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ABSTRACT

PROCESS FOR FORMING METAL DEPOSITED FILM CONTAINING
ALUMINUM AS MATIN COMPONENT BY USE OF ALKYL ALUMINUM
HYDRIDE
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A process for forming a metal film éomprises the
;;eps of arranging a substrate in a space for
formation of the film, introducing an alkylaluminum
hydride gas and hydrogen gas into the space and
heating directly the substrate to form a metal f£ilm

comprising aluminum as main component on the surface

of the substrate.
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ABSTRACT
PROCESS FOR FORMING METAL DEPOSITED FILM CONTAINING

ALUMINUM AS MAIN COMPONENT BY USE OF ALKYL ALUMINUM
HYDRIDE .

A process for forming & metal film comprises the

-

steps of arranging a substrate in a space for
formation of the £ilm, introducing an alkylaluminum
hydride gas and hydrogen gas into the space and
heating directly the substrate to form a metal film
comprising sluminum &s main component on the surface

of the substrate.

FIGURE 1, 2a, 2b AND 2c.
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What is claimed is:

1. A procsss for forming a metal film comprising the
steps of:

(i) providing a substrate comprising a semiconductor

or a conductor portion and an iasulator portion;

(i) disposing said substrate in a first film-forming
chamber of a metal film-forming apparatus, said
film-forming apparatus comprising said first film-
forming chamber, a second film-forming chamber
for forming a metal film and a substrate conveying
path for connectng said first and said second film-
forming chambers to each other while being
shielded from the atmosphere; '

(iii) selectively forming a first metal film comprising
aluminum on said semiconductor or said conductor
portion in said first film-forming chamber using an

. organic aluminum;

(iv) conveying said substrate oz which said ficst metal
film is formed from said first film-forming chamber
through said substrate conveying path to said sec-
ond film-forming chamber and disposing said sub-
strate in said second film-forming chamber, said
film-forming apparatus being shielded from the
atmosphere during conveying of said substrate; and

(v) nonselectively forming a second metal film on
said substrate in said second film-forming chamber.

2. The process according to claim 1, wherein said first
metal is pure aluminum.

3. The process according to claim 1, wherein said first
metal further comprises at least one element selected
from the group consisting of St, Ti and Cu.

4. The process according to any one of claims 1 to 3,
wherein said second metal film is pure aluminum.

§. The process according to any one of claims 1 to 3,
wherein said second metal film is a metal comprising Al
and at least one element selected from the group con-
sisting of Si, Tt and Cu.

6. The process according to any one of claims 1 to 3,

. wherein said second metal film comprises at least one of

Cu, W and Mo as main component.

A k- U
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7. The process according to claim 1, wherein said
second metal film is formed in said second film-forming
chamber by a sputtering method.

8. The process according to claim 1, wherein said
second metal film is formed tn said second film-forming
chamber by 2 CVD method. _

9. The process according to claim 1, wherein said
substrate conveying path comprises a gate valve.

10. The process according to claim 1, wherein said
substrate conveying path comprises a relaying chamber.

11. The procass according to claim 1, wherein said
substrate conveying path comprises a cleaning chamber
for cleaning the surface of said substrate on which said
first metal film is formed.

"~ 12. A process for praparing a semiconductor device
comprising the steps of:

(i) providing a substrate comprising a semiconductor

or a conductor porton and an insulator portion;

(i) disposing said substrate in a first film-forming

chamber of 2 metal film-forming apparatus, said
film-forming apparatus comprising said first film-
forming chamber, a second fiim-forming chamber
for forming a meral film and a substrate conveying

path for connecting said first and said second film-
forming chambers (o each other while being
shielded from the atmosphere:

(iii) selectively forming a first metal film comprising
aluminum on said semiconductor or said conductor
portion in said firs: film-forming chamber using an
organic aluminum 10 electricaliy connect said semi-
conductor or said conductor portion ta said first
metal film;

(iv) conveying said substrate on which said first metal
film is formed from said first film-forming chamber
through said substrate convaying path to said sec-
ond film-forming chamber and disposing said sub-
strate in said second film-forming chamber, said
film-forming apparatus being shielded from the
atmosphere during the conveying of said substrate;
and ' _

(v} nouselectively forming a second metal film on
said substrate in said second film-forming chamber
t0 electrically connect said first metal film to said
second metal film.

® [ ] 3 L -
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ABSTRACT

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

A process for forming a metal film comprises the
steps of arranging a substrate in a space for
formation of the film, introducing an alkylaluminum
hydride gas and hydrogen gas into the spaée and
heating directly the substrate to form a metal film
comprising aiuminum as main component on the surface

of the substrate.
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PROCESS FOR FORMING METAL DEPOSITED

FILM CONTAINING ALUMINUM AS MAIN

[

COMPONENT BY USE OF ALKYL ALUMINUM
HYDRIDE
BACKGROUND OF THE INVENTICN

Field of the Invention

This invention relates to a metal deposited
£film forming method, particularly to a process for
forming metal deposited film which can be preferably
applied to wiring of semiconductor integrated circuit

device, etc.

Related Background Art

For electrode or wiring in electronic device
or integrated circuit by.use of semiconductor of the
prior art, aluminum [il) or aluninum coantaining
silicon (Al-Si), eic. has been primarily used. Here,
Al is inexpensive, has high electroconductivity, and
also a dense oiide.film is formed on the surface,
whereby it has meny advantages such that it can be
dhemicellé'profééted internally to be stabilized, that
adhesiveness with $i is good, etc.

Whereas, integration degree of integrated
circuit such as LSI, etc. is incréased, and fine
formation of wiring and multi—laygr-wi:ing are

particularly required in recent years. Thus, more

‘stringent? demands not found up to date are presented
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for wiring. For exemple, in dynamic RAM such as 4
Mbit or 16 Mbit, etc., the aspect ratid {depth of
oﬁiaing diameter of opening) of openings {via-holes)
in which a metal such as Al, etc. must be deposited is
1.0 or more. The diameter itself of the opening is 1
um or less, and a technigque capable of depositing Al
also in openings with larger aspect ratio is required.
Besides, to be commercially successful
concerning semiconductor integrated circuit devices,
the technique must enable bulk production at low cost.
‘There have been.known in the art the
sputtering method, the gas phase method such as the
CVD method by use of trimethylaluminum, etc. as a
method of forming metal film such as Al film, etc.
Above all, the thermal CVD (chemical vapor deposition)
method has been variously studied. For example, there
bas been employed the method in which an organic
aluminam dispersed in a carrier gas is transported ° !
onto a heated substrate, and the gas molecules are |
thermally decomposed on the substrate to form a film.
For exemple, as described in "Journal of
Electrochemical Society Vol. 131, p. 2175 (1984)7, by
use of triisobutyl aluminum (i—C4H9]3A1 (TIBA), film
formation is carried out at a film formation
temperature of 260 °C, a reaction tube pressure of 0.5

Torr, wher@by a film of 3.4 1 ¢m is formed.
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However, according to this method, the surface
flatness of Al is poor, and no f£ilm of'good quality is
oBtained in view of step coverage, electromigration,
étc. Besides, the Al within openings do not become
dense.

Japanese Fatent Laid—open No. 63-33569

discloses a method for fiim formation by heating an

organic aluminum in the wvicinity of the substrate.
According to this method, Al can be deposited
according to the CVD method selectively only on the
metal or semiconductor surface of the substrate where
the paturally oxidized film on the surface has been

removed. It is further described to deposit Al on the

. oxide film as the sputtering method after embedding of

15

20

25

the copenings.

However, also according to this method, since
the surface smoothness of Al within opening which is a
major premise is not sufficient, electrical contact of
the interface between the Al Film according to the CVD
method and the Al film according to the sputtering is
poor to bring ébout increase in resistivity.

As an example of modification of this method,
the pre-text of "2nd Symposium of Electrochemical
Society, Branch of Japan (July Zth, 1989), on p. 75.
described the double wall CVD method. This method can

grow selecsively Al only on a metal or semiconductor
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by use of TIBA gas. However, it is difficult to
control precisely the difference betweeh the gas
tehperature and the substrate surface temperature and
alse the bomb and the wiring must be heated, thus
including the drawback that the apparatus constitution
becomes complicated.

More specifically, if these are to be
controlled, the apparatus for metal deposited film
formation is complicated and it cannot but be made the
sheet treatment type iﬁ which deposition can be
effected only one sheet-of wafer by one deposition
process., Besides, only a film which can never be said
of good quality can be obtained at a deposition speed
of 500 X/min. at the highest, whereby it is impossible
to0 realize the throughput necessary for bulk
production. Moreover, even the film obtained
according to this method cannot become a uwniform
continuous film unless made to have some thickness.
Thus, this method proved to be unsatisfactory and
unsuitable for bulk production; because
reproducibility was poor for such reasons that
flatness of the film is poor, that selectivity of Al
selective growth cannot be maintained for so long
time, etc.

Further, when one metal film forming apparatus

is employe@, various gases for film formation or gases
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for cleaning of the chamber, etc. are introduced into
a reaction chamber for the purpose of fﬁlm formation
ac:i:uation or maintéenance of the apparatus to carry out
the desired treatments., When £film formation is
continued while performing such treatments, even in
the CVD method with little containment of carbon, etc.
from an organic aluminum starting material, there will
ensue the fear that various impurities other than
carbon may be entrained into the interface, etc. Such
problem may become suddenly a cause to lower the yield
in hulk'production of stmiconductor devices.

SUMMARY OF THE INVENTION

As described above, according to the CVD
method of the prior art, none of improvement of
deposition speed and inprovement of throughput which
are indispensable for bulk production of semiconductor

integrated circuit devices at low cost could be

desired, and also there was the problem that no
selective growth of Al of good quality could be
successfully done. Even if selective growth of good
Al could be obtained, problemé renrained with respect
to flatness, purity and step caoverage, embedding of
dense Al within contact holes, etc., whereby
reproducibility was poor. Thus, there has been much

room to be improved for improvement of higher

integratioy.
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An object of the present invention is to solve
the technical problems as described abéve and provide
a“metal f£ilm forming method by which a metal film can
be obtained with good reproducibility at high
deposition speed and high throughput even without use
of a complicated and expensive deposited film
formation apparatus.

Another object of the present invention is to
provide a metal filw forming method which can form a
metal film within openings with a large aspect ratio.

8till another dbject of the present invention
is to provide a metal film forming method which can
form & metal film excellent as a electrode and a
ﬁiring naterial of a semicopductor davice due to
improve the contact between the metal excellent in
electroconductivity and flatness deposited first

within the openings and the metal film deposited

| thereafter, thus having low resistivity and being

20

25

strong to electromigration, by depositing a metal of
good quality within the openings according to the film
forming method excellent in éelectivity. and tﬁen
depositing the metal on the whole surface including
the insulating film surface according to the non-
selective film forming method. .

Still another object of the present invention

is to provgde a metal film forming method which is
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substantially free from entrainment of an impurity
even after the metal £film forming apparatus has been
uSed repeatedly for a long term.

For accomplishing such objects,_the present
invention comprises the steps of arranging a substrate
in a space for formation of the film, introducing an
alkylaluminum hydride gas and hydrogen gas into the
space and heating directly the substrate to form a
metal film comprising aluminum as main component on
the surface of the substfata.

Of course, during £film formation, by
introducing a gas containing elemént such as Si, etoc,
if necessary, in combination, a metal film comprising
aluminum as main component'such as Al-si, etc. can be
formed. '

In the present invention, by heating digectly
the substrate during selective deposition of aluminum,
a metal film with excellent film characteristics can
be formed at higher deposition speed than expected.

According to the present invention, since the
direct heating method by lamp, etc. is wutilized, the
deposition speed can be improved by promoting supply
of hydrogen atoms onto the electron~-donative surface
while maintaining surely selectivity.

Improvement of deposition speed not only

enhances thyroughput, but also brings about the effect
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of preventing entrainment of impurities even under bad

~conditions where impurities are readily entrained into

thHe metal film. Therefore, both of film gquality and
throughput can be improved at once, whereby remarkable
effects c¢an be exhibited in the field of preparing
semiconductor devices.

The problem of entrainment of impurities can
be also improved by utilizing a metal film forming
apparatus having a so called multi-chamber, in which
the formation step of thg Al film is divided to two
steps, a selective deposition step and a non-selective
deposition step, and the reaction chambers of above-
nentioned two steps are jointed mutually together, to
carry out continuously the above two steps.

For accomplishing the cobjects as described
above, the present invention comprises the steps of
arranging a substrate in a first film forming chamber,
introducing an alkylaluminum hydride gas and hydrogen
ges into the first film forming chamber, heating the
substrate to form an aluminum film on the surface of
the substrate, and moving t¢c arrange the substrate
under shielding of ouéer air into a second film
forming chamber provided adjacent to the first film
forming chamber so as to be capable of being
continuously shielded from outer air and forming a

metal fiim 90 the substrate according to the gas
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phase method.

The Al deposited selectively wiihin contact
héles becomes a monocrystalline material of good |
quality to form a dense film with excellent surface
flatness. Further, by moving the substrate onto the
film continucusly through the film forming chamber
without exposure to outer air, selective
deposition/non-selective deposition can be carried out
continuously. Based ¢n the surface reaction at a low
temperature of DMAH and Hz gases when perfOrming
selective deposition, Al is selectively deposited
within contact holes. Since this Al is ean Al film of
good quality with very excellent selectivity, for
application as the wiring material of a semiconductor
device, further a metal film must be formed non-—-
selectively on the insulating layesr, thereby enabling
a nulti-layer wiring. Here, the Al f£ilm deposited
within contact holes has heen found to be a single
crystal with excellent surface flatness. With ao
insulating film surface including such monocrystalline
Al surface, even when a metal film such as Al, etc.
may be formed according to the sputtering or CVD
method, good connection between the Al film formed
thus and the Al film selectively deposited within
contact holes can be maintained, whereby an Al £ilm
with Small.épecific rasistance can be obtained.
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Also, for accomplishing the objects as
mentioned above, the present invention.comprises the
sf%ps of arranging a substrate in a first film forming
chamber, introducin§ an alkylaluminum hydride gas, a
gas contalning silicon element and hydrogen gas into
tha first film forming chamber, heating the substrate
to deposit an sluninum—-silicon film on the surface of
the substrate, moving to arrange the substrate under
shieldihg of outer air intc a second film forming
chamber provided adjacent to the first film forming
chamber so as to be capable of being continuously
shielded from auter air and forming & metal film on
the substrate according to the gas phase method.

The Al-Si deposited selectively within contact
holes becomes a monocrystalline material of good
quality to becomé.a dense film with excellent surface
flatness. Further, by moving the substrate
continuously within the £ilm forming chember without
exposure to outer air, selective deposition/non—
saelective deposition can be carried out continuously.
Based on the surface reaction at a low temperature of
DMAH, a gas containing silicon and H, gas when
performing selective deposition, Al~Si is selectively
deposited within contact holes. Since the Al-Si is an
Al-8i film of good quelity with very excellent

selectivityy for epplication as the wiring material of

[
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a semiconductor device, further a metal film must be
formed non-selegtively on the insulatiﬂg layer,
tééreby enabling a multi-layer wiring. Here, the Al-
Si film deposited within contact holes has been found
to be a single crystal with excellent surface
flatness. With respect to an insulating film surface
including such monocrystalline A1-Si surface, even
when a metal film such as Al, etc. may be formed
according to the gsputtering or CVD method, good
connection can be maintained between the metal film
formed such and the Al fTilm selectively deposited
within contact holes, whereby an Al filam with small
specific resistance can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view showing an example
of the preferable metal film forming apparatus for
practicing the present invention;

. Fig. 2 is a schematic view for illustration of
the metal film forming method according to the present
invention;

Fig. 3 is a schematic view showing an example
of the metal film forming apparatus suitable for
comparison with the present invention;

Fig. 4 through Fig. 6 show an example of the
preferable metal film continuous forming apparatus for

practicing $he present invention;
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Fig. 4 shows a schematic view of the steps

aligned successively;

¥Fig. 5 is a schematic plan view of the
constitutiqn:

Fig. 6 is the same plan view of the
constitution as of Fig. 5 and is added with the
movement 6rder by arrowheads;

Fig. 7 is schematic view showing another
example of the preferable metal film continuous
forming apparatus fof practicing the present
invention; *

Fig. 8 is a schematic view showing the manner
of gelective deposition of Al; and

Fig. 9 is a schematic view showihg.the Ccvb
apparatus to be used preferable in the present
invention.

DETAILED DESCTIPTION OF THE PREFERRED EMBODIMENTS

Before detailed description of the present
invention, first the film forming method {Al-~CVD
method) of a metal film (including pure Al) comprising
Al as main component preferable for the presént
invention is described below. |

This metheod is a method suitable for embedding
of a metallic material into, for example, fine and
deep openings (contéct holes, throuholes) with an

aspact ratio;of 1 or more, and also is a deposition
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method excellent in selectivity.

The metal film formed by this ﬁéthod is
eiiremely excellent in crystallinity such as formation
of a monocrystalline Al and contains littlie carbon
ete. |

This method is a method of forming a
deposition film through the surface reaction on an
electron-donative substrate by use of an alkylaluminum
hydride gas and hydrogen gas. Particularly, by use of
an alkylaluminum hydride.containing methyl groups such
as monomethylaluminum hydride (MMAH) or
dimethylaluminum hydride (DMAH) as starting gas and HZ
gas as reaction gas, and by heating of the substrate
surface under a gas mixture of these, an Al film of
good quality can be deposited.

By applying the CVD method to the substrate in
which the electron-donative surface portion and non-—
electron-donative portion co-exist, a single crystal
of Al is formed under good selectivity only on the
electrdn—donative substrate surface portion.

An electron-donétive material refers to a
material having the surface where the chemical
reaction is promoted by give—and~take of electrons

with the starting gas molecules attached on the

‘substrate suxface, due to the presence of free

electrons wikthin the substrate or intentional
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formation of free electrons. For example, metals and
semiconductors generally correspond to.this. Also,
oﬂz having a thin oxide film present on the metal or
seniconductor surface undergoes the chemical reaction
through give—and-take between the substrate and the
attached starting material molecules, and therefore
includes in the electron—donative material of the
present invention.

Specific examples of e;ectron—donative
materials may include binary system, ternary system or
more multiple system 111-V group compound
semiconductors cumbrising the combination of Ga, In,
Al, etc. as the group lII element and P, As, N, eio.
as the group V element; semiconductor materials of P-
type, I-type, N-type, etc. such as mongcrystalline
silicon, amorphous silicon, et¢; the following metals,
alloys, silicides, etc., for example, tungsten,
molybdenum, tantalum, copper, titanium, aluminum,
titanium—aluminum, titanium nitride, aluminum-silicon-
copper, aluminum palladium, tungsten silicide.,
titanium silicide, éluminum silicide, molybdenunm
silicide, tantalum silicide, etc.

On the other hand; as the material fof-féfming
the surface where Al or Al-Si is not selectively
«deposited, namely the non-electron—-donative material,

there may beg exemplified glasses, oxide films,
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thermally nitrided films such as silicon oxide, BSG.
PSG, BPSG, etc. formed by thermal oxidétion, CVD, etc.
aéd gsilicon nitride films formed by the plasma CVD
method, the reduced pressure CVD method, the ECR-CVD
method, etc.

According to the Al-CVD method, a metal film
containing a modifying element and comprising Al as
main component can be also deposited selectively, and
its film quality also exhibits excellent
characteristics. .

For exemple, in addition to an alkylalumiaum
hydride gas and hydrogen,

a gas containing Si element such as SiH,,
Sizﬁs, SiHg., Si(CHz),. SiCl,, SiH,Cl,, SiHCl3, etc.,

a gas containing Ti element such as TiCl,,

TiBr Ti(CH3)4, etc.,

47

a gas containing Cu element such as copper
bisacetylacetonate Cu{CgH,0,),, copper
bisdipivaloylmethanite Cu(c11 1902)2, copper
bishexafluoroacetylacetonate Cu(c5 6 2)2, etc.

nmay be conveniently combined and introduced to

form a gas mixture atmosphere, thereby depositing
selectively an electroconductive material such as Al-
Si, Al-Ti, Al-Cu, Al-Si-Ti, Al-Si-Cu, etc. to form an

electrode.

AlsQ, since the above—-described Al-CVD method
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is 2 film forming method excellent in selectivity and
also gives good surface characteristics of the film
déposited, by applying a non-selective film forming
method for the next deposition step to form a metal
film of Al or comprising Al as main 60mponent also on
the Al film selectively deposited as described above
and 8102, etc, as the insulating film, a suitable
metal film of high general purpose availability as the
wiring for semiconductor device can be obtained. The
method is described later as a preferred embodiment of
the present invention.

Such metal film is specifically described
below. That is, it is a combination of Al, Al-Si, Al-
Ti, Al-Cu, Al-Si-Ti, Al-5i—Cu selectively deposited |
with Al, Al-Si, Al-Ti, Al-Cu, Al-Si-Ti, Al-Si-Cu non-
selectively deposited. As the film forming method for
non-selective deposition, there are CVD methods other
than the above-mentioned A1-CVD method, sputtering
methods, etc.

| As the metal film to be deposited non-
selectively, a metal comprising, W, Mo, etc. as main
conmponient may be emploved.

Now, the present invention is described by
referring to specific embodiments, but the present
invention is not limited to the embodiments as

described bglow, but includes various modified
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embodiments, which may bave constitutions capable of

accomplishing the object 0of the present invention.

In one embodiment of tﬁe present invention a
deposited film of a metal is formed by directly
heating the substrate surface by a lamp, etc. when
forming an Al f£film on a substrate by use of at least
two kinds of sn alkylaluminum hydride gas end hydrogen
gas. |

The metal film comprising Al as main component
which can be formed according to the present invention
may include such combimations as pure Al selectively
deposited and pure Al non-selectively deposited, pure
Al and Al-Sr, pure Al and Al-Cu, Al and Al-Si-Cu, Al
and Al-Ti, Al and Al-Si-Ti, etc.

Particularly, monomethylaluminum hydride
(MMAH) and/or dimethylaluminum hydride (DMAH) as the
starting gas is used and Hz gas s the reagtion gas is
used, and by heating (lamp heating) directly the
substrate surface under a mixture of these gases, an
Al film of good quality can bhe formed at a high
deposition speed.

