﬁ%gﬁgfmgﬁim in the
et ching step. REPLACED

-CLAIMS '

1. A process for forming a deposited film

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

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

10 eand

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

15 ©silicon on said glectron donative surface (A).

- 2. +. The process according to Claim 1, wherein.

said alkyl aluminum hydride is dimethyl aluminum

hydride.
20 .
| 3. The process according to Claim 1, wherein
éaid alkyl aluminum hydride is monomethyl aluminum
hydride.
25 4. The process according to Claim 1, wherein

- sald subetrate i1s constituted of a material selected

Thllf"”i““lﬁﬁmild HIIIIII I (]




That is, there is unevenness extending to several |

errlmon the

sur f afc@"lcf)'f".% :;Fgall?rfaﬁg"érﬂéﬁggg‘% the PABEeé orrimED PasRtd2ed; whereby the

surface norphol ogy T's

S8%d t her ef OREBENEEYS42c f of+ OREMNQ

di sadv,ant ages. 1) Alignment signals cause diffused reflection

to occur at the surface, whereby noise | evel becones
I nherent alignnment signals cannot be 25 discrim nat g€k

covering |l arge surface unevenness, the - 74 =esi st fil\rhtd
taken |l arge, which is

hi gher and___
SHEET HAS BEEﬂ For
EF]IS%%&%A%%DWSt e

REPLACEMENT SHEET

1 from single monocrystalline silicon, polycrystalline

silicon and amorphous silicon.

8. The process according to Claim 1

[ ]

. wherein

gaid substrate is a I1I-V compound saemiconductor

containing an element belonging to the group III of

the periodic table and an element belonging to the

group V of the periodic table.

10 6. The process according to Claim 1

, wherein

.said substrate is a II-VI compound semiconductor

containing an elesment belonging to tha group II of the

periodic table and an element belonging to the group

Vil of the perlodic table.

15
7. The process according to Claim 1, wherein
said substrate is a metal containing at least one
_elenent selected from ttngsten, molybdenum, tantalum,
aluminum, titanium and copper.
20
‘8. The process according to Claim 1, wherein

said substrate is a metal.

9. . The process according ta Claim 1

25 said substrata_:s a somiconductor.

. wherein

This Sheet Has Been R
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- 31¢t nscslvsqnzrpg’gz;iaz a9deoatf saBgkod OF B | PAbe 227 PrINTED Page z28) ;! | the surface

nor phol ogy °F 926

rid3:A%) ot M 3211 S0k t 0 t he OReRE TOKYOIY €r 3ab pre¥ | ection wil |

occur | ocal |y, whereby resist remai.ning occurs. 5 4) If the

surfacé norphol ogy is poor, the side wal | becones notched in the wiring
etching step . according to its unevenness. Accordi-ng to the
present invention, the surface norpholagy of A tS—+m-teo-he—foryed is

| Si. Ot
10 nmarkedly inproved to cancell all th& dPawbacks | THIHSHEET bH$ BB

1

10

15

25

A14

REPLACED

10. The process according to Claim 1, wherein

said substrate is silicide.

11. The process according to Claim 1, wherein

said aluminum film is monoorystalline.

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

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

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

(a).

13. The p:ooesé according to Claim 12, wherein
said alkyl aluminum hydride is dimethyl aluminum
hydride.

This Sheet Has Been Re

T

Q22



In oteg%ﬁmords, in the patterning step, at the 'ine width of the

resol 19 23 [12: 9P (19967 AT §38063% X DO SALE 228 HEINRE . i gnment preci si on

3 =0-15 [e?fp] 23 51% 88 PR B3PI %hed, wherdBRBE u?y%;hg’ﬁéw pgewnDOt h side  gaa.
plane is rendered possible w thout causing halation to occur . (5)

| mprovenent of resistance in contact hole and t hraugh _hol e and of
contact resistance 20 In the prior art neth ﬂﬁSi$HMﬂeHﬁé4ﬁEﬂ t he
contact hole becones finer as 1 [err]mx % [err]mor leSSﬂEEUK)D I'n tthe :
-wiring is precipitated on the substrate™o 5 Re oft-aet nInEriurin heat
treatnment in the wiring step to cover thereover, whereby resistance

bet ween t he ' '

1 14. The procass according to Claim 12, wherein

said alkyl eluminum hydride is monomethyl aluminum

hydride.

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

10 insulating material.

16. The process according to Claim 12, wherein

said electron donative surface (A) is formed of a III-
V group compound semiconductor containing an element
15 belonging to the group III of the periodic table and
an element belqnginq to the group V of the periodic
table; and said electron non~donative surface (B) is

formed of an insulating material.

20 1z. The process according to Claim 12, wherein
said electron donative suiface (A) is forﬁed of a II-
Vi group compound semiconductor containing an element
belonging to the group II of the periocdic table and an
element beionging to the group VI of the periodie

o5 tuble, and said electron non-donstive éurfaca (B) 1is

formed of an insulating material.

This Sheet Has Been Replaced’
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25 wilr REGRfVEMEe/2d e2: 83 ease il shamewes Nar kiellve (AiEES pace 23a) | According to

t he esbodi A2/ A pr Behp211 5038 OKABE TOKY0-2  +++ DREW

1 invention, since a dense filmis formed according to
has been confirmed to have aresistivity of 2.7 - 3.3

reaction, Al -S

_32 -
t he surface

[err]ohmcm Al so, the contact resistivity can attain 1 x 10[err]

ohmcnierr] at an area of

1

10

15

-'I'I.-

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

formed of an insulating material.

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

formed of an insulating material.

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

(B) is formed of an insulating material.

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

formed of an insulating material.

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

deposition method utilizing a gas of an alkyl aluminum

- _
. \\
- This‘Sheet H.
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5 0.6 pmx 0.6 pmwhen the Si portion haé an inmpurity of 10[ err]
cni erly FECEIVED 82/23 12:83 1996 AT §33869'6.CCOr di Pgetzta (entRb gﬁ%,% pvention, a
-6

good —eent ad? %1 13388 suS0? ALK E83 be obt AjORABE TORYO-

sbd pRgcones

possi bl e tq nmake heat treatment during 10 wiring step | ower or abolish the
heat treatnent step. As described in detail above, by applying

t he pr esent

sen conduct’or

invention to the wiring formati on nmethod of a. »
integrated circuit, the vyi ezg can be | THI$ raWEEV HAS BEEN
reduction of cost can be pronoted to 15 Qreat extent as gepggeed with Al
wiring of the prior art. Figs. 3A - -S

film
l

10

15

hydride, a gas containing silicon atoms and hydrogen

gas.

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

electroconductive surface.

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

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

Si014' SiHZClz and 5133c1.

-
. This Sheet Has Been R
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i g._3A 1 speana/zb| Usioeal I ewoaS e’ cr -section of
t he substrate before fornatlon of the AI-Sl ep05|ted f m accor di ng
to the present *invention’ 90 is the substrate conprising an el ectron
donative material, and 91 a 25 thin f|In1conpr|5|ng an el ectron
non- donati ve naterlal

Eccort%&gvirochz;ﬁﬁzpﬁeﬁﬁ br EQM%E ion is, sel ect | ve%% Lo 20

@231

THIS SHEET HAS BEEN
REPLACED

- 79 - _
25. A péocass for forming a film on & substrate by
- chemical vapour deposition which comprises reacting an
alkyl aluminium hydride, a gaseous material containing
silicon atoms and hydrogen to form a £ilm containing

5 aluminium atoms and silicon atoms.

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

formed containg aluminium as main component.

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

containing aluminium atoms.

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

silicon atoms and hydrogen.

- This Sheet Has Been R,
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- 33- In the case of using DMAH and Si[err]Herr] as the

st ar t { RECELHAB @8/23 \1axBA 18960MS53T86S% UM © CORharl 23k NErikied’ t he reaction
gas is fed %2423 hd:9hbst TeSI211 15038 ed Ve m@&%%nf)e]&atnm range from g,,
the deconpositien - 5 tenperature of DMAH to 450 C, Al _is precipitated on

the substrate 90, whereby a continuous filmof A i$THIS SHPE] Sag wn in
Fig. 3B. Here, the pressure within t heggeactionjtube ﬁg’i E d %e
desirably 10[err] t0o" 760 Torr, and the DVAH par t4ad—pr prefprably

1.5 x 10 10[err] to 1.3 x 10[err] -fohHsoka¢ine pressure within the

above reaction- t uhe, Jhe w3l Sirhihe’ lbrRE bEBos e BULE coNTAINING ALOMINDM

) AS MAIN COMPONENT BY USE OF ALKYL ALUMINUM HYDRIDE

A process for forming a Si-containing Al film
of good quality according to.the CVD method utilizing
an alkyl aluminum hydride, a gas containing silicon

and hydrogen, which is an excellent deposited f£ilm

o

formation procass also capable of selective deposition

of Si-containing Al.

4

20

This Sheet Has Been R
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shoul d preferably be 1 x 10[err] to 1 X 10[err] -fold of the pressure

W t jpiRBcHIVED dzeAACH2t 198l AE 5230694 pace zA8hePRIMiEpERBE 2o of Al -Si s

cont i nuedPsAE 139% he BROIVICHABI tions, (FEE(TIEYGRat c+0f DREFG. 3C, the Al -@23
Si filmgrows to the |evel of the uppernost portion of ‘the thin filmoal

as shown in Fig. 3D. Further, when grown under the same conditions, as
shown in Fig. 3E the Al-Si filmcan grow to 5000 A substantially 20

wi thout growth in the lateral direction. This |sthe - nost

characteristic point of the deposited film sent
invention, and it will be under st ood how a f| ITMI&)fS}ﬁBBm%uBEENV can be
f or med under good sel ectivity. REPLACED -

FIG. 1

{
ST e
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25 As the result of analysis accor di ng to Auger's el ectron

spejt ﬁn@fﬁﬂPHz/E‘i 12001558 i¥ akidess SPECTT BiE QB «PRINTED Pace 235) .

'98 b2rmy ers:iomi nrE@od 32f1 3988 NMpur ity ORABENTORY0-@Ar bosu DREWOXYQen iS Q234
recognized in this film The deposited filmthus formed has a
resistivity of, for exanple, with a filmthickness of 5400 A 2.7 - 3.0
[errJohmcmat roomtenperature which is

THIS SHEET HAS BEEN
REPLACED

FIG. 2
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substantially equal to the bulk resistivity of A, and becones
cont i aeceIvED @23 fik:ab 1bdel an 53%ev®, even pu:tiisamnnnfph&ms‘shuckness of 1 [err]m

its resist®8M2é2ht 13:d0m 9°3t@#})éﬂﬁ ure i s QFAPRTOREG+L| y <3+ DREW 3 O @238
[errJohmemand a 10 sufficiently dense filmis formed with a relatively
thicker film The reflectance in the visible wavel engt h reglon S :
approximately 80 % and a thin filmw th excellen tEEERS| can
be deposit ed. The substrate tenperature in perform Tﬁ@ n@ ectlve
15 deposition should be desirably the deconposition rl-éé e_of X he
starting gas containing A or hi gher and 450 [err]C or | ower as
nment i oned above, but specifically a substrate tenperature of 200 to
450[err] C ' ' '

—91

FIG. 3A

] 90

FIG. 3B a g

TSI IIVS

92_
FG6 3¢ | o

)|
T
Lo
L=

FIG. 3D 1 _ w:
- g
FIG 3E .




is desirabl e,

and when deposition is perforned under

20 such condition,

the § \ 3 396 PAGE 2 §)BR7)\/] 800 A/nmin.
: @5‘& %'ﬁﬁﬁlﬁﬁd pressugrﬁei| 55 %[err]:ﬁ[@ Eq'gp?o]' Torin g a mo

when \H parti al
sufficigently great deposition speed can be obtained as the Al -Si

deposi t
t enperature
-35 -

Lon technique for ultra-LSI. 25

A nore preferable substrate

conditionis 270 Cto 350 [err]C, and_Lhe—A+—€%—+TETn
_ THIS SHEET HAS BEEN

REPLACED

FIG." 4A
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1 deposited-under this condition is also strongly ori ent at abl e and,
even when subjected to the heat treatnent at 450 [efT f frot
_RERLACEEN

Al -Si filmon the Si nonocrystalline or Si polycrys

lﬁ&ﬁié

5 becones a good Al -Si filmw thout generation of" hil fock, spike.
such Al-Si filmis excellent in el ectro-mgration res|stPODEC 1996
In the device shown in Fig. 1, Al-Si can bel - depositedjon only one s
of ‘substrate in deposition 10 for one tine. Al though aj depousirtiomr—spee
ca. 800 Almn. can be obtained, it is still insuffigient for

performng dgposition Ofpﬁoéﬁégeﬁﬂn%[m%asp@%i DEPOSITED FILM

'10_

-
_‘v-—,/

15

20

25

S
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CONTAINING ALUMINUM AS MAIN COMPONENT BY

USE OF ALKYL ALUMINUM HYDRIDE

BACKGROUND OF THE INVENTION

Field of the invention

This invention relates to a process for
forming a deposited film, particularly a process for
forming an.Al—Si deposited film which can be
preferably applied to eleqtrodes or wiring of a
semiconductor integrated ciréuit device, etc.

Related background art

In the prior art, in electronic devices or
integrated circuits by use of semiconductors, for
electrodes and wiring, aluminum (Al) or a metal

containing aluminum as main component such as Al-Si

- and the like has been primarily used. Al has many _

advantages such that it is inexpensive and high in
electroconductivity, that it can be also internally
chemically protected because a dense oxidized film can
be formed on the surface, and that it has good
adhesion to Si, etc.

As the method for forming a £film for
electrodes and wiring of Al or Al-Si as mentioned
above, there_has"been used in the prior art the

sputtering method such és magnetron sputtering, etc.

K- g
: P

([~



within a short tine. As the deposition filmfor 'Rgpgﬂﬁ'-ﬂ-f

15 inproving this point, there is the | ow pressure CVD - dey il
deposit Al -Si by sinultaneous mounting of a | arge nunbef ¢f sheets of
waf er. Since the Al-Si deposition according to the present 108 DEC 1996
invention utilizes the surface reaction of the 20 electronjdpnative
substrate surface, in the hot wall typg Low pressure met hod whéerer
only the substrate is heated, a Al -Si conpound cont ai ni rg—8+~5 to
2.0 %of Si can be deposited on the substrate by addi ng DVAH, H2 and a
Si starting gas such as Si[err]Herr], 25 etc.

1 However, selective deposition and selective

growth can not be realized by the:sputtering method
which has been;éséd in the prior ért. The sputtering is
the physical deposition method based on flying of

5 sputtered particles in vacuum, the film thickness at
the stepped portion or the igsulating film side wall
becomes extremely thin, leading to wire breaking in an
extreme case. Nonuniformity of film thickness or wire
breaking has the drawback that reliability of LSI is

10 markedly lowered.

On the other hand, since the integration
degree of the integrated circuit such as LSI, etc. is
increased, and fine formation of wiring or multi-layer
wiring has been particularly required in recent years,

15 ‘there is an ihcreasin§ severe demand not found up to
date for Al or Al-Si wiring of the prior art. With
finer-dimensional formation by increased integration
degree, the surface of LSI, etc. is subject to
excessive unevenness due to.oxidation, diffusion, thin

20 film deposition, and etching, etc. For example,

electrodes'of wiring metal must be deposited on the

surface with a stepped difference, or deposifed 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 wvia-hole

25
in which a metal composed mainly of Al such as Al-Si,



The reaction tube pressure may be 0.05 to 760

- 36 - 1 Torr, desirably 0.1 to 0.8 Torr, the substrate A
160 [err]C to 450 C, desirably 200 C to 400 [err]C, the %ﬁ$§E@E@E$H%E'
pressure 1 x 10[err]-fold to 1.3 x. 10[err] -fold of the}pfessure in the

reaction tube,
x 10[err]-fold

10

15

20

25

the 5 Si[err]Herr] partial pressure 1 x 1p[prr]? DEGI1996 1
of the pressure in the geaction tube, anF inder such

BRI

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

Particularly, for performing sure electrical
connection to the device under insulating film such as
SiOz, etc., rather than film formation, Al-Si is
required to béldeposited so as to embed only the via-

hole of the device. In such case, a mefhod of

" depositing an Al alloy only on Si or metal surface and

not depositing it on an insulating film such as Si02,

etc. is required.

As the improved sputtering method, there has

been developed the bias sputtering method in which a

bias is épplied on a substrate and deposition is
performed so as to embed Al or an Al-Si compound 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
V or higher. is applied on the substrate, deleterious
influence on the device occurs because of charged
particle damaging such as change in threshold of MOS-
FET, etc. Also, because of presence of both etching

action and deposition action, there is the problem

that the deposition speed cannot be essentially



conditions, Al-Si can be selectively deposited on only the el ectron
donative substrate. In the case of such sel ective deposition, a good
Al -Si filmcan also be 10 forned under the above described conditions by

use of the deposited filmform ng apparatus such as desc abeve

by referring to Figs. 1 and 2. As descri bed abov; REM%MEW SHEET

obt ai ned according to the AI-Si fil m-selective formation: 15 pr oCesSsS :

based on the enbodi nent of the present invention is densé mnthﬂgﬁﬁy1 4

little content of i mpurity such as carbon, etc. and reS|sth|ty whi ¢

S simlar to bulk, and al so has high surface snnothness« R
1 1mproved .