Thus, instead of_resiétance heating of the
substrate in order to hold at 260 °C to 440 °C which
is prefarable as‘the substrate surface temperature
during Al film formation, the substrate surface is

directly hegted by a lamp, whereby a film of good
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gquality can be obtained at a high deposition speed of
3000 to 5000 X/min. |

) The above explanation has been made about an
embodiment of depositing pure Al as the metal film

composing Al as main component by use only of a gas of an
organic aluminum as the starting gas. In the present
invéntion, it is aiso possible to form a wetal film
having excellent film cheracteristics et high

deposition speed by heating diréctly the substrate
during selective depositjon of aluminum containing a
modifying element such as aluminum-silicon {Al-Si) omn
the substrate.

In this embodiment of the present invention, a
deposited film of a metal is formed by directly
heating the substrate éurface by a lamp, etc. when
forming an Al film on a substrate by use of an
alkylaluminum hydride gas, a gas containing silicon
element and hydrogen gas.

Thé metal film which can be formed according
to the present inveantion may include dombinations of a
metal comprising aluminum as main component and
containing a modifying element such as A1-Si, etc.,
selectively deposited and Al-Si non-selectively -
deposited, Al-Si and Al-Cu, Al-Si and Al-Si—Cu, Al-Si
and Al-Ti, Al-Si and Al-Si-Ti, etc.

Paréicularly, nonomethylaluminum hydride
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(MMAH) as described above and/or dimethylaluminum
hydride (DMAH)} and a gas containing a modifying
eiément such as silicon, etc. are used as the starting
gases and H2 gas as the reaction gas is used, and by
heating directly the substrate surface under a mixture
of these gases, a metal film comprising Al as main
component of gocod quality can be formed at a high
deposition épeed.

Thus, also during formation of Al-Si film, in
order to hold at 260 °C to 440 °C which is preferable
as the substrate surface temperature, instead of
resistance heating of the substrate, the substrate
surface is directly heated by a lamp, whereby a film
of good quality can be obtained at a high deposition

. speed of 3000 to 5000 i/min.

Description of the metal film forming apparatus (1)

First, as a preferable metal film forming
apparatus to which the present invention is applied,
an embodiment employing the direct heating system by a
lamp is to be described.

Fig. 1 shows a preferable metal film forming
apparatus to which the present invention is applied.

The heating means 100 comnsists of a plurality
of combinations of the halogen lamp 102 and the
reflection mirror 103 provided on the front side and

the back si&b of the substrate 109, and by controlling
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the current supplied to the lanp by the controller 120
connected to a power source not shown, ¥he temperature
of the substrate can be set as desired.

The substrate 108 on which the metal f£ilm is
to be formed is nounted on the substrete holder 110
within the reaction chamber 101 which is transparent
and insulating made of molten quartz, etc. The
feeding system of gas includes the mixer 104 and the
bubbler 105, further including the gas feeding line
having the hydrogen feeding pipe 111 for bubbling
which is the first gasline communicated to the mixer
104 through the bubbler 105 housing DMAH , the hydrogen
feeding line 1112 which is the second gasline
communicated to the mixer 104, and the gas introducing
line 112 for introducing DMAH gas and hydrogen gas
through the gas introducing hole 106 into the reaction
chember 101. In addition, 115 is the gas introducing
line to be used when introducing other gases. The
evacuation system 107 has an evacuation pump, and
includes an evacuation line 113 communicated to the
evacuation hole 108.

By use of this film forming epperatus, the
substrate surface temperature can be stabilized to a
desired temperature by heating for § seconds or less.
The constitution of this apparatus also makes it

possible tq obtain high throughput to the exent that
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15 to 30 sheets of 5 inch wafer can be treated per one

hour.

-
“~

As the direct heating means for performing
direct heating, light sources such as halogen lamps,
xenon lamps, etc. may be included.

More specifically, it is not a means as in
resistance heating by which the substrate surface is
heated through transmission of the heat transmitted
through the stage mounting the substrate thereon from
the back surface to the front surface, but a means
such that the energy from the heating maans is
converted directly on the substrate surface to effect
heating. It should be noted that this is different
from the optical CVD method in which optical
excitation is effected by utilizirg UV-ray.

Description of metal forming method (1)

Next, by referring to Fig. 2, the metal film
forming method to which the present invention can be
preferably applied is described in detail.

A substrate to be deposited which an
insulating film 2 having openings {VH1, VH2) of
variocous diameters is formed on a substrate 1 having an
electron-donative surface and comprising a
semiconductor or conductor material is prepared.

Here, the surfaﬁe of the insulating film 2 is the non-

électron—doﬂative surface (Fig. 2 A).
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Next, according to the CVD method utilizing an
alkylaluminum hydride and hydrogen, a métal £ilm
cdiprising Al as main component is formed. For that
purpose, the substrate is arranged within the reaction
chamber 101, and after reducing the pressure in the
reaction chamber, a gas mixture of alkylaluminum
hydride and hydrogen is introduced inte the reaction
Chamber. By lighting a lamp and maintaining the
temperature of the substrate surface at from 260 oc to
440 °C, more prefersbly from 270 °C to 440 °C, Al is
selectively deposited within the openings. On the
basis of the deposition speed determined previously by
the experiments, Al is deposited to almost the same
height as the insulating film surface (Fig. 2B).

Next, for forming the wiring for semiconductor
device, Al is deposited on the whole surface.. For
that purpose, the substrate is taken out from the
reaction chamber in Fig. 1, placed into the reaction
champgr of another deposition film forming apparatus,
and Al is deposited according to the sputtering method
or the CVD method well known in the art (Fig. 2 C).

Mechanism of Al deposition may be as follows,
as presently understood.

When DMAH reaches with methyl groups directed
toward the substrate.side under the state where

hydrogen atqgmes are attached on an electron~donative
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substrate, namely a substrate having electrons (Fig. 8
A), the electrons of the substrate will.cut one bond
bé;ween Al and methyl group (Figs. 8B and 8C).

The reaction at this time is as follows:

(CH3)2A1H + 2H + 20 -~ ZCH4T + AlH

Further, the reaction proceeds similarly for
the hydrogen atoms remaining on the Al deposited
having free electrons (Fig. 8 D). Here, when hydrogen
atoms are deficient, hydrogen moleéules of the
reaction gas will be decomposed to be supplied as
hydrogen atoms. On the surface of the non-slectron-
donative surface, there is no electron and therefore
the reaction as described above will not proceed and
no Al will be deposited.

Thus, for ohtaining high deposition ;peed, it
is important to promote the dissociation—adsorption
reaction in which hydrogen moleoules are decomposed
into hydrogen atoms to have them adsorbed onto the
electron—donative surface. Direct heating plays this
role to accelerate selective deposition.

Comparison has been made between the Al film
obtained by direct heating with 2 lamp, etc. by use of
DMM{. as the alkylaluminum hydride and Hz and the Al
film obtained by heating the substrate to 260 °C with
resistance heating by means of the device shown in

Fig. 3. ¢
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The Al film cbtained by the resistance heating
nethod was found to contain no carbon énd have a good
r;;istivity, but the deposition speed of the film was
800 A/min. at the maximum, which could never be said
to be high. Accordingly, iﬁprovement of the
deposition speed was attempted by elevating the
substrate temperature, but samples with worsened
surface morphology, lowered resistivity or no
salectivity were generated. Thus, by the present
inventors, it has been found that thefe ensues the
problem with respect to reproducibility by merely

elevating the substrate temperature.

The present inventors have also attempted to

. elaborete enhancement of deposition speed by way of

increasing the gas floﬁ rate of DMAH. However, alsé
in this case, samples with worsened surface morphology
were observed, whereby it has been found that a
problem also remains with respect to reproducibility
according to this method.

In contrast; the pure Al deposited within the
openings according to the method as described above

assumes a monocrystalline structure, having excellent

characteristics such as:

(1) reduced generation probability of hillock;

(2) reduced generation probability of alloy

spike. +
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The method as described above is a deposition method
excellent in selectivity and fine workiﬁg, and by
a;blying a non~-selective deposition method as the next
deposition step, for the purpose of comparison with
direct heating by a lamp, etc. similarly as in the
case of pure Al as described above, the present
inventors heve also attempted to form an Al-Si film by
use of DMAH as the alkylaluminum hydride, a gas
containing silicon element and Hz by heating the
substrate to 260 “C with resistance heating.

The Al-Si film obtained according to this
method contained no carbon and had a good resistivity,
but the deposition speed of the film was 800 A/min. at
the maximum, which could never be said to be high.
Accordingly, improvemeht of the deposition speed was
attempted by elevating the substrate temperature, but
samples with worsened surface morphology, lowared
regsistivity or no selectivity were generated.

In contrast, the Al-Si film deposited within
tﬁe openings by the direct heating system exhibited a
good crystalline structure, with low generation
probability of hillock and also low generation
Pprobability of alloy spike.

Since the method described above is a
deposition method excellent in selectivity, by forming

a metal fil:m comprising 31-Si as main component also
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on the Al-5i film selectively deposited and the SiO2
which is an insulating film as describeé above by
aﬁzlying a non-selective deposition method as the next
deposition method, a metal film suitable for the
wiring of a semiconductor device can be cbtained.

The gas containing silicon element is
introduced through the feeding pipe 115 which is the
third gasline into the mixer 104.

By use of the film forming apparatus,

similarly as in the case.of pure Al, the substrate
surface temperature can be stabilizéd to a desired
temperature by heating for 5 seconds or less. Also,
there can be obtained by this apparatus a high
throughput to the extent that 15 to 30 sheets of 5
inch wafer can be treééed per one hour.

In still another embodiment of the present
invention, by use of a metal film forming apparatus
having a multi-chamber, first a metal film comprising
Al as main component is formed selectively on a
substrate according tc the CVD method by use of an
alkylaluminum hydride ard hydrogen in a first film
forming chamber, and then the substrate is transferred
to a second film forming chamber without exposure to
outer air to form a metal film on the whole surface of
thé substrate.

Spepific examples of the metal film formable
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gccording to the present invention wtilizing the metal
film forming apparatus having a multi—chamber nay _.
iéélﬁde combinations of pure Al selectively deposited
and pure Al noan-selectively deposited, pure Al and Al-
Si, pure Al and Al-Cu, pure Al and Al-8i-Cu, pure Al
and Al-Ti, etc.

The surface temperature of the substrate
during Al selective deposition may be preferably from
the decomposition temperaturée of the alkylaluminum
hydride or higher to lower 450 °C, more preferably
from 260 9C to 440 “c. ”

Partidularly, by using monométhylaluminum
hydride (MMAH) and/or dimethylaluminum hydride (DMAH)
as the starting gas and H, gas as the reaction gas,
and heating the substrate surface under a mixture of
these gases, an Al film of good quality can bhe formed
at high deposition speed.

In this case, by holding the substrate siurface
temperature during Al film formation at 260 © to 440
°Cc which is moxe preferable, a film of good quality
can be obtained at a higher speed of 3000 to 5000
&/min. than in the case of resistance heating.

Further, specific examples of the metal film
formable according to the present invention may
include such combinations of a metal comprising Al as

main compongnt and containing a modifying element such
R
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as Al-Si, etc. and Al non-selectively deposited, Al-
Si and Al1-Si, Al-Si and Al~Cu, Al-Si aﬁ& Al=-8i-Cu, Al-
Sizand Al-Ti, Al-Si and Al-Si-Ti, etc.

The surface temperature of the substrate
during Al-Si selective deposition may be preferably
from the decomposition temperature of the
alkylaluminum hydride or higher to lower than 450 %,
more preferably from 260 %% to 240 ©c.

Particularly, by using monomethylaluminum
hydride (MMAH) and/or dimethylaluminum hydride (DMAH)
as the starting gas , s‘z“s as the gas containing a
modifying element, and H2 gas as the reaction gas, and
by lamp heating the substrate surface under a mixture
of these gases, an Al-Si film of good quality can be
formed at high depositibn speed.

Also in this case, by holding the substrate
surface temperature during Al film formation at 260 °
to 440 9¢c which is more preferable, a f£film of good
quality can be cbtained at a higher speed of 3000 to
5000 A/min. than in the case oOf resistance heating.

Description of metal film forming apparatus (2)

As another embodiment of the preferable metal
film forming apparatus to which the present invention
is applied, the apparatus having a multi—-chamber is
described.

Fig~ 4 through Fig. € show a metal film

e
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continuous forming apparatus t¢ which the present

invention can be preferably applied.

The metal film continuous forming apparatus,‘
as shown in Fig. 4, consists of a load lock chamber
11, a CVD reaction chamber (first film forming
chamber) 12, an Rf etching chamber 13, a sputtering
chamber (second film forming chamber), a load lock
chamber 15 which ﬁre continuously juxtaposed
communicatably to one another by gate valves 10 under
continuous shielding from outer air, end the
respective chambers are constituted so that they can
be evacuated or reduced in pressure by the evacuation
systems 16a to l16e, respectively. The above-mentioned
load lock chamber 11 is a chamber for replacing the
substrate atmosphere before deposition treatment with
H2 atmosphere after evacuation for improvement of
throughput characteristic. The next CVD reaction
chamber 12 is a chamber for selective deposition on
the substrate under normal pressure or reduced
pressure provided internally with a substrate holder
18 having a resistance heating body (heated to from
200 to 430 °C) 17 and is also constituted so that the
gas for CVD may be introduced through the gas '
introducing line 19 for CVD. The next Rf ¢tching |

chamber 13 is a chamber for performing clsaning

(etching) &f the substrate surface after the selective
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deposition under Ar atmosphere, which is provided
internally with the substrate holder 20.t0 be heated
t;éffon 100 °C to 250 °C and the electrode line 21 for
RE etching,'and also connected to the Ar_gas feeding
line 22. The next sputtering chamber 14 is a chamber
for depositing non-selectively a metal film by
sputtering onto the substrate surface under Ar
atmosphere, and provided internally with the substrate
holder 23 to be heated to from 200 °C to 250 °C and
the target electrode 24 for mounting the sputter
target material 24a the;eon, and also connected to the
Ay gas feeding line 25. The last load lock chémber 15
is a control chamber before taking out the substrate

after completion of the metal film deposition into

.outer air, and constituted so as to replace the

atmosphere with N,.

In Fig. 4, the metal film continuous forming
apparatus of the above constitution is shown in time
series on the basis of the steps, but practically, as
shown in Fig. 5, the structure is such that the above-
described load lock chamber 11, CVD reaction chamber
12, Rf etching chamber 13, sputtering chamber 14 and
load lock chamber-ls are mutually linked together with
the conveying chamber 26 as the relay chamber. In
this constitution, the load lock chamber 11 alse

functions a8 the load lock chamber 15. In the above-—
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mentioned conveying chamber 26 shielded from the eir,
&8s shown in the Figure, an arm (conveying;means} 217
ro;atable reversibly in the AA direction and also
stretchable in the BB direction is provided. By means
of the arm 27, as shown by the arrowhead in Fig. 6,
the substrate can be moved successively according to
the steps from the load lock chamber 11 to the CVD
chamber 12, the Rf etching chamber 13, the sputtering
chamber 14, the load lock chamber 15 continuously
without exposure to the outer air.

Fig. 7 shows another constitutional eiample of
the metal film continuous forming apparatus, and the
sane members as in Fig. 4 are affixed with the same
symbols. The difference of the apparatus in Fig. 27
from that in Fig. 4 reéides in heating directly the
substrate surface by use of a halogen lamp 30. Thus,
by direct heating, the deposition speed can be further
improved. For effecting direct heating, the substrate

holder 12 has a nail 31 arranged for holding the

substrate under flcated state.

In the heating systems applicable to this
m@thod, as the method of direct heating (which heats
the substate itself by transmission of the energy from
the heating means}, for example, lamp heating by
halogen lamp, xenon lamp, etc. may be included. In

this cooneckion, as the resistance heating, there may
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1 be mentioned heating members, etc. provided on the
substrate supporting members arranged in the space for
dé%osited film formation for supporting the substrate
to have deposited film formed thereon.

5 In the case of depositing an aluminum film
containing a modifying element, the metal film forming
apparatus aslshown in Fig. 4 to Fig. 7 can be also
used as described above.

Shortly speaking, a gasline for introducing

10 the gas cother than the gas of organic saluminum may be
additionally provided. -

In the following, the gas feeding system
preferably used for the metal film forming apparatus
as described above is described by referring to Fig.

15 9. )

The gas introducing line 312 of the reaction
chamber 301 is connected to the mixer 304. A
plurelity of lines for introducing gases are connected
to the mixer 304, one of them is the line is 311 for

20 introducing hydrogen gas and connected to the cooler
320. The other line is the starting gas introducing
line 312 and connected to the bubbler 305. The
bubbler is connected to the carrier gas introducing
line 313 for bubbling of liquid starting material and
25 comnected to the cooler 320 similarly as thé 1in§ 311.
Further, on the upstreamside is provided
-
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through the line 327 the hydrogen purif?er 321.

. The hydrogen purifier 321 is internally

-
<

separated by a palladium film into the two chambers of
the purifying cylinder and the primary chamber. The
starting hydrogen feeding line 326 is communicated to
the primary chamber ocutside of the palladium film of
the two chémbers. In the primary chamber is also
provided communicatably the gas release line 326, so
as to reléase a part of the starting hydrogen within
the primary chamber. 331 is a2 heating coil. 323 is
the preliminary heating'chamber of the starting
hydrogen, and the starting hydrogen can be heated by
the heating coil 332. The gas feeding system up to
this step,. the esvacuation system represented by 307
and the reaction chambér congtitute collectively the
CVD apparatus.

It is prefersble to design the hydrogen
purifier 321 assembled in the main body of CVD
apparatus and make the length of'the pipeline from the
purifying cylinder 330 to the CVD reaction chamber 312
1.5 m or less.

Of course, the bonding portion of the pipeline
and the valve are suppressed minimum as required.

Such CVD apparatus is placed in a ¢lean room
and the bomb 324 housing the starting hydrogen is

arranged ou%side of the clean rcom. Both are
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connected to each other communicatably vith the
gasline 325. These pipelines are made of SUS
sﬁijected to electrolytic polishing.

The starting gases are fed by use of the
apparatus as described above in the following manner.
The hydrogen fed from the bomb 324 through the line

325 of 10 m or longer to the preliminary heater 323 is

heated here to about 400 °C. The starting hydrogen

heated is purified by the palladium heated to about
420 %c. Shortly speaking, within the purifying
cylinder 330 exists hydrogen with a purity of 99.90095
% or more, and in the primary chamber hydrogen with
higher impurity concentration. Here, an adequate
amount of hydrogen is released through the release
line 326 so that the iiburity concentyation in
hydrogen may not become higher.

The purified hydrogen is cooled by the cooler
320, of which a part is directly delivered to the
mixer 304, and a part fed as the hydrogen for bubbling
to the bubbler 305.

Description of metal film forming method (2)

Referring to Fig. 2 and Fig. 4, another
embodiment of the metal film forming method of the
present invention is described in detadil.

As described in the asbove description (1), a

substrate td be deposited as shown in Fig. 2 A is
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prepered. The substrate is placed in the CVD reaction
chamber shown by 12 in Fig. 4, and an alkylaluminum
hﬁhride gas and hydrogen are introduced through the
gas introducing line 19,

By maintaining the temperature of the
substrate at 260 °C to 440 °C, more preferably at 270
°c to 440 °C, Al is deposited selectively within the
openings (Fig. 2 B}.

Next, the substrate having Al selectively
deposited is moved under the state shielded from the
outer air into the etching chamber shown by 13 in Fig.
4, and its surface is lightly etched. Similarly,
under the state shielded from the ocuter air, the
substrate is moved to the reaction chamber 14 and a
metal £film is deposited on the whole substrate surface
by the sputtering method, etc. (Fig. 2 C}.

. The Al deposited within the openings according
to the method as described abhove assumes a
monocrystalline étructure, having excelient
characteristics such as:

(1) reduced generation probability of hillock;

(2) reduced generation probability of alloy
spike.

The method as described above is a deposition method
excellent in selectivity, and by applying a non-

selective dgposition method as the next deposition
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step, and forming a metal film comprising Al as main
component alsc on the Al film selectively deposited as
de;cribed above_and SiO2 which is an irvsulating film,
etc., a metal film suitable for the wiring of a
seniconductor device can be obtained.

Similarly for Al-Si, excellent crystalline
structure is also exhibited.

Theretfore, as the next deposition step, by
applying the non-selective deposition method and
forming & metal f£film of Al or comprising Al as main
component on the Al-Si film selectively deposited as
described above and S:iO2 which is an insulating £film,
etec., a metal film suitable for the wiring of the
semiconductor device can be obtained.

Thus, accordin§ to the present invention, the
interface characteristics of the Al in the openings
and the Al on the insulating film can be improved to
give a metal film for wiring by which sufficiently low
contact resistance can be obtained.

In the following, explanation is made by
referring to Examples.

First, Examples 1 to 9 are described, in which
a pure Al film is formed selectively and then a metal
film comprising Al as main component non-selectively,
and the Examples 10 to 16, in which an A1 film

containing &h element such as Si, etc. is selectively
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formed and then a metal film comprising Al és main
combonent non-selectively are described. Further, the
meial film forming method utilizing the apparatus
shown in Figs. 4 to Fig. 7 is described by referring
to Examples 17 to 22. Here, Examples 17 to 21 are
examples by use of an apparatus in which the direct
heating system (Fig. 7) is employed, and Exanple 22 an
example in which an apparatus by use of a resigtance
heating syﬁtem {Fig. 4) is utilized.
Example 1

First a substrate is prepared. The substrate

is a sample having an Si0O, with a thickness of 8000 A

2
formed by thermal oxidation on an N-type
monocrfstalline Si wafer. This is performed by
patterning of cpenings'%itﬁ various opening sizes of
0.25 ym x 0.25 um square to 100 pum x 100 pm square on
the SiOz, thereby having the subbing Si single crystal
exposed. Fig. 2 A schemafically shows a part of the
substrate. Here, 1 is a monocrystalline silicon
substrate as conductor substrate and 2 ig a thermallv
oxidized silicon film as insulating film. This is
called Sample 1-1. VH1 and VH2 are openings, having
different diameters from each other.

The procédure of forming an Al film on the

substrate 1 is as described below.