— ey,

In order to solve the problems as describe@
above, various types of CVD (Chemical Vapor
Depositioh) methods have been proposed. In these

5 methods, chemical reaction of the starting gas in some
form is utilized. In plasma CVD or optical CVD,
decomposition of the starting gas occurs in gas phase,
and the active species formed there further reacts on
the substrate to give rise to film formation. 1In

10 these CVD methods, surface coverage on unevenness on
the substrate surface is good. However, carbon atoms
contained in the starting gas molecule are
incorporated into the film. Also, particularly in
plaSma CVD, the problem remained that there was damage

15 by charggd particles (so called plasma damage) as in
the case of the sputtering method.

* .- —The thermal CVD method, in which the film -
grows through the surface reaction primarily on the
substrate éurface, is good in surface coverage on

o9 unevenness such as stepped portion of the surface,
eté. Also, it can be expected that deposition within
via-hole will readily occur. Further, wire breaking
at the stepped portion can be avoided.

- Furthermore, there are not caused damages by
25 charged particles which have beeﬁ observed in the case

of the plasma CVD or the sputtering method. The



20

t herefore renarkable effects as descri.bed bel ow

10

25

- 37 A 1 _and
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10 DEC 1996

'methods of such a kind include, for example, the

15

20

25

method ‘'seen in Journal of Electrochemical Society, Vol.

131, p. 2175 (1984). 1In this method triisobutyl

‘aluminum (i—C4H9)3Al (TIBA) is used as organic

aluminum gas and an Al film is formed at a film
formation temperature of 260 ¢ and a feaction tube
pressure of 0.5 Torr. The substrate temperature is then

maintained at about 450°C and SiH, is introduced to

4
diffuse Si in thé Al film, thus obtaining an Al-Si
film. . |

When TIBA is to be used, a continuous film can
not be obtained unless pretreatment is effected in
which prior to film formation,.TiCl4 is flowed to
activate the substrate surface to fbrm nuclei.
Furthermore, in case where TIBA is used, there.is a
problem that surface flatness is not sufficient even
when TiCl4 is used. By this method it is not possible
to effect selective growth such as Al-Si deposition
only in via-holes. |

As another method, there can be mentioned the
method described in Japanese Journal of Applied
Physics, Vol. 27, No. 11, p. L2134 (1988). In this
method, TIBA and SiZHG diluted with Ar gas are
supplied, and the gases are heated before TIBA reaches
the substrate. By this method, an Al-Si film of a low

resistivity can be epitaxiélly grown on a Si(100)



can be obt ai ned. (1) Reduction of hillock The AI-Si film
formed according to the present 5 invention has little internal stress

and i s approxinate to the state of nonocrystal. For thif T1—t+he
heat treatnent at 450 [err]C for one hour, as contrasted Hf‘gﬁ&mn SHEET
of 10[err] - 10[err]/cnferr] of hillocks in the Al- Si §fifl mof the

prior art, the hillocks nunber could be -1§ greatly inprovdd as1Q)pec-n96

10/cnferr]. (2) Inprovenent of electro-migration resistlarjce
In the prior art, the anit-mgration property has been{i
adding Cu, Ti, etc. to Al-Si to forman alloy. However {_the all oy

i

formati on résulwasfer. Although the film obtained by this method has

10

15

20

25

good high quality, there are involved the problems
that control is difficult due to necessity of heating
the gases.and that apparatus for effecting this method
is complicated. '

Japanese Laid-Open Patent Application No. 63—
33569 describes a method of forming a film by using no
TiC14, bﬁt using in place thereof orgénic aluminum and
heating it in the Vicinit§ of the substrate.

According to this method} Al can be deposited
selectively only on the metallor semiconductor surface
from which the naturally oxidized film has been
removed.

In this case, it is cleariy stated that the
step of removing the naturally oxidized film on the
substrate sufface is necessary before introduétion of
TIBA.. 'Also, it is described that, since TIBA can be
used alone, no carrier gas is required to be used, but
Ar gas may be also used as the carrier gas. However,
the reaction of TIBA with another_gas-(e.g. Hz) is not
contemplated at all, and there is no describtion of
use of H, as the carrier gas. Also, in addition to
TIBA, trimethyl aluminum (TMA) and triethyl aluminum
(TEA) are mentioned, but there is no specific
description of other'organic metals. This is because,

since the chemical properties of organic metals



15 in complication of the etching step and difficulty of m nut e

formation.

. The wiring formed by the nmet hod of tfh e art
has obtai ned an average wiring life of 1 x 10[err] to OEEEM@MEM PHEE ! -_
case of a wiring cross-sectional 20 area of 1 [err]nferr])} Under the C

current passage test conditions of 250 [err]C, 1 x 10[grr]] ArpEC b
In contrast, the Al -Si film obtained py-the Al-Si fil mjsgl ective 6
formati on net hod based on the enbodi nent of the pr esent| imvertromrcot

obtain an average wiring life 25 of 10[err] to 10[err] hoyrs with a wiring

having a cross- sectional area of 1 [err]nferr].

1
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generally vary greatly if the organic substituent
attached to the metal element varies little, it is
necessary to investigate individually by detailed
experimentation to determine what organic metal should
be used.

In the CVD method as described above, not only
there is an inéonvenience that the naturally oxidized
film must be removed, but also there is the drawback
that no surface smoothness can be obtained. Also,
there is the restriction that heating of the gas is
necessary, and vet heating musf be done in the
vicinity of the substrate. .Besides, it must aiso be
experimentally determined at what poximity to the
substrate heating must be done, whereby there is also-
the problem that the place for setting the heater |
cannot be necessarily freely chosen. : .

.. =In the pre—text of the 2nd Sympoéium of - .
Electrochemical Society, Branch of Japan (July 17,
1989), on page 75, there is a description of film
formation of Al according to the double wall CVD
method. 1In this method, TIBA is used and the device
is designed so that the gas temperature of TBA can be
made higher than the substrate temperature. This

method may be also regarded as a modification of the

" above-mentioned Japanese Laid-open Patent Application

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



- 38 - 1 (3) Reduction of alloy pit in contact portion The

Al -Si selectively formed according to the present invent [ -
suppress generation of alloy pit at the contact portion AﬁﬁmﬁﬁHEMENTSHEET
substrate crystal even 5 by-the heat treatment during wripgfstep, and

al so a wiring with good contact characteristic can be Dbt DEE 1996
That is, even when the junction is made- g -shallow to the extgnt of 0.1
[err]m the junction will not -

1 selectively grown only On -a metal or semiconductor,
but not only the difference between the gas
temperature and the subétrate surface temperature can
be controlled with difficulty, but also there is the

5 drawback that the bomb and the pipeline must be
heated. Horeover, according'to this method, there are
involved such problems that no uniform continuous film

" can be formed, that flatness of the film is poor,
etc., unless the film is made thick to some ektent;

10 | As set forth above, the érior art methods have
the problems to be solved that it is difficult to
obtain a flat Al-8i film of?a low resistivity and good
quality, that there is considerable limitation in
apparatus and in film formation.

15 | As described above, prior art methods cannot
necessarily effect well seleqtive growth of Al-Si, and
even if_possible, there is a problem with respect- to
flatness, resistance, purity, etc. of the Al film
formed. Also, there has been involved the problem

20 that the film formation method is complicated and can

be controlled with difficulty.

SUMMARY OF THE INVENTION

As described above, in the technical field of

25 semiconductors in which higher integration has been

desired in recent years, for providing inexpensively a




be destroyed with only the Al-Si material. 10 (4) Inprovenent of surface

snoot hness (patterning characteristic i nprovenent of wri

According to the present invention, the surf ace nDrphoIogL%ﬁfWAﬁ%qﬁNT SHEET
filmto be forned can be i mproved epoch-maki ngly, whereby a!l of the.

15 problens of the prior art can be inproved. (5) | nprovenent QjDEC‘B96
resi stance in contact hole and t hrough el e and cont act reS|st

According to the present invention, since adense filmis |s }ectEVb!,
formed by the surface 20 reaction even when the opening may jpe 1 [err]mx

1 [err]mor
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| ess, it has been confirmed that the A -Si conpl€tely
semiconductor device which is more highly integrated

‘and also made higher in performances, there remained

many rooms to be improved.

The present invention has been accomplished in
view of the technical tasks as descfibed above, and an
object of the present invention is to provide a
process for forming a deposited film which can form an
Al-Si f11m of good qual1ty as the electroconductive
mater1a1 at a de81red position with good
controllability.

| Another object of the present invention is to
provide a process for forming a deposited film which
can obtain an Al-Si film which has extremely broad
general purpose utility and vet is of good quality,
without requiring particularly no complicated and
expenaive deposited film forming device. _ '

.. -Still another object of the present invention

is to provide a process fbr forming a deposited film
which can form an Al-Si film excellent in surface
characteristic, electrical characteristics, purity,
etc. according to the CVD method utilizing alkyl
aluminum hydride, hydrogen, and a gas containing
silicon atoms.

Still another object of the present invenion
is to provide a process for forming a deposited'film

of an Al-Si film which is extremely broad in general



filled wthin the contact hole and through hol e each has a resistivity

of 2.7 - 3.3 [err]ohmcm Also, the

-6 2 contact resistivity can attain 1 x 10[err] ohdﬁﬁﬁﬁ@EMﬁNfl$H£ﬁE
25 case where the Si portion has an inpurity of 10[err] cnjefr] In a
hole of 0.6 [err]mx 0.6 [err]m :

REPLACEMENT SHEET - 10.-39- 1 'Ijh(z)atDEl{:s‘,‘996
according to the present invention, the wiring materi al bean—be-

conpl etely enbedded only in

1 purpose utility and excellent in selectivity, without
requiring particularly a complicated and expensive
deposited film forming device.

Still another object of the present invention

5 is to provide a process for forming a deposited film
which can form an Al-Si film under good selectivity
according to the CVD method utilizing alkyl aluminum

hydride, hydrogen and a gas containing silicon atoms.

10 BRIEF DESCRIPTION OF THE DRAWINGS

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

15 Fig. 2 is a scheﬁatic view for illustration of
another suitable deposited film forming device in
practicing the deposited film forming process - .
according to the present invention.

Figs. 3A - 3E are schematic sectional views for

20 illustration of the.deposited_film forming process
according to one embodiment of the present.invention.

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

present invention.

25



t he m nute opening, and al so good contact wth the substrate can be

obt ai ned. Therefore, the present 5 invention can contri but ergrea

i mprovenent of resi stance within hole and contact resist ang%EPMté‘ﬂém SHEET
have been the greatest problens in the fine process of -1 {efrImor

| ess. (6) It is possible to make the heat treatment 10 tpnpered HEEC 1996
during wiring step lower or to omt the- 11 heat treatnent stgp

As described in detail above, by applying the present inventtomtothe
wiring formati on nethod of a sem conductor integrated cirguit,

particularly 15 enbedding of contact hole or through hole, thée yreld
17 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments according to the present
invention are described in detail below, but the
present invention is not limited by these embodiments,

5 and it may have a constitution which accomplishes the
object of the present invention.

One pfeferred embodiment of the present
invention is a process for forming a deposited film
comprising the steps of:

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

(b) introducing a gas of an alkyl aluminum
hydride, a gas containing silicon atoms and hydrogen

15 gas into the space for formation of the deposited
film; and

- . —-{c) maintaining the temperature of the - .
electron donative surface (A) within the range of from
the decomposition temperature of the alkyl aluminum

99 hydride to 450_°C to form an aluminum film containing
silicon on the electron donative surface (A).

| Further, another preferred embodiment of the
present invention is a process for forming a deposited
film comprising the steps of: . .
25 (a) providing a substrate having an electron

donative surface (A) and a electron non-donative



can be inproved, and reduction of cost can be pronoted to great extent
as conpared with Al-Si wiring of the prior art. 20 25
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surface (B) in a space for formation of the deposited
film;

(b) introducing a gas of an alkyl aluminum
hydride, a gas cbntaining silicon atoms and hydrogen
gas into the space for formation of the deposited
film; and

(c) maintaining the temperature of the’
electron donative surface (A) within the range of from
the decomposition temperature of the alkyl aluminum
hydride to 450 °C to form an aluminum film containing
silicon selectively on the electron donative surface
(a).

In the following, prior to detailed
description, first, the process for forming a
depqsited film by use of an organic metal is outlined.

The decomposition reaction of an organic
metal, and hence the thin film deposition reaction .
will vary greatly depending on the kind of the metal
atom, the kind of the alkyl bonded to the metal atom,
the meané of causing the decomposition reaction to
occur, the atmospheric gas, etc.

For example, in the case of M—R3 (M: the group
III metal, R:Ialkyl group), trimethyl gallium:

caa--(;a/cHa
SCiHs

in thermal decomposition undergoes radical cleavage



1 Exanple 1 _ First, the procedure for Al-Si filmformation
is as follows. By use of the device shown in Fig. 1, t hepreacti-of—t-thbe——
2 is internally evacuated to ca. 1 x 5 10[err] Torr by the e} REPAACEMENTiSHEET
9. However, Al-Si filmcan be also fornmed if the vacuum Hepree W tnrm
the reaction tube 2 may be worse than 1 x 10[err] Torr
washing of Si wafer, the conveying ehasber 10 is rel ease
at nospheric pressure and Si 10 wafer is nounted in the conve
The '

1 wherein Ga-CH., bond is cleaved, while triethyl

3
gallium:

C2Hs—-Ga — Calis
™S CalHs

5 in thermal decomposition is decomposed through 8-
elimination into:

- CoH
CoHs—Ga—
I

and C2H4‘ On the other hand, triethyl aluminum

10 @attached with the same ethyl group:
C2H
C2Hs-80— = °

T~CaHs

in thermal decomposition undergoes radical

decomposition in which Al—C2H5 is cleaved.: However, tri-

15 iso-butyl aluminum having iC4H9 bonded therein:
- iC.ls

iCalo— AL
ate S iC.Hs

is subject to B-elimination.
Trimethyl aluminum (TMA) comprising CH3 groups

20 and Al has a dimer structure at room temperature:

O, CHa— L g —
CHs — ~CHs — TTCHs

and thermal decomposition is radical decomposition in

25



conveyi ng chanber is evacuated to ca. 10[err] Torr, and e._gate

valve 13 is opened and the wafer is mount ed on t he waf er fﬂﬂPﬂﬂﬁEMENT SHEET
After nounting of the wafer on the wafer 15 hol der 3, the gat g vatve-

cl osed, and the reacti on chanmber 2 is evacuated to a va ULﬂlﬁi%é E of

ca. 1 x 10[err] Torr. In this Exanple, DMAH is ffeq t é L,
first gas line. As the carrier gas of1OVRH | i ne H2 whi ¢hbL 20 _t he
sanme as the reaction gas is enployed. The second gas lihe is used for

H err] and the third gas line for Si[err]Herr]. By

passing H2 tprogﬂgckhilgﬁﬂy“ééﬁﬁil{é“%léé&%d, and at a temperature of

150 °C or lower, it reacts with atmospheric H2 to form

CH,, and forms finally Al.

4
However, at a high temperature of 300 oC or
5 higher, even if H2 may be present in the atmosphere,
CH3 group will withdraw H from the TMA molecule, until
finally Al-C compound is formed. - _
Also, in the case-of TMA, in light or a_
certain region controlled in electric power in H2
jo = atmosphere high frequency (ca. 13.56 MHz) plasma, CZHG
will be formed by the bridging CH3 between two Al's.
In.essence, since even an organic metai
comprising CH3 group which the simplest alkyl group,
CZH5 group or iC4Hg group and Al or Ga has a reaction
15 mode depending on the kind of the alkyl group, the
kind of the metal atom, the excitation decomposition
-means, for deposition of a metal atom from an organic
metal on a desired substrate, the decomposition

‘reaction must be strictly controlled. For example,

20 when Al is to be deposited from triisobutyl aluminum:

iC<H
TN AL — iCLls)
iCcHa”

(TIBA:
in the low pressure CVD method comprising mainly
thermal reaction, unevenness of um order is formed on

25 the surface, whereby the surface morphology is

inferior. Also, hillock generation by heat treatment,

’
!

I

3



pressure within the reaction tube 2 is nmade a 25 predeterm fpe

controlling the opening of the slow | eak valve 8. A typilc
in this Exanple - 41
made approximately 1.5 Torr. Then, the wafer is heat ed by
passage through the heater 4. After ~ the wafer tenperatufe
a predeternined - 15 -

ﬂ@@@;ﬂ)‘eSHEET

cut ODEC 1996

has reached

1 Si surface roughening through Si diffusion at the

interface between Al and Si occur, and also migration

resistance is inferior, whereby it can be utilized for

. ultra-LSI process with difficulty.

5 For this reason, a method for controlling

precisely both the gas temperature and the substrate

temperature has been attempted. However, the device

is complicated, and the method is of the sheet

treatment type in which deposition can be effected

10 only on one wafer by one deposition process. Besides,

since the deposition speed is 500 A/min. at the

highest, the throughput necessary for bulk production

cannot be realized.

Similarly, when TMA is employed, Al deposition

15 has been attempted by use of plasma or light, the

‘device also becomes conplicated due to use of plasma

-or light, and also because of the sheet type devigce,

there remains room for improvement for sufficient

improvement of throughput.

20
aluminum hydride to be utilized in the present

Dimethyl aluminum hydride (DMAH) as the alkyl

invention is a substance known as alkyl metal, but it

could not be estimated at all what Al thin film could

be deposited depending on what reaction mode, unless

25 deposited films are formed under all the conditions.

For example, in an example of deposition Al by optical




tenperature, DVAH and Si[err]Herr] are introduced into the reaction

tube through the DMAH |ine and the Si 2H6 line. The total F?{\E‘PERGEIWENTSSHEET
ca. 1.5 Torr, and the DVAH partial pressure is made ca. Q. 1LOf-e++4
Torr. The Si[err]H err] partial pressure is made 2 x 10[er}] Torr.

When Si 2H6 and DVMAH are introduced into the reaction 10 tubg P, 14) DEC 1996
deposited. After a predeterm ned deplsition time has elap“ed f eedi ng
of DMAH and Si[err]Herr] is stopped. Next, heating of the heater 4 is

st opped to cool the wafer. Feeding of H2 gas is stoppedl_and

after evacuation internally of the reaction tube, the 15 wafer is

transferred t oCVRe fxom SRy Gharsrfagr morphQlagy the WHiRELIHg @Minber

i s nade at nospheric befaore
P g reé%st1v1ty value was greater than the bulk value

(2.7 yohm:cm) as several pchm to 10 uohm cm, thus
being inferior in film quality.

5 Now, referring to the drawings, preferred
embodiments of the present invention are described in
more detail.

In the present invehtion, for depositing an Al-
Si film of good quality.as the electroconductive

10 deposition film on a substrate, the CVD method is

used. |
More specifically, by use of dimethyl aluminum

hydride (DMAH):

CHa
| TS AL —H
15 Chemical formula: CHs —

or monomethyl aluminum hydride (MMAHZ):

Chemical formula: Cls AL —H
H

og @s alkyl aluminum hydride which is an organic metal as
the starting gas coﬁtaining at least one atom which
becomes the constituent of the deposited film, a gas
containing Si atoﬁs as the starting gas and Hz-as the
reaction gas, an Al-Si film is formed by gas phaée_

25 growth with a gas mixture of these on a substrate.

As the substrate applicable in the present



taking out the wafer. The outline of AI-Si film - for mat REPLACEMENT SHEET
descri bed above. Experinental exanple 1 20 Al 4 Sir~f~ e
deposited at the respective tenperatures each for 10 shegt sanBIes
fol lowing the same procedure as described in Exanple 1 under1PHEC 1996
‘follow ng conditions: Total pressure: 1.5 Torr 25 _
DVAH partial pressure: 1.5 x 10[err] Torr 17 - Siferi]H err]

partial pressure: 2 x 10[err] Torr.

1 invention, a material having electron donative
property may be-emploved.

The electron donative material is described in
detail below.

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

10 electrons with the starting gas molecules attached on
the substrate surface. For example, generally metals
and semiconductors correspond to such material. Those
having very thin oxidized film on the metal or
semiconductor surface are also included. For, with

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

Specificélly, there may be included
semiconductors such as single crystalline silicon,

o9 - DPolycrystalline silicon, amorphous silicon, etc.,
binary system or ternary éystem or quaternary system
_III—V compound semiconductors compfising combinations
of Ga, In, Al as the group III element and P, As, N as
the group V element, or II-IV compound semiconducters,

25 or metals themselves such as tungsten, molybdenum,

. tantalum, aluminum, titanium, copper, etc., or



- 42 - 1 The AI-Si filnms deposited by varying the

substrate tenperature at 13 | evels were eval uated by use ¢f I e
eval uation ngPhods. The results are shown in Table 1. 5 Rﬁﬂﬁth§¥¥ SHEET
has been confirmed fromthe results that films of extrenefylexcellent
quality can be obtained wi thin the ter’g)erature range of 160}t of BPEC 1996
[err]C, nore preferably 200 to 400 1e¥%]C, optimally 270 §o0{350

[err] C. 10

1 silicides of the above metals such.as tungsten
silicide, molybdenum silicide, tantalum silicide,
aluﬁinum silicide, titanium silicide, etc., further
metals containing either one of the constituent of the

5 above metals such as aluminum silicon, aluminum
titanium, aluminum copper, aluminum tantalum, aluminum
silicon copper, alﬁminum silicon titanium, aluminum
palladium, titanium nitride, etc.

On the substrate with such constitution, Al is

10 deposited only through'simple thermal reaction in the
reaction system of the starting gas and H2' For
example, the thermal reaction in the reaction system
between DMAH and H2 may be basically considered as

follows:

15 _
cH " cH
27 W2 T4 Ha—288 1 +4CHLT +Hz1

CHs~ SH- TCHs

DMAH assumes a dimer structure at room temperature.
Also, with MMAHZ, a high quality Al film could be
20 formed by thermal reaction as shown below in Examples.
Since MMAH2 has low vapor pressure as 0.01 to
0.1 Torr at room temperature, a large amount of tﬁe
starting material can be transported with difficulty,
and the upper limit value of the deposition speed is
25 several hundred A/min. in the present embodiment, and

preferably, it is most desirable to use DMAH of which
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vapor pressure is 1 Torr at room temperature.
In another embodiment of the present
invention, the CVD method is used for selective

deposition of a good Al film as the electroconductive

‘deposition film on the substrate.

More specifically, as described above, by use
of dimethyl aluminum hydride (DMAH) or monomethyl
aluminum hydride (MMAHZ), a gas containing Si atoms as

the starting gas and H, as the reaction gas, an Al-Si

2
film is selectively formed on the substrate by gas
phase growth with a gas mixture of these.

The substrate appiicable in the present
invention has a first substrate surface material for
formation of the surface on which Al-Si is deposited,
and a second substrate surface material on which no Al-
Si is deposited. And, as the first substrate surface
material, a material having the e;ectron donative.
surface is used.

In contrast, as the material for'forming the
surface on which Al-Si is not deposited selectively,
namely the material for forming the electron non-
donative surface, conventional insu;ating materials,
oxidized silicon formed by thermal oxidation, CVD,
etc., glass or oxidized film such as BSG, PSG, BPSG,

etc., thermally nitrided film, silicon nitrided film

by plasma CVD, low pressure CVD, ECR-CVD method, etc.
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Fig. 1 is a schemétic view showing a
preferable deposition film forming device for applying
the present invention.

Here, 1 is a substrate for forming an Al-Si
film. The substrate 1 is 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

material constituting the reaction tube 2, quartz is

.preferable, but it may be also made of a metal. 1In

this case, it is preferable to cool the reaction tube.

The substrate holder 3 is made of a metal, and is
provided with a heater 4 so that the substrate mounted
thereon can be heated. And, the constitution is made
so that the substrate temperature can be controlled by
controlling the heat generation temperature of the

. The feeding system of gaseé is constituted as

described below.

5 is a gas mixer, in which the first starting
gas, the second stafting gas and the reaction gas are
mixed, and the mixture is fed into the reaciton tube
2.. G'is a starting gas.gasifier prdvided for
gasification of an organic metal as the first starting
gas.

The organic metal to be used in the present
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invention is liquid at room temperature, and is formed
into saturated vapor by passing a carrier gas through
the liquid of the organic metal within the gasifier 6,
which is in turn introduced into the mixer 5.

The evacuation is constituted as described
below. |

7 is a gate valvé, which is opened when
performing evaCuationlof a large volume such as during
evacuation internally of the reaction tube 2 before
formation of the deposited film. 8 is a sloﬁ leak
valve, which is used when performing evacuation of a
small volume such as in controlling the pressure
internally of the reaction tube 2 during formation of
the deposited film. 9 is an evaguation unit, which is
constituted of a pump for. evacuation such as turbo
molecular pump, etc.

. .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 film, which is evacuated by opening the
valve 11. 12 is an evacuation unit for evacuating the
conveying chamber, which is constituted of a pump for
evacuation such as turbo molecular pump, efc.

The valﬁe 13 is opened only when the substrate

1 is transferred between the reaction chamber and the



Fol |l owi ng the sanme procedure as in Exanple 1 to set the p%umna4u4;£5_____
fol | ows: Total pressure: 1.5 Torr 5 READMWBEMENT SHEET
partial pressure: 5 x 10[err] Torr Substrate tenperature

(Tsub): 300 [err]C and the Si2H6 partial pressure was varjed f{BrBE'ICS?g%

X 10[err] Torr to 1 x 10[err] Torr Losziect deposition. |The i
content (wt.% of the Al-Si filnms were varréd from 10 0.005 %t 5. %
approximately in proportion to the Si[err]H err] partial pressure. As

to resistivity, carbon content, average wiring life, depoSt+t+on—speet:
hillock dengityoaRéyIRig@gieration, the sane results as in

Experi nental exanplé 1 were obtained. However,
As shown in Fig. 1, in the starting gas

gasifier 6 which is the gas formation chamber for
forming the starting gas, the liquid DMAH maintained

5 at room temperature is bubbled with H, or Ar (or other
inert gas) as the carrier gas to form gaseous DMAH,
which is transported to the mixer 5. The H2 gas as
the reaction gas is transported through another route
into the mixer 5. The gases are controlled in flow _

10 rates so that the respective partial pressures may
become desired values.

In the case of forming a film bﬁ this device,
the first starting gas may be of course MMAHZ, but
DMAH with a vapor pressure enough to become 1 Torr at

15 room temperature is the most preferred; Also, DMAH

and MMAH2 may be used in a mixture.

20

25



15 in sanmples having a Si content of 4 % or higher, deposition WaS——————

generated in the.-filns which appeared to be Si to worsen |{SREPEAGEMENT SHEET
nor phol ogy, thereby making the reflectance 65 % or |ower.| [Saptes
having a Si content of less than 4 % exhibited a reflectgnde of Bg
to 95 % which was the sanme as in Exﬁ'er%sf’re'nt al exanple 1. Exger [:21396
First, the procedure of Al-Si filmformation is as foll ows.LBy the
evacuation unit 9, the reaction 25 tube is evacuated internally to ca. 1
x 10[err] Torr. —
1 As the second starting gas .containing Si,
there_can be used Sizﬁe, SiH4, Sisns, Si(CH3)4, 51014,.
SiH2012 and SiHscl. Of these compounds, 812H6 which

can be easily decomposed at the low temperature of 206
5 =— 300°C. The gases such as 512H6 are diluted with H,
or Ar and transported to the mixer 5 through a systenm
other than the DMAH systen.
The deposited film formed at a substrate
temperature of 160 °¢ to 450'°C by use of such
10 starting gas and reaction gas, with a thickness of for
example 400 &, has a resistivity at room temperature
of 2.7 — 3.0 pohm.cnm whiéh is substantially équal to
Al bulk résistivity, and is a continuous and flat
film. At.this time, the pressure during film
15 formation cén be chosen within the range from 1073
Torr to 760 Torr. Also, even when the film thickness
may be 1 _um, its resistivity is ca. 2.7 - 3.0 pohm~cnm,
.and a sufficiently dense film can be formed also with
-a relatively thicker film. Also, the reflectance in
90 the visible light wavelength region is approximately
80 %, whereby a thin film excellent in surface
flatness can be deposited.
The substrate temperature is desirably the
decomposition temperature of the starting gas

95 containing Al or higher, and 450 °C or lower as



- 46 - 1 A-Si filmcan be formed even if the vacuum degree in

ALt

the reaction tube 2 nay be higher than 1 x 10[err] Torr. Af-t-ef
washing of the Si wafer, the conveying chanber 10 is rel ehsREPLAGEMENT SHEET
atnospheric pressure and the 5 Si wafer is nounted in the copveylng

chanber. The conveying chamber is evacuated to ca. 1 x 1p[prrqig b 1996
then the gate valve 13 is opened and tfhe2#afer is nount edj op t he waf er

hol der 3. :

1 described above, but.specifically the substrate
temperature of 200 to 450 9c is more desirable, and
when deposition is carried out under this condition,
by making the DMAH partial pressure 1074 to 1073 rorr,

5 the deposition speed becomes very great as 100 A/min.
to 800 A/min., whereby sufficient great deposition
speed corresponding to the cost as the Al-Si
ldeposition technique for ultra-LSI can be obtained.

A more preferable substrate temperatufe
10 condition is 270 °C to 350 °C, and the Al-Si film
deposited under this condition is also strongly
orientatable and, even when subjected to the heat
treatment at 450 °C for 1 hour, the Al—Si-film on the
Si monocrystalline or Si polycrystalline substrate
is becomes a good Al-Si film without generation of
-hillock, spike as seen in the film forming method of
the prior art. Also, such Al-Si film is excellent-in .
electro-migration resistance.
In the device shown in Fig. 1, Al-Si can be
20 deposited on only one sheet of substrate in deposition
for one time. Although a deposition speed of ca; 800
A/min. can be obtained, it is still insufficient for
performing deposition of a large number of sheets
within a short time.

As the deposition film forming device for

improving this point, there is the low pressﬁre CVD



After nounting of the wafer holder 3, the gate 10 valve 13 is_evacuated

to a vacuum degree in the reaction chanber 2 of ca. 1 x 1(¢[

In this Exanple, the first gas line is used for DMAH. As hREﬁ@ﬂgﬂg&T SHEET
gas for the DMVAH line, Ar is enpl oyed. The second gas ligelis used

for Herr]. The third gas line is %o‘\_/ided for Si[err]H ¢rf].10DEC 1996
By passing Herr] through the second gas™Tine, the pressugelw thin the
reaction tube 2 is nmade a predet erm ned val ue by controll{ng the

openi ng of the slow | eak valve 8. A typical pressure in this<Exanple

20 is made apRleRsicER W iEnl e‘inTQierposTﬂerhllgf ¥@f Simb Praneoudeat ed by
current passage through the heater 4.

10

15

20

25

mounting of a large number of sheets of wafer. Since
the Al-Si film formation according to the present
invention utilizes the surface reaction on the
electron donative substrate surface, in the hot wall
type low pressure CVD method wherein only the
substrate is heated, Al can be deposited on the
substrate by use of DMAH and H, and the Si starting
gas such as SiZHG' ete.

The reaction tube pressure may be 0.05 to 760

~Torr, desirably 0.1 to 0.8 Torr, the substrate

temperature 160 °C to 450 °C, desirably 200 °©

C to 400
°C, the DMAH partial pressure 1 x 10 °-fold to 1.3 x
10_3—fold of the preséure in the reaction tube, the
Si,H. partial pressure 1 x 10" 7-fold to 1 x 10 *-fola
of the pressure in the reaction tube, and under such
conditions, Al-Si can be well deposited on the -
electron donative substrate. | |

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

57 is a substrate for formation of Al-Si film.

50 is an outside reaction tube made of quartz for

forming a séace for formation of deposited film

substantially closed to the surrounding, 51 an

innerside reaction tube made of quartz 1ocatéd for



the wafer tenperature has reached a predeterm ned tenperature  DMAH ..

and Si2H6 are introduced into the reacti on tube through {t REPILAGEMENT NSHEET
and the Si[err]Herr] 25 _ e ey
line. The.total pressure is ca. 1.5 Torr, and the DVAH gan

pressure is made ca. 1.5 x 10[err] Tor_r.26 _ The Si2H6 parti g
made 2 x 10 Torr. Wen :

' 1o.0EC W

1 separating the flow of gas within the outside reaction
tube 50, 54 a flange made of a metal for opening and
closing of the opening of:the outside reaction tube
50, and the substrate 57 is located within the

5:substrate”holding member 56 provided internally of the
innersidé reaction tube 51. The substrate holding
menber 56 should be preferably made of quartz. .

Also, in the present device, the substrate
temperature can be controlled by the heater portion
10 59. The pressure internally of the reaction tube 50
is constituted_so as to be controllable by the
evécuation system connected through the gas evacuation
outlet 53.
The gas feeding system is constituted to have
15 a firsi gas system, a second gas system, a third gas
systen and a mixer (none are sh;ﬁn in Fig. 2)
similanly,as the device shown by the symbols 5§ and-s;
~in Fig. 1, and the starting gases and the reaction gas
are introduced into the reaction tube 50 through the
20 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 Al-Si on the
substrate surface. The gases after the reaction pass
25 through the gap formed between the innerside reaction

tube 51 and the outside reaction tube 50, an&



Siferr]Herr] and DVAH are introduced into the reaction tube &—2-—A—Si

is deposited. After a predetern ned deposition tine has e‘REaPpLAGEMENT SHEET
feeding of DMAH and Si[err]H err] i s stopped. Next, heat or—The

heater 4 is stopped to cool the wafer. Feeding of Herr] g SfﬁPﬁ—&”’é
st opped, and after evacuation int_gr,p.;ll_ly of the reactionjtpb

wafer is transferred to the conveyi ng chanber, and only th

chanber is made atnospheric pressure before taking out the wafer. The
outline of Al-Si film formation is as descri bed above.

Experinent al ewatnhted th¥ough the gas fadlfofdd esifidtssd ormed according
to the nmet hod of Exanple 2, concerning resistivity, car bon

In taking out and in the substrate, the flange
54 made of a metal is permitted to fall by an elevator
(not shown) together with the substrate holding menmber

5 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,
Al-Si films of good quality can be formed in all the

10 wafers within the device.