By wse of the apparatus shown in Fig. 1, the
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reaction chamber 101 is evacuated intermally to cé. 1
x 10-? Torr by an evacuation system 107. However, a
fgim of Al can be also formed even if the vacuum
degree within the reaction chamber 101 may be worse
than 1 x 10" Torr.

In this Example, DMAH is fed from the first
gasline 111. As the carrier gas through the DMAH
line, H2 is employed.

Hz is flowed from the second gasline 11ilA, and
the pressure within the reaction chamber 101 is
controlled to a predete}mined value by controlling the
opening degree of the slow leak valve not shown. A
typical pressure in this Example is set at ca. 1.5
Torr. Through DMAH line 111 is introduced. DMAH into
the reaction tube. Ihé total pressure is ca. 1.5
Torr, and DMAH pressure is ca. 5.0 x 1()'_3 Torr. Then,
a lamp is lighted to heat directly the wafer. Thus,
Al was deposited.

After elapse of a predetermined deposition
time, feeding of DMAH is once stopped. The
praedstermined depcsition time of the Al film deposited
in this step is the time until the thickness of the Al
film on Si (monocrystalline silicon substrate 1)
hecomes equal to the film thickness of Sioz {(thermally

oxidized silicon film 2).

The?temperature of the substrate surface by
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the.direct heating at this time is held at 270 oC.
The above step is called the first dep&sition step.
Ad%ording to the step up to this, an Al film 3 is
deposited selectively within the opening as shown in
Fig. 2B.

ﬁext, g;thgyt_bfgaking vacuum, a wafer is
arranged within the sputtering apparatus, and Al is
deposited also on the 8102 film 2 by sputtering. This
step is a non-selective deposition step. This is
called the second Al film deposition step.

The film forming conditions at this time are
as described below. By use of Al as the target, the
film is formed by imparting a DC power of 5 to 10 kW

1 46 1073

in an Ar atmosphere under a pressure of 107
Torr. The substrate temperature at this time is held at
200 “c by resistance heating.

According to the second Al film deposition
step, an Al film 4 can be formed on the 3102 film 2 at
a deposition speed of 10000 A as shown in Fig. 2C. An
Al film was formed according to the method as
described abovs.

Further, by using again the substrate
similarly prepared, but setting for this time the
substrate surface temperature at 280 %% to 480 % by

direct heating, an Al film was prepared according to

the first dgposition step. Here, other film forming
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conditions jin the first deposition step and in the
second deposition step were all the satné.

2 -7 Also, Al films were formed by setting the
substrate surface temperature at 200 °C to 260 °C and
490 °c to 550 ¢ during the first deposition step.

The results are shown in Table 1.
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Tabtle 1

‘§,ubs trate surface

temperature (°C)

2090

2390

250

260

270

28490

3040

Deposition” speed
©:3000~5000 A/min.
ot 1000~ 1500 A/min.

Throughput
(sheets/hr) 1

©: 15~30sheets/hr
o: 7~10sheets/hr

Line defect of Si
©O: None

Carbon.content
©: Detectable
l1imit or less

Resistivity

0O: 2.8~ 3.4(pﬂcm)
o: 2.7~3.3(pRcm)

Reflactance..
©:'90~95 %
0: 85~.95 %
Az 60 ¢ or less

[filicck density of
lum or more -2

©: ‘0:-102cm
oz 1“"104cm:%_
42 10~10"cm

Fpike generation
(breaking probabili-
ty of 0.15 jm bond-
"ing)

Q: 0 %

o: 30 % or less
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Table 1 {continued)

-

'Substrate surface ‘350
gtemperature {°C)

400

440 | 450

460

470

|Deposition spged
6.3000—..5000 A /min.
0’ 1000~ 1500 A/mz.n- o

Throughput
{sheets/hr) 1 Py

©@: 15~30sheets/hr
o: 7~10sheets/hr

Line defect of Si
©s: None ' o

Carbon.content .
©: Detectable
limit or less ©

Resistivity .
Oz 2.8~3.4(pQem) P
o: 2.7~3.3(plcm)

Reflectance..
©: 90-95 %
o: 85~95 & ©
As 60 ¥ orx .less

[Billock densify of
lum or more -2

©: 0~102<:m

o: 110 cm 4cm 2

A: 10~10"cm

pike generation
(breaking probabili-
ty of 0.15 pm bond-| ©
“ing)
©: 0%

o: 30 % oxr less
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As can be aseen from Table 1, at substrate
surface temperatures ranging from 260 to 440 °C by
dirgct heating, Al was deposited ﬁithin the openings
selecgtively at a deposition speed of 3000 to 5000
A/min.

As the result of examination of the
characteristics of the Al film within the opening at
substrate temperatures ranging from 280 to 440 °¢c,
they were found to be good with no carbon contained, a
resistivity of 2.8 to 3.4_pﬁ-cm, a reflectance of 90
to 95 %, a hillock densijy of 1 ur or more being 0 to
10, substantially no spike generation (breaking
probability of 0.15 ym bonding]).

Of course, contact with Al film forned.thereon
by sputtering was found _to be good due to good surface
characteristics of the Al film therebeneath.

In contrast, at a substrate surface
temperature of 200 °c to 250 °C, the deposition sﬁeed
was low as 1000 to 1500 A/min., whereby throughput was
also lowered to 7 to 10 sheets/H.

On the other hand, when the substrate surface
temperature exceeds 440 °Cr the reflectance becawme 60
% or less, the hillock density of 1 um or more 10 to
10* en?, “the spike generatﬁon 0 to 30 %, whereby the
characteristics of the Al film within the cpenings

were lowered s
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Next, according to the method as described
above, an Al film was formed ou a substrate (sample)
having a constitution as described below.

On a monocrystalline silicon as the first
substrate surface material, a silicon oxide film was
formed as the second substrate surface waterial
according to the CVD method, and then subjected to
patterning according to photolithographic steps to
have the monocrystalliine silicon surface partially

exposed .

-

The thermally oxidized $i0, film had a

2
thickness of 7000 i, and the size of the exposed
portion of the monocrystalline siligon, namely opening
2.5 ym X 3 um to 10 pm x 10 ym. Thus, Sample 1-2 was
prepared (hereinafter such sample is represented as
"ovD 5102 {hereinafter abbreviated as
SEOZ)Inonocrystalline silicon").

Sample 1-3 is a boron—-doped oxide film formed
by nornél pressure CVD (hereinafter abbreviated as
BSG) /monocrystalline silicon,

Sample 1~4 a phosphorus—doped oxide film
formed by normal pressure CVD {hereinafter abbreviated
as PSG) /monocrystalline silicon,

Sample 1-5 a phosphorus and boron—doped oxide

£film formed by normal pressure CVD (hereinafter

abbreviated 33 BSPG) /monocrystalline silicon,
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Samnple 1-6 a nitride film formed by plasma CVD
{hereinafter abbreviated as PvSiN)/nonocfystalline
sikicon,

Saxple 1-7 a tgergally nitrided film
{hereinafter abbreviated as T-SiN)/monocrystalline
silicon,

Sample 1-8 a nitrided film formed by low

pressure DCVD (hereinafter abbreviated as LP-SiN), and

Sample 1-9 a nitrided film formed by an ECR
apparatus (hereinafter akbreviated as ECR-
SiN} /monocyystalline silicon. Further, according to
all the combinations of the first substrate surface
material and the second substrate surface material
shown below, Samples 1-1i1 to 1-179 were prebared. As
the first substrate surface nmaterial, monocrystalline
silicon (monocrystalline Si), polycrystalline silicon
(polycrystalline 51), amorphous silicon (amorphous
8i), tungsten (W), melvhdenun (Mo}, tantalum (Ta),
tungsten silicide (WSi), titanium silicide (Tisi),
aluminum (Al), aluminum silicon (Al-Si)}, titanium
aluminum (Al-Ti), titanium nitride {Ti-XN), copper
(Cu), aluminum siljicon copper (Al-Si-Cu), aluminum
palladium (Al-Pd), titanium (Ti), molybdemm silicide
(Mo—Si), tantalum silicide (Ta-5i) were employed. As

the second s%bstrate surface material, T-Si05, 5i0;.
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BSG, PSG, BPSG, P-SiN, T-SiN, LP-8SiN, ECR-SiN were
employed. For all of the samples as'meniioned above,
good Al films could be formed.

Example 2 -

Exanmple 2 was carried out by performing the
same firat Al deposition step as in Example 1 and then
forming an Al film on the whale surface by use of the
CVD method using trimethylaluminum {TMA) as the second
deposition step. As the substrate, one with the sane
constitution as used in Example 1 (Sanple i-1) waa
prepared. According to the first Al deposition step
as described abaove, a substrate having Al depasited
within the openings was arranged within the CVD
apparatus.

Az the starting .gas, trimethylaluminum (TMA)
was used, and an Al film was formed on the whole
substrate surface iﬁ 2 mixed atmosphere with TMA and -
52 gas. |

According to the second depoaition step in
this Example, the Al film was deposited at a
deposition speed of 500 A/min., which was a filn
excellent in migration resistance with its resisfivity
being 3.3 to 3.5 pQd-cm.

Example 3
In Example 3 according to the present

invention, an aluminum (Al) film is formed by using
3
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the apparatus shown in Fig. 1, DMAH as the starting
gas, hydrogen gas as the reaction gas, aﬁd carrying
out~direct heating of the substrate surface by a
halogen lamp.

As the substrate, a monocrystalline silicon
wafer covered with 510, £ilm having a plurality of
openings of 0.25 um square to 100 pm square similarly
as in Example 1 was prepared. Far this substrate., the
first Al film deposition step according to the CVD
methcd and the_secbnd Al-5i film deposition step
according to the sputtering method were practiced as
described below to form an Al film.

According to the same procedure as in Example
1, DMAH and hydrogen were transported jinto the
reaction chambher 101 for Al deposition. |

The conditions of the first Al Ffilm forming
step were set at a total preassure of 1.5 Torr, a DMAH
partial pressure of 1.5 x 1074 Torr, a substrate
surface temperature of 270 %.

Accarding to the first Al deposition step as
described above, 21 was deposited at a deposition
speed of 3000 to 5000 &/min. within the openings of
various pore diameters to obtain good selectivity.
Next, the substrate was arranged in a sputtering
apparatus and Al-Si was deposited t; a thickness of

5000 2 on theéwhole surface including 8102 and
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selectively deposited Al. The deposition speed at

this time was 10000 i/min.

i

Further, according to the same method, by use
of the same Samples 1-11 to 1-179 as in Example 1 as
the subsatrate, Al films were fqrned. In all of the
Samples, good Al films could be formed through the
first and second deposition steps.

In the above-mentioned experiments, the
substrate surface temperature was set to 270 °¢c, but
this condition was varied_ from 200 °c to 850 °c by
every 10 °C to form Al films.

The characteristicas of the Al films of the
respective sanples as mentioned above according to the
first Al deposition step were similar to those shown

in Table 1.

Example 4
In Example 4, an Al-Si film is formed on the

whole surface by use of the CVD method using TMA as
the second deposition step after having performed the
first Al deposition step as in Example 1.

As fhe substrate, one having the same
constitution as used in Example 1 (Sample 1-1) was
prepared.

A substrate having Al deposited within the
openings according to the above-mentioned first Al

deposition step was arranged within the CVD apparatus.
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By use of Sizﬁs and trimethylaluminux (TMA) as
the starting gas, and In a mixed atmosphére wifh
hydrogen gas and them, aﬁ Al-Si film was deposited on
the whole substrate surface.

According to the second deposition step in
this Example, the Al-Si film was deposited at a
deposition speed of 500 i/min., which was a film
excellent in migration resistance with its resistivity
being 3.3 to 3.5 pQd-cm.

Exanple §

In Example 5, amr Al-Cu film is formed on the
whole substrate surface by sputtering as the second
deposition step after having performed the same first
Al deposition step as in Example 1. As the substrate,
one with the same constitution as used in Example 1
{(Sanple 1-1) was prepared.

After Al was deposited se;ectively within the
openings according to the first Al deposition step as
described above, the substrate was arranged within the
sputtering apparatus. The film foraming con@itions
during sputtering are as descrihed below.

As the target, Al-Cu (0.5 %) was used and the
DC power in an Ar atmosphere of 5 x 10 > Torr was
applied at 7 kW.

According to the second deposition step in

this Bxampleg the Al-Cu film was deposited at a
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deposition speed of 10000 A/min.. which was a film
excellent in migration resistance with iis resistivity
beiag -3.0 to 3.3 uQ-cn.
Example §

In Example 6, an Al~Cu film is formed
according to the CVD method by use of TMA and copper

bisacetylacetonate Gu(CSH o as the second

19212
deposition step after having performed the same first
Al deposition step as in Example 1.

As the substrate, one with the same |
constitution as used in Example 1 (Sample 1-1) was
prepared.

After selective deposition of Al within the
openings according to the first Al deposition step as
described above, the substrafe was arranged within a
CVD apparatus.

As the starting gas, TMA and Cu(C.H,0,), as
the gas containing Cu were used, and an Al-Cu film was
deposited on the whole substrate surface.

According to the second deposition step of
this Example, the Al-Cu film was deposited at a
deposition speed of $00 A/min., which was a film
excellent in migration resistance with its reaistivity
being 3.3 to 3.5 uQ.cm.
Example 7

In Exgaple 7, an Al-Si-Cu film is formed on
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the ﬁhole substrate surface according to sputtering as
the second deposition step after having éerforued the
same first Al deposition step as in Example 1. BAs the
substrate, one with the same constitution as used in
Example 1 (Sample 1-1) was prepared.

After selective deposition of Al within the
openings according to the first Al deposition step as
described above, the substrate was arranged in a
sputtering apparatus. The film forming conditions
during sputtering are as follows. As the target, Al-
Si(0.5 %)-Cu(0.5 %) was employed, and DC power was
applied at TkW in Ar atmosphere.

Accarding to the second deposition step in
this Example, the Al-Si—Cu film was deposited at a
deposition speed of 10000 i/min.. which was a film
excellent in migration resistance with its resistivity
being 3.0 to 3.3 plm.

Example 8

Examnple 8 shows forming an Al-Si-Cu film
according tc the CVD method by use of TMA, copper
bisacetylacetonate Cu(csﬂioz)s, H, and 51236 as the
second deposition step after bhaving performed the sanme
first Al deposition sfep as in Example 1.

As the substrate, one with the same

constitution as used in Example 1 (Sample 1-1) was

prepared. Af}er selective deposition of Al within the
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1 openings according to the first Al deposition step as
described above, the substrate was arranged within a
CVD-apparatus. As the starting gas, 5i,H, as the gas

containing Si, TMA and Cu(CSH as the gas

702 ) 2
5 containing Cu were used, and an Al=Si~Cu film
deposited on the whole substrate surface.
According to the second deposition step of
this Example, the Al-Si~Cu film was deposited at a
deposition apeed of 500 A/min., which was a film
10 excellent in migration resistance with its resistivity
being 3.3 to 3.5 uQd-cm. - |
Exanple 9
Exanple ¢ shows forming an Al-Ti film on the
whole substrate surface according to sputtering as the
15 second deposition step after having performed the same
first Al deposition step as in Exanple 1. As the
substrate, one with the same constitution as used in
Exanple 1 {Sample 1-1) was prepared.
After selective deposition of Al within the
20 openings according to the first Al deposition step as
desacyibed above, the substrate was arranged in a
sputtering apparatus.
The film forming conditions during sputtering
are as follows. As the target, Al-Ti{0.5 X} was
25 enmployed, and DC power was made 7 kW in Ar atmosphere.

According to the second deposition step in
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this Example, the Al-Ti film was deposited at a
depoaition speed of 10000 i/min., which ﬁas a film
excillent in mnigration resistance with its resistivity
being 2.0 to 3.3 uQ-cm.

Raving described above about Examples 1 to 9,
otherwise it Ias also possible to deposit Al in the
first deposition step and Al-Ti according to the CVD
nethod in the second step. It is also possible to
deposit A1 in the first atep and AI-Si—Ti according to
the sputtering method or the CVD method in the second
step. v

Comparative experimental example 1

By use of the CVD apparatus shown in Fig. 3,
those with the constitutions of the substrates used in
Example 1 (Samples 1-1 €0 1-179) were prepared, and
the experiments which heat the substrate indirectly by
resistance heating under wide temperature condition
range from 200 9% to 650 °C were conducted.

As the result, although Al with excellent
selectivity was deposited within the opexrings in all
the samples, the deposition speed atlthat time was
inferior by about one cipher as 100 to 800 X/min. as
compared with the Examples as described above,

In Fig. 3, 11 is a rgaction chamber, 12 a
heater, 13 a holder, 14 a mixer, 15 a bubbler, 16 a

gas introducing bole, 17 an evacuation system, 18 an

This Sheet Has Been Rep

[T




My, sivw 1w Nmea v . w

10

18

20

25

evacuation hole, 19 a substrate, 20 a-gas introducing
line, 21 a gas feeding line for feeding bMAH gas, 214
a gas feeding line for feeding H, gas and 22 an
evacuation 1line. |
In Examples 1 to 9 as described abave, since
the substrate was directly heated during selective
deposition of alumjinum on the substrate, there is the
effect that a metal film with excellent film
characteristics can be.forned at high deposition
speed.
Example 10 -
First a substrate is prepared. The substrate

ia a sample having an SiC, with a thickness of 8000 %

2
formed by thermal oxidation on an N-type
nonocrystalline wafer. °'This is obtained by patterning
of openings with various opening sizes of 0.25 pm x
0.25 um square to 100 um x 100 pm square on the Sioz,
thereby having the subbing Si single crystal exposed.
Fig. 2 A schematically shows a part of the substrate.
Here, 1 is a monocryétalline silicon substrate as
conductor substrate, 2 a thermally oxidized silicon
film as insulating film. This is called Sanple 1-1.
VH1 and VH2 are openings, having different diameters
from each other.

The procedure of forming an Al1-Si film on the

substrate 1 is as described below.
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By use of the apparatus shown in Fig. 1, the

reaction chamber 101 is evacuated internally to ca. 1

x 19”8 Torr by an evacuation system 107. However, a

film of Al-Si can be alsoc formed even the vacuunm
degree within the reaction chamber 1oi may be higher
than 1 x 10”2 Torr. |

In this Example, DMAH is fed from the first

gasline 111, and at the same time Si_ H. added from the

276
third gasline 115. As the carrier gas through the
DMAH line, Hz is employed.

Through the second gasline 111A is flowed Hzr
and the pressure within the reaction chanber 101 is
controlled to a predetermined value by controlling the
opening of the slow leak valve not shown. A typical
pressure in the this Example is made ca. 1.5 Torr.
Through DMAH line 111 is introduced DMAH into the
reaction tube. }he total pressure is ca. 1.5 Torr,

and DMAH partial pressure made ca. 1.5 x 10 ¥

Torr and
Si,H. partial pressure 2 x 16"% Torr. Then, a lanmp is
lighted to heat directly the wafer. Thus, Al-5i is
deposited. -

As the gas containing Si as the second
starting gas during formation of the Al-Si film,
Si,H, SiH,. Si H,, si(cH
can be employed.

alygr 2C12, S$ip, Cl

SiC14, S;H 3

By a%ﬁition of DMAH, B2 and Si starting gas
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such as Sizxs, Al-Si containing 0.5 to 2.0 ¥-0of Si can
be depcsited. The reaction tube pressure is 0.05 to
76Q: Torr, desirably 0.1 to 0.8 Torr, the substrate
terperature 260 °c to 440 °C, the DMAH partial

-3

preasure 1 x 10 °-fold to 1.2 x 10 °—fold of the

pressure within the reaction tube, the Si_H_. partial

2°6
pressure within the reaction tube 1 x 10 7 to 1 x 10 *-
fold, whereby Al-Si is deposited.

After elapse of a predetermined deposition
time, feeding of DMAE is once stopped. The
predetermined deposition_time of the Al film deposited
in this step is the time until the thickpess of the Al-
$i film on 81 (monocxrystalline silicon substrate 1)
becomes equal to the fiilm thickness aof $i0, (thermally
oxidized silicon film 2).

The temperature of the substrate surface by
the direct heating at this time is made 270 °C. The
above step is called the first deposition step.
According to the step up to this, an Al~-5i film 3 is
deposited selectively within the opening as shown in

Fig. 2B.

Next, a wafer 1s arranged within the

‘sputtering apparatus, and Al-Si is deposited also on

the SiO2 film 2. This step is a non-selective
depesition step. This is called the second Al1-Si film

deposition SEFP'
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i The film forning conditions at this time are
as described below. By use of Al-$i as the target,
thezfilm is formed by imparting a DC power of 5§ to 10

1

kW in an Ar atmosphere under a prassure of 10 ~ to 10

] 3 Torr. The subatrate temperature at this time is
made 200 °C by resistance heating.
Accoxrding to the second Al-Si film deposition

step, an Al-Si £ilm 4 can be formed on the $i0, film 2

2
at a deposition speed of 10000 & as shown in Fig, 2
10 (C). &An Al-Si film was formed according to the method
as described above, -

Further, by using again the substrate
sinilarly prepared, but setting for this time the
substrate surface temperature at 280 °C to 480 °C by

15 direct heating, an Al-Si- filn was.prepared sccording
to the first deposition step. Here, other film
forming conditions in the first deposition step and
the film forming conditions in the second deposition
step were all made the same.

20 Also, Al-Si films were formed by setting the
substrate surface temperature at 200 °C to 260 °C and
430 °c to 550 °C during the first deposition step.
The results were found to be the same as shown
previously in Table 1.

25 As can be seen from Table 1, at substrate

surface temperatures ranging from 260 to 440 % by -
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1 direct heating, Al-Si was deposited within the
openings selectively at a deposition speéd of 3000 to
5009 A/min.

As the result of examination of the
5-characteristics of the Al-5i film within the opening
at substrate temperatures ranging from 260 to 440 °C,
they were found to be good with no carbkon contained., a
resjistivity of 2.8 to 3.4 pQ.om, a reflectance of 90
to 95 %, a hillock density ¢f 1 jm or higher of 0 to

10 1¢, substantially nc spike generation (breaking

probability of 0.15 um bonding).
0f course, contact with Al film formed therson
by sputtering was found to be good due to good surface
characteristic of the Al-Si film therebheneath.