As described above, the film obtained
éécording to the Al-Si film formation process based oﬁ
the embodiment of the present invention is dense with
little content of impurity such as carbon, etc. and

15 resistivity which is similar to bulk, and also has
high surface smoothness, and therefore remarkable_
effects as described below caﬁ be obtained. ' - -
{1) Reduction of hillock

| Hillock is occurrence of concavities on.the Al-

20 Si surface due to partial migration of AlQSi when
inner stress during film formation is released in the
heat treatment step. Also, similar phenomenon occurs
by local migration by current. passage. The Al-Si film
formed by the present invention has little inner

25 stress and is approximate to the state of



content, average wring life, deposition speed, hillock density,

generation of spike and refl ectance, the sane results as 'SEEgﬁCEMWﬂSHEET

were obtained. 20 Experinental exanple 4 Fol | owijn

procedure as in Exanple 2 to set the paraneters as foll ows:}

Total pressure: 1.5 Torr DVAH partial préssiur 4:0 DECx1996
10 Torr 25 Substrate tenperatul8 ¢Tsub): 300 [err]{C

REPLACEMENT SHEET

1 monocrystal. For this reason, in the heat treatment
at 450 Sc for one hour, as contrasted to formation of

4 _ 10%/cm® of hillocks in the Al-Si film of the

10
prior art, the hillock number could be greatly
5 improved as 0 to 10/cm2; Thus, due to substantial
absence of Al-Si surface concavity, the resist film
thickness and the interlayer insulating film can be
made thin to be advantageous for making it finer and
more flat.
10. (2) Improvement of electro-migration resistance
Electro—migration is the phenomenon that the
wiring atoms move by passage of a current of high
density. By this phenomenon, voids are generated and
gréwn a;ong the grain boundarf, whereby as accompanied
15 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 adding-
Cu, Ti, etc. to Al-Si to form an allo?. However, the
alloy formation results in complication of the etching
o9 Step and difficulty of minute formation.
‘Migration resistance is generally evaluated by
average wiring life.
_ The wiring formed by the sputtering method or
" the CVD method of the pfior art has obtained anaverage

2

25 wiring life of 1 x 10° to 103 hours (in the case of a

wiring cross-sectional area of 1 umz) under the



- 48- 1 and the Si[err]H err] partial pressure was varied from11.5 x

10[err] Torr to 1 x 10[err] Torr to effect deposition. The . '(ﬁﬂﬂﬁﬁn
(wt.% of the Al-Si filnms were varied from 0.005 %to 5 ¢ REPLA SHEET
approximately in proportion to the 5 Si2H6 partial pressure |As to
resistivity, carbon content, average wiring |life, deposit|idn 38:REC 1996
hill ock density and spi ke generation, the28ane results ay ijn
Experimental exanple 1 were obtai ned. However, in sanpl eq having a S

content of 4 %or higher, 10 deposition was generated in thdfilos which

appear ed to be Si to worsen surface norphol o t hereb kien
PP 1 current passage test conditiogs ofg¥50 bg. 1yxnﬁo6 g

A/cmz. In contrast, the Al-Si film obtained by the Al-
Si film formation mefhod based on the embodiment of
the present invention could obtain an average wiring

3 4

5 life of 10 to 10" hours with a wiring having a cross-

sectional area of 1 umz.
Hence, according to the present invention, for
example, when the wiring width is 0.8 um, a wiring
layer thickness of 0.3 um can sufficiently stand
10 Practical applicatipn; That is, since the wiring
layer thickness can be made thinner, unevenness on the
semiconductor sﬁrfage after arrangement of wiring can
be suppressed minimum, and also high reliability in
passing ordinary current can be obtained. Also, this-
15 is possible by a very simple process.
(3) Reduction of alloy pits in coﬁtact portion :
- . By the heat treatment in the wiring step,- .
eutectic reaction between Al in the wiring material
and Si in the substrate may occur to result in
20 penetration of Al-Si eutectic called as alloy pit into
the substrate in spike pattern, thereby destrovying
shallow junction. |
As countermeasure, it is general to employ a
material other than pure Al when the depth of junction |
25 is 0.3 pum or more and to employ barrier metal

téchnique of Ti, W, Mo type..



the refl ectance 65 % or |ower. Sanples having a Si content of |ess

than 4 % exhibited a reflectance of 80 to 95 % which was_the sane ase———
in Experinental exanple 15 1. Exampl e 3 Thi s ExdmWEeLACHMENT SHEET
formati on according to the | ow pressure CVD net-hod. '

exanmple 5 20 A silicon substrate was placed in the

pressure CVD nethod shown in Fig. 2, amd 3-Si film was f o

t he sane badge. The film formation conditions were nade B peaction

tube pressure of 0.3 Torr, a DVAH partial pressure of 3.D x 10[err]

Torr, a 1 However, there remain some.points to be

improved such as complication of etching, rise of
contact resistivity and the like. In Al-Si formed
according to the present invention, generation of
5 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. 1In other words, wiring can be effected only
with an Al1-Si material without destroying junction
10 even when the junction is formed in a depth of about
0.1 um.
{({4) Improvement of surface smoothness (patterning
characteristic improvement of wiring) -
In'the prior art, roughness of the surface of
15 a metal thin film had inconvenience in the alignment
step for the mask and the substrate in the patterning
step and in the etchiﬁg step; -
That is, there is unevenness extending to
several um on the surface of Al film according to the
20 prior art method, whereby the surface morphology is
poor, and therefore had the following disadvantages.
1) Alignment signals cause diffused reflection
to occur at the surface, whereby noise lgvel becomes
higher and inherent alignment signals cannot be °
25 discriminated.

2) For covering large surface unevenness, the

resist film thickness must be taken large, which is



25 Si2H6 partial pressure of 1.0 x 10[err] Torr, a substrate
tenperature of 300 [err]C, and a filmformation tine of 10

REPLACEMENT SHEET - 49 1 mjn

4

As the result of filmformati on under such condi ti ons, &n

of 7000 A was deposited. The filmaquality was very good,
the 5 saneproperties as one prepared at L Substrate

REPLAGEMENT SHEET

[ Bt e

1 opposite to fine formation.

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

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

According to the present invention, the
surface morphology of Al-Si film to be formed is

10. markedly improved to cancell all the drawbacks
deséribed abové.

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 pnm

15 can be accomplished, whereby wiring having smooth side
plane is rendered possible without causing halation to
occur. _ -
(5) Improvement of resistance in contact hole and
through hole and of contact resistance

- 20 ' In the prior art method, if the size of the
contact hole becomes finer as 1 um x 1 pm or less, Si
in the wiring is precipitated on the substrate of the
contact hole during heat treatment in the wiring step
to cover thereover, whereby resistance between the

25 wiring and.the element becomes markedly larger.

Accbrding to the embodiment of the pfesent



tenperature of 300 [err]C shown in Experinental exanple 1. E
This Exanple 4 shows a filmformation nethod usi ng NN%H[eFFﬁﬁﬁﬁw J§§HEET
of DMAH. 10 Experinental exanple 6 The procedyrq of Exanple

1 was repeated to ef fect deposition with the exception tihdt VOPECVI98H
used as the starting gas and the paraneters were set as ffgqllows: 15

Total pressure: 1.5 Torr =~ 32 = MVAH err] parftial pressure.

5 x 10[err] Torr - - Si[err]Herr] partial pressyre: 1.0 x 10
Torr - As a result, Al-Si thin filnms were deposited

1 invention, since a dense film is formed according to
the surface reaction, Al-Si has been confirmed to have
a resistivity of 2.7 - 3.3 pohm cm.- Also, the contact

6

resistivity can attain 1 x 10 ohm-cm2 at an area of

5 0.6 ym x 0.6 um when the Si'portion has an impurity of
102° cn™3. |
That is, according to the present invention, a
good contact with the substrate can be obtained.-
(6) It becomes possible to make heat treatment during

10 wiring step lower or abolish the heat treatment step.

As described in deta;l above, by applving the
present invention to the wiring formation method of a
semiconductor integrated circuit, the yield can be
improved, and reduction of cost can be prqmoted to

15 great extent as compared with Al wiring of the pribr
art.

. _Figs. 3A — 3E show how the Al-Si film -
according to the present invention is selectively
grown.

20 Fig. 3A is an illustration showing
schematically the cross-section of the substrate
before formation of the Al-Si deposited film according
to the present inventibn. 90 is the éubstrate |
comprising an electron donative material, and 91 a

25 thin film coﬁprisihg an eiectron non—donative

material.



Wi thin the substrate tenperature range of 160 [err]C to 20 40¢—t®Erri =
whi ch contai ned no carbon inpurity and were excellent in hfﬁ%@SNENE SHEET

denseness simlarly as in Experinmental exanple 1. Exgmyl e
This Exanple 5 perforns deposition using a gas. 25 other than $i [ler 4 BHHEE 1996
as a gas of the conpound containing _ ggiLicon atons.

-50- :

1 . In the case of using DMAH and $i2H6 as the
starting gases, when a gas mixture containing H2 as
the reaction gas is fed onto the substrate 1 heated
Within a temperature range from the decompositioh

5 temperature of DMAH to 450 °C, Al is précipitated on
the substrate 96, whereby a continuous film of Al is
formed as shown in Fig. 3B. Here, the pressure within
the reaction tube 2 should be desirably 10 ° to 760
Torr, and the DMAH partial pressure preferably 1.5 x

5 _ -3

10 10~ to 1.3 x 10 ~—fold of the pressure within the

above reaction tube. The Si partial pressure

2 6

should preferably be 1 x 10 7 to 1 x 10 *~fold of the

pressure within the reaction tube 2.
| When deposition of Al-Si is continued under.
15 the above conditions, via the state of Fig. 3C, the Al-
| Si film grows to the level of the uppermost portion of
the thin film 91 as shown in Fig. 3D. Further, whén_
grown under the same conditions, as shown in Fig. 3E,
the Al-Si film can grow to 5000 A substantially
20 without growth in the lateral direction. This is the
most characteristic point of the deposited film
obtained by the present invention, and it will be
understood how a film of good quality can be formed
under good selectivity. | |
25 As the result of analysis according to Auger's

electron spectroscopy or photoelectric spectroscopy,



1 Experinental exanple 7 The procedure of Exanpl g ﬁfmggmgm SHEET
repeated to ef f ect dep05|t|on with the exception that SiH{

used in place of Si[err]Herr] as the starting nmaterial 5 confa n|q9 :

and the paraneters were set as foll ows: Total prepspr DEC 1996
1.5 Torr DVAH partial pres yre 5 x 10[err] Torr _

SiH err] partial pressure: 1 X 10[err§ Torr As g result,

Al -Si thin film were deposited 10 within the substrate tenpekatto—~range
of 160 [errCto 400 [err] C which contained no carbon inpurity and were

excel | ent 1N fd HriG%i iih &6 A SEmph P+ s¥cRSab carbon or oxygen
is recogﬁized in this film.
The deposited film thus formed has a
resistivity of; for example, with a film thickness of
5 400 4, 2.7 - 3.0 pohm.cm at room temperature which is
substantially equal to the bulk resistivity of Al, and
becomes gontinuous and flat film. Also, even with a
film thickness of 1 um, its resistance at room
temperature is approximately 2.7 - 3.0 pohm.cm and a
10 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 surface flatness can be deposited.
The substrate temperature in-pérforming such selective
15 deposition should be desirably the decomposition
' temperature of the ;éﬁrting gas containing Al or
highquggg 450 °c or lower as mentioned above, but _ A
specifically a substrate temperature of 200 to 450 °c
is desirable, and when deposition is performed under
20 such condition, the deposition speed is sufficiently
great as 100 ;/min. to 800 A/min. when DMAH partial
pressure is 10 % to 10”2 Torr. Thus a sufficiently
great deposition spéed can be obtained as the Al-Si
deposition technique for ultra—ﬁSI.

25 A more preferable substrate temperature

condition is 270 °C to 350 °C, and the Al-Si film



Experinental exanple 1. Exanples 6 to 8 and Experi nental

exanples 8 to 15 15 descri bed bel ow are exanpl es when f or nmrreg—A=S

fil gg sel ecti vel y. Exanpl e- 6 In this Exampl BERLACEMENT (SHEET
deposition of Al- Si is effected by use of the device gh¢wn 1n Fig. 1.
20 The reaction tube 2 is internally evgguat ed to ca. 1 x 1?3%@@”199 vl
t he evacuation unit 9. However, A -Si~ “filmcan be al so|fqrned even

t he vacuum degree within the reaction tube 2 may be worjsd—thar~t—x

10[ err] Torr. 25 After washing of the Si wafdr, the

conveying 1 deposited under this conditijon is also strongly

orientatable and, even when subjected to the heat
treatment at 450 °C for 1 hour, the Al-Si fiim on the
Si monocrystalline or Si polycrystalline substrate

5 becomes a good Al-Si film without generation of
hillock, spike. Also, such Al-Si film is excellent in
electro—migration resistance. |

In the device shown in Fig. 1, Al-Si can be

deposited on only one sheet of substrate in deposition

10 for one time. Although a deposition speed of ca. 800
A/min. can be obtained, it is still insufficient-for
performing deposition of a large number of sheets
within a short time.

As the deposition film forming device for

15_improving this point, there is the low pressure CVD
device which can deposit Al-Si by simultaneous .
mountiqgmof a large number of sheets of wafer. Since
the Al-Si deposition according to the present
invention utilizes the surface reaction of the

20 electrbn donative substrate surface, in the hot wall
type low pressure CVD method wherein only the
substrate is heated, a Al-Si compound containing 0.5
to 2.0 % of Si can be deposited on the substrate by
adding DMAH, H, and a Si starting gas such as Sisz'

25 etc.

The reaction tube pressure may be 0.05 to 760



chanber 10 is released to atnospheric pressure and the

- 51 -

conveyi ng chanber is evacuated to ca. 1 x 10[err] Torr, tREPLkGEMEQI\t%‘EET
valve 13 is opened and the wafer is nmount ed on the wafen hotder— 37 5
After nounting of the wafer on the wafer hol der 3, the datje %%ﬂﬁECL@96
is closed, and the - 36 -

1

10

15

20

25

1 Si wafer is nounted in the conveyi ng chanber The

Torr, desirably 0.1 to 0.8 Torr, the substrate
temperature 160 °C to 450 °C, desirably 200 °C to 400
°C, the DMAH partial pressure 1 x 10 °-fold to 1.3 x
10™3-f01d of the pressure in fhe reaction tube, the
SizHG_partiél pressure 1 x 10 '—fold to 1 x 10 *-fold
of the pressure in the reaction tube, and under such
cohditions, Al-Si can be selectively deposited on oﬂly
the electron donative substrate. In the case of such
selective deposition, a good Al-Si film can also be
formed under the above described conditions by use of
the deposited film forming apparatus such as described

above by referring to Figs. 1 and 2.

As described above, the film obtained
according to the Al-Si film selective formation
process based on the embodiment of the present
invention is dense with very little content of
impurity such as carbon, etc. and resistivity which is

similar to bulk, and also has high surface sﬁoothneés,



reaction chanber 2 is evacuated to a vacuum degree of ' CF—%—x—iBfer
Torr. In“this Exanple, DMAH is fed through the  RERLACEME g%l‘gET
line. As the carrier gas of DMAH line, H2 is enpl oyed. {THe second gas
line is used for Herr] and the third gas line for Si[enr]iH ¢orpeC Hy96
passi ng H2 t hrough the second gas_l jpe, the pressure w thiin the
reaction tube 2 is made a predeterm ned val ue by controljli
opening of the slow |l eak valve 8. A typical pressure infthis Exanple

i's made approximately 1.5 Torr. Then, the wafer is heated Dy current

passage thrdughd kherefore HediBFkdble AbfLéctdCadadesct PHRE BLYLR has
reached a predeterm ned tenperature, DVMAH and Si[err]H err] are

can be obtained.
{1) Reduction of hillock
The Al-Si film formed according to the present
5 invention has little internal stress and is approximate
to the state of monocrystal. For this reason, in the
heat treatment at 450 °C for one hour, as contrasted
to formation of 10% - 106/cm2 of hillocks in the Al-
Si film of the prior art, the,hiilocks number could be
10 greatly improved as 0 to 10/cm2.
(2) Improvement of electro-migration resistance
Ih the prior art, the anit-migration property
has been improved by adding Cu, Ti, etc. to Al-Si to
form an alloy. However, the alloy formation results
15_in complication of the etching step and difficulty of
| minute formation.

. __The wiring forﬁed by the method of the prior _
art has obtained an average wiring life bf 1 x 102 to
103 hours (in the case of a wiring cross—sectional

20 area of 1 umz) under the current passage test
conditions of 250 °c, 1 x 10° a/cn?. In contrast, the
Al-Si film obtained by the Al-Si film selective
formation method based on the embodiment of the
Present invention could obtain an average'wiring life

3 to 104 hours with a wiring having a cross-

sectiocnal area of 1 umz.

25 of 10



20 introduced into the reaction tube t hrough t he DVAH line and the

Si[err]Herr] line. The total pressure is ca. 1.5 Torr, Ja

paEtia} Lressure i s made ca. 1.5 x 10[err] Torr. The Si[e?&fhpng%hHSHﬂﬂ
partial pressure is made 2 . X 10[err] Torr. Wien Si[err]H &rr] and

DVAH are introduced into 25 the reactign tube 2, Al-Si is deposjtdd DEC: 996

a predeterm ned deposition tine ﬁa%eeTapsed, f eedi ng of

D50 . .

1 (3) Reduction of alloy pit in contact portion

The Al-Si selectively formed according to the
present invention can suppresslgeneration of alloy pit
at the contact portion with the substrate crystal even

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

10 (4) Improvement of sufface smoothness (patterning
characteristic improvement of wiring)

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

15 problems of the prior art can be improfed.
(5) Improvement of resistance in contact hole and
through hole and contact resistance -

. According to the present invehtion, since .

adense film is selectively formed by the surface

20 reaction even when the opening may be 1 pm x 1 um or
less, it has been confirmed that the Al-Si completely
filled within the contact hole and through hole each
has ‘a resistivity of 2.7 - 3.3 pohm.cm. Also, the
contact resistivity can attain 1 x 10 ° ohm-cm? 1A the

25 case where the Si portion has an impurity of 102°cm—3

in a hole of 0.6 un x.0.6 pnm.



DVMAH and Si[err]H err] is stopped. Next, heating ‘of the heater 4 is
stoppedto cool the wafer. Feeding of H2 gas i s stopped,~and after

evacuation internally of the

reaction tube, the wafer isl tRERDACEVMENTISHEET

to the 5 conveying chanber, and only the conveyi ng chanber | ~Fede

at nospheric before taking out the wafer., The outline of |A

-St film
formation is as described above. Ef eri mental exanple 8 1{3bEC'WW6
Si substrates (Ntype, 1 - 2 ohmcn) were 10 subjected to tthdarnal

oxi dati on at

combustion system  rhiH 5/, ] ackordifiS Y tHeCPrksett IiRie{tom

10

15

20

25

a tenperature of 1000 [err] C according to tlhe hydrogen

the wiring material can be completely embedded only in
the minute opening, and also good contact with the
substrate can be obtained. Therefore, the present
invention can contribute greatly to improvement of
resistance within hole and contact resistance which
have been the greatest problems in the fine process of
1 ym or less. |

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

As degcribed in detail aﬁbve, by applying the
present invention to fhe wiring formation method of al
semiconductor integrated circuit, particularly
embedding of contact hole or through hole, the yield
can be improved, and reduction of cost can be promoted
to great extent as compared with Al-Si wiring of the _

prior art.



The filmthickness was 7000 A + 500 A, and the
A photoresi st was coated on 15 the whole Si substrate, and a qesrfeé————_____
baked by an exposure machine. The pattern was $uBEPLACEMENT SHEE

pattern was

that various holes of 0.25 [err]mx 0.25 [err]m - 100 [err]mx }0

[err]m were opened. After devel opnent of the resist, with hg 10 DEC 199
phot oresi st as the nmask, the subbing S-Oamy - was 20 etched by {he

reactive ion etching (RIE), etc. to have the substrate Si pakiadly

exposed. Thus,
hol es of 0.25

refractive index 1. 46.

130 sheets . of sanmples having various sizes jof Si Q2

errlmx 0.25 [err]m- 100 [err]mx 100 [err]m were

prepar ed, the Examp trate tenperature was set ‘at 13 |evels, and for
t he sanpl es each of 10_sheets at the respective

10

15

20

25

First, the procedure for Al-Si film formation
is as follows. By use of the device shown in Fig. 1,
the reactibn tube 2 is internally evacuated to ca. 1 x

10°8

Torr by the evacuation unit 9. However, Al-Si
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 and Si
wafer is mounted in the conveying chamber. The
conveying chamber is evacuated to ca. 10—6 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 wvalve 13 is closed, and the
reaction chamber 2 is evacuated to a vacuum degree of

8

ca.  1-x-10"° Torr. - -

In this Example, DMAH is .fed through the first
gas line. As the carrier gas of DMAH line H2 which is
the same as the reaction gas is employed. The second
gas line is used for Hz and the third gas line for
512H6.

By passing H_, through the second gas line, the

2
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

25




tenperatures, Al-Si filns were selectively deposited o

- 53 - 1 following the procedure as described above undér REPACEMENT SHEET
foll owi ng conditions: Total pressure: 1.5 Torr J

DVAH partial pressure: 1.5 x 10[err] Torr 5 Si[erd] H exhl

partial pressure: 2 x 10[err] Torr The Al -Si fill LQ&)%?J%%S
by varying the - 41 - ' _ :

1 is made approximately 1.5 Torr. Then, the wafer is

heated by current passage through the heater 4.

the wafer temperature has reached a predetermined

temperature, DMAH and Si,.H,. are introduced into the

276

5 reaction tube through the DMAH line and the SizH6

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

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

) The Si,H, partial pressure is made 2 x 107% Torr.

When Si,H,. and DMAH are introduced into the reaction

276

10 tube 2, Al-Si is deposited. After a predetermined

deposition time has elapsed, feeding of DMAH and SiZHG

is stopped. Next, heating of the heater 4 is stopped

to cool the wafer. Feeding of H2 gas is stopped, and

after evacuation internally of the reaction tube, the

15 wafer is transferred to the conveying chamber, and

'only the conveying chamber is made atmospheric before

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

formation is as described above.

Experimental example 1

20 Al-Si films were deposited at the respective

temperatures each for 10 sheet samples following the

same procedure as described in Example 1 under the

following conditions:
Total pressure: 1.5 Torr
DMAH partial pressure: 1.5 x 10 * Torr

SiZHG partial pressure: 2 x 10_6 Torr.

25



substrate tenperature at 13 |l evels were eval uated by use OhEPEAGﬁ“ﬁNJSSHEEfd

eval uation methods. The results are shown in Table 2. 1(

10

15

20

- 25

10 DEC 1996

The Al-Si films deposited by varying the
substrate temperature at 13 levels were evaluated by
use of various evaluation methods. The results are
shown in Table 1.

It has been confirmed from the results that
films of extremely excellent quality can be obtained
within the téemperature range of 160 to 450 °C, more

prefefably 200 to 400 °C, optimally 270 to 350 °C.

_
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REPLACEMENT SHEET _ - 56 - -7

t he above sanples, no Al -Si was deposited on Sigerr] REPLAGEMENTE SHEET
range from 160 [err]C to 450 C, and Al -Si was deposited] offfy-on the
portion wth opening of SiJerr] to have Si exposed. Al fgo Wﬁ?b clﬁm
deposition was carried out in the above tenperature rangej con |EﬁousPy
for 2 hours, simlar selective depos4¢babl ity was nmai nt aj nee-
Experinmental exanple 9

1 Experimental example 2

Following the same procedure as in Example 1
to éet the parameters as follows:
Total pressure: 1.5 Torr
5 DMAH partial pressure: 5 x 10_4 Torr
Substrate temperature (Tsub): 300 °C
and the SizH6 partial pressure was varied from 1.5 x
10~ % Torr to 1 x 10~ % Torr to effect deposition. The
Si content (wt.%) of the Al-Si films were varied from
10 ©0.005 % to 5§ % approximately in proportion to the
SiZHG partial pressure. As to resistivity, carbon
content, average wiring life, deposition speed,
hillock density and spike generation, the same results
as in Experimenta; example 1 were obtained. However,
15 in sambles 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
fhe reflectance 65 % or lower. Samples having a Si
content of less than 4 % exhibited a reflectance of 80
26 to 95 %, which was the same as in Experimental example
1.
Example 2
First, the procedure of Al-Si film formation
is as follows. By the evacuation unit 9, the reéctioﬁ

25 tube is evacuated internally to ca. 1 x 10-8 Torr.



Fol | owi ng the sane procedure as in Exanple 1 10 to set the paraneters as

fol | ows: Total pressure: 1.5 Torr Biviad--
partial pressure: 5 x 10[err] Torr Substrate t ¢nBERLACEMENT SHEET
(Tsub): 300 [err]C and the Si2H6 partial pressure was vfrifed Trom L. 5

x 15 10[err] Torr to 1 x 10[err] Torr to effect deposition Th@o EC 1994
content (Wwt.% of the Al-Si filnms were-véfied from 0. 00 ﬁotc)E??g '
approximately in-proportion to the- Si 2H6 partial pressyir @r—mAs—to—
resistivity, carbon content, average wiring life, deposijtion speed,

20 hillock density and spi ke generation, the same results as- T

Experi ment &l it & BLeran oift of pENSd 1 BWRGeif the vacuum degree in

the reaction tube 2 may be higher than 1 x 1078 Torr.

After washing of the Si wafer, the conveying

chamber 10 is released to atmospheric pressure and the
5 Si wafer is mounted in the conveying chamber. The

conveying chamber is evacuated to ca. 1 x 10—6 Torr,

then the gate valve 13 is opened and the wafer is

moﬁnted on the wafer holder 3.

After mounting of the wafer holder 3, the gate

10 valve 13 is evacuated to a vacuum 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 H2. The

15 third gas line is provided for Sisz. _

By passing H2 through the second gas line, the
pressure.within the reaction tube 2 is made a - .
predetermined value by contrplling the opening of the
slow leak valve 8.. A typical pressure in this Example

20 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 pfedetermined
temperature, DMAH and Si H_. are introduced into the

26

reaction tube through the DMAH line and the Sizl-f6

" 25



In sanpl es having a Si content of 4 % or higher, deposi ti on was

generated in the filns which appeared to be Si to worsen surface

nor phol ogy, thereby nmaking 25 the reflectance 65 % or |ower g~Sanpres

having a Si content of less than 4 % exhibited a reflect 4nBEPEACEMENT SHEET
- 57 - 1 to 95 % which was the same as in Experinental gxdnple 8.
Furthernore, simlarly as in Experinental4®xanple 8 10 DEC 1996

1 line. The total pressure is ca. 1.5 Torr, andithe-
DMAH parfial pressure is made ca. 1.5 x 10~ Torr.
The SizH6 partial pressure is made 2 x 10_5 Torr. When
Si . H. and DMAH are introduced into the reaction tube

276
5 2, Al-Si is deposited. After a predetermined
deposition time has elapsed, feeding of DMAH and Si2H6
is stopped. Next, heating of the heater 4 is stopped
to cool the wafer. Feeding of H2 gas is stopped, and
after evacuation internélly of the reaction tube, the
10 wafer is transferred to the conveying chamber, and
only the conveying chamber is made atmosphericlﬁréé;ure
before taking out the wafer. The outline of Al-Si film

formation is as described above.

Experimental example 3

15 For deposited filmslformed according to the
method of Examble 2, concerning resistivity, carbon
‘content., average wiring life, deposition speed, hillock
density, generation of spike and reflectance, the same

reéults as in Example 1 were obtained.

20 Experimental example 4
Following the same procedure as in Example 2
to set the parameters as follows:
Total pressure: 1.5 Torr
DMAH partial pressure: 5§ x 10”4 Torr

25 Substrate temperature (Tsub): 300 °C



sel ective depositability depending on substrate 5 surface eREPLAGEMERT SHEET

al so confirned over the entire regi on. Exanple 7

First, the procedure of Al-Si filmformation is as fol oms.tE Ekg%ﬁ
evacuation unit 9, the reaction 10 tube 2 is evacuated infefnal i) 8.
1 x 10[err] Torr. Al -Si filmcan be fornmed even if the}vhcuum degree

I n the reaction tube 2 may be worse th#&8 + x 10[err] Tprr.

After washing of the Si wafer, the conveying chanber 18—-s—teleased—t+6
atnospheric pressure and the 15 Si wafer is nounted in the conveying
chamber.  The, o ,§ORNEYbRgNCN IR 1al® pPAASHAC el Vibiach e 4 1 01T

10

15

20

25

-7 4

10" ¢ Torr to 1 x 10

Torr to effect deposition.' The
Si content {(wt.%) of the Al-Si films were varied frém'
0.005 % to 5§ ¥ approximately in proportion to the
Sisz partial pressure. As to resistivity, carbon
content, average wiring life, deposition speed,
hillock density and spike generation, the same results
as in Experimental example 1 were obtained. However,
in samples having a Si content of 4 % or higher,
deposition was generated in the fiims which appeared
to be Si to worsen surface morphology, thereby making
the reflectance 65 % or lowér. Samples having a Si
content of less than 4 % exhibited a reflectance of 80
to 95 %, which was the same as in Experimental example
1. |
Example 3

- ---~This Example 3 is film formation accordiﬁg to
the low pressure CVD method.

Experimental example 5

A silicon substrate was placed in the'low
pressure CVD method shown in Fig. 2, and Al-Si film
was formed within the same badge. The film formation
conditions were made a reaction tube pfessure of 0.3
Torr, a DMAH partial pressure of 3.0 x 10—5.Torr; a |

6

Si,H, partial pressure of 1.0 x 10" ° Torr, a substrate -

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




then the gate valve 13 is opened and the wafer is- mount ed on the

waf er hol der 3. After nmounting of the wafer hol get+—3r—te—gate
20 valve 13 is closed and evacuated to a vacuum degree in REPLACEMENT [SBRET
chanber 2 of ca. 1 x 10[err] Torr. In this Exanpl g, The T1rst
gas line is used for DMAH. As the carrier gas for the DVAH |1I'dﬁ]® mbs
enpl oyed. The second gas line is used fod9Hrerr]. The 25 |tpir ggé I'i'ne
is provided for Si[err]Herr]. .

REPLACEMENT SHEET

1 minutesf
As the result of film formation under such
conditions, an Al-Si film of 7000 2 was deposited.
The film quality was very good, exhibiting the
5 sameproperties as one prepared at a substrate
temperature of 300 ©c shown in Experimental example 1.
Example 4
This Example'4 shows a film fo;mation method

using MMAH, in place of DMAH.

2
10 Experimental example 6

The procedure of Example 1 was repeated to
effect deposition with the exception that MMAHZ'was
used as the starting gas and the parameters were set
as follows:

15 Total pressure: 1.5 Torr
MMAH, partial pressure: § x 10”? Torr
- - ~Si H; partial pressure: 1.0 x 107% Torr
As a result, Al-Si thin films were deposited
within the substrate temperature range of 160 °C to
20 400 °C which contained no carbon impurity and were
excellent in flatness and denseness similarly as in
Experimental examplg 1.
Example 5
| This Example 5 performs deposition using a gas
25 other than SizHG as a gas of the compound cdntaining

silicon atoms.




- 58- By passing Herr] through the second gas

i ne, the

pressure within the reaction tube 2 is nade a predet er m ned val ue by

controlling the opening of the slow | eak valve 8. A typid

in this Exanple 5 is nade approximately 1.5 Torr. Then, the J}a

2REPIRTMENT SHEET

heated by current passage through the heater 4. After t h¢ wafer
tenperature has reached a predeterm ned 50 — tenperature, DVA# gnd10 DEC 1996
Si[err]H err] are introduced into the reaction tube throygh_the DVAH
Iige and the Si[err]Herr] 10 line. The total pressure is d¢a. 1.5 Torr,
and the :

1

10

15

20 .

25

Experimental example 7

The procedure of Example 1 was repeated to
effect deposition with the exception that SiH4 was

used in piace of Si as the starting material

2Hg
containing Si and the parameters were set as follows:

Tbtal pressure: 1.5 Torr

DMAH partial pressure: 5 x 1074 Torr

SiH, partial pressure: 1 X 107° Torr

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

Examples 6 to 8 and Experimental examples 8 to
15 déécribed below are examples when forming Al-Si
films selectively.
Example-6- - _'

In this Example 6, selective deposition of Al-
Si is effected by use of the device shown in Fig. 1.
The reaction tube 2 is internally evacuated to ca. 1 x

-8

10 Torr by the evacuation unit 9. However, Al-Si

film can be also formed even if the vacuum degree
within the reaction tube 2 may be worse than 1 x 1078
Torr.

After washing of the Si wafer, the conveying

chamber 10 is released to atmospheric pressure and the



DVAH partial pressure is made ca. 1.5 x 10[err] Torr. WHSIEPL%CEMﬁszﬁHEET

SiJerr]H err] and DVAH are introduced into the reaction

i s deposited. After a predeterm ned deposition tinme has jeljapsed,
feeding of DMAH and Si[err]Herr] 15 is stopped. Next, hedtijng1&¥DEQe1994
heater 4 is stopped to cool the wafer. Feeding of Herrf] jgas is

st opped, and after-evacuation intersal+y of the reactiorn tube, -The
wafer is transferred to the conveyi ng chanber, and only lthe conveyi ng
chanber is made atnospheric before 20 taking out the wafer. The outline
of Al-Si film formation is as described above. Experi ment al
exanple 101 Si wafer is\mginted ninvwche ¢onvevingcohambrrio The

conveying chamber is evacuated to ca. 1 x 1078 Torr,

then the géte valve 13 is opened and the wafer is
mounted on the wafer holder 3.

5 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 ﬁxample, DMAH is fed through the first

10 gas line. As the carrier gas of DMAH line, H, is
employed. The second gas line is used for H2 and the

third gas line for Si By passing H2 through the

2H6'
second gas line, the pressure within the reaction tube
2 is made a predetermined wvalue by controlling the

15 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 and SizH6 are

introduced into the reaction tube through the DMAH

20
line and the Sisz line. The totai pressure is ca.
1.5 Torr, and the DMAH partial pressure is made ca.
1.5 x 10°% Torr. The Si,Hg partial pressure is made 2
x 10°% Torr. when Si,H, and DMAH are introduced into
,s the reaction tube 2, Al-Si is deposited. After a

predetermined deposition time has elapsed, feeding of



met hod of Exanple 7. For the deposited filns 25 obtained, concerning

resistivity, carbon content, average wiring life, depos|tgep ASBRERT SHEET
hillock density, : - 59}- 4
generation of spike and reflectance, the sane results . ag.in

Experi mental exanple 8 were obtai ned. Al so, sel ¢cli vE0 DEC 1996
depositability with substrate was THX sane as in Experi tal exanple

8. _ :

1 DMAH and SiZHG is stopped. Next, heating of the
heater 4 is stoppedto cool the wafer. Feeding of H2
gas is stopped, and after evacuation internally of the
reaction tube, the wafer is transferred to the

5 conveying chamber, and only the conveying chamber is
made atmospheric before taking out the wafer.‘ Thé
outline of Al-Si film formation is as described above.