15 In contrast, at-a substrate surface
temperature of 2060 % to 250 °C. the deposition speed
was low as 1000 to 1500 A/min., whereby throughput was
also lowered to 7 to 10 sheets/H.

On the other hand, when the substrate surface

20 temperature exceeds 440 °C, the reflectance hecame 60
% or less, the hillock density of 1 um or more 10—104
cm 2, the spike generation 0 to 30 %, whereby the
characteristics of the Al;SI £ilm within the openings
were lowered.

25 Next, accgrding to the meghod as described

above, an AlqSi £film was formed on a substrate
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(sanple)_having a constitution as described below.

On a monocrystalline silicon as the first
substrate surface material, a silicon oxide £film was
formed as the second substrate surface material
according to the CVD method, and then subjected to
patterning according to photolithographic steps to
have the monocrystalline silicone surface partially
exposed,

The thermally oxidized Si0O, film had a

2
thickneas of 7000 A, and the size of the exposed
portion of the monocrystalline silicon, namely opening
2.5 ym x 3 uym to 10 uym x 10 um. Thus, Sample 1-2 was
prepared (hereinafter such sample is represented as
“CvD 5102 (hereinafter abbreviated as
sioz)/nonocrystalline silicon").

Sample 1-3 is a boron—doped oxide film formed
by normal pressure CVD (hereinafter abbreviated as
BSG) /monocrystalline silicon,

Sample 1-4 a phosphorus-doped oxide fiim
formed by normal pressure CVD {hereinafter abbreviated
as PSG)/monocrystalline silicon, LT

Sample 1-5 a phosphorus and boron—-doped oxide
film formed by normal pressure CVD (hereinafter
abbreviated as BSPG)/monccrystalline silicon,

Sample 1-6 a nitride film formed by plasma CVD

(hereinafter falled B-SiN) /monocrystalline silicon,
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1 Sanple 1-7 a thermally nitrided filnm
(hereinafter abbreviated as TASiN)/monoérystalline
siljcon,

Sanple 1-8 a nitrided film formed by low
8 pressure DCVD (hereinafter abbreviated as LP-
SiN/monocrystalline siiicon), and
Sample 1-9 a nitrided film formed by an ECR
apparatus (hereinafter abbre?iated as ECR-
SiN) /monosrystalline silicon. Further, according to
10 all the combinations of the first substrate surface
material and the second gubstrate surface material
shown below, Samples 1-11 to 1-179 were prepared. As
the first substrate surface material, monocrystalline
silicon (monocrystallime Si), polycrystalline silicon
15 {(polycrystalline Si). amorphous silicon (amorphous
$i), tungsten (W), molybdenum (Mo), tantalum (Ta).,
tungsten silicide (WSi{), titaniun silicide (TiSi),
aluninum (A1), aluminwm silicon (Al-Si), titanium
alJuminum (Al-Ti), titanium nitride (Ti-N), ccpper
20 (Cu), aluminum silicon copper {(Al-Si1-Cu}, aluminum
palladiun (Al-Pd), titanium (Ti}, molybdenum silicide
(Mo—Si), tantalur silicide (Ta—-Si) were employed. As
the second substrate surface material, T~Si02, $i0,,
BSG, PSG, BPSG, P-SiN, T-SiN, LP-SiN, ECR-SiN were
25 employed. For all of the samples as mentioned above,

good Al-Si fi&ms could be fornmed.
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Example 11

Example 11 was carrjed out by pefforming the
sang firat Al-Si deposition step as in Example 10 and
then forming an Al-Si film on the whole surface by use
of the CVD method using trimethylaluminum (TMA) as the
second deposition step. As the suhstrate, one with
the same constitution as used in Example 10 (Sample 1-
1) was prepared. According to the first Al-Si
deposition step as described above, a substrate having
Al-S5i deposited with the openings was arranged within
the CVD apparatus. .

As the starting gas, trimethylaluminum (TMA)
was used, and an Al-Si film was formed on the whole
substrate surface in a mnixed atmosphere with Hz gas.

According to the, second deposition step in
this Example, the A1-5i film was deposited at a
deposition speed of 500 A/min., which was a film
excellent in migration resistance with its resistivity
being 3.3 to 3.5 pnQ-cm.

Exangle 12

Exanple 12 shows forming an Al-Cu film on the
whoie substrate surface by sputtering as the second
deposition step after having performed the same first
Al-Si deposition step as in Example 10. As the
subatrate, one with the same constitution as used in

Bxanple 10,.(Sample 1-1) was prepared.
: <3
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1 After Al-Si was deposited selectively within

the openings according to the first Al-Si deposition
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As the starting gas, TMA and Cu(053702)2 as
the gas containing Cu was used, and an Ai-cu film
dep5sited on the whole substrate surface.

According to the second deposition step of

this Example, the Al-Cu film was depasited at a

'_deposition speed of 500 i/min., which was a film

10

15

20

25

excellent in migration resistance with its resistivity
being 3.3 to 3.5 uQ}-cn.
Example 14

Example 14 shows forming an Al-Si-Cu film on
the whole substrate surface according to sputtering as
the second deposition step after having performed the
aane first Al-Si deposition step as in Examplg 10. As
the substrate, one with the same constitutior as used
in Example 10 {Sample 1-1) was prepared, '

After selective deposition of Al-5i within the
openings according to the first Al—Si deposition step
as described above, the subatrate was arranged in a
sputtering apparatus. The film forming conditions
during sputtering are as follows. As the target, Al-
S3(0.5 ¥)—Cu(0.5 %) was employed, and DC power was
made 7 kW in Ar atmosphere.

According to the second deposition step in
this Example, the Al-Si-Cu film was deposited at a
deposition speed o: 10000 A/min., which was a €film

excellent Inmigration resistance with its resistivity
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being 3.0 to 3.3 uQ'cm.
Exemple 15

2 - Example 15 shows forming an Al-S$i-Cu film
according to the CVD method by use of copper
bisacetylacetonate cu(CSH702)5. H, and Sizn6 after.
having perforned the same first Al deposition step as
in Example 10. |

As the substrate, one with the same

conatitution as used in Example 10 (Sample 1~1) was
prepared. After selective deposition of Al-Si within
the openings according to the first aAl-81 depositién
step as described above, the substrate was arranged
within a CVD apparatus. As the starting gas, TMA,

Sizn6 as the gas containing $§i and Cu(csﬂfo as the

2)2
gas containing Cu were used, and an Al-Si—-Cu film
deposited on the whole substrate surface,

According to the second deposition step of
this Exanple, the Al-Si-Cu film was deposited at a
deposition speed of 500 A/min., which was a film
excellent in migration resistance with its resistivity
being 3.2 to 3.5 nuQ-ca.
Example 16

Example 16 shows forming an Al-Ti film on the
whole substrate surface according to sputtering as the

second deposition step after having performed the same

first Al-Si geposition step as in Example 10. As the
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substrate, cne with the same constitution as used in
Example 10 {Samnple 1-1) was prepared.

< After selective deposition of Al-Si within the
openings according to the first Al-Si deposition step
as described above, the substrate was arranged in a
sputtering apparatus. |

The film forming conditions during sputtering

are asz follows. As the target, AL-Ti(0.5 %) was
employed, and DC power was made 7 ki in Ar atmosphere.

According to the second deposition step in
this Example, the Al-Ti f41lm was deposited at a
deposition speed of 10000 &/min., which was a film
excellent in migration resistance with its resistivity
being 3.0 to 3.3 uQ.cn. _

Having deécribed‘above about Examples 10 to
16, otherwise it is also possible to deposit Al-Si in
the first deposition step and Al-Ti according to the
CVD method in the second step. It is also possible to
deposit Al=-Si in the first step and Al-Si~Ti according
to the sputtering method or the CVD method in the
second step.

Comparative experimental example 2

By use of the CVD apparatus shown in Fig. 3,
those with the constitutions of the substrates used in
Example 10 (Samples 1-1 to 1-179) were prepared, and

the experimeq;s which heat indirectly by resistance
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heating under wide temperature condition range from
200 °C to 650 °C were conducted. '

-~ - As the result, although Al-Si with excellent
selectivity was deposited within the openings in all
the samples, the deposition speed at that time was
inferior by about one cipher as 100 to 860 aA/min. as
conpared with the Examples as described above.

In Fig. 3, 11 is a reaction chanher, 12 a
heater, 13 a holder, 14 a mixer, 15 a bubbler, 16 a
gas introducing hole, 17 an evacuation system, 18 an
evacuation hole, 19 a subatrate, 20 a gas introducing
line, 21 a gaa feeding line for feeding DMAH gas, 21A
a gas feeding line for feeding Hz gas and 22 an
evacuation line. '

In Examples 10 tp 16 as described aﬁove. since
the substrate was directly heated during selective
deposition of aluminum on the substrate, there is the
effect that a metal film with excellent film

characteristics can be formed at high deposition

speaed.

Example 17

First a substrate is prepared. The substrate

is a sample having an SiO, with a thickness of 8000 A

2
formed by therrmal oxidation on an N-type

nonocrystalline wafer. This is obtained by patterning

of openings with various opening sizes of 0.25 Km X
<
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0.25 pn square to 100 pm x 100 um square on the si0,,
thereby having the subbing Si single cryétal exposed.
Figé 2A schematically shows a part of the substrate.
Here, 1 is a monocrystalline silicon substrate as
conductor substrate, 2 a thermally oxidized silicon
film as insulating film (layer). This is-called_
Sanple 1-1. VH] and VH2 are cpenings (exposed
portions), having different diameters from each ather.

The procedure of forming an Al film on the
substrate 1 is as described below.

Firat, the substrate 1 is arranged in a load
lock chamber 11. Into the load lock chamber 11 is
introduced hydrogen as described above to make the
chamber under hydrogen atmosphere. The reaction
chamber 12 is evacuated ‘internally to ca. 1 x 10_8
Torr by an evacuation system 10.

Rowever, a film of Al can be also formed even
the vacuun degree within the reaction chambexr 12 may
be higher than 1 x 107% Torr.

DMAH is fed from the gasline not shown. As
the carrier gas through the DMAH line, H2 is employed.

The second gasline not shown is provided for
Hz as the reaction gas, and the pressure within the
reaction chamber 12 is controlled to a predetermined

value by controlling the gpening of the alow leak

valve not shswn. A typical pressure. in this case is

- This Sheet Has Been Replaced
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1 made ca. 1.5 Torr. Through DMAH line is introduced
DMAH into the reaction tube. The total ﬁressure is
ca.-1.5 Torr, and DMAH partial pressure made ca. 5.0 X
10™2 Torr. Then. current is passed through the

5 resistance heat generating member 17 of the substrate
holder 18 to heat directly the wafer. Thus, Al is
deposited.

After elapse of a predetermined deposition

time, rfeeding of DMAH is once stopped. The

10‘predeternined deposition time of the Al film deposited
in this step is the time until the thickness of the Al
film on 5i {monocrystalline silicon substrate 1)
becones equal to the film thickness of 5102 {(thermally
dxidized silicon film 2), |

-15 The temperature of the substrate surface by
the direct heating at this time is made 270 °c. The
above step is called the first deposition step.
According to the step up to this, an Al film 3 is
deposited selectively within the opening as shown in

20 Fig, 2 B.

| After completion of depcsition of the above—
mentioned Al, the CVD reaction chamber 12 is evacuated
by the evacuation syétem 10 until reaching a vacuum

degree of 5 x 10‘3 Tory. At the same time, the RE

25 etching chamber 13 is evacuated to 5 x 10_5 Torr or

less. Af{ersconfirmation that the both chambers have
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1 reached the above vacuum degree, the gate valve 10 is
opened, the substrate moved from the CVﬁ reaction
chasber 12 to the Rf etching chamber 13 by use of a
conveying means (arn) 27, and the;gate valve 10

5 closed.

When the subatrate is con§e§ed to the Rf
etching chamber 13, the Rf etching chamber 13 is
evacuated by the evacuation system 10 until reaching a
vacuun degree of 107% Torr or less.

10 Then, argon is fed to the argon feeding line
22 for Rf etching, and the Rf etching chamber 13 is

maintained at an-argon atmosphere of 10 * -3

to 10
Torr. The substrate holder 20 for Rf etching is
maintained at 200 °C. Rf of 100 W is supplied to the

15 electrode 21 for Rf etching for 60 |
seconds, whereby discharging of argon occurs within he
Rf etching chamber 13 to etch the surface of the
substrate with argon ions to remove the surface laver
of the CVD deposited film. In this case, the etching

20 depth corresponds to the oxide, and is about 100 X.

In this description, the surface etching of
the CVD deposited film was effected in the Rf etching
chanber, but since the surface layer of the CVD filn
of the substrate conveyed through vacuum contains no

25 oxygen, etc., and therefore no Rf etching may be

effected. In that case, the Rf etching chamber 13
M
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functions as the temperature changing chamber for
effecting temperature change within a shbrt time, when
the “teémperature difference between the CVD reaction
chamber 12 and the sputtering chamber 14 is great.

In the Rf etéhing chamber 13, after completion
of REf etching, inflow of argon is stopped and argon Iin
the Rf etching chamber 13 is evacuated. After the RS
etching chamber 13 is evacuated to 5 x 10”¢ Torr and
the sputtering chamber 14 to § x 10 ° Torr or less,
the gate valve 10 is opened. Then, the substrate is
moved by means of the arwm 27 from the Rf etching
chambey 13 to the sputtering chamber 14, followed by
closing of the gate valve 10,

‘When the substrate is conveyed into the
sputtering chamber 14, the substrate holder 23 is set
at 250 °C in an argon atmosphere of 10 ' to 10 ° Torr
similarly as in the Rf etching chamber 13.

Discharging of argon is effected at a power of
DC 7 KW in this Example to shaven the targef material
Al=-Si (0.5 %) with argon ions, thefehy depositing Al-
$1 at a deposition speed of 10000 A/min. on the
substrate. This step i=s the non-selective deposition
step.”

This step ié called the second Al film

deposition step.

Afte%_the Al film of 5000 A is deposited on
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the substrate, inflow of argon and applicaticn of NG
power are stopped. After the load lock éhaﬁber 11
(15), is evacuated to 5 x 10°° Torr or less, the gate
valve 10 is opened, and the substrate is moved. After
closing of the gate valve 10, N2 gas flows into the
load lock chamber 11 {15} until reaching the
atmospheric pressure, and the substrate moves passing
through the gate valve 10 to the outaide of the
apparatus.

The film forming conditions in the above—
wentjoned second Rl film‘§eposition step are as
described below. By use of Al as the target, the film
is formed by imparting a DC power of 5 to 10 kW in an
Ar atmosphere under a pressure of 10 > to 10 > Torr.
The substrate temperature at this time ié made 200 °c
by resistance heating.

According to the second Al film deposition
step as described above, an Al film 4 can be formed on
the Sib2 film 2 at a deposition speed of 10000 i as
shown in PFig. 2€. An Al film was formed according to
the method as described above.

Further, by using again the substrate
similarly prepared, but setting for this time the
substrate surface temperature at 280 °c to 480 % by
direct heating, an Al film was prepared according to

the first deposition step. Eere, other film forming
)
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conditions in the first depoaition step and the film
forming conditions in the second deposition step were
all=made the sane.

Alsa, Al films were forued by setting the
substrate surface temperature at 200 % to 260 °¢ and
490 °c to 550 ¢ Quring the first depositign step.

The results were found to be the same as shown
previously in Table 1.

As can be seen from Table 1, at substrate
surface temperatures ranging from 260 to 440 °c by
direct heating, Al was deposited within the openings
selectively at a deposition speed of 3000 to 5000
4/min.

As the result of examination of the
characteristics of the Al film within the opening at
substrate surface temperatures ranging from 260 to 440
°C, there were found to be good with no carbon
contained, a resistivity of 2.8 to 3.4 uQ-cm, a
reflectance of 90 to 95 %, a hillock density of 1 num
or higher of 0 ta 10, substantially no spike
generation (breaking probability of 0.15 um bonding).

Of course, contact with Al film formed thereon
bf sputtering was found to be goad due to good surface
characteristic of the Al fila therebeneéfh.

In contrast, at'a substrate surface

temwperature gf 200 °¢c to 250 oC. the deposition speed
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was low as 1000 to 1500 i/nin., whereby throughput was
also lowered to 7 to 10 sheets/H. .

Z ' On the other hand., when the substrate surface
tenperature exceeds 440 ¢, the reflectance became 50

% or less, the hillock density of 1 um or more 10 to

10% cn 2

. the spike generation 0 to 30 %, whereby the
characteristics of the Al film within the openings
were lowered.

Rext, according to the method as described
above, an Al film was formed on a substrate (sample)
having a c¢onstitution as .-described below.

On a monocrystalline silicon as the first
substrate surface naterial,'a silicon oxide film was
formed as the secohd substrate surface material
according to the CVD method, and then subjected to
patterning according to photolithographic steps to
have the monocrystalline silicone surface partially
expoaed.

The thermally oxidized Si0, film had a

2
thickness of 7000 A, and the size of the exposed
portion of the monocrystalline silicon, namely opéning
0.25 pm x 0.25 pm to 10 um x 10 um. Thus, Sample 1-2
was prepared (hereinafter sﬁch sanple ig:xepresented
as “CVD Sio2 (hereinafter abbreviated-as 

Sioz)/monocrystalline silicon®).

Sample 1-3 is a boron-doped oxide film formed
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by normal pressure CVD (hereinafter abbreviated as
BSG) /monocyrystaliine silicon,

+ ; Sample 1-4 a phosphorus—doped oxide film
formed by normal pressure CVD (hereinafter abbreviated
as P5G)/monocrystalline silicon,

Sample.l—s a phosphorus and boron-doped oxide
film formed by normal pressure CVD (hereinafter‘
abbreviated as BSPG)/monocrystalline silicon.

Sample 1-6 a nitride film formed by plasma CVD
(hereinafter called P-$iN)/monocrystalline silicon,

Sample 1-7 a thqually nitrided film
{hereinafter abbreviated as T-SIN)/monocrystalline
silicon,

Sample 1-8 a nitrided film formed by low

pressure DCVD (hereinafter abbreviated as LP-SiN), and

Sample 1-9 a nitrided film formed by an ECR
apparatus (hereinafter abbreviated as ECR~
SiN) /monocrystalline silicon. Further, according to
all the combinations of the first substrate surface
material and the second substrate surface material
shown below, Samples 1-11 to 1-179 were prepared. As
the first substrate surface material, monocrystalline
silicon {monocrystalline $i). polycrystalline silicon
(polycrystalline Si), amorphous silicon (amorxrphous

§i), tungsten (W), molybdenum {Mo), tantalum {(Ta),
< _
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tungsten silicide (WSi), titanjus siliclde (TiSi),
aluminum (Al), aluminum silicon (Al-Si), titanium
alusizrium {(Al-Ti), titaniunm nitridg (Ti-N) ., copper
{Cu}, aluminum silicon copper (Al-Si—Cu)., aluminum
palladiun (Al-Pd), titaniwm (Ti), molybdenmum silicide
(Mo—$i), tantalum silicide (Ta-Si) were employed. As
the second substrate surface nmaterial, T—Sioz, Sioz,
BSG, PSG, BPSG, P-SiN, T=-S5iN, LP-$iN, ECR-SiN were
employed. For all of the samples as mentioned above,
good Al films could be formed.

Example 18 .

Exanple 18 according to the present invention
shows forming an Al £film by use of the apparatuﬁ shown
in Fig. 7 using DMAH as the starting gas and hydrogen
gas as the reaction gas,-and by directly heating the
substrate surface by the halogen lamp 30.

As the substrate, similarly as in Exanple 17,
a monocrystalline silicone wafer covered with an 5102
film having a plurality of various openings of 0.25 um
sguare to 100 um square was prepared. On the
substrate was carried out the firat Al film deposition
step according to the CVD method as described below,
the second Al-S5i film deposition step according to the
sputtering method to form an Al film..

According to the same procedure as io Example

17, DMAH andé hydrogen were transported to the CVD
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reaction chamber 12 for Al deposition.

The conditions of the first Al film forming
step were a total pressure of 1.5 Torr, a DMAH partial
pressure of 1.5 x 10~* Torr, and a substrate surface
temperature of 270 °c.

According to the first Al deposition step as
described above, Al was deposited at a deposition
speed of 3000 to 5000 2/min. within the opening of
various pore'diameters, whereby good selectivity could
be obtained. Next, by arranging the substrate in the
sputtering chamber 14, aed Al-Si was deposited to as
thickness of 5000 X on the whole surface containing
s:io2 and Al selectively deposited. The deposition
speed at thi; time was 10000 &/min.

Further, according to the same method, by use
of the same Samples 1-11 to 1-179 as in Example 17 as
the substrate, Al films were formed. 1In all of the
Samples, good Al films could be formed through the
first and second deposition ateps.

In the above experiments, the substrate
surface temperature was set at 270 °C, and Al films
were formed by varying this condition from 200 °C to
550 °c by every 10 °C‘

The characteristics of the 3l films according
to the first Al deposition step of all the respective

Sanples were found to be similar to those shown in
-
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Table 1.
Exanple 19

= ° Example 19 shows forming an Al-Cu film on the
whole substrate surface by sputtering as the second
deposition step after having performed the same first
Al deposition step as in Example 17. As the substrate,
one with the same constitution as used in Example 17
(Sample 1-1) was prepared.

After Al was deposited selectively within the
openinga according to the first Al deposition step #s
described akove., the substrate was arranged within the_
sputtering apparatus 14. The film forming conditions
during spﬁttering are as described below.

As the target, Al-Cu (0.5 ¥) was used and the
DC power in an Ar atmosphere of 5 x 10 ° Torr was made
7 kW.

According to the second deposition step in
this Exampie, the Al-Cu film was deposited at a
deposition speed of 10000 A/min., which was a film
excellent in migration resistance with its resistivity

being 3.0 to 3.3 uQ-cnm.

Examgle 20

25

In Example 20 an Al-Si-Cu film is formed on
the whole substrate surface according to sputtering as
the second deposition step after having performed the

same first A& deposition step as in Exampie 17. As
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the substrate, one with the same constitution as used
in Example 17 (Sample 1-1) was prepared.

- After selective deposition of Al within the
openings according to the first Al-Si deposition step
as described above, the subsirate was arranged in a
sputtering chamber 14. The film forming conditions
'during sputtering are as follows. As the target, Al-
Si(0.5 %)-Cu(0.5 %) was employed, and DC power was
applied at 7 kW in Ar atmosphere.

According to the gecond deposition step iﬁ
this Example, the Al—Si—Q? filn was depasited at a
deposition speed of 10000 A/min., which was a film
excellent in nigration resistance with its resistivity
keing 3.0 to 3.3 uQ-.cm.

Exangle 21 .
In Example 21 an Al-Ti film is formed on ‘the

- whole substrate surface according to sputtering as the

20

25

second deposition step after having performed the sane
first Al deposition step as in Example 17. As the
substrate, one with the same constitution as used in
Exanple 17 (Sample 1-1) was prepared.

After =elective depasition of Al within the
openings according to the first Al deposition step as
described above, the substrate was arranged in a
sputtering chamber 14.

The film forming conditions during sputtering

<
-
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are as follows. As the target, Al-Ti{0.5 %) was

employed, sputtering effected in Ar atmosphere and DC

power :was made 7 kW. .
According to the second deposition step in
this Example, the Al-Ti £film was deposited at a

deposition speed of 10000 A/nin., which was a film

excellent in migration resistance with its resistivity

being 3.0 to 3.3 uQ-cn.

Example 22

By use of {the netgl film continuous forming
apparatus shown in Fig. 4, film formation was carried
out in the_same nanner as in Example 13 or the above
substrate under the temperature conditions of 200 °c
to 650 °C by resistance heating.

As the résult,'under the temperature
conditions by resistance heating of 160 °c to 450 °c,
a film of good quality with no carbon, a2 small
resistivity of about 3 pQ-em and high reflectance was
obtained More preferably, at 260 °c to 440 °c, the
deposition speed became'higher as 10C to 800 A/nin.,
and also the wiring life was long. Most preferably,
the temperature was 270 % to 350 °c, and within this
range, hillock density was extremely small, -and also
generation probability of alloy spike was low.

Having described above about Examples 17 to

22, otherwise it is also possible to deposit Al in the

3
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first deposition step and A1-Si-Ti in the second step.
In Examples 17 to 22 as described above, since
continuous deposition is carried out by depositing a
metal f£film non-selectively without exposing the
substrate to outer air after selective deposition of

aluminum on the substrate;, a metal film with excellent

- £fiim characteristics such as step coverage,

electromigration, etc. can be formed at high

deposition speed.
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1 Iﬁ the following, Examples (2? - 28) conducted
by‘use of the apparatus shown in thé Fig. 4
frésistance heatiﬁg) and Fig. 7 {direct heating) are
shown. Examples 23 - 27 are conducted by use of the

5 apperatus of more preferable direct heating system
(Fig. 7) and Exemple 28 by use of the apparatus of the
resistance heating system (Fig. 4).

Example 23

First é subatrate is prepared. The substrate
10 is a sample having an $i0, with a thickness of €000 X
formed by thermal oxiéﬁtion on an N-type
monocrystalline wafer. This is obtained by patterning
of openings with various opening sizes of 0.25 um x
0.25 pm square to 100 um x 100 B”m square on the 8102,
15 thereby having the subbing Si single crystal eprsed;
Fig. 2A schematically shows a part of the substrate.
Here, 1 is a monocfystalline silicon substrate as
ey conductor substrate, 2 a thermally oxidized silicqn
' film es insuleting film (layer). This is called
20 sample i-1. VHi1 and VH2 are openings {exposed
portions), having different diameters from each other.
The procedure of forming an Al-8i film on the
substrate 1 is as described below.
First, the substrate 1 is.arranged in a load

25 lock chamber 11. Into the load lock chamber 11 is

introduced hydrogen as described above to make the
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chamber under hydrogen atmosphere. The reaction
chamber 12 is evacuated internally to ca. 1 x 1078
;sér by an evacuation system 10.

However, & film of Al-Si can be also formed
even if the vacuum degree within the reaction chamber

-8

12 is worse than 1 x 10 Torr.

DMAH and 512H5 are fed from the gasline not
shown. As the carrier gas through the DMAH line, H,
is employed.

The second gasline not shown is used for Hz as
the reaction gas, and the pressure within the reaction
chamber 12 is controlled to a predetermined value by'
controlling the opening degree of the slow leak valve
not shown. A typical pressure in this case is set at
ca. 1.5 Torr. Through DMAH line is introduced DMAH
into the reaction tube. The total pressure is ca. 1.5
Torr, DMAH partial pressure is ca. 1.5 x 10~ % Torr and
Si,Hg pertial pressure 2 x 109 Torr. Then, a lamp is
lighted to heat directly the wafer. Thus, Al-Si is
deposited.

As the gas containing Si which is the second
starting gas during formation of the Al-Si film,
SiZHG' 3134 Si3H8, 81(03334, 51014. SiK.C1 313301

2772’

can be employed.
By addition of DMAH, HZ and Si starting gas

such as S¥2H6, etc., Al-Si containing 0.5 to 2.0 % of
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8i can bhe Jdeposited. The reaction tube pressure is
0.05 to 760 Torr, desirably 0.1 to 0.8 Torr, the

substrate temperature 260 °C to 440 °C, the DMAH

5

partial pressure 1 x 10 ~-fold to 1.3 x 10" 3-£01d of

the pressure within the reaction tube, the SiZH6
partial pressure within the reaction tube 1 x 10“7 to
1 x 10 *-fold, whereby Al-Si is deposited.

After elapse of a predetermined deposition
time, feeding of DMAH is once stopped. The
predetermined deposition time of the Al-Si film
deposited in this step is the time until the thickness
of the Al-Si film on Si (monocrystalline silicon
substrate 1) becomes equal to the film thickness of
Sioz {thermally oxidized silicon film 2)..

The temperatﬁfe of the substrate surface by ?
the direct heating at this time is set at 270 °C. The
above step is called the first deposition step.
According to the step up to this, an Al-Si £ilm 3 is
deposited selectively within the opening as shown in
Fig. 2B.

After completion of deposition of the ebove-
mentioned Al-S5i, the CVD reaction chamber 12 is
evacuated by the evacuation system 10 until reaching a

vacuum degree of 5 x 10 °

Torr or less. At the same
time, the Rf etching chamber 13 is evacuated tc 5 x 10

6 Torr o# less. After confirmation that the hoth
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chambers have reached the above vabuup degree, the
gate valve 10 is 6pened, the éuhstrate moved from the
éﬁD reaction chamber 12 to the Rf etching chamber 13
by use of a conveying means (arm) 27, and the gate
valve 10 closed. |

When the substrate is conveyed to the Rf
etching chamber 13, the Rf etching chamber 13 is
evacuated by the evacuation system 10 until reaching a
vacuum degree of 10™° Torr or less.

Then, argon is-fed from the argon feeding line
22 for Rf etching, end the Rf etching chamber 13 is
maintained at an argon atmosphere of :l(}"1 to 10—3
Torr. The substrate holder 20 for Rf etching is
meintained at 200 °C. Rf of 100 W is fed to the
electrode 21 for Rf e%ching is supplied for 60
seconds, whereby discharging of argon occurs within he
Rf etching chamber 13 to etch the surface of the
substrate with argon ions and remove the surface lafer

of the CVD deposited film. In this case, the etching

depth corresponds to the oxide, and is about 100 2.

In this description, the surface etching of
the CVD deposited film was effected in the Rf etching
chamber, but since the surface layer of the CVD film
of the substrate conveyed through vacuum contains no
oxygen, etc., no Rf etching may be effected. In that

case, the Rf etching chamber 13 functions as the
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temperature changing chamber for effecting temperature
chgnge within a short time, when the temperature
Eiéference between the CVD reaction chamber 12 and the
sputtering ch;ﬁﬁer 14 is great.

In the Rf etching chamber 13, after completion
of Rf etching, inflow of argon is stopped and argon in
the Rf etching chamber 13 is evacuated. After the Rf
etching chamber 13 is evacuated to § x 10”® Torr and
the sputtering chamber 14 to § x 10°% Torr or less,
the gate valve 10 is opened. Then, the substrate is
moved by means of the arm 27 from the REf etching
chamber 13 to the gputtering chamber 14, followed by
closing of the gate valve 10.

When the substrate is conveyed into the
sputtering chamber li, the substrate holder 23 is set
at 250 °C in an argon atmospheré of 10! to 107 Torr
similarly as in the.Rf etching chamber 13.

Discharging of argon is effected at a power of
DC 7 KW in this Example to shaven the target material
Al-Si (0.5 %) with argon ions, thereby depositing Al-
Si at a deposition speed of 10000 A/min. on the
substrate. This step is the non-selective deposition
step.

This step is called the second Al film

deposition step.

Rfter the Al-S5i film of 5000 X is deposited on
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the substrate, inflow of argon and application of DC
power are stdpped. After the load lock chamber 11

{15) is evacuated to 5 x 10 2

Torr or less, the gate
valve 10 is opened, and the substrate is moved. After
closing of the gate valve 10, Nz gas flows into the
Joad lock chamber 11 {15) until reaching the
atmospheric pressure, and the substrate moves passing
through the gate valve 10 to the outside of the
apparatus.

The film forming conditions in the above-—
mentioned second Al film deposition step are as
described below. By use of Al-Si as the target, the
film is formed by imparting a DC power of 5 to 10 kW

-1

in an Ar atmosphere under a pressure of 10+ to 10

Torr. The substrate.tamperatura at this time is set
at 200 %% by resistance heating.

| According to the second metal film deposition
step as described above, an Al-Si film 4 can be formed
on the SiO2 £film 2 at a deposition speed of 10000 2 as
shown in Fig. 2C. An Al was deposited according to
the method as described above,

Further, by using again the substrate
similarly prepared, but setting for this time the
substrate surface temperature at 280 °C to 480 °C by
direct heating, an Al-Si film was formed according to

the firs® deposition step. Here, other film forming
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conditions in the first deposition step and in the
§9qond depositions step were all)l the same.

) Also, Al~-3i films wera formed by sétting the
substrate surface temperature at 200 °C to 260 °C and
490 °c to 550 °C during the first deposition stap.
The results were found to be the same as shown
previously in Table 1.

As can be seen from Table 1, at substrate
surface temperatures ranging from 260 to 440 °c by
direct heating, Al was-deposited within the openings
selectively at a depoéﬁtion speed of 3000 to 5000
A/min.

As the result of examination of the
characteristics of the Al £ilm deposited within the
opening at substrate ;urface tenperatures ranging from
260 to 440 °C, they were found to be good with no
carbon contained, a resistivity of 2.8 to 3.4 uQ.-cm, a
reflectance of 90 to 95 %, a hillock density of 1 um
or higher being 0 to 10, substantially no spike
generation (breaking probability of 0.15 um bonding).

Of course, contact with Al-Si film formed
thereon by sputtering was found to be good due to good
surface characteristics of the Al-Si film
therebeneath.

| In contrast, at a substrate surface

temperatuwre of 200 °c to 250 °C, the deposition speed
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was low as 1000 to 1500 A/min., whereby throughput was

‘also lowered to 7 to 10 sheets/H.

- °

On the other hend, when the substrate surface
temperature exceeds 440 °C, the reflectance became 60
¥ or less, the hillock dengity of 1 um or more 10 to

2, the spike generation 0 to 30 %. whereb? the

10% em”
characteristics of the Al-Si film within the openings
were lowered.

Next, according to the method as described
above, an Al-8i film was formed on a substrate
(sample) having a conéfitution as descﬁibed'below.

On a monocrystalline silicon as the first
substrate surface matefial, a silicon oxide film was
formed as the second substrate surface material
according to the CVD hethod, and then subjected to
patterning according to photolithographic steps to

have the monocrystalline silicone surface partially

exposed.

The thermally oxidized SiQ. film had a

2
thickness of 7000 X, and the size of the exposed
portion of the monocrystalline silicon, namely opening
0.25 ym x 0.25 pmw to 10 pm x 10 Rm. Thus, Sample 1-2
was prepared (hereinafter such samplé is represented
as "CVD SiO2 {hereinafter abbreviated as

8i0,) /monocrystalline silicen").

Sample 1-3 is a boron-doped oxide film formed
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by normal pressure CVD (hereinafter sbbreviated as
BSG)/monocrystalline silicon,

- Sample 1-4 a phosphorus-doped oxide film
formed by.normal pressure CVD (hereinafter abbreviated
as PSG)/monocrystalline silicon,

Sample 1-5 a phosphorus apd boron—doped oxide
film formed by normal pressuré CVD (hereinafter
abbreviated as BSPG)/monocrystalline silicon,

Sample 1-6 a nitride film formed by plasma CVD
(hereinafter called P-SiN))monocrystalline silicon,

Sample 1-7 a thermally nitrided film
(hereinafter abbreviated as T-SiN)/monocrystalline
silicon,

Semple 1-8 a nitrided film formed by low
pressure DCVD (hereiﬁafter abbreviated as LP-
SiN/single crystalline silicon), and

Sample 1-9la Ritrided film formed bv.an ECR
apparatus (hereinafter sbbreviated as ECR-

SiN) /monocrystalline silicon. Further, according to
ail the combinations of the first substrate surface
material and the second substrate surface material
shown below, Semples 1-11 to 1-179 were prepared. As
the first substrate surface material, monocrystalline
siljicon (monocrystalline Si), polycrystalline silicon
(polycrystalline Si), amorphous silicon (amorphous

§i), tungsten (W), molybdenum (Mo), tantalum (Ta),
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tungsten silicide (WSi), titanium silicide (Tisi),

aluminum (Al}), aluminum silicon (Al-Si}, titanium

aluminum {Al-Ti}, titanium nitride (Ti-N}, copper
(Cu), aluminum silicon copper (Al-Si—-Cu), aluminum
palladium (Al-Pd), titanium (Ti), molybdenum silicide
{Mo—-8i), tantalum silicide (Ta-Si) were employed. As
the second substrate surface material, T—SiOz, SiOz,
BSG, PSG, BPSG,-P—SiN, T-8iN, LP-SiN, ECR-SiN were
employed. For all of the samples as mentioned above,
good Al films could be-formed.

-

Example 24

Example 24 according to the present invention
forms an aluminum-silicon (Al-Si) film by use of the
apparatus shown in Fig. 7 using DMAH and Siz}l6 as

starting gas and hydfbgen gas as reaction gas, and by

-directly heating the substrate surface by the halogen

lamp 30.

As the substrate, & monocrystalliine silicon
wafer covered with an SiO2 film bhaving a plurality of
openings of various sizes of 0.25 pm square to 100 um
square was prepared similarly as in Example 23. On
the substrate was carried out the first Al-Si film
deposition step according to the CVD method as
described below, the second Al-Si film deposition step
according to the sputtering method to form a metal

film. 3
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According to the same procedure as in Example
23, DMAH, Slzﬂs and hydrogen were transported to the
CVD reaction chamber 12 to effect Al-Si deposition.

The conditions of the first Al-S8i film forming
step were 8 total pressure of 1.5 Torr, a DMAH partial
pressure of 1.5 x 10 ¥ Torr, end a substrate surfece
temperature of 270 °C.

According to the first Al1-Si deposition step
as described above, Al-Si was deposited at a
deposition speed of 3000 to 5000 A/min. within the
openings of various péie diameters, whexreby good
selectivity could be obtained. Next, by arranging the
substrate in the sputtering chawber 14, and Al-Si was
deposited to as thickness of 5000 A on the whole
surface including Sioé and the Al-Si selectively
deposited. The deposition speed at this time was
10000 i/min.

Further, according to the same method, by use
of the same Samples 1-11 to 1-179 as in Example 23 as
the substrate, Al1-Si films were formed. In all of the
semples, good metal films could be formed through the
first and the second deposition steps.

In the above experiments, the substrate
surface temperature was set at 270 °C, and metal Al
films were formed by varying this condition from 200

% to 550 °C by every 10 °c.
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The characteristics of the Al-Si films
gcgording to the first Al-Si deposition step of all
;he respective samples were found to be similar to
those shown in Table 1.

Example 2§

Example 25 shows forming an Al-Cu film on the
whole substrate surface by sputtering as the second
deposition step after having performed the same first
Al-Si deposition step as in Example 23. As the
substrate, one with the same constitution as used in
Example 23 (Sample l—i) was prepared.

After Al-Si was deposited selectively within
the openings according to the first Al-Si deposition
step as described abhove, the substrate was arranged
within the sputterinéichamber 14. The film formiag
conditions during sputtering are as described below.

As the target, Al-Cu (0.5 %) wes used and the

DC power in Ar atmosphere of 5 x 10 ° Torr was made 7

kW,

According t¢ the second deposition step in
this Example, the Al-Cu film was deposited at a

deposition speed of 10000 &/min., which was a film

excellent in migration resistance with its resistivity

being 3.0 to 3.3 uQ-cm.

Example 26
Bxample 26 shows forming an Al-Si-Cu film on
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the whole substrate surface_accordinq to sputtering as
Ehg sacond deposition step after having performed the

;ame first Al-5i deposition step as in Example 23. As
the substrate, one with the same constitution as used

in Example 23 (Sample 1-1) was prepared.

After selective deposition of Al-Si within the
openings according to the first Al-Si deposition step
as described above, the substrate was arranged in a
sputtering chamber 14. The film forming conditions
during sputtering are as follows. As the target, Al-
$i(0.5 %)-Cu(0.5 %) wés employed, and the DC power was

made 7 kW in Ar atmosphere.

According to the second deposition step in

* this Example, the Al-Si-Cu film was deposited at a

deposition speed of 10000 A/min., which was a film

excellent in migration resistance with its resistivity

. being 3.0 to 3.3 1Q-cm.

Example 27

Example 27 describes forming an Al-Ti film on
the whole substrate surface according to sputtering as
the second deposition step after having performed.the
same first Al-Si deposition step as in E#ample 23. As
the substrate, one with the same constitution as used
in Example 23 (Semple 1-1) was prepared.

After selective deposition of Al within the

openingsvaccording to the first Al-Si deposition step
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as described above, the substrate was arranged in &

sputtering chamber 14.

The £ilm forming conditions during sputteriag
are as follows. As the target, Al-Ti(0.5 %) was
emploved, sputfering aeffected in Ar atmosphere and the
DC power was made 7 kW.

According to the second deposition step in
this Example, the Al-Ti film was deposited at a
deposition speed of 10000 &/min., which was a film
excellent in migration- resistance with its resistivity
being 3.0 to 3.3 pQ-cm.

Example 28

By use of the metal film continucus forming
apparatus shown in Fig. 4, film formation was carried
out in the sane nannér as in Example 23 on the above
substrate under the temperature conditions of 200 °¢
to 650 %% by resistance heating.

As the result, under the temperature
conditions by resistance heating of 160 °C to 450 °g,
@ film containing no carbon of good quality with a
small resistivity of about 3 pQ.cm and high
reflectance was obtained More preferably, at 260 %
to 440 °C, the deposition speed became higher as 100
to 800 A/min., and also the wiring life was long.

Most preferably, the temperature was 270 °C to 350 °C,

and withidn this range, hillock density was extremely
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small, and also generation probability of alloy spike

was low.

—

Having described above about Examples 23 to
28, otherwise it l1s also possible to deposit Al-8i in
the first deposition step and to deposit Al-Si-Ti in
the.second atep.

In Examples 23 to 28 as described above, since
a metal film is deposited non-selectively without
exposing e substrate to outer-air successively after
selective deposition of aluminﬁm—silicon bn the
substrate, a metal film with excellent film
characteristics such as step coverage,
electromigration, etc. can be formed at a high
deposition speed.

Example 29

By use of the CVD apparatus equippd with a gas
feeding system as shown in Fig. 9, the experimeﬁt as
described in Example 1 was conducted.

The pipeiine length from the purifying
cylinder to the CVD reaction chamber was 1.4 m. The
amount of the gas leaked between these was found to be
5 x 1020 atn. cc/sec. The purity of hydrogen was
99.99995 to 99.99999 vol. %.

When the samples having Al film formed thereon
were observed, the results were basically the same as

in Table jl previcusly shown, but as the result of the
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experiment as described below, it has been found that

the interplanar distribution of film thickness has

-~

become uniform.

=

"By use of an S8i wafer of 5 inches as such,
samples were prepared in the same procedure as in
Example 1.

According to the Al-CVD method, Al was
depositéd selactively within the openings, and the
maximum value and the minimum value of the Al film

thickness were measured and the value (mmax - Mosn

)

was divided by the avérage value m:

Mpax ~ Main

M

I
w0

As the result the film thickness distribution
s was 2 to 4 %.

"In view of the fact that the value of S is 5
to 10 % when & hydrogen purifier is provided outside
of a CVD apparatus at a distance apart of 10 m or
longer from a CVD reaction chamber without use of the

above—described apparatus, this Example may be

considered to be greater in the effect in

semiconductor devices where multiple units are taken

from a wafer.
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WHAT IS CLAIMED IS

1. A process for forming a metal film

- -4

comprising the steps of:

arranging a substrate in a space for formation of
the film;

introducing an alkylaluminum hydride gas and
hydrogen gas into said space; and

heating directly said substrate to form a metal
film comprising aluminum as main component on the
surface of said substrate.

2. The process according to Claim 1, wherein

sald direct heating is carried out by use of a lamp.

3. The ﬁrocesé according to Claim 1, wherein
the surface temperature of said substrate is held at

260 °C to 440 °C by said direct heating.

4. The process according to Claim 1, wherein

said metal film is an aluminum single crystal.

5. The process according to Claim 1, wherein
gsaid alkylaluminum hydride is dimethylaluminum

hydride.

6. 3 A process for forming a metal film
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-1 comprising the steps of:

arranging a substrate in & space for formation of

- A
-

the film;
introducing an alkylaluminum hydride gas, & gas

5 containing a modifying element and hydrogen gas into

said space; and
heating directly said substrate to form a metal
film comprising aluminum as main component and said
modifying element on the surfece of said substrate.
10 .
7. The process'éccording to Claim 6, wherein

said direct heating is carried out by use of a lamp.

8. The process according to Claim 6, wherein
15 the surface temperatu;e of said substrate is held at

260 °C to 440 °C by said direct heating.

9. The process according to Claim 6, wherein

gaid alkylaluminum hydride is dimethylaluminum

20 hydride.