Experimental example 8

Si substrates (N type, 1 - 2 ohm:cm) were
10 subjected to thermal oxidation at a temperature of
1000 ¢ according to the hydrogen combustion system

{H,:

2 4 liters/M, O

gt 2 liters/M).
The film thickness was 7000 X + 500 X, and the
refractive index 1.46. A photoresist was coated on
15 the whole Si substrate, and a desired pattern was
baked by.an exposure machine. The pattern was such
that warious holes of 0125 tm x 0.25 um - 100 um x 100
um were opened. After development of the resist, with
the photoresist as the mask, the subbing $i0, was
20 etched by the reactive ion etching (RIE), etc. to have
' the substrate Si partially exposed. Thus, 130 sheets
of samples having various sizes of SiO2 holes of 0.25
o pm x 0.25.pm = 100 pm x 100 pm were prepared, the
substrate temperature was set at 13 levels, and for

25 the samples each of 10 sheets at the respective

temperatures, Al-Si fiims were selectively deposited



5 Experinental exanple 11 Fol | ow ng t he sane prpcedure—as—+n
Exanpl e 7 to set the paraneters as foll ows: RERLACEMENT SHEET
pressure: 1.5 Torr DVAH partial pressureé: TO0Terr|
Torr 10 Substrate tenperature (Tsub): 300 [err]C eqch!_f@qws '
Si 2H6 partial pressure was varied from1.5 X 10[err] Tofr jto

10[err] Torr to effect deposition. The 53 — Si content (w.%) t
films were varied from 0.005 %to 5 % approximately in proportion to
the 15 Si[err]Herr] partial pressure. As to resistivity, carbon

content, average wiring ljfe, depaqasition speed,, hilloc deqilty and

spi ke genefati ,lqmbn akBer prgeedure as described above under e

10-

15

20

25

following conditions:

Total pressure: 1.5 Torr

DMAH partial pressure: 1.5 x 10~ % Torr

Si,H partial pressure: 2 X 1078 Torr

The Al-Si films deposited by varying the
substrate temperature at 13 levels were evaluated by

use of wvarious evaluation methods. The results are

shown in Table 2.



as in Experinenta

—
E
S| = g
— .."G
> 4.l -
c o=t n ©
Ny ITE 2 N0)) +—
(] [
ore— &8
(O =] o
ml. O C o
— O
Snensut
[ — —
—_— o [ C -
v ~-O0oCc._.»w
— >0 O o]
amuu .I%U
— (7]
oo E°
c O > C
-0 C o— O
- OO > o
Vsms_kuln
mm - =
© £
UOI ()] O.—- C
CO0Ow-w 0o
O ®Cc o
e— Y — -0
T o= - > LT
Q.- 5 ®© — ]
0 nco my
— O —
T O NO —._n
—_ OO OV L -
T un—- <c._1
(@] rm.zltb
Om O - ®
O N J4v) S
— ol .
m o O n
I el o |
8mw rasw
— +—
=0 m O T
(O e O ON
—_— O — ()
mlhb Y— >
- OO .-
amoormt
X +— O (&S]
Vo S@EO
> © —
DT X O
<t O© oOoOwm
+—

Y— Q. — -
OT 0O @
L C .=
— = ©CCc.C
LOOoOo
- 00 o .—
COoO_ > .-
O @© u— oo
Che4 o .__
-

— O n_u_vmm.
N_owm ]
.Mhhnx
@© — 4= O

08~0 |0c~0 |oe~0 [og~0 [ot~0 | o 0 0 0 |.0 Joi~o0|01~0]| - ww“amwwmwu
ex7ds -
oF | w0t | ot | Lo1 | o1 : o1 L oeor | o1 A
. o 01~0 |0I~0 |0T~0 J0o1~0 ~ | ~ ~ - - " Kaysuap
0 0 0 0 0 0 " ¥oOTTTH
008 008 008 008 008 008 009 00¢ 008 o0¢
L] 99
001 00T 001 001 001 001 001 00T 007¥ 001 coﬁ.wuo&wa
) S Y S RO o1 01 o1 o1 1
. . B
101 :01 07 01 +01 01 01 01 s01 +01 +01 +01 OMM“MM(
.umzn.v_.n .uozn.v.a .
xo 09| xo ..aw 0L 96~59 | 96~89 | 96~98 | 96~99 | 96~58 | S6~5% | S6~58 | S6~G8 | S6~58 - (%)
. oouvIveT Fou
gt 't 4 £°¢ -£°8 8¢ £t £'s £t ¢£'¢ ' 4 £°¢
R Al R A S A A S T S 7 Bk 1 BEAL Y BT 2 R Aaar3stsey.
6~1 0 0 0 -
0 0 0 0 0 0 0 0 (%) Ue3u0D
uoqIed
] auh- / . E.ouﬁ
. . exnjw uot3v
' : {1 =—xedwey N\ ,l=._..d>ﬂ
oLvyioSv|oev|OOv|oLe|ose|locesiooeloLre 0sZ|0o0zj{091{0S7Y 0ucuunn=m/
¢ °o1qey,
- 0 ' :
S - Q o



et QWDES 1996

devi ce

; Pg@g@qw SAER

)
=
*Eas "’
L O 0~
— O L QO
—_ — 3
- O S nw
(OX7)] (%]
> (%] 1
o w Q
—_— e = —
Boo T b
E225 0
ﬂm_m m.w.mp| *yadep wrl §7°0 30 uor3xod uoyounf
ownQ oo
° 50 rAumW o4} e A3TTTqeqoxd UoT3ONIISIP ST OFFeI UOTIRISUSH oYFds
@ ol Er
=Fs-s54 . '0, 087 ucme: 1 3O ®BSIR TRUOTIOVS
m N -$80X0 ® ybnoayyz wo/v oOﬂ X T JO &3ysuop Jusaand e v possed sy
= M.m m.m JUOIIND USYM BUTYedIq OIFTA O3 DWFI ST 9FFT HUTITM obexoay
— o o]
5 = v,m.a 0. 0ST 3O ®anjeradwol. 93exISANS I8 $INOO0 UOTIFSOdep ON 930N
B 27:3 .
o” 'z !
o o WwWo . -
g2~ 3 (penuT3u0D) ¢z . 9TqEl
fmumv <o '
58 -9
S_u_vmm N @©
o oE
. o
! 8«irl - 0 ot it ~
— —
Lo c >
- e.lt
1 S —_ —
olhESH
O D> ©OC
O_ XL£ O
<L O w o

25



Preparati on of Sanmple 5-1

On a nonocrystalline silicon as the

el ectron donative first substrate surface material, a tHey @ T SHEET
oxidized Sierr] filmas the el ectron non-donative second 5 Q&e
surface material was fornmed, and patterning was effected gccording to

t he photolithographic steps as shown in Experinmental exgngdl e1® DBECMeos

t he nonocrystalline silicon surfaceggmrtially exposed.

The filmthickness of the thermally oxidized 20 S film
7000 A, with the size of the

silicon,
was

nanmel y
priepar ed.-

10

15

20 -

25

rouna to e
exposed portion of the nondcrystalline

8i i§Ft eboveusempdas e 1o AdxiilesrR] daposited
on SiO2 at a temperature range from 160 ¢ to 450 °C,
and Al-Si was deposited only oﬂ the portion with
openiﬁg of SiO2 to have Si exposed. Also, when
deposition was carried out in the above temperature
range continuously for 2 hours, similar selective
depositablity was maintained.

Experimental example 9

Following the same procedure as in Example 1
to set the parameters as follows:
Total pressure: 1.5 Torr
DMAH partial pressure: 5 x 10 % Torr
Substrate temperature (Tsub): 300 °C
and the SizH6 partial preésure was varied from 1.5 x

“T forr to 1 x 104

10 Torr to effect deposition. The
Si content (wt.%) of the Al-Si films were varied from
0.005-%-to 5 ¥ approximately in proportion to the _
SizHG partial pressure. As to resistivity, carbon
content, average wiring life, deposition speed,
hillock density and spike generation, the same results
as in Experimental exampie 8 were obtained.. However,
in samples having a Si content of 4 % of higher,
deposition-was generated in the films which appeared
to be Si to worsen surface morphology, thereby méking

the reflectance 65 % or lower. Samples having a Si

content of less than 4 % exhibited a reflectance of 80

oEening being 3 [errfmx 3 [err]m Thus, Sanple 5-1
(He




"thermally oxidized Sierr] (hereinafter abbreviated as T- 25

Sigerr])/nonocrystalline silicon"). Preparation df RERDAGEMENT SHEE?
5-2 - 5-179 - 61 - 1

Sanple 5-2 is an oxidized filmfornmed by normal pressure @V

(hereinafter abbreviated as Sigerr])/monocrystalline silijc n. 10 DEC 1996
Sanple 5-3 is a boron doped oxidized ftl & — -

10

15

20

25

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

8.

Furthermore, similarly as in Experimental example 8
selective depositability depending on substrate

surface material was also confirmed over the entire

. region.

Example 7

First, the procedure of Al-Si film formation
is as follows. By the evacuation unit 9, the reaction
tube 2 is evacuated internally to ca. 1 x 1078 Torr.
Al-Si film can be formed even if the vacuum degree in
the reaction tube 2 may be worse than 1 x 10”8 Torr.

After washing of the Si wafer, the conveying
chamber 10 is released to atmospheric pressure and the
Si wafer is mounted in the conveying chamber. The
conveyiﬁg chamber is evacuated to ca. 1 1*:.10_6 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 closed and evacuated to a vacuum degree in

8-Torrq

the reaction chamber 2 of ca. 1 x 10~
'In this Example, the first gas line is used

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

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

third gas line is provided for Sisz.



5 formed by normal pressure CVD (hereinafter abbreviated bas
BSG / nonocrystalline silicon. Sanple 5-4 is a ph
oxidized film formed by normal pressure CVD (hereinafter ZQE?ESEQ?QHSHEEr
as PSG /nmonocrystalline silicon. 10 . Sample 5-5is phosphorus
and boron doped oxi di zed filmfornmed by normal pressure £vp 10 DEC 1996
(hereinafter abbreviated as BSPG / nonocs y&g & | i ne silicon forned by
normal pressure CVD. : Sample 5-6 is a nitrided fiymformed b
plasma 15 CVD (hereinafter abbreviated as P-S: N)/nonocryst al line -
silicon. Sanple 5-7 is a thermally nitrided film

1 By passing H, through the second gas line, the

2
pressure within the reaction tube 2 is made a

predetermined value by controlling the opening of thé _
slow leak valve 8. A typical pressure in this Example
5 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 and SizH6 are introduced into the
reaction tube through the DMAH line and the SizH6
10 line. The total pressuré is ca. 1.5 Torr, and the
DMAH partial pressure is made ca. 1.5 x 10—4 To?r.
When SizH6 and DMAH are introduced into the reaction
tube 2, Al-Si is deposited. After a predetermined.
deposition time has elapsed, feeding of DMAH and SiZHG
15 is stopped. Next, heating of the heater 4 is stopped
to cool the wafer.¥ Feeding of H2 gas is stopped, and
after-evacuation internally of the reaction tube,- the
wafer is transferred to the conveying chamber, and
_only the convevying chamber is made atmospheric before
20 taking out the wafer. The outline of Al-Si film

formation is as described above.

Experimental example 10

Al-Si films were formed according to the
method of Example 7. For the deposited films
25 obtained, concerning resistivity, carbon content,

average wiring life, deposition speed, hillock density,



(hereinafter abbreviated as T-S:N)/nonocrystalline si |l i cgA—28 -
Sanple 5-8 is a nitrided filmformed by | ow pressure CVD {hBERLAGEMEWT SHEET
abbrevi ated as LP- S: N)/ nonocrystalline silicon. Sanpte

5-9 is a nitrided filmformed by ECR ~devi ce (hereinafter'a)br 'd§¢%b96

as ECR- 25 SiN)/nonocrystalline S|I|con Furt her

conbi nations of the electron 59 -
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1 generation of spike and reflectance, the same results
as in Experimental example 8 were obtained.
Also, selective depositability with substrate-
was the same as in Experimentgl example 8.

5 Experimental example 11

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

Total pressure: 1.5 Torr

DMAH partial pressure: 5 x_lo_4 Torr

10 Substrate temperature (Tsub): 300 °C
and the 812H6 partial pressure was varied from 1.5 x
:!.t'.)_'Z Torr to 1 x 10-4 Torr to effect deposition. The
Si content (wt.%) of the Al-Si films were varied from
0.005 % to 5 % approximately in proportibn to the

15 S12H6 partial pressure. As to resistivity, éarbon
content, average wiring life, deposition speed,
hillock.-density and spike generation, the same results
as in Experimental example 8 were obtained. However,
in samples having a Si content of 4 % or higher,

20 deposition was generated in the films which appeared
to be Si to worsen surface morphology, thereby making
the reflectance 65 % or lower. Samples having a Si
content of less than 4 % exhibited a reflectance of 80
to 95 %, which was the same as in Experimental example

25 8. Furthermore, similarly as in Experimental example

8, selective depositability depending on substrate



- 62 - 1 donative first substrate surface materials and the

el ectron non-donative second substrate surface mat eri al
- 5-179 shown in Table 3 were prepared. As the first s bg@ﬁgfﬁmﬁﬁJf*%%T
mat eri al , 5 nonocrystalline silicon (nonocrystalline Si),
pol ycrystalline silicon (polycrystalline Si), anor phouq di | H€DEC 1996
(anmor phous Si), tungsten (W, nnlybdéﬂhn1(hb) tantal ump ([Ta), tungsten
silicide (WBi ), titaniumsilicide (TiSi), alumnum (A)} =1T0——aruom num
silicon (Al-Si), titanium alum num (Al -Ti), titaniumnipride (TiN),
copper (CU)H algg}gggbshgterlal was also confirmed over the entire

region.

Example 8

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

Experimenfal example 12

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

10 (Samples 5-1 - 5-179).

Preparation of Sample 5-1

On a monocrystalline silicon as the electron
donative first substrate surface material, a thermally
-oxidized SiO2 film as the electron non—donativé second

15 substrate surface material was formed, and pattefning
| was effected according to the photolithographic steps :
'as shown in Experimental.example 8 to have the - .
monocrystalline silicon surface partially exposed.

The film thickness of the thermally oxidized

20 SiO2 film was found to be 7000 A, with the size of the
exposed portion of the monocrystalline silicon, namely -
opening being 3 1m x 3 um. Thus,'Sample 5-1 was
prepared. (Hereinafter, such sample is expressed as
"thermally oxidized Sio2 (hereinafter abbreviated as T-

25 SiOZ)/monocrystalline silicon").

Preparation of Samples 5-2 -~ 5-179




copper-(Al-Si-Cu), al um num pal | adi um (Al - Pd), titanium ( 'ﬁ@H@PBMEﬁTSHEgF

nol ybdenum silicide (Mx-Si), tantalum silicide (Ta-Si) wege
These sanples and 15 Al[err](err] substrates, SiJerr] glas ubstrates
were placed in
Si films were formed within the sane badgg.
conditions were a reaction tube pressure - 0.3 Torr, a Hpartral

the | ow pressure CVD device shown in Tablel2} an0 DEC 1996
The film f or mjng

pressure of 3.0 x 10[err] Torr, 20 a Si2H6 partial pressure af 1.0 x

10[err] Torr,
formation

formati on uhder such

W th

10
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20
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a substrate tenperature of 300 [err]C and a film

"slch SEhEIO BT An an oxidized BAMIPEORRI R Lol

S, g a the sanplés applied
normal pressure CVD (hereinafter abbreviated as
SiOz)/monocrystalline silicon.

Sample 5-3 is a boron doped oxidized film
formed by normal pressure CVD (hereinafter abbreviated
as BSG)/monocrystalline silicon.

Sample 5-4 is a phosphorus doped oxidized film
formed by normal pressure CVD (hereinafter abbreviated
as PSG)/monocrystalline silicon.

Sample 5-5 is a phosphorus and boron doped

oxidized film formed by normal pressure CVD

(hereinafter abbreviated as BSPG)/monocrystalline

'silicon formed by normal pressure CVD.

Sample 5-6 is a nitrided film formed by plasma
CVD (hereinafter abbreviated as P-S:N)/monocrystalline
silicon.

. - —Sample 5-7 is a thermaily nitrided £film . _
(hereinafter abbreviated as T-S:N)/monocrystalline
silicon. |

Sample 5-8 is a nitrided film formed by low
pressure CVD (hereinafter abbreviated as LP-
S:N)/monocrystalline silicon.

Sample 5-9 is a nitrided film formed by ECR
device (hereinafter abbreviated as ECR-

SiN)/monocrystalline silicon.

Further, by combinations of the electron



25 patterning from Sanple 5-1 to 5-179, deposition of Al-

£
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occurred only on the el ectron donative first REPLAEEMEN% HEET

- 63 - 1
with the depth of 7000 A. The filmquality of the Al- S
found to be very good, exhibiting the sane propertiesjag$ one prepared
at a substrate tenperature 5 of 300 +e62]€ shown in Expejfi ‘

8. On the
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substrate surface filmto enbed conpletely the[opening

4 O'DRE9996

donative first substrate surface materials and the
electron non-donative second substrate surface
materials, Samples 5-11 - 5—179-shown iﬁ Table 3 were
prepared. As the first substrate surface material,
monocrystalline silicon (monocrystalline Si),
polycrystalline silicon (polycrystalline Si),
amorphous silicon (amorphous Si),-tungsten (W),
molybdenum (Mo), tantalum (Ta), tungsten silicide
(WSi), titanium silicide (TiSi), aluminum (Al},
aluminum silicon (A1-Si), titanium aluminum (Al-Ti),
titanium nitride (TiN), copper (Cu), aluminum silicon

copper (Al-Si-Cu), aluminum palladium (Al-Pd),

.titanium (Ti), molybdenum silicide (Mo-Si), tantalum

silicide (Ta-Si) were employed. These samples énd
A1203 substrates, Sio2 glass substrates were placed in
the low pressure CVD device shown in Table 2, and Al-
Si films were formed within the same badge. The film
forming conditions weré a reaction tube pféssure of
0.3 Torr, a DMAH partial pressure of 3.0 k 10_5_Torr,

6 Torr, a

a Si H, partial pressure of 1.0 x 10~
substrate température 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 with

patterning from Sample 5-1 to 5-179, deposition of Al-

Si film occurred only on the electron donative first



ot her hand, on the second substrate surface which is el-act-ton

non-donative, no Al-Si filmwas deposited at al |, wher ¢bRERPIAQEMENE SHEET
selectivity was obtained. On both the Al[err]err] sulyst ,

Si 2 gl ass substrate 10 which are el ectron non-donative, nq Al fg éﬁéws
deposited at all. Experi mental exanple 13 By u t

| ow pressure CVD device shown in Frg832y A-Si filmwag fl

substrate with 15 the constitution as described bel ow On a
thermal |y oxidized filmas the electron non-donati ve second—stbstrate
surface material, a- polycrystalline Si as the el ectron donative first

1
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substrate surface film to embed completely the opening
with the depth of 7000 A. The film quality'of the Al-
Si film was found to be‘?ery good, exhibiting the same
properties-as one prepared at a substrate temperature
of 300 oC shown in Experimental example 8. On the
other hand, on the sécond substpéte surface which is
electron non-donative, no Al-Si film was deposited at
all, whereby complete selectivity was obtained. On
both the A1203 substrate and the SiO2 glass substrate
which are electron non-donative, no Al-Si film was

deposited at all.