10. The process according to Claim 6, wherein

said modifying element is at least one selected from
i, Ti and Cu.
23

11. ¥ A process for forming a metal film

-
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comprising the steps of:

arranging a substrate having an exposed portion

= 2

with a semiconductor and/or a c¢onductor exposed
partially from an insulating layer formed on the
surface in a first film forming chamber;

introducing an alkylaluminum hydride gas and
hydrogen gas into said first film forming chamber;

maintaining heating of said substrate to
gselectively deposit a metal film comprising aluminum
as main component on said exposed portion;and

moving to arrangewéaid substrate uﬁder shielding
of outer air into a second film forming chamber
provided adjacent to said first film forming chamber
S0 as to be capable of being.continuously shielded
from outer air and fo}ming a metal film on said

substrate according to the gas phase method.

12. The process according to Claim 11, wherein

said heating is a direct heating by of a lamp.

13. The process according to Claim 11, wherein

the surface temperature of said substrate is held at

260 °C to 440 °C by heating of said substrete.

14. The process according to Claim 11, wherein

said alkplaluninum hydride is dimethylaluminum

S
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hydride.

e ~
- ~

15, The process according to Claim 11, wherein
said metal film comprising aluminum as main component

is an aluminum single crystal.

i6. A process for forming a metal film
comprising the steps of:

arranging a substrate having an exposed portion
with a semiconductor and/or a conductor exposed
partially from an insdlating layer formed on the
surface in a first film forming chamber;

introducing an alkylaluminum hydride gas, a gas
containing a modifying element and hjdrogen gas into
said first film formihg chauker;

raintaining heating of said substrate to
selectively deposit e metal film comprising aluminum
es main component on said exposed portion;and

moving to arrange said substrate under shielding
of outer air into a second film forming chamber
provided adjacent to éaid first film forming chamber
80 as %o be capable of being continuously shielded
from outer air and forming a metal film on said

substrate according tc the gas phase method.

17. , The process according to Claim 16, wherein

-
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said heating is direct heating by a lamp.

18. The process according to Claim 16, wherein
the surface temperature of said substrate is held at

260 °c to 440 °C by heating of said substrate.

19. The process according to Claim 16, wherein

said alkylaluminum hydride is dimethylalumirum

hydride.

20. The process £6cording to Claim 16, wherein

said modfifying element is at least one selected frém

Si, Ti and Cu.-

21. A process fox .forming a metal containing film
which comprises contacting a gaseous aluminium ¢ompound
with a substrate having a temperature such that a film
contaiging aluminium is formed on said substrate from said
compound .

22. A method for forming a metallic film with a hole
in or thxough a substrate which comprises depositing the
metal in thelwle by decomposition of a gaseous material

containing the metal induced by elevated temperature

-of'the substrate.

23. A method according te claim 22, wherein metallic

film is separately formed which covers a whole surface

A
of the substrate.

R

heet Has Been Replaced -

T



4L043%4 - 4

25 NOV %996 | 1=

PROCESS FOR.FDRMING METAL DEPOSITED
FILM CONTAINING ALUMINUM AS MAIN
GOM?ONENT BY USE OF ALKYL ALUMINUM
HYDRIDE

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a metal deposited
£ilm forming method, particularly to a process for
forming metal deposited f£ilm which can be preferably
applied to wiring of semiconductor integrated circuit

device, etc.

Related Background Art

| Fgg elactrode or wiring in electronic device
or integrafeé ¢ircuit by use of semiconductor of the
prior art, aluminum [Al) or aluminum containing
silicon {Al-Si), etc. has been primarily used. Here,
Al is inexpensive, has high 2lectroconductivity, and
also a dense oxide film is formed on the surfece,
whereby it has meny sdvantages such that it can be

chemically protected inteénally to be stabilized, that

adhesiveness with Si is goqd,'etc.

| Whereas, integration degree of integrated
circuit such as LSI, etc. is ihcreased, and fine
formation of wiring and multi-layer wiring are
particularly requirad in recent years. Thus, more

stringent}demands not found up to date are presented

-----
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for wiring. For example, in dynamic RAM such as 4
Mbit or 16 Mbit, etc., the aspect rati& {depth of
opening diameter of opening) of opeaings {via~holes)
in which a metal such as Al, etc. must be deposited is
1.0 or more. The diameter itself of the opening is 1
pm or less, and a technigque capable of depositing Al
also in openings with larger aspect ratio is required. _
Besides, to be commercially successful
concerning semiconductor integrated circuit devices,
the technique must enable bulk production at low cost.
There have been-known in the art the
sputtering method, the gas phase method such as the
CVD method by use of trimethylaluminum, etc. as a
method of furming metal film such as Al film, etc.
Above all, the thernal;CVD (chemical wvapor deposition)
method has been variously studied. For example, there
has been employed the method in which an organic
ealuminum dispersed in a carrier gas is treasported
onto a heated substrate, and the ges molecules are
thermally decomposed on the substrate to form a film.
For example, as described in "Journal of
Electrochemical Society Vol. 131, p. 2175 (1984)7, by
use of triiscobutyl aluminum (1—0439)3A1 (TIBA), film
formation is'carrigd out at a film formation
temperature of 260 °C, a reaction tube pressure of 0.5

Torr, whergby a film of 3.4 » ¢m is formed.
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However, according to this method, the surface
flatness of Al is poor, and no £ilm of-good quality is
oBtained in view of step coverage, eléctromigration,
etc. Besides, the Al within openings do not become
dense.

Japanese Patent Laid—open No. 63-33569

;discloses a method for film formation by heating an

organié aluminum in the vicinity of the substrate.
According to this method, Al can be deposited
according to the CVD method selectively only on the
metal or semiconductor surface of the substrate where
the paturally oxidized film om the surface.has been
removed. It .is further described to dsposit Al on the
oxide film as the sputtering method after embedding of
the openings.

Hﬁwever, 2l30 according to this method, since
the surface smoothness of Al within opening which is =a
major premise is net sufficient, electricel contact of
the interface between the Al EFilm according to the CVD
wethod and the Al film according to the sputtering is
poor to bring about increagse in resistivity.

As an example of modification of this method,
the pre-text of "2nd Symposium of Electrochemical
SOciety) Branch of Japan (July 7thk, 1983), on p. 5.
described the double wall CVD method. This method can

grow selec}ively Al only on a metal or semiconductor
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by use of TIBA gas. However, it_is difficult to
control precisely the difference betweéﬁ the gas
tehperature and the substrate surface temperature and
also the bomb and the wiring must be heated, thus
including the drawback that the apparatus constitution
hecomes complicated. |

More specifically, if these are to be
controlled, the epparatus for metal deposited filn
formation is complicated and it cannot but be made the
sheet treatment type in which deposition can be
effected only one sheet of wafer by one deposition
process, - Besides, only a film which can never be said
of good quality can be obtained at a deposition speed
of 500 X/min. at the highest, whereby it is impossible
toc realize the throughput necessary for bulk
production. Moreover, even the film obtained
according to this method cannot become & uniform
continuous film unless made to have some thickness.
Thus, this method proved to be unsatisfactory and
unsuitable for bulk production, because

reproducibility was poor for such reasons that

- flatness of the film is poor, that selectivity of Al

selective growth cannot be maintained for so long
time, etc.
Further, when one metal film forming apparatus

is employed, various gases for film formation or gases
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for cleaning of the chaxber, ;tc. are iotroduced into
a reaction chamber for the purpose of fﬁlm formation
a&%uation or maintenance of the apparatus to carry out
the desired treatments. When film formatiom is
continued while performing such treatments, @ven in
the CVD method with little containment of carbon, etc.
from an organic aluminum starting material, there will
ensue the feer that various impurities other than
carbon may be eantrained into the interface, etc. Such
problem may become suddenly a cause to lower the yield
in bulk production of semiconductor devices. |

SUMMARY OF THE INVENTION

As described above, according to the CVD

-
-

method of fh§ prior art, none of improvement of

deposition speed and improvement of throughput which
are indispensable for bulk production of semiconductor
integrated circuit devices at low cost could be
desired, and also there was the problem that no
selective growth of Al of good quality could be
successfully done. Even if selective growth of good
Al could be obtained, problems remained with respect
to flatness, purity and step coverage, embedding of
dense Al within contact holes, etc., whereby
reproducibility was poor. Thus, there has been much

room to be improved for improvement of higher

integration.
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An object of the present invention is to solve
the technical problems as described abéve and provide
a‘metal film forming method by which e metal film can
be obtained with good reproducibility at high
deposition speed and high throughput even without use
of a complicated and expensive deposited film
formation apparatus.

Another object of the present invention is to
provide a metal film forming method which can form a
metal film within openings with a large aspect ratio.

Still another dbject of the present invention
is to provide a metel film forming method which can
form @& metal film excellent as a electrode and a
wiring natefiél of a semiconductor device due to
improve the contact between the metsl excellent in
electroconductivity and flatness deposited first
within the openings and the metal film deposited
thereafter, thus having low resistivity and being
strong to electromigration, by depositing a metal of
good quality within tbe openings according to the £ilm
forming method excellent in selectivity., and then
depositing the metal on the whole surface inéluding
the insulating film surface according to the non-
selective film forming method.
Still another object of the present invention

is to provgde a metal film forming method which is
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substantially free from entrainment of an impurity
even after the metal film forming apparatus has been
uSed repeatedly for a long term.

For accomplishing such objects, the preseﬁt
invention comprises the steps of arranging a substrate
in a space for formation of the film, introducing an
alkylaluminum hydride gas and hydrogen gas into tpe
space and heating directly the substrate to form a
netal film comprising aluminum as main component on
the surface of the substrafe.

Of course, during film formation, by
introducing a gas containing element such as 8i, gtc,
if necessary, in combination, & metal film comprising
aluminum as main componeant such as Al-si, etc. can be
formed. .
In the'present invention, by heating digectly
the substrate during selective deposition of éluminum,
a metal film with excellent film characteristics can
be formed at'higher deposition speed than expected.

According to the present invention, since the
direct heating method by lamp, etc. is utilized, the
deposition speed can be improved by promoting supply
of hydrogen atoms onto the electron-do#gt;ve surface
while maintaining surely selectivity.

Improvement of deposition speed not only

enhances throughput, but also brings about the effect
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of preventing entrainment of impurities even under bad

~conditions where impurities are readily entrained into

thHe metal film. Therefore, both of £ilm quality and
throughput can be improved at once, whereby remarkable
effects can be exhibited in the field of preparing
semiconductor devices.

The problem of entrainment of impurities can
be also improved by utilizing a metal film forming

apparatus bhaving a so called multi-~chamber, in which

the formation step of the Al film is divided to two

steps, a selective deposition step and a non-selective
deposition step, and the reaction chambers of above-
mentioned two steps are jointed mutually together, to
carry out continuously the above two steps.

For accomplishing the objects as described
above, the present invention comprises the steps of
arranging & substrate in a first film forming chamber,
introducing an alkylaluminum hydride gas and hydrogen
gas into the first film forming chamber, heating the
substrate to form an aluminum film on the surface of
the substrate, and moving to arrange the substrate
under shielding of ouéer air into a second film
forming chamber provided adjacent to the first film
forming chamber so as to be capable of being

continuously shielded from outer air and forming a

metal film 9n the substrate according to the gas
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phase method.

The Al deposited selectively wifhin contact
h&ies becomes a monocrystalline material of good
gquality to form a dense film with excellent surface
flatness. Further, by moving the substrate onto the
film continuocusly through the film forming chamber
without exposure to outer air, selective
deposition/non-selective deposition can be carried out
continuously. Based cn the surface reaction at a low
temperature of DMAH and H, gases when performing
selective deposition, Al is selectively deposited
within contact holes. Since this Al is an Al film of
good quality with very excellent selectivity; for
application as the wiring material of a semiconductor
device, further a metal film must be formed non—
selectively on the insulating layer, thereby enabling

a multi-layer wiring. Here, the Al film deposited

"within contact holes has been found to be a single

crystal with excellent surface flatness. With an
insulating film surface including such monocrystalline
Al surface, even when a metal film such as Al, etc.
may be formed according to the sputtering or CVD
method, good connection between the Al film formed
thus and the Al film selectively deposited within
contact holes can be maintained, whereby an Al film

with small specific resistance can be obtained.
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Also, for accomplishing the objects as
mentioned above, the piesent invention.comprises the
sééps of arranging a substrate in a first film forming.
chamber, introducing an alkylaluminum hydride gas, a
gas containing silicon element and hydrogen gas-into
the first film forming chamber, heating the substrate
to deposit an aluminum-silicon film on the surface of
the substrate, moving to arrange the substrate under
shielding of outer air int¢ a second film forming
chamber provided adjacent to the first film forming
chamber so as to be capable of being céntinnously
shielded from aﬁxer air and forming a metal film on
the substrate according to the gas phase method.

The Al-Si deposited selectively within contact
holes becomes a monocrystalline material of good

quality to become.a dense film with excellent surface

flatness. Further, by moving the substrate

continuously within the film forming chember without
exposure to outer air, selective deposition/non-
selective deposition can be carried out continuously.
Based on the surface reaction at a low temperature of
DMAH, a gas containing silicoa and H, gas when
performing selective deposition, Al-Si is selectively
deposited within contact holes. Since the Al-Si is an
Al-Si film of good quality with very excellent

selectivity, for application as the wiring material of
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a semiconductor device, further a metal film must be
formed noﬁ—selectivelv on the insulatiﬁg layer,
thereby enabling a multi-layer wiring. Here, the Al-
Si £ilm deposited within contact holes has been found
to be a single crystal with excellent surface
flatness. With respect to an insulating film surface
including such monocrystalline Al-Si surface, even
when a metal film such as Al, etc. may be formed
according to the sputtering or CVD method, good
connection can be maintained between the metal film
formed such and the Al film selectively deposited
within contact holes, whereby an Al film with small
specific resistance can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view showing an example
of the preferable metal film forming apparatus for
practiciné thé present invention:

. Fig. 2 is a schematic view for illustration of
the metal film forming method according to the present
invention;

Fig. 3 is a schematic view showing an example
of the metal film forming epparatus.suitable for
coméarison with the present invention;

Fig. 4 through Fig. €6 show an example of the
preferable metal film continucus forming apparatus for

practicing the present invention:;
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Fig. 4 shows a schematic view of the steps
aligned successively; -

Fig. 5 is a schematic plan view of the
constitution:

Fig. 6 is the same plen view of the
constitution as of Fig. 5 and is added with the
movement order by arrowheads;

Fig. 7 is schematic view showing another .
example of the preferable metal film continuous
forming apparatus for practicing the present
invention; v

Fig. 8 is a schematic view showing the manner
of gelective deposition of Al; and

Fig. 9 is a schematic view showihg_the'cvn
apparatus to be used preferable in the present
invention.

DETAILED DESCTIPTION OF THE PREFERRED EMBODIMENTS

Before detailed description of the present
invention, first the film forming method (Al-CVD
method) of a metal film (including pure Al) comprising
Al as main component preferable for the presént '
invention is described below.

This method is a method suitable for embedding
of a metallic material into, for example, .fine and
deep openiags (contact holes, throuholes) with an

aspect ratioéof 1 or more, and also is a deposition
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method excellent in selectivity.

The metal film formed by this ﬁethod is
eiiremely excellent in crystallinity such as formation
of a monocrystalline Al and contains little carbon
etc. .

This method is a method of formin§ a
deposition film thrcugh the surface reaction on an
electron~donative substrate by use of an alkylaluminum
hydride gas and hydrogen gas. Particularly, by use of
an alkylaluminum hydride. containing methyl groups such
as monomethylaluminum hydride (MMAH) or
dimethylaluminum hydride (DMAH) as starging gas and Hz
gas as reaction gas, and by heating of the substrate
surface under a gas mixture of these, an Al film of

good quality can be deposited.
By appl&ing the CVD method to the substrate in

which the electron-donative surface portion and non—

‘electron~-donative portion co-exist, a single crystal

of Al is formed under good selectivity only on the
electron-donative substrate surface portion.

An electron-~donative material refers to a
naterial having the surfece where the chemical
reaction is promoted by give-and~take of electrons
with the starting gas molecules attached on the
substrate surface, due to the presence of free

electrons within the substrate or intentional
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formation of free electrons.. For example, metals and
semicondﬁctOrs generally correspond to'this. Also,
oﬂ; having & thin oxide film present on the metal or
sericonductor surface undergoes the chemical reaction
through give—and-take between the substrate and the
attached starting material molecules, and therefore
includes in the electron-donative material of the
present invention.

Specific examples of electron-donative
materials may include binary system, ternary system or
more multiple system I11-v group compound
semiconductors comprising the combination of Ga, Im,
Al, etc. as the group 1II element and P, As, N, eéﬁ.
as the group V element; semiconductor materials of P-
type, I-type, N-type, etc. such as monocrystalline
silicon, amorphous silicon, etc; the following metals,
alloys, silicides, etc., for example, tungsten,
molybdenum, tantalum, copper, titanium, aluminum,
titanium—aluminum, titanium nitride, aluminum-silicon-
copper, aluminum palladium, tungsten silicide.,
titanium silicide, aluminum silicide, molybdenum
silicide, tantalum silicidé, etc.

On the other hand, as the material for forming
the surface where Al oh.Al—Si is not selectively
deposited, nawmely the non—-electron—-donative material,

there may bg exemplified glasses, oxide films,
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thermally nitrided films sucﬁ as silicon oxide, BSG,
PSG, BPSG, etc. formed by thermal oxidétion, CVD, etc.
aéd silicon pitride films formed by the plasma CVD
method, the reduced pressure CVD method, the ECR-~CVD
method, etc.

Accprding o the Al-CVD method, a metal filn
containing a mpdifying element end comprising Al as
main component can be alsc deposited selectively, and.
its film quality also exhibits excellent
characteristics. .

For exemple, in addition to an alkylaluminum
hydride gas and hydrogen,

a gas containing Si element such as SiH4,
SiZHB' SisHs, Si(CKS)

a gas containing Ti element such as TiCl,,

4+ 5iC1,, s'inzclz, SiHC1,, etc.,

4° Ti(CH3)4. etc.,

T4Br
| a gas containing Cu element such as copper
bisacetylacetonate cu(CSHTOZ)z, copper
bisdipivaloylmethanite c“‘°11319°2’2' copper
bishexafluoroacetylacetonate Cu(csﬁEsoz)z, etc.

may be conveniently combined and introduced to
form a gas mixture atmosphere, thereby depositing
selectively an electroconductive material such as Al-—
si, Al-Ti, Al-Cu, Al-8Si-Ti, Al-Si-Cu, etc. to form an

elactrode.

AlsQ, since the above—described Al-CVD method
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is a film forming method excelleat in selectivity and
alsc gives good surface charactebistic§ of the film
débosited, by applying a non-selective film forming
method for the next deposition step to form a metal
film of Al or comprising Al as main component aiso on
the Al film selectively deposited as described above
and 5102, etc. as the insulating film, a suitable
metal film of high general purpose availability as the
wiring for semiconductor device can he obteined. The
method is described later as a preferred embodiment of
the present invention. ~

Suck metal film is specifically described
below. That is, it is a combination of Al, Al-Si, A}~
Ti, Al-Cu, A1-Si-Ti, Al-Si~Cu selectively deposited
with Al, Al-Si, Al-Ti, Al-Cu, Al-Si-Ti, Al-Si-Cu non-
selectively deposited. As the film forming method for
non-selective deposition, there are CVD methods otﬁer
than the above—mentioned Al~CVD method, sputtering
methods, etc.

As the metal film to be deposited non-
selectively, a metal comprising, W, Mo, etc. as main
component may he employed.

Now, the present invention is described by
referring to specific embodiments, but the prasent.
invention is pot limited to the embodiments as

described bglow, but includes various modified
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embodiments, which may have éonstitutions capable of
accomplishing the object of the'presenf invention.

In one embodiment of the present invention a
deposited film of a metal is formed by directly
heating the substrate surface by a lamp, etc. when
forming an Al film on a substrate by use of at least
two kinds of an alkylaluminum'hydride gas and hydrogen
gas. |

The metal film comprising Al as main component
which can be formed eccording to the present invention
may include such combimations &s pure Al selectively
deposited and pure Al non-selectively deposited, pure
Al ana Al-Sy, pure Al and Al-Cu, Al and Al-Si-Cu, Al
and Al-Ti, Al and Al-Si-Ti, etc.

Particularly, monomethylaluminum hydride
(MMAH) and/or dimethylaluminum hydride (DMAH) as the
starting gas is used and Hz gas es the reaction gas is
used, and by heating (lamp heating) directly the
substrate surface under a mixture of these gases, an
Al film of good guality can be formed at a high
deposition speed.

Thus, instead of resistance heating of the
substrate in order to hold at 260 °C to 440 °C which
is preferable as the substrate surface temperature
during Al film formation, the substrate surface is

directly hegted by a lamp, whereby a film of good
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quality'can be obtained at a higk deposition speed of

|

3000 to 5000 A/min.

The above explanation has been made about an
embodiment of depositing pure Al as the metal film
composing Al as main component by use only of a gas of an

organic aluminum as the starting gas. In the present

invention, it is also possible to form a metal film
having excellent film cheracteristics at high
deposition speed by heating directly the substrate
during selective deposition'of aluminum containing a
modifying element such as aluminum-silicon (A;—Si} on
the substrate.

In this embodiment of the present invention, a
deposited film of a metal is formed by directly
heating the substrate éurface by a lamp, etc. when
forming an Al film on a substrate by use of an
alkylaluminum hydride gas, a.gas containing silicon
elenment and hydrogen gas.

The metal film which can be formed according
tQ the present invention may include combinations of a
metal comprising gluminum as main component and
containing a modifying elemeant such as Al-Si, etc.,
selectively deposited and Al-Si non—~selectively
deposited, Al-Si and Al-Cu, Al-Si and Al+8i-Cu, Al-Si
and Al-Ti, Al-Si and Al-Si-Ti, etc.

Paréicularly, monomethylaluminum hydride
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{MMAH) as described above aﬂa/or dimethylaluminum
hydride (DMAH) and a gas containing a modifying
e;;ment such as silicon, etc. are used as the starting
gases and H2 gas as thelreaction gas is used, and by
heating directly the substrate surface under a mixture
of these gases, a metal film comprising Al as main
component of good quality can be formed at a high
deposition speed.