Experimental example 13

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

On a thermally.oxidiéed film as the electron
non-donative second substrate surface material, a- _
polycrystalline Si as the electron donative first
substrate surface material was formed, patterning was
effected according to the photolithographic steps as
shown in Experimental example 8 to have the thermally
oxidized film surface partially exposed. The film
thickness of the polycrystalline silicon at this time
was 2000 &, with the size of the thermally oxidized
film exposed portion, namely opening being 3'um x 3

um. Such sample is called 6-1. By combinations of



substrate surface material was forned, patterning was 20 @efeeted

ol

according to the photolithographic steps as shown in EiﬁBtAW@NﬂH]SHEE[
exanple 8 to have the thermally oxidized filmsurface Tirally
exposed. The film t hi ckness of the polycrystalline sijiko 1906
time was 2000 A, with the size of the thermally oxidigef Wé@bEﬁle
exposed portion, nanely opening being 3[@&4rfmx 3 [ e} r lm—Seet—sanpte
is called 6-1. By conbinations of '
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the electron non-donative second substrate surface

materials.(T—SiOz, CVD-sSiO BSG, PSG, BPSG, P-SiN, T-

27
SiN, LP-SiN, ECR-S:N) 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-Si-Cu, Al-Pd, Ti, Mo-Si), Samples
of 6-1 - 6-169 shown in Table 4 were prepared. These
samples were placed in the low CVD device shown in
Fig. 2, and Al-Si film was formed within the same
badge. The film forming conditions were a reaction
tube pressure of 0.3 Torr, a DMAH partial pressure of

3.0 x 1072

6

Torr, a Si,H, partial pressure of 1.0 x 10~
Torr,a substrate temperature of 300 °C and a film
forming time of 10 minutes. As the result of. film
formatioh under such conditions, in all the samples

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

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

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

Expefimental example 8.




- 64 - 1 the el ectron non-donative second substrate surface

materials (T-SiJerr], CVD-SiJerr], BSG PSG BPSG P-SiN,
LP-SiN, ECR-S:N) and the el ectron-donative first substr
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materials (polycrystalline Si, 5 amorphous Si, Al, W M, Ha,| Wsi, TiSi,
TaSi, A-Si, Al-Ti, TiN, Cu, Al-Si-Cu, Al-Pd, Ti, M-Si}),| S4@DEE 1996
of 6-1 - 6-169 shown- in Table 4 were-pé6Bpared. These sgmil es were
pl aced in the | ow CVD device shown in Fig. 2, and Al -Si| fTrrmwas
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3.0 x 10[err] Torr, a Si[err]JHerr] partial pressure of 1.0 x 10 6

Torr,a substrate tenperature of 300 [err]C and a film

f ng tinme of

10 mnutes. As the result of film 15 formation under such cOnRERIAGBRIENT 'SHEE

all the sanpl es from6-1 to 6-169, no AI-Si filmwas depo "

at -the opening having the el ectron non-donative second

exposed, but Al -Si

donative first
The filmaquality of the Al-Si filmdeposited was found

spbstrate
of about 7000 A was gg - deposited only o }hd él%&ﬁ 1296
20 substrate, whereby conplete selectivity wasl.Qbfai ned.

o be very

good, exhihQiting the same properties as one prepared at“e—substtate |

, (note) Numeral shows sample No.

tenperature of 300 [err]Cin Experi nental exanple 8.
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1 Experimental example 14

When deposition was carried out according to
the same procedure as shown in Experimentél example 8

by use of MMAH, as the starting gas and setting the

2
5. conditions as follows:
Total pressure: 1.5 Torr
MMAH, partial pressure: 5 x 10™% Torr,
Si,Hg partial pressure: 1 X 1075 Torr
in the temperature range of the substrate temperature
10 from 160 °C to 400 oC, an Al-Si thin film containing
no carbon impﬁfity and haviqg excellent flatness,
denseness and selectivity with the substrate surface
materials was deposited similarly as in Experimentai

example 8.

15 Experimental example 15

When deposition was carried out by following
the procedure of Experimental example 8, but -

substituting SiH, for Si,H, as the starting material

containing Si and setting the conditions as fol;ows:'
20 Tbtal pressure: 1.5 Torr
DMAH partial pressure: 5§ x 1074 Torr,

5

. SiH, partial pressure: 1 x 10 ° Torr

4
in the temperature range of the substrate temperature
from 160 °C to 400 °Ct an Al-Si thin film containing
25 no carbon impurity and having excellent flatness,

denseness and sélectivity with the substrate surface



- 69 - 1 Experinental exanple 14 When deposition was
carried out according to the sanme procedure as shown in Experinental
exanple 8 by use of MMAH2 as the starting gas and sett{T

conditions as follows: ' Total pressure: 1.5 Tor RH&j&EMENT SHEET
MVAH[ err] partial pressure: 5 x 10[err] Torr, Pillerr]H err]
partial pressure: 1 x 10[err] Torr — i7p t-he tenperature fahget ofpEG 4996
substrate tenperature

1
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materials was deposited similarly as in Experimental
example 8.

Comparative experiment

Aﬁ Al film was formmed on a monocrystalline
silicon under the following conditions. |
By passing Ar in place of H2' Al was deposited
by pyrolysis of DMAH. The total pressure at this time
was made 1.5 Torr, the DMAH partial pressure 1.5 x 10
4 Torr, and the substrate temperature of 270 -~ 350 °c.
~When the Al film thus formed was evaluated,
about 2 ¥ of carbon was found to be pontained at the
minimum.
Resistivity became greater by 2-fold or more
than the case when hydrogen was emploved.
As to reflectance, it was lowered to about 1/3
to 1/9 relative the case when hydrogen was employed.
| - - Similarly, wiring ‘1life was shorter by 1 to 2
cipher, generatiog probability of hillock became
greatér by 2 cipher or more, and a large number of
spikes were foﬁnd to be generated.
As to the deposition speed, it was: lowered to
1/2 to 1/4. '
As deécribed above, Al deposited chly by
decomposition of DMAH without use of H, is inferior in
film quality, and was unsatisfactory as the Al film

for a semiconductor device.



10 from 160 [err]C to 400 [err]C, an Al-Si thin filmcontaining . no

carbon inpurity and having excellent flatness, densenes a¥s!
selectivitywith the substrate surface mat eri al s was dep sﬂﬁPd}.ACEMENT SHEET
simlarly as in Experinental exanple 8. 15 Experinent Xampre 15
When deposition was carried out by fol Lowyng the procefu

Experinental exanple 8, but substituting SiHerr] for S [=rrﬁﬂaﬁg¥}

the starting materi al containing Si and setting the congli tions—as
follows: 20 Total pressure: 1.5 Torr H parti al '

o

ol <. X

pressure: § x 10[err] Feparately, withoutSubbebE] HR3r biaH Re
10[err] Torr :

decomposed by the optical CVD method to deposit Al.
As the result, some improvement such as no containment.
of carbon, and the like was observed from as the Al

5 film prepared as compared with the case when no light
was employved, but other characteristics ﬁere not
improved so much, and the Al film was still
unsatisfactory as the Al film for a semiconductor
device. |

10 As described above, the mechanism of Al
deposition accofding to the present invention may be
presently hypothesized as follows.

When DMAH reaches the electron donative

sﬁbstrate, namely the substrate having electrons undef

15 the state on which hydrogen atoms are attached (Fig.
4A) with the methyl groups directed toward the
substrate side, one eléctron of the substrate cuts one
bond of Al and a methyl group (Figs. 4B and 4C).

The reaction scheme at this time is as
20 follqws:

(CH,).AlH + 2H + 2e — 2CH41‘ + Al-H

32

Further, similar reactions will proceed for
the hydrogen atoms remaining on deposited Al having
free electrons (Fig. 4D). Here, when hydrogen atoms

25 are deficient, hydrogen molecules constituting the

reaction gas are decomposed on the substrate to supply



in the tenperature range of the substrate tenperature from 160 [err]C
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to 400 [err]C, an AI-Si thin filmcontaining 25 no carbon i
havi ng excel | ent fl atness, denseness and selectivity with
substrate surface - 70 3
materials was deposited simlarly as |n Experlnental exa
Conpar ati ve experi nent 12

1 hydrogen atoms. On the other hand, since there is no
electron on the electron non-donative surface, the
above-mentioned reaction will not proceed and no Al
deposited. .

5 Figs. 4A - 4D are illustrations for better
understanding of the reacion mechanism, and the
numbers of H, e and Al shown in Figs. 4A - 4D are not
necessarily coincident.

In the case of an Al-Si film, Si atoms are

10 incorporated into Al during the.process of the
reaction as described above.

As described above, according to the present
invention, a low resistivity, dense and flat Al-Si
film could be deposited on a substrate.

15 Also, depending on the kind of the substrate,

Al-Si can be formed with excellent selectivity.

20
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An Al filmwas formed on a nonocrystalline 5 silicon under the follow ng

condi tions. By passing Ar in place of Herr],
by pyrolysis of |OMSH.SHEEE HASt BEEN) essure at this time SRERIACEMENT SHEET
Torr, the DVAH parti ahg Agiaure 5 x 10[err] [err] Tor -t
substrate t enperatu+e "f 20 [err]C. 10 Whenit he
t hus forned was eval uat ed, about 2-%df-carbon was foun
contai ned at the m ni num Resi stivity beca
2-fold or nore than the case when hydrogen was enpl oyed.
As to reflectance, it was |owered to about 1/3 to 1/9 r
case when hidr&d®dM2is enpl oyed. '
1. A process for forming a deposited film

comprising the steps of:
(a) providing a substrate having an electron
5 donative surface (A) in a space for formation of the
deposited film;

(b) introducing a gas of an alkyl aluminum
hydride, a gas containing silicon atoms and hydrogen
gas into said space for formation of deposited film;

10 and
(c) maintaining the temperature of said elect?on
_donative surface (A) within the range of from the
decomposition temperature of said alkyl aluminum
hydride to 450 oC_,L:o form an aluminum film containing

15 silicon on said electron donative surface (A).

-2. -- The process according to Claim 1, wherein.-

said alkyl aluminum hydride is dimethyl aluminum

hydride.
20
3. The process according to Claim 1,. wherein
said alkyl aluminum hydride is monomethyl aluminum
hydride.
25 4. The process according to Claim 1, wherein -

said substrate is constituted of a material selected

R
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Simlarly, wiring |ife was shorter by 1 to 2 ci pher, generation

probability of hillock becane . greater by 2 cipher or nﬁmew_and—GFLQFge——
nunmber of 20 spjkes were—fetrt o be generat ed. REBLAOEMENé SHEET
deposi ti on speg¢dHiS SHiEE HA§\A5&F$H to 1/2 to 1/ 4.

descri bed above, Al gep@gEBed only by deconposition of {DNA

use of H2 is i heror—rm25TTTm quali th, ~and was unsatisfactorg‘W égguéqu
film for a sem conductor devi ce.

1 from single monocrystalline gsilicon, polycrystalline

silicon and amorphous silicon.

5. The process according to Claim 1, wherein
5 said substrate is a III-V compound semiconductor
containing an element belonging to the group III of
the periodic table and an.element belonging to the

group V of the periodic table.

10 6. The process according to Claim 1, wherein
.said substrate is a II-VI compound semiconductor
containing an element belonging fo the group II of the
periodic table and an element belongihg to the group

Vi of the periodic table.

15
7. The process according to Claim 1, wherein
said substrate is a metal containing at ;east one.
element selected from tungsten, molybdenum, tantalum,
aluminum, titénium and copper.
20

8. The process according to Claim 1, wherein

said substrate is a metal.

9. . . The process according to Claim 1, wherein
o5 said substrate is a semiconductor.
———___;____~________
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- 71 - 1 Separately, w thout use of Herr], DWVA i
deconposed b nmet hod to deposit Al. As tﬁ@?u@@MﬁNISHEET
sonme i nprovenftid h qQnt ai nnent of carbon, andjthe |ike was
observed from as tREPLAOED 5 fillm prepared as conpared with the|cas® DPEM9Y®
| i ght was—emptoyed, but other characteristics were not I mpr oved
so nuch, and the Al filmwas still - Uhsatisfactory as the rTmrtor a
sem conduct or device. 10 As descri bed above, tthe nechani sm of

Al

1 10. The process according to-Claim 1, wherein

said substrate is silicide.

11. The process according to Claim 1, wherein

5 said aluminum film is monocrystalline.

12. A process for-formindza deposited film
comprising the steps of:
(a) providing a substrate having an electron
10 donative surface (A) and an electron non-donative
surface (B) in a space for formation of the deposited
film; |
(b) introducing a gas of an alkyl aluminum
hydride, a gas containing silicon atoms and hydrogen
15 gas into said space fdr formation of the deposited
film; and
. (¢)..maintaining the température of said electron
donative surface (A) within the range of from the
decomposition temperature of said alkyl aluminum
- g9 hydride to 450 °C to form an aluminum film containing
silicon selectively on said electron donative surface

(a).

13. The process according to Claim 12, wherein
95 said alkyl aluminum hydride is dimethyl aluminum

hydride.

MM RN N OV
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deposition according to the present invention may be presently

hypot hesi zed as fol |l ows. When DVAH reaches thefe #LIUH '
donati ve substrate, nanely the substrate having el ect OBEIJW§MENTﬁBEET
the state on which |hyis apeRT ai8BE@ ¢ attached (Fig. 4A mﬁth the

met hyl groups diregted tﬁpﬁﬂt\%ﬁbh substrate side, onele g}c)g%he
substrate cuts one ahd a gethyl group (Figp. 4B an

The reaction schene at this tine is as 20 follows: -
Further, simlar reactions will proceed for t he hydrogen atons

remai ni ng on deposited Al having
1

10

15

20

25

14. The process according to Claim 12, wherein
said alkyl aluminum hydride is monomethyl aluminum

hydride.

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

insulating material.

16. The process accofding to Claim 12, wherein
said electron donative surface (A) is formed of a III-
V group compound semiconductor containing an element
belonging to the group III of the periodic table énd
an element belonging to the group V of the periodic
‘table, -and said electron non-donative surface (B)- is

formed of an insulating material.

17. The process according to Claim 12, wherein
said electron donative surface (A) is formed of a II-
VI group compound semicondﬁctor containing an element
belonging to the group II of the periodic table and an
element beionging to the group VI of the periodib
table, and said electron non-donative surface (B) is

formed of an insulating material.
_\
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free electrons (Fig. 4D). Here, when hydrogen atons 25 =

hydr ogen nol ecul es constituting the reaction gas are ééﬁ%@gggﬂfg%mﬁﬂe
substrate to supply ET HAS BEEN '

hydrogen atons. On t THIS[ SHEHA é singe there is no -eel ct1grD%m1

el ectron non-donativ surf above-nenti oned reacti on w not
proceed and no Al dep03|ted. - 17 -

1 18. The process according to.Claim 12, wherein
said electron donative surface (A) is formed of a
metal containing at least one element selected from
tungsten, molybdénum, tantalum, aluminum, titanium and

5 copper, and said electron non-donative surface (B) is

formed of an insulating material.

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

formed of an insulating material.

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

(B) is formed of an insulating material.

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

formed of an insulating material.

22. A process for forming a deposited film,
which comprises depositing silicon-containing aluminum
25 on a substrate according to the chemical vapor
deposition method utilizing a gas of an alkyl aluminum

R
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5

Al-Si film S at a T orated into Al during —pr ocess of the
reaction as descrj ﬂgé QﬂﬁJ AS 'HEEN As described abo e, qyE 1996 o

t he present nventﬂ@hﬁc@ | ow rlesi sting ty, dense and fil etaXP- Si
filmcould be deposited on a substrate. 15 Al so, \dgperetng—oON ( he
ki nd of the substrate, Al -Si can be formed with excelllent selectivity

1

10

15

20

25

Figs. 4A - 4D are illustrations for better under st andi ng_of
t he reaci on mechani sm and the nunbers of H e and Al
- 4D are not

eR&P&A@E

necessarily coincident. In t

hydride, a gas containing silicon atoms and hydrogen

gas.

23. A process for forming a deposited film,
which comprises selectively depositing silicon-
containing aluminum according to the chemical vapor
deposition method utili;ing a gas of an alkyl aluminum
hydride, a gas containing silicon atoms and hydrogen
gas on a substrate having an insulating surface and an

electroconductive surface.

24. The process according to anyone of claims 1,
12, 22 and 23, wherein the gas containing silicon
atoms is selected from SiH4, SIZHG’ 813H8, Si(CH3)4

SiC14, SiH2012 and SiHscl.

T owayygy,




20 , 25

process for formng a deposited filmconprising

10

15

-73 - W claim 1. A
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25. A process for forming a film on a substrate by
chemical vapour deposition which comprises reacting an -
alkyl aluminium hydride, a gaseous material containing
silicon atoms and hydrogen to form a film containing

aluminium atoms and silicon atoms.

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

formed contains aluminium as main component.

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

containing aluminium atbms.

28. Use for the formation of the wiring of a
semiconductor integrated circuit of Al-Si wiring
formed by chemical wvapour deposition from an alkyl
aluminium hydride, a gaseous material containing

silicon atoms and hydrogen.

L L
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the steps of: (a) providing a substrate having an electr i
surface (A) in a space for formation of the depos- itéthPLAUEMEN(TbSHEET
i ntroduci ng a gas—of—an—alkyl—al um num hydride, a gas |cqrtatrtng
silicon atons |amdS ISHEEDGAS BERN {nt o sai d space for fornetiqugg 9%
deposited film andREPWWEDnaintPining the tenperature of slaijd €l Péﬁ
dona- ti ve—surface~tA—wttin t he rﬁgge of fromthe de coppasitidn

tenperature of said al kyl al um num rTde to 450[err]{C. to formsaid
deposited filmcom prised subs&gﬁ%@g&%% of al um num akd-sertatrrtrYg

silicon on said electron donative s ). 2. The process according
to claiml, wWR8O0SESSs&FOR HARMING WMETAINIBREDS TEFED T IiMetdytA B LG NADUMINUM

hydri de. 3. ABhMATNo COMPONENI BN JJSE OF ADKYIL, ARUMENUM SHYDREDRY| al um num
hydri de i s"nononet hyl al um num by- dri de. 4. The process according to

claim1, wherein said gugsbeaks if%rC@-Bﬂnith}t adsetcan®Blianng Asel@cted: from
singl e nonocrystalline silicon, polycrystalline silicon and anorphous

silicon. 5. Jhegdb@CeaalaegonetbgdifgChal thé, cwbemeithodaid idubsidgte is a
[11-V conpound seni conductor contain- 1ng an el enent belonging to the group
Il of the perdn aIkgltabimiaas Agdelidecnt gakoeghmginhdngheigrimem V of

5 and hydrogen, which is an excellent deposited film

formation process also capable of selective deposition

.of Si-containing Al.
(EIGURE 3A-3E)
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t he periodic table. 6. The process according to claim1l1, wherein said
substrate is a Il1-VlI conpound sem conductor contain- ing an el enent
bel onging to the group Il of the periodic table and an i
the group VI of the periodic table. 7. The process afcRERLAGEMENT @HEET” h
wherein said substrate is a netal containing at | east pnE eremert—se

| ected fromtungsten, nolybdenum tantalum alum- nu Stigﬁphﬁgrﬁgg id a

copper. 8. The process according to cljaim 1, wherei

nmet al . 9. The process according to claim1l, wherein |[sa~e—substrate ils|a
sem conduct or. 10. The process according to claim1,f wherein said :
substrate is silicide. 11. The process according to C|a|n|¢;—whe#eLn_iaid
alumnumfilmis nonocrystalline. 12. A process for formng a deposited
filmconprising the steps of: (a) providing a substrate having an

el ectron donative surface (A) and an el ectron non-donative surface

(B) in a space for formation of the deposited film (b) introducing a gas
of an al kyl al um num hydride, a qﬁg ééhtai ing silicon atons and
hydrogen gas into sai d space for *f tion'of the deposited film and

_’\m
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- 74 - (c) maintaining the tenperature of said electron dona- tive
conposition tenperature
to formsaid dep05|ted

surface (A) within the range of fromthe de-

of said al kyl alum num hydride to 450[err]C.

filmcom prised substantially of alum numand co

selectively on said el ectron donative surface

according to claim12, wherein said alkyl alum num hydyig

(A) .

al um num hydri de. 14. The process according to clai

al kyl al umi num hydride i s nononet hyl alugi num hy-

process according to claim12, wherein said electron dpnhati
Is fornmed of a nmaterial selected fromnonocrystalline Bili
pol ycrystalline -silicon and anorphous silicon,

FIG 2

-

57\#t:

' ,-/56

dri de.
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donative surface (B) is fornmed of an insulating materialL

16. The process

according to claim 12, wherein said electron donative surface (A is_forned
of a Ill-V group conpound sem conduct or containing an ele 2 | IUEST
to the group Il of the periodic table and an el enent bel nE.ﬂ@@FMEﬁEgﬂﬁﬁ

group V of the periodic table,
is formed of an insulating material.
12, wherein said electron donative surface (A is forned df

and sai d el ectron non-donati e surface
17. The process acdordi h§ BEC m
all-wvi

B)

gr ou

conpound seni conduct or containing an element be- |onging t{o
the periodic table and an el enent belonging to the group Ml

ne group |

of

of the periaodi

tabl e, and said el ectron non-donative surface (B) is forned of an

insulating materi al . 18. The process according to clg
el ectron donative surface (A) is fornmgd of alnetal con-
one el ement sel ected from tungsten,

titani um and cop- ~—and ad el ectrjon nond
Hﬁal._?%& The Qdrocess

t ai ni

| ybdengm tantalum alu
donati ve syrface (
according tio cl ai

n

of an insul ating
said el ectron donative surface (A) is\forned of a netal
non-donative surface (B) is fornmed of |an insulating materi al

process according to claim 12, wherein said

92
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FIG. 3B

and s
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FIG. 3D
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FIG. 3E

wherein said
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12, wherein
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el ectron donative surface (A) is forned of a sem con- ductor and said
el ectron non-donative surface (B) is forned of an insulating material.
21. The process according to claim 12, wherein said ele '

surface (A) is formed of silicide and said el ectron non JRBRIACEMEN ¢ >

(B) is formed of an insulating nmaterial. 22. A proces
deposited film which conprises depositing silicon-contdirin

substrate according. to the chem cal vapor deposition metihgd uti
of an al kyl al um num hydride, a gas contdai-ning silicon
gas. 75- i
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237 A. process for formng a deposited film which conprises se ?&HX&%FNT SHEE

depos| ting silican-containing alll

deposi tion nmet hgdHi8 ISHEETr*rU\SaBEﬁB of an al kyl al hydri de,

contai ning silig¢on atppe sgeg hydr

I nsul ati ng surf ace—arme—ar—eteect+ot conducti ve surface. 24.

bgen gas on a substrate havirg gpn3 § AlG 1997

m num according to the che

a {ga

hel process

“according to anyone of clainms 1,12, 22 38d-23, wherein the gad contai ning

silicon atons is seleg?ed from Si H[err] Si[err]Herr], Sif[er H[err]
Si
process for form ng

Si(CHerr])[err],

g S LR G

al kyl al um num hydri % S cont.ai ni n S.I I cop ato and
and sel ectively depos 18 ﬁB‘ﬁb LRt 4 ﬁgﬁ;@ﬁd

deposition on a substra

surface utiliz-

&mdnarﬁlm

12 wherein the tlaggefgpd’?g ' 26 Thgg{) gcﬁf%ﬁ actgycﬁ“dfhg
according to claim26, Wﬁéﬁp i or ormat {edm'ﬂ%ﬁ'[‘

on o epast

©)r mamt:umng the temperature of said electron dona-

tive surface (A) within the range of from the de-

composition temperature of said alkyl aluminum

hydride to 450° C. to form said deposited film com-,

prised substantially of aluminum and containing
silicon on said electron donative surface (A).

2. The. process according to claim 1, wherein said

alky! aluminum hydride is dimethyl almmnum hydride.

3. The process according to- claim 1, wherein said

-alkyl aluminum hydride is monomethyl aluminum hy-

dride.
- 4. The process according to claim 1, wherein said

‘substrate is constituted of a material selected from single

monocrystalline silicon, polycrystalline sxhcon and
amorphous silicon.

5. The process according to claim 1, wherem said
substrate is a III-V compound semiconductor contain-
ing an clement belonging to the group HI of the peri-
odic table and an element belonging to the group V of
the periodic table. .

6. The process according to claim 1, wherein said
substrate is a II-VI compound semiconductor contain-
ing an element belonging to the group II of the periodic
table and an element belonging to the group VI of the
periodic table.

7. The process according to claxm 1, wherein said
substrate is a metal containing at least one element se-
lected from tungsten, molybdenum, tantalum, alumi-
‘num, titanium and copper.

8. The process according to claim 1, wherein said
substrate is a metal.

- 9. The process. according to claim 1, wherein sazd
substrate is a semiconductor.

10. The process according to claim 1, wherein saxd
substrate is silicide.

11. The process according to claim 1, where:n saxd
aluminum film is monocrystalline.

12. A process for formmg a deposited film comprising
the steps of:

() providing a substrate having an electron donative
surface (A) and an electron non-donative surface
(B) in a space for- formation of the deposited film;

. ® mtroducmg a gas of an alkyl aluminum hydride, a
gas containing silicon atoms and hydrogen gas into
~said space for formation of the deposited film; and

I ng a gas of an
hydrogen gas;
€heni cal vapor

“a sem.conducti ve

toclains 1 or
“pr ocess
rr] C.

-
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(c) maintaining the temperature of said electron dona-
tive surface (A) within the range of from the de-
composition temperature of said alky! aluminum

hydride to 450° C. to form said deposited film com-

L L L ey

con selectively on said electron donative surface

* This Sheet Has Been Replaced

(T

(A). ¢
13. The process according to claim 12, wherein said
alky! aluminum hydride is dimethyl aluminum hydride.
14. The process according to claim 12, wherein said
alkyl aluminum hydride is monomethyl aluminum hy-

dride. :
15. The process according to claim 12, wherein said
electron donative surface (A) is formed of a material
selected from monocrystalline silicon, polycrystalline
silicon and amorphous silicon, and said electron non-

donative surface (B) is formed of an insulating material.

16. The process according to claim 12, wherein said
‘electron donative surface (A) is formed of a ITI-V group
compound semiconductor containing an element be-
longing to the group III of the periodic table and an
element belonging to'the group V of the periodic table,
and said electron non-donative surface (B) is formed of
an insulating material.
" 17. The process according to claim 12, wherein said
electron donative surface (A) is formed of a II-VI group
compound semiconductor coantaining an element be-
longing to the group II of the periodic table and an
element belonging to the group VI of the periodic table,

an insulating material.

18. The pracess according to claim 12, wherein said
electron donative surface (A) is formed of a metal con-
taining at least one element selected from tungsten,
molybdenum, tantalum, aluminum, titanium and cop-
per, and said electron non-donstive surface (B) is
formed of an insulating material.

. 19. The process according .to claim 12, wherein said
electron donative surface (A) is formed of a metal and
‘said electron non-donative surface (B) is formed of an
insulating material. :

'20. The process according to claim 12, wherein said
electron donative surface (A) is formed of a semicon-
ductor and said elec¢tron non-donative surface (B) is

formed of an insulating material.

21. The process according to claim 12, wherein said
electron donative surface (A) is formed of silicide and
said electron non-donative surface (B) is formed of an
insulating material.

22. A process for forming a deposited film, which
comprises depositing silicon-containing alurninum on a
substrate according to the chemical vapor deposition
method utilizing a gas of an alkyl aluminum hydride, a
gas containing silicon atoms and hydrogen gas.

.and said electron non-donative surface (B) is formed of .
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23. A process for forming a deposited film, which
comprises selectively depositing silicon-containing alu-
minum according to the chemical vapor deposition
aiethod utilizing a gas of an alkyl aluminum hydride, a
gas containing silicon atoms and hydrogen gas on a
substrate having an insulating surface and an electro-
conductxve surface.

24. The process according to anyone of claims 1, 12,
22 .and 23, wherein the gas containing silicon atoms is
selected from SiHy, SixHs, SizHg, Si(CHj3)s, SiCls,
SiH,Cl; and SiH3Cl.

25. A process for forming a deposited film which
comprisés selcctxng a gas of an alkyl aluminum hydride,
a gas containing silicon atoms and hydrogen gas; and
selectively depositing s:hcon-contaxmng aluminum by
chemical vapar deposition on a substrate having an
msnlatxng surface and 2 semiconductive surface utiliz-
ing said gases.

26. The process according ta claims 1 or 12 wherein -

the temperature is 200°-450°C,
27. The process according to claim 26, wherein the

temperature is 200°-400° C. ¢
®* 2 s =

*
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REPLACEMENT SHEET
ABSTRACT

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

_ A process for forming a Si-containing Al.film
of good quality according to. the CVD method utilizihg
an alkyl aluminum hydride, a gas containing silicon
" and hydrogen, which is an excellent deposited film
formation process also capable of selective deposition

.0f Si-containing Al.
(£IGURE 3A-3E)
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We claim:

1. A process for forming a deposited film compns =
the steps of: E-BEELACEMEM; SHEEF

(a) providing a substrate having an electron donative
surface (A) in a space for formation of the depos-
ited filo;

(®) introducing a gas of an alkyl aluminum hydride, 2
gas containing silicon atoms and hydrogen gas into

' said space for formation of depasited film; and

() mmnmmng thie temperature of said electron dona-
tive surface (A) within the range of from the de-
composition temperature of said alky! aluminum
hydride to 450° C. to form said deposited film com-,
prised substantially of aluminum and containing
silicon on said electron donative surface (A).

2. The. process according to claim 1, wherein said
alkyl aluminum hydride is dimethy! aluminum hydride.

3. The process according to- claim 1, wherein said
-alkyl aluminum hydride is monomethyl aluminum hy-
dride.

. 4. The process according to claim I, wherein said
'substrate is constituted of a material selected from single
moznocrystalline silicon, polycrystalline silicon and
amorphous silicon. .

5. The process according to claim 1, wherein said
substrate is a II-V compound semiconductor contain-
ing an clement belonging to the group III of the peri-
odic table and an element belonging to the group V of
the periodic table.

6. The process according to claim 1, wherexn said
substrate is a II-VI compound semiconductor contain-
ing an element belonging to the group II of the periodic
table and an element belonging to the group VI of the
‘periodic table.

7. The process according to claim 1, wherein said
substrate is 2 metal containing at least one element se-
lected from tungsten, molybdenum, tantalum, alumi-
~ ‘num, titanium and copper.

8. The process according to claim 1, whercm said
substrate is a metal.

8. The _process. .according to claim ‘1, wherein said

substrate is a semiconductor.

- 10. The process according to claim 1, wherein said
substrate is silicide.

11. The process according to claim 1, wherein said
aluminum filmis monocrystalline.

12. A process for forming 2 deposited film comprising
the steps of: -

(2) providing a substrate having an clectron donative
surface (A) and an electron non-donative surface
(B) in a space for formation of the deposited film;

® mtroducmg a gas of an alky! aluminum hydnde. a
gas containing silicon atoms and hydrogen gas into
said space for formation of the deposited film; and

REPLACEMENT SHEET
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(c) maintaining the temperature of said electron dona-
" tive surface (A) within the range of from thg de-
composition temperature of said alkyl aluminum
hydride to 450° C. to form said deposited film com-
‘prised substantially of aluminum and containing

silicon selectively on said electron donative surface
A). : '

13. The process according to claim 12, wherein said
alky! aluminum nydride is dimethy! aluminum hydride.

14. The process according to claim 12, wherein said
alkyl aluminum hydride is monomethyl aluminum hy-
dride.

15. The process according to claim 12, wherein said
electron donative surface (A) is formed of a material
selected from monocrystalline silicon, polycrystaliine
silicon and amorphous silicon, and said electron non-
donative surface (B) is formed of an insulating matcnaL

16. The process according to claim 12, wherein said
‘electron donative surface (A) is formed of 2 ITI-V group
compound semiconductor coataining an element be-
longing to the group III of the periodic table and an
element belonging to'the group V of the periodic table,

- and said electron non-donative surface (B) is formed of
an insuiating material.
~ .17, The process according to claim 12, wherein said
electron donative surface (A} is formed of a XI-VI group
comnpound semiconductor containing an element be-
longing to the group II of the periodic table and an
element belonging to the group VI of the periodic table,
-and said electron non-donative surface (B) is formed of
an insulating material.

18. The process according to claim 12, wherein said
electron donative surface (A) is formed of a metal con-

' taining at least one element selected from tungsten,
molybdenum, tantalum, aluminum, titanium and cop-
per, and said electron non-donative surface (B) is
formied of an insulating material.

. 19. The process according.to claim 12, wherein said
electron donative surface (A) is formed of 2 metal and
‘said electron non-donative surface (B) is formed of an
insulating material. .

'20. The process according to claim 12, wherein said
electron donative surface (A) is formed of a semicon-
ductor and said electron non-donative surface (B) is
formed of an insulating material.

- 21. The process according to claim 12, wherein said
electron donative surface (A) is formed of silicide and
said electron non-donative surface (B) is formed of an
insulating material. -

22. A process for forming a deposited film, which
comprises depositing silicon-containing aluminum on a
substrate according to the chemical vapor deposition
method utilizing a gas of an alkyl aluminum hydride, a
gas containing silicon atoms and hydrogen gas.
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23. A process for forming a deposited film, which
comprises selectively depasiting silicon-containing alu-
minum according to the chemical vapor depositicn
method utilizing a gas of an alkyl aluminum hydride, a
gas containing silicon atoms and hydrogen gas oo a
substrate baving an ipsulating surface and an electro-
conductive surface. -

. 24. The process according to anyone of claims 1, 12,
22 and 23, wherein the gas containing silicon atoms is
selected from SiHs, SizHs SisHs, Si(CH3zl, SiCls,
SiH2Clp and STH3ClL. :

25. A process for forming a deposited film which
comprisés selecting a gas of an alkyl aluminum hydride,

~ a gas containing silicon atoms and hydrogen gas; and
selectively depositing silicon-containing aluminum by
chemical vapor deposition on a substrate having an
insulating surface and a semiconductive surface utiliz-
ing said gases. ,

26. The process according to claims 1 or 12 wherein
the temperature is 200°-450°C.

27. The process according to claim 26, wherein the
temperature is 200°-400° C.
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