Thus, alsc during formation of Al-Si film, in
order to hold at 260 °C to 440 °C which is preferable
as the substrate surface temperature, instead of
resistance heating of the substrate, the substrate

surface is directly heated by a lamp, whereby a film

of good quality can be obtained at a high deposition

speed of 3000 to 5000 i/min.

Description of the metal film forming appératus {1)

First, as a preferable metal film forming
apparatus to which the present invention is applied,
an embodiment employing the direct heating system by a.
lamp is to be described.

Fig. 1 shows a preferable metel £ilm forming
apparatus to which the present invention is applied.

The heating means 100 consists of a plurality
of combinationg of the halogen lamp 102 and the
reflection mirror 103 provided on the front side and

the back siab of the substreate 109, and by controlling
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the current supplied to the iamp by the controller 120

connected to a power source not shown, the temperature
of the substrate can be set as désired.

The substrate 109 on which the metal film is
to be formed is mounted on the substrate holder 110
within the reaction chamber 101 which is transparent
and insulating made of molten quart=z, etc; The
feeding system of gas includes the mixer 104 and the
bubbler 105, further including the gas feeding line
having the hydrogen feeding pipe 111 for bubbling
which is the first gasline communicated to the mixer
104 through the bubbler 105 bhousing DMAH , the hydrogen
feeding line 111A which is the second gasline
communicated to the mixer 104, and the gas introducing
line 112 for introducing DMAE gas and hydrogen gas
through the gas introducing hole 106 into the reactibn
chamber 101. 1In addition, 115 is the gas introducing
line to be used when intrecducing other gases. The
evacuation system 107 has an evacuation pump, and
includes an evacuation liné 113 communicated to the
evacuation hole 108.
| By use of this film forming.apparatus, the
substrate surface temperature can be stabilized to &
desired tempersture by heating for 5 seconds or less.
The constitution of this apparatus also makes it

possible tq obtain high throughput to the exent that



15 to 30 sheets of 5 inch wafer can be treated per one
hour. .

As tﬁe.direct heating means for performing
direct heating, light sources such as halogen lamps,
xencn lamps, etc. may be included.

More specifically, it is not a means as in
resistance heating by which the substrate surface is
heated through transmission of the heat-transmitted
through the stage mounting the substrate thereon from
the back surface to the front surface, but a ﬁeans
such that the energy from the heating means is
converted directly ou the substrate surface to affect
beating. It should be noted that this is different
from the optical CVD method in which optical |
eicitation is effected By utilizing UV-ray.

Description of metal forming method (1)

Next, by referring to Fig. 2, the metal film
forming method to which the present invention can be
preferably applied is described in detail.

A substrate to be deposited which an
insulating film 2 having openings {(VH1, VH2) of
various diameters is formed on a substrate 1 haéing an
electron~donative surface and comprising a
seniconductor or conductor material is prepared.

Here, the surface of the insulating film 2 is the non-

electron-donative surface (Fig. 2 A).
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Next, according to the-CVD method utilizing an
alkylaluminum hydride and hydrogen, a métal £ilm
conprising Al as main component is formed. For that
purpose, the substrate is arranged within the reaction
chambey 101, and after reducing the pressure in the
reaction chamber, a gas mixture cof alkylaluminum
hydride and hydrogen is introduced into the reaction
chanber. By lighting & lamp and maintaining the
temperature of the substrate surface at from 2690 °¢ to
440 °C, more preferably from 270 %¢ to 440 ¢, a1 is
selectively deposited within the openings. On the
basis of the deposition speed determined previocusly by
the experiments, Al is deposited to almost the same
height as the insulating film surface (Fig. 2B).

Next, for forming the wiring for semiconductor
device, Al is deposited on the whole surface. For
that purpose, the substrate is taken out from the
reaction chamber in Fig. 1, placed into the reaction
chamygr aof another deposition film forming epparatus,
and Al is deposited according to the sputtering method
or ﬁhe CVD method well kmown in the art (Fig. 2 c).

Mechanism of Al deposition may be as follows,
as presently understood.

When DMAH reaches with methyl groups directed
toward the substrate.side under the state where

hydrogen atqms are attached on an electron~donative
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substrate, nemely a substrate having electrons (Fig. 8
A) the electrons of the substrate wili cut one bond
between Al énd methyl'group {Figs. 8B and 89).

The reaction at this timé is as follows:

(CH,) ,ALH + 2H + 2e - 20!{41‘ + AlH

Further, the reaction proceeds similarly for
the hydrogen atoms remaining on the Al deposited
having free electrons (Fig. 8 D). Here, when hydrogen
atoms are deficient, hydrogen molecules of fhe
reaction gas will be decomposed t¢o be supplied as
hydrogen atoms. On the surface of the non-electron-—
donative surface, there is no electron and therefore
the reaction as described above will not proceed and
no Al will be deposited.

Thus, for ohtaining high deposition Qpeed, it
is important to promote the dissociationQadsorption'
reaction in which hydrogen molecules are decomposed
into hydrogen atoms to have them adsorbed onto the
electrén—donativa surface. Direct heating plays this
role to accelerate selective deposition.

Comparison has been made between the Al filﬁ
obtained by direct heating with a lamp, etc. by use 6f
DMAH as the alkylaluminum hydride and H

2
film obtained by hesting the substrate to 260 Oc with

and the 2l

resistance heating by means of the device shown in

Fig. 3. >
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The Al film obtained by the resistande heating
nethod was found to contain no carbon éﬁd bave a good
rggistivity, but the depcsition speed of the film was
800 A/min. at the meximum, which could never bhe said
to be high. Accordingly, improvement of the
deposition speed was eattempted by elevating the
substrate temperature, but samples with worsened
surface morphology, lowered resistivity or no
selectivity were generated. Thus, by the present
inventors, it has been found that there ensues the
problem with respect to reproducibility by merely
elevating the substrate temperature.

The present inventors have alsc attempted to
elaborate enhancement of deposition speed by way of
increasing the gas floﬁ rate of DMAH. However, also
in this case, samples with worsened surface morphology
were observed, whereby it has been found that a
problem also remains with respect to reproducibility
according to this method.

In contrast, the pure Al deposited within the
openings according to the method as described above
assumes a mono;rystalline structure, having excellent

characteristics such es:
(1) reduced generation probability of hillock;

(2) reduced generation probability of alloy
spike. 3
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The method as described above is a deposition method
excellent in selectivity and fine workiﬁg, and by
a;blying a non-selective deposition method s the next
deposition step, for the purpose of comparison with
direct heating by a“lamp, etc. similarly as in the
case of pure Al as described above, the preseat
inventors have also attempted to form an Al-5i film by
usge of DMAH as the alkylaluminum hydride, a gas
containing silicon element and H2 by heating the
substrate to 260 "C with resistance heating.

The Al-Si film obtained according to this
method contained no carbon aﬁd had a good resistivity,
but the deposition speed of the film was 800 i/min. at
the maximum, which could never be said to be high.
Accordingly, improvemeﬁt of the deposition speed was
attempted by élevating the substrate temperature. but
samples with worsened surface morphology, lowered
resigstivity or no selectivity were generated.

In contrast, the Al1-Si film deposited within

the openings by the direct heating system exhibited a

. good crystalline structure, with low generation

probability of hillock and also low generation
probability of alloy spike.

Since the method described above is a
deposition method excellent in selectivity, by forming

a metal filwm comprising Al-Si as main component also
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on the Al-Si film selectively deposited and the Si0,
which is an insulating film as describéa ebove by
applying a non-selective deposition method as the next
deposition method, a metal film suitable for the
wiring of a semiconductor device can be cbtained.

The gas containing silicon elément is
introduced through the feeding pipe 115 which is the
third gasline into the mixer 104.

By use of the film forming apparatus,
similarly as in the case_of pure Al, the substrate
surface temperature can be stabilizéd to a desired
tenperature by heating for § seconds or less. Also,
there can be obtained by this apparatus a high
throuéhput to the extent that 15 to 30 sheets of 5
inch wafer can be treated per one hour. )

In still enother embodiment of the present
invention, by use of a metal film forming apparatus
ha?ing a malti-chamber, first a metal film comprising
Al as main component is formed selectively on a
substrate according tc the CVD method by use of an
alkylaluminum bhydride and hydrogen in a first £ilm
forming chamber, and then the substrate-is transferred

tc a second film forming chamber without exposure to

. outer air to form a metal film on the whole surface of

the substrate.

Spepific examples of the metal film formable
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eccording to the present invention utilizing the metal
film forming apparatus heving & multi-chamber may |
includa combinations of pure Al selectively deposited
and pure Al non-selectively deposited, pure Al and Al-
Si, pure Al and Al-Cu, pure Al and Al-Si-Cu, pure Al
and Al-Ti, etc.

The surface temperature of the substrate
during Al selective deposition may be preferably from
the decomposition temperature of the alkylaluminum
hydride or higher to lower 450 °C. more preferably
from 260 °C to 440 °c.

Particularly, by using monomethylaluminum
hydride (MMAﬁ} and/or dimethylaluminum hydride (DMAH)
as-the starting gas and Hz gas as tﬁe reaction gas,
and heating the substrate surface undér a mixture of
these gases. an Al film of good quality can be formed
at high deposition speed.

In this case, by holding the substrate surface
temperature during Al film formation at 260 © to 440
°C which is more preferable, a film of good guality
can be obtained at a higher speed of 3000 to 5000
A/min. than in the case of resistance heating.

Further, specific examples of the metal film
formable according to the present invention may
include such combinations of a metél coﬁprising Al as

main compongnt and containing a modifying element such
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as Al-Si, etc. and Al non-selectively deposited, Al-
$i and A1-Si, Al-Si and Al~Cu, Al-Si end Al-Si-Cu, Al-
Si;ana Al-Ti, Al-Si and Al-Si-Ti, etc.

The surface temperature of the substrate
during A1-Si selective deposition may be preferably
from the decomposition temperature of the
alkylaluminum bydride or higher to lower than 450 °C,
more preferably from 260 °¢ to 440 °c.

Particularly, by using monomethylaluminum
hydride (MMAH) and/or dimethylaluminum hydride (DMAH)
as the starting gas ., s£2H6 as the gas containing a
modifying element, and H2 gas as the reaction gas, and
by lamp heating the substrate surface under a mixture
of these gases, an Al-Si film of good quality can be
formed et high deposition speed.

Also in this case, by holding the substrate
surface temperature during Al film formation at 260 °
to 440 °C which is more preferable, a film of good
quality can be obtained at a higher speed of 3000 to
5000 i/min. thén in the case of resistance heating.

Description of metal film forming apparatus (2)

As another embodiment of the preferable metal
film forming apparétué to which the present invention
is spplied, the apparatus having e multi—chamber is
described.

Fig+ 4 through Fig. 6 show a metal £ilm
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continuous forming apparatus ta which the present
invention can be preferably applied.

The metal film contihuous forming apparatusf
as shown in Fig. 4, consists of a load lock chamber
11, a CVD reaction chamber (first film forming
chamber) 12, an Rf etching chamber 13, a sputtering
'chamber (second film forming chamber), a load lock
chamber 15 which are continuously juxtaposed
communicatably t0 one another by gate valves 10 under
continuous shielding from outer air, and the
respective chambers are constituted so that they can
be evacuated or reduced in pressure by the evacuation
sfstems i16a to 169,. respectively. The above—mentioned
load lock chamber 11 is a chamber.for replacing the
substrate atmosphere béfore deposition treatment with
H, atmosphere after evacuation for improvement of
throughput chaeracteristic. The next CVD reaction
chamber 12 is a chamber for selective deposition on
the substrate under normal pressure or reduced
pressure provided Internally witﬁ a substrate holder
18 h,_atfing a resistance heating body (heated to from
200 to 430 oC) 17 and is also constituted so that the
gas for CVD may be introduced through the gas
introducing line 19 for CVD. The next Rf etching
chamber 13 is a chamber for performing cleaning

(etching) OFf the substrate surface after the selective
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deposition under Ar stmosphere, which is provided
internally with the substrate holder 20-to be heated
to from 100 °C to 250 °C and the electrode line 21 for
Rf etching, and also connected to the Ar gas feeding
line 22. The next sputtering chember 14 ié a chamber

for depositing non-selectively a metal film by

- sputtering onto the substrate surface under Ar

atmosphere, and provided internally with the substrate
holder 23 to be heated to from 200 ©C to 250 °C and
the target electrode 24 for mounting thé sputter
target material 24a theéeon. and also connscted to the
Ar gas feeding line 25. The last load lock ch;mber 15
is a control chamber before taking out the substrate

after completion of the metal film deposition into

-outer air, and constituted so as to replace the

atmosphere with N,.

In Fig. 4, the metal film continuocus forming
apparatus of the above constitution is shown in time
series on the basis of the steps, but practically, as
shown in Fig. 5, the structure is such that the above-
described load lock chamber 11, CVD reaction chamber
12, Rf etching chamber 13, sputtering chamber 14 and
load lock chamber 15 are mutually linked together with
the conveying chamber 26 as the relay chamber. In

this constitution, the load lock chamber i1 alsc

functions a8 the 1load lock chamber 15. In the above-



mentioned conveying chamber 26 shielded from the gir,
as shown in the Figure, an arnm (conveyinq'meanSJ 27
rofatable reversibly in the AA direction and also
stretchable in the BB direction is'provided. By maans
of the arm 27, as showm by the arrowhead in Fig. 6,
the substrate c¢an be moved successively according to
the steps from the load lock chamber 11 to the CVD
chamber 12, the Rf etching chamber 13, the.sputtering
chamber 14, the load lock chamber 1§ continuously
without exposure to the outer air.

Fig. 7 shows another coastitutional eiample of
thé metal film continuous forming apparatus, and the
sage members as in Fig. 4 are affixed with the same
symbols. The difference of the apparatus in Fig. 2
from that in Fig. 4 reéides in heating directly the
substrate surface by use of a halogen lamp 30. Thus,
by direct heating, the deposition speed can be further
improved. For effecting direct heating, the substrate
holder lz.has a nail 31 arranged for holding the
substrate under floated state.

In the heating systems applicable to this
method, as the method of direct heating (which heats
the substate itself by transmission of the energy from
the heating means), for example, lamp heating by
halogen lamp, xenon lamp, etc. may be included. In

this conneck¥ion, as the resistance heating, there may
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be mentioned heating members, etc. provided on the
substrate supporting members arranged in the space for
deposited film formation for supporting the substrate
to have deposited film formed thereon.

Infihe case of depositing an aluminum film _
containing a modifying elemeﬁt, the metal film forming
apparatus as shown in Fig. 4 to Fig. 7 can be also
used as described above.

Shortly speaking, a gasline for introducing
the gas ofher than the gas of organic aluminum may be
additionally provided. ~

In the following,. the gas feeding system
preferably used for the metal film forming apparatus
as described above is described by referring to Fig.
9. | )

The gas introducing line 312 of the reaction
chamber 301 is connected to the mixer 304. A
plurality of lines for introducing gases are connected
to the mixer 304, one of them is the line is 311 for
introducing hydrogen gas and connected to the cooler
320. The other line is the starting gas introducing
line 312 and connected to the bubbler 305. The
bubbler is comnnected to the carrier gas introducing
l;ne 313 for bubbling of liquid starting material and
connected to the cooler 320 similarly as the line 311.

Further, on the upstreamside is provided
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through the line 327 the hydrogen purif;er 321.

. The hydrogen purifier 321 is internally
separated by a palladium film into the two chambers of
the purifying cylinder and the primary chamber. The
starting hydrogen feeding line 326 is communicated to
the primary chamber outside of the palladium film of
the two chambers. In the primary chamber is also
provided communicatably the gas release line 326, so
as to reléase a part of the starting hydrogen within
the primary chamber. 331 is a heating coil. 323 is
the preliminary heating’chamher of the starting
hydrogen, and the starting.hydrcgen can be heated by
the heating coil 332. The gas feeding system up to
this step, the evacuation system represented by 307
and the reection chambér constitute collectively the
CVD apparatus.

It is preferable to design the hydrogen
purifier 321 assembled in the main body of CVD
apparatus and make thke length of.the pipeline from the
purifying cylinder 330 to the CVD reaction chamber 312
1.5 m or less. |

0f course, the boﬁding portion of the pipeline
and the valve are suppressed minimum as required.

Such CVD apparatus is placed in a clean room
and the bomb 324 housing the starting hydrogen is

arranged-ou%side of the clean rcom. Both are
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connected to each other communicatably yith the
gasline 325. These pipelines are made of SUS
subjected to electrolytic polishing.

The starting gases are fed by use of the
apparatus as described above in the following manner.
The hydrogen fed from the bomb 324 through the line

325 of 10 m or longer to the preliminary heater 323 is

heated here to about 400 °C. The starting hydrogen

heated is purified by the palladium heated to about
429 Se. Shortly speaking, within the purifying
cylinder 330 exists hydrogen with a purity of 99.99995
% or more, and in the primary chamber hydrogen with
higher impurity concentration. Here, an adeguatse
amount of hydrogen is released through the release
line 326 so that the idpurity concentration in
hydrogen may not become higher.

The purified hydrogen is cooled by the cooler
320, of which a part is directly delivered tc the
nmixer 304, and a part fed as the hydrogen for bubbling
to the bubbler 305. |

Degscription of metal film forming method (2)

Referring to Fig. 2 and Fig. 4, another

embodiment of the metal film forming method of the

present iInvention is described in detail.
As describhed in the above descripfion (1), a

substrate t& be deposited as shown in Fig. 2 A is
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step, and forming a metal filﬁ comprising Al as main
component also on the Al film selectively deposited as
described above and §i0, which is en icsulating film,
etc.., a metal film suitable for the wiring of a
semiconductor device can be cbtained.

Similarly for-Al—Si, excellent crystalline
structure is also exhibited.

Therefore, as the next deposition step, by
applying the non-selective deposition method and
forming 2 metal film of Al or comprising Al as main
component on the Al-Si £ilm selectively deposited as
described above and SiO2 which is an insulating f£ilnm,
etc., a metal film suitable for the wifing of the
semiconductor device can be cobtained.

Thus, sccording to the present invention, the
interface characteristics of the Al in the openings
and the Al on the insulating film can be improved to
give a metal film for wiring by which sufficiently low
contact resistance can be obtained.

In the following, explanation is made by
referring to Examples.

First, Examples 1 to 9 are described, in which
a pure Al film is formed selectively and then a metal
film comprising Al as main component non-selectively,
and the Examples 10 to 16, in which an Al film

conteaeining eh element such as Si, etc. is selectively
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formed end then a metal film comprising Al as main
component non-selectively are described. Further, the
metal film forming method utilizing the apparatus
shown in Figs. 4 to Fig. 7 is described by referring
to Examples 17 to 22. Here, Examples 17 to 21 are
examples by use of an apperatus in which the direct
heating system'(Fig. 7) is employed, and Example 22 an
.example in which an apparatus by use of a resistance

heating system (Fig. 4} is utilized.

Exanmple 1

First a subs*trate is prepared. The substrate
is a sample haying an $i0, with a thickness of 8000 A
formed by thermal oxidation on an N-type
monocrystalline Si wafer. This is performed by
patterning of openings with various opening sizes of
0.25 um x 0.25 um square to 100 um x 100 um square on
the Sioz, thereby having the subbing Si single crystal
exposed. Fig. 2 A schematically shows a part of the
substrate. Here, 1 is a monocrystalline silicon
substrate as conductor substrate and 2 is a thermall?
oxidizea silicon £ilm as insulating film. This is
called Sample 1-1. VRl and VH2 are openings, having

. different diameters from each other.

The procédure of forming an Al film on the

substrate 1 is as described below.

By ®se of the apparatus shown in Fig. 1, the



L A paimireny

AL o 8 O 2

REFLACE WY SHEET

- 38 -

25 NOV 1996

reaction chamber 101 is evaeuated internally to ca. 1
X 10-§ Torr by an evacuation system 107. However, a
film of Al can be also formed even if the vacuunm
degree within the reaction chamber 101 may be worse
than 1 x 10™° Torr.

In this Example, DMAH is fed from the first
gasline 111. As the carrier gas through the DMaH
line, Hz is employed.

Hz is flowaed from the second gasline 111A, and
the pressure within the reaction chamber 101 is
controlled to a predete}mined value by'controlling the
opening degree of the siow leak valve not shown. A
typical pressure in this Example is set at ca. 1.5
Torr. Through DMAR line 111 is introduced. DMAH into
the reaction tube. Th; total pregsure is ca. 1.5
Torr, and DMAH pressure is c¢a. 5.0 x 10 ° Torr. Thea,
a lamp is lighted to heat directly the wafer. Thus,
Al was deposited.

After elapse of a predetermined deposition
tiﬁe, feeding of bMAH is once stopped. The
prodetermined deposition time of the Al film deposited
in this step is the time until the thickness of the Al
film on Si (monqcrystalline silicon substrate 1)
becomes equal to the film thickness of Sio2 (thermally
oxidized silicon film 2).

The". temperature of the substrate surface by
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the direct heating at this time is held at 270 oC.
The above step is called the first depasition step.
According to the step up to this, an Al film 3 is
deposited.selectively within the opening as shown in
Fig. 2B.

Next, withput breaking vacuum, a'wafer is
arranged within the sputtering apparatus, and Al is
deposited also on the Si02 film 2 by sputtering. This
-step is & non-selective deposition step. This is
called the second Al film deposition step.

The film forming conditions at this time are
as described below. By use of Al as the target, the
film is formed by imparting a DC power of 5§ to 10 kW

1 40 1073

in an Ar etmosphere under a pressure of 10
Torr. The substrate temperature at this time is held at
200 °C by resistance heating.

According to the second Al film deposition

step, an Al £ilm 4 can be formed on the S$i0. film 2 at

2
a deposition speed of 10000 A as shown in Fig. 2C. An
Al film was formed according to the method as
described above.

~ Further, bv using again the substrate.
similarly prepared, but setting for this time the
substrate surface temperature at 280¢ % to 480 OC by

direct heating, an Al film was prepered according to

the first dgposition step. Here, other f£ilm forming
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conditions in the first deposition step and in the
second deposition step were 21l the samé.

Also, Al films were formed by setting the
substrate surface temperature at 200 °c to 260 °C and
430 °¢ to §50 e during the ,firét depositicn step.

The results are shown in Table 1.
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Table 1

2§nbstrate surface

> : : 20012301250 {260}1270}280]300
temperature (°C)

Deposition speed : [,
©:3000~5000 A/min. ; -
ot 1000~1500 A/min.{ © | © 0. oo oo

Throughput - ] ) :
{sheets/hr) $ o

O: 15-30sheets/hr | © | | 219 |9 |®

o: 7~10sheets/hr

Line defect of Si

©O: Nope e}l © L= JO N O Y - T I - O O - |

Carbhon. content -
©O: Detectable )
limit or less | © | © e | o 0 {0 (0

Resistivity

0: 2.8~3.4(pecm)
°: 2.7~-3.3(pgem) { @ 1 O | © 10O |0 |10 |6

Reflectance..
@:'90«:95 %

o: 85.95 g Q Q O O 4] L] o)
A: 60 % or less ' '

 CEN lock density of
lum or more

O: =0-‘~102cm'2 O O O t{e e {90 o
o: 1~107cm-32

4: 10~10"cm

rSpike generation
(breaking probabili- . ].
'ty of 0.15 pm bond-] © (] 0 © © ) s
:x.ng) :
O: 0 %

a: 30 % or less
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Table 1 (continued)

—

':_Substratg. surface
rteimperature ( °C)

‘350 | 400 | 440 | 450 {460

470

Depositian speed
©:3000~5000 A/min.
os 1000~1500 A/min.

Throughput
{ sheets/hxr)} 1

©: 15~30sheets/br
0o: 7~i0sheets/hr

Line _defect of Si
©: None

Carbon.content

limit ox 1es§

Resistivity .
O: 2.8~3.4(pQcm)
oz 2.7~3.3(pflcm)

Reflectance. ‘-
o: 85~95 &
Az 60 ¥ or.less

illock density of
lum or more -2

O: - 0-‘-102cm
©: 1~10 cm-2
A: 10-10"em

[Spike generation
(breaking probabili-
ty of 0.15 pm bond-
“ing}

©: 0 %

o: 30 % or less
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As can be seen from Table 1, at substrate
surface témperatures ranging from 260 to 440 oC by
dirgct heating, Al was deposited within the openings
selectively at a deposition speed of 3000 to 5000
A/min.

As the result of examination of the
characteristics of the Al film within the opening at
substrate temperatures ranging from 280 t6_440 oc,
they were found to be good with no carbon contained, a
resistivity of 2.8 to 3.4_pQ-cm, a reflectance of 90
to 95 %, a hillock dsnsi?y of 1 ym or mare being ¢ ta
10, substantially 5o spike generation (breaking
probability of 0.15 um bonding).

Of course, contact with Al film formed thereon
by sputtering was found to be good due to good surface
characteristics of the Al film therebeneath.

In contrast, at a substrate surface
tenperature of 200 %% to 250 °C, the deposition speed
was low as 1000 to 1500 A/min., whereby throughput was
also lowered to 7 to 10 sheets/H.

On the other hand, when the substrate surface
temperature exceeds 440 °c, the reflectance becawe 690
% or less, the hillock density of 1 um or more 10 to

2. -the spike generation 0 to 30 %, whereby the

10% cn”
characteristics of the Al film within the openings

were lowered,
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Next, according to the method as described
above, an Al film was formed on a substrate (sample)
having a constitution as described helow.

Oon a monocrystalline silicon as the first
substrate surface material, a silicon oxide film was
formed as the second substrate surface material
according to the CVD method, and then subjected to
patterning according to photolithographic steps to
have the monocrystaliine silicon surtace partially
exposed. .

The thermally oxgdized Sio2 £ilm had a
thickness of 7000 X, and the size of the exposed
partion of the monocrystalline silicon, namely opening
2.5 pm X 3 um to 10 uym x 10 pym. Thus, Sample 1-2 was
prepared (hereinafter such sample is represented as
"GVD Si0, (hereinafter abbreviated as
Sioz)/monocrystalling silicon").

Sample 1-3 is a boron-doped oxide film formed
by normal pressure CVD (hereinafter abbreviated as
BSG) /fmonocrystalline silicon,

Sample 1—-4 a phosphorus-—doped oxide f£film
formed by normal pressure CVD (hereinafter abbreviated
as PSG)/monocrystalline silicon,

Sample 1-5 a phosphorus and boron—doped okide

£ilm formed by normal pressure CVD (hereinafter

abbreviated as BSPG)/monocrystalline silicon,
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Sample 1-6 a nitride filn formed by plasma CVD
{hereinafter abbréviated as P—SiN)/nonocfystalline
silkicon,

Sample 1-7 a tﬁermally nitrided film
(hereinafter abbreviated as T-SiN)/monocrystalline
silicon,

Sanple 1-8 a mnitrided film formed by low

pressure DCVD {hereinafter abbreviated as LP-SiN), and

Sample 1-89 a nitrided film formed by an ECR
apparatus  (hereinafter abbreviated as ECR-~

SiN} /monocrystalline silicon. Further, according to

- all the combinations of the first substrate surface

- material and the second substrate surface material
shown below, Sanples'l-ll to 1-179 were prébared. As
the first substrate surface material, monocrystalline
silicon (monocrystalline Si), polyecrystalline silicon
(polycrystalline $i), amorphous silicon (amorphous
S§i), tungsten (W), molybdenun {Ma}, tantalum (Ta),
tungsten silicide (WSi), titanium silicide (Tisi),
aluminum (Al), aluminum silicon (Al1-Si), titanium
aluminum (Al-Ti), titanium nitride (Ti-N), copper
(Cu), aluminum silicon copper (Al-Si-Cu), aluminum
palladium (Al-Pd), titanjium (Ti), molybdenum silicide
{(Mo—Si), tantalum silicide (Ta-Si) were employed. Ais

the second éqbstratc surface material, T-Si0;. §i05-
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BSG, PSG, BPSG, P-SiN, T-S5iN, LP-SiN, ECR-S5iN were

employed. For all of the sanples as menficned above,
gaod Al films could be formed.
Exanple 2 |

. "Example 2 was carried out by performing the
same firat Al deposition step as in Example 1 and then
forming an Al film on the whole surface by use of the
CVD method using trimethylaluminum (TMA) as the second
deposition step{ As the substrate, one with the sane
constitution as used in Example 1 (Sample 1-1) was
prepared. According to the first Al deposition step
as described above, a substrate having Al deposited
within the cpenings was arranged within the CVD
apparatus.

As the starting .gas, trimethylaluminum {TMA)
was used, and an Al film was formed on the whole
substrate surface in a mixed atmosphere with TMA and
Hz gas.

According to the second depoaiticn step in
this Example, the Al film was deposited at a
deposition speed of 500 i/min., which was a filn
excellent in migration resistance with its resistivity

being 3.3 to 3.5 pQ-cn.

Example 3

In Exanple 3 according to the present

invention, an aluminum (Al) film is formed by using
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the apparatus shown in Fig. 1, DMAH as the starting
gas, hydrogen gas as the reaction gas, aﬁd carrying
out-direct heating of the substrate surface by a
halogen lamp.

As the substrate, a monocrystalline silicon
wafer cavered with $10, film having a plurality of
openings of 0.25 um square to 100 pun sgquare similarly
as in Example 1 was prepared. Faor this substrate, the
first Al filn deposition step according to thg cvD
'nethcd and the second Al-Si film deposition step
according to the sputtering method were practiced as
described below to form an Al film.

Acéording to the same procedure as in Example
1, DMAY and hydrogen were transported into the
reactiorn chamber 101 for Al deposition. |
| The conditions of the first Al Ffilm foraing
step were set at a total pressure of 1.5 Torr, a DMAH
partial pressure of 1.5 x 10_4 Torr, a substrate
surface temperature of 270 °c.

Acecording to the first Al deposition step as
described above, Al was deposited at a deposition
speed of 3000 to 5000 A/min. within the openings of
various pore diameters to obtain good selectivity.
Next, the substrate was arranged in a sputtering

apparatus and Al-Si was deposited to a thickness of

$000 A on theywhole surface including Si0, and



| REPLAGES

ENT SHEE

25 KOV 1996

- 48 -

selectively deposited Al. The deposition speed at
this time was 10000 A/min. .

Further, according to the same method, by use
of the same Samples 1-11 to 1-179 as in Example 1 as
the substrate, Al films were formed. Inlall of the
Samples, good Al films could be formed through the
first and second deposition steps.

'In the above-mentioned experiments, the
substrate surface temperature was set to 270 °C, but
this condition was varied from 200 % to ss0 °c by
every 10 °C to form Al films.

The characteristics of the Al films of the
respective ;amples as mentioned above according to the
first Al deposition step were similar to those shown
in Takle 1..

Exanple 4

In Example 4, an Al-Si film is formed on the
whole surface by use of the CVD method using TMA as
the second deposition step after having performed the
first Al deposition step as in Example 1.

As the subsatrate, one having the same
constitution as used in Example 1 {(Sample 1-1) was
prepared.

A sub;trate having Al deposited within the
openings according to the above-mentioned first Al

deposition ajep was arranged within the CVD apparatus.
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By use of Si,H, and frimsthylaluninun (TMA) as
the starting gas, and in a2 mixed axnosphére with
hydrogen gas and them, an Al-$Si film was deposited on
the whole substrate surface.

~According to the second deposition step in
this Example, the Al-S5i film wa# deposited at a
deposition speed of 500 A/min., which was a film
excellent in migration resistance with its resistivity
being 3.3 to 3.5 pQd.-om.
Exanple §

In Exanple 5, an Al-Cu film is formed on the
whole substrate surface by sputtering as the second
deposition step after having performed the same first
Al deposition step as in Example 1. As thé substrate,
one with the same constitution as used in Example 1
(Sample 1—-1) was prepared. |

After Al was deposited selectively within the
openings according to the first Al deposition step as
described above, the substrate was arranged within the
sputtering apparatus. The film forming conditions
during sputtering are as deacrihed below.

As the target, Al-Cu (0.5 %) was used and the
DC power in an Ar atmosphere of 6 x 10_3 Torr was
applied at 7 kW.

According to the second deposition step in

this Example. the Al-Cu film was deposited at a
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deposition speed of 10000 A/min.. which was a film
excellent in migration resistance with iis resistivity
beifig -3.0 to 3.3 uQ-.cnm.

Example § |

In Example 6, an Al~Cu film is formed
according to the CVD method by use of TMA and copper
bisacetylacetonate Cu(c53702)2 as the second
deposition step after having performed the same first
Al deposition step as in Example 1.

As the substrate, one with the sanme
constitution as used in Example 1 (Sample 1-1) was
prepared.

After selective deposition of Al within the
'openings according to the first Al deposition step as
describéd above, the substrate was arranged within a
CVD apparatus.

As the starting gas, TMA and c“(csﬂqoz)z as
the gas coantaining Cu were used, and an Al-Cu film was
deposited on the whole substrate surface.

According to the second deposition step of
this Exaﬁple, the Al-Cu film was deposited at a
deposition speed of 500 A/min., which was a film
excellent in migration resistance with its resistivity
being 3.3 to 3.5 uﬂ-cn;

Exanple 7

In Exgmple 7, an Al-Si-Cu film is formed on
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the whole substrate surface according to sputtering as
the second deposition step after having %erforned the
same first Al deposition step as in Example 1. Aslthe
substrate, one with the same constitution as used in
Example 1 (Sample 1-1) was prepared.

After selective deposition of Al withiﬁ the
openings according to the first Al deposition step as
described above, the substrate was arranged in a
sputtering apparatus. The film forming conditions
during sputtering are as follows. As the target, Al-
$1(0.5 %)—-Cu(0.5 ¥) was employed, and DC power was
applied at 7k¥W in Ar atmosphere.

Accarding to the second deposition step in
this Example, the Al-Si-Cu film was deposited at a
-deposition speed of 10000 X/min., which was a film
excellent in migration resistance with its resistivity
being 3.0 to 3.3 pim.

Example 8

Exanple 8 shows forming an Al~Si-Cu film
according to the CVD method by use of TMA, copper
bisacetylacetqnate Cu(csﬂqoz)s, 32 and Sizn6 as the
second deposition step after having performed the same
first Al deposition step as in Example 1.

As the substrate, one with the same

constitution as used in Example 1 (Sample 1-1) was

prepared. Af}er selective deposition of Al within the
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cpenings according to the first Al deposition stqp as
described above, the substrate was arranged within a
CVD*apparatus. As the starting gas, Siza6 as the gas

containing $i, TMA and Cu(CSHYO as the gas

2]2
containing Cu were used, and an Al-Si-Cu film
deposited on the whole substrate surface.
According to the second depdsition step of
this Example, the Al-Si-Cu film was deposited at a
deposition speed of 500 A/min., which was a film

excellent in migration resistance with its resistivity

being 3.3 to 3.5 u2-cm. -~

Exanple 9

Exaumple é shows forming an Al-Ti film on the
whole substrate surface according to sputtering as the
second deposition step after having performed the sanme
tirst Al deposition step as in Example 1. As the
substrate, one with the same constitution as used in
Example 1 (Sample 1-1) was prepared.

After selective deposition of Al within the
épenings according to the first Al deposition atep as
described aﬁove, the substrate was arranged in a
sputtering apparatus.

The film forming conditions-during sputtering
are as follows. As the target, Al-Ti{0.5 X) was
enployed..and DC power was made 7 k¥ in Ar atnosﬁhere.

According to the second deposition step in
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this Example, the Al-Ti film was deposited at a
deposition speed of 10000 X/min., which Qas a film
exdillent in migration resistance with its resistivity
being 3.0 to 3.3 HQ2-cm.

Having described above about Examples 1 to 9.
otherwise it is also possible to deposit Al in the
first deposition step and Al-Ti according to the CVD
‘method in the second step. It is also possible to
deposit A1 in the firat astep and Al-Si-Ti according to

the sputtering method or the CVD method in the second

step. -

Comparative experimental example 1

By use of the CVD apparatus shown in Fig. 3,
those with the constitutions of the substrates used in
Exarple 1 (Samples 1-1 €0 1-179) were prepared, and
the experiments which heat the substrate indirectly by
resistance heating under wide temperature condition
range from 200 °C to 650 °C were conducted.

As the result, although Al with excellent
selectivity was deposited within the opernings in all
the samples, the-deposition speed at that time was
inferior by about one cipher as 100 to 800 i/min. as
compared with the Examples as described above,

In Fig..s, 11 is a reaction chamber, 12 a
heater, 13 a holder, 14 a mixer, 15 a bubbler, 16 a

gas introducing hole, 17 an evacuation system, 18 an



SR PR

evacuation hole, 18 a substrate, 20 a gas introducing
line, 21 a gas feedirng line for feeding bMAH gas, 21A
a gas feeding line for feeding H, gas and 22 an
evacuation line.

In Exanples 1 to 9 as described abave, since

the substrate was directly heated during selective

'deposition of aluminum on the substrate, there is the

effect that a metal film with excellent film
characteristica can be formed at high deposition
speed.
Example 10

First a substrate is prepared. The substrate
is a sample having an Sio2 with a thickness of 8000 2
formed by thermal oxidation on an N-type
ponocrystalline wafer. °This is obtaing@ by patterning
of openings with various opening sizes of 0.25 um X
0.25 pm» square to 100 um x 100 pm square on the Sioz,
;hereby-having the subbing Si1 single crystal exposed.
Fig. 2 A schematically shows a part of the substrate.
Here, 1 is a monoecrystalline silicon substrate as
conductor substrate, 2 a thermally oxidized silicon
film as insulating film. This is called Sample 1-1.
VH1 and VH2 are opeunings, having different diameters
from each other._

The procedure of forming an Al-Si film on the

substrate 1 i3 as described below.
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By use of the apparafus shown in Fig. 1, the
reaction chamber 101 is evacuated internally to ca. 1
x 19”8 Torr by an evacuation system 107. However, a
film of Al-Si can be also formed even the vacuum
degree within the reaction chamber 101 may be higher
than 1 x 10~2 Torr.

| In this Example, DMABH is fed from the first
gasline 111, and #t the sanme time sizﬂs added from the
third gasiine 115. As the carrier gas through the
DMAH line, Hz is employed.

- Through the secoad gasline 111A is flowed H,,
and the pressure within the reaction chamber 101 is
controlled to a predetermined value by controlling the
opening of the slow leak valve not shown. A typical
pressure in the this Example is made ca. 1.5 Torr.
Through DMAH line 111 is introduced DMAE into the

reaction tube. The total pressure is ca. 1.5 Torr,

4

and DMAH partial pressure made ca. 1.5 x 10 ' Torr and

Si, H, partial pressure 2 x 16™% Torr. Then. a lamp is

lighted to heat directly the wafer. Thus, Al-Si is
deposited.

Az the gas containing Si as the second
starting gas during formation of the Al-Si fiim,

SiZES' SiE‘, Si3H8’ 51(033)4, SiCl4, SiH Clz, SiH . Cl

can be employed.

2 3

By addition of DMAH, H2 and Si starting gas
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;uch as Sizﬂs, Al-Si containing 0.5 to 2.0 %-of Si can
be deposited. The reaction tube pressure is 0.05 to
76Q Torr. desirably 0.1 to 0.8 Torr, the substrate
temperature 260 ¢ to 440 °C, the DMAH partial
pressure 1 x 10 -fold to 1.3 x 10 >—fold of the
pressure within the reaction tube, the SiH, partial

T o 1 x 1074~

preséure within the reaction tube 1 x 10
fold, whereby Al-Si is dépositedﬂ

After elapse of a predetérnined deposition
time, feeding of DMAH is once staopped. The
predetermined deposition,tine of the Al film deposited
in this atep is the time until the thickpess of the Al-
Si film on $I (monocrystalline silicon substrate 1)
becomes egual to the film thickneas of 5102 (thermally

oxidized silicon film 2).

The temperature of the substrate surface by

the direct heating at this time is made 270 °C. The

 above step is called the first deposition step.
According to the step up to this, an Al-Si film 3 is
deposited selectively within the opening as shown in
Fig. 2B.

Next, a wafer is arranged within the
‘sputtering apparatus, and Al-5i is deposited also on
the Sio2 film 2. This atep is a non-selective
deposition step. This is called the second 81-Si film

deposition step.
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The film forming conditions at this time are
as described below. By use of Al-Si as the target,
thesfilm is formed by imparting a DC power of 5 to 10

1

kW in an Ar atmosphere under a pressure of 10 = to 10

3 morr. The substrate temperature at this time is
made 200 °C by resistance heating.
Accoxrding to the second Al-Si film deposition

step, an Al-~Si film 4 can be formed on the §i0, film 2

2
at a deposition speed of 10000 A as shown in Fig. 2
(C). An Al-Si film was formed according to the method
as described above, v

Further, by using again the substrate
sinilarly prepared, but setting for this time the
substrate surface temperature at 2890 °c to 480 °c by
direct heating, an Al-Si- £film was prepared ;ccording
to the first deposition step. Here, other film
fOtling conditions in the first deposition step and
the film forming conditions in the second deposition
step were all made the sane. |

Also, Al-Si films were formed by setting the
substrate surface temperature at 200 ©°c to 260 °c ana
490 °C to 550 °C during the firat deposition step.
The results were found to be the same as shown
previously in Table 1. |

As can be seen from Table i, at substrate

surface temper-tures ranging from 260 to 440 °c by
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direct heating, Al-Si was deposited within the
openings selectively at a deposition speéd of 3000 to
5000 i/min.

As the result of examination of the
characteristics of the Al-Si film within the opening
at substrate temperatures ranging from 260 to 440 °c,
they were found to he good with no carbon contained, a
registivity of 2.8 to 3.4 uQ-.cu, a reflectance of 90
t6'95 %, a hillock density ¢f 1 pm or higher of 0 to
10, substantially no spike éeneration {breaking
probability of 0.15 pm bonding).

0f course, contact with Al film formed thereon
by sputtering was found to be good due to good surface
characteristic of the Al1-Si film therebeneath.

Ip contrast, at ‘a substrate surface
temperature of 200 % to 250 %¢. the deposition speed
was low as 1000 to 1500 A/min., whereby throughput was
also lowered to 7 to 10 sheets/H.

On the other hand, when the substrate surface
temperature exceeds 440 °C, the reflectance becane §0
¥ or less, the hillock density of 1 um or more 10——104
cm~ 2, the spike generation 0 to 30 %, whereby the
characteristics of the Al;Si £film within the openings
were lowered,

Next. according to the neEhod as described

above, an Al-Si £ilm was formed on a substrate
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(sample) having a constitution as described below.

On a monocrystalline silicon as the first
subgtrate surfacé material, a silicon cxide film was
formed as the second substrate surface material
according to the CVD method, and then subjected to
patterning according to photolithographic steps to
have the monocrystalline silicone surface partially
exposed.

The thermally oxidized S$i0, film had a

2
thickness of 7000 A, and the size of the exposed
portion of the monocrystalline silicon, namely opening
2.5 x 3 um to 10 pym x 10 pm. Thus, Sample 1-2 was
prepared (hereinafter such sample is represented as
“"CcvD 3102 (hereinafter abbreviated as
sioz}/nonocrystalliné silicon").

Sanple 1-3 is a boron-doped oxide film formed
by normal pressure CVD (hereinafter abbreviated as
BSG) /monocryatalline silicon,

Sample 1—4 a phosphorus—doped oxide film
formed by normal pressure CVD {(hereinafter abbreviated
as Psé)/nonocrystalline silicon, T

Sample 1-5 a phosphorus and boron-doped oxide
filn formed by normal pressure CVD (hereinafter
abbreviated as BSPG)/monocrystalline silicon,

Sample 1-6 a hitride film formed by plasma CVD

(hereinafter called PF-SiN)/monocrystalline silicon,
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Sample 1-7 a thermally nitrided filnm
(hereinafter abbreviated as T-SiN)/monoérystalline
siljcon,

Sanple 1-8 a nitrided film formed by low
pressure DCVD (hereinafter abbreviated as LP-
SiN/monocrystalline silicon), and

Sample 1-9 a pitrided film formed by an ECR
apparatus {(hereinafter abbreviated as ECR-
Si¥N)/monocryatalline silicon. Further, according to
all the combinations of the first substrate surface
naterial and the second gubstrate surface material
shown below, Samples 1-11 to 1-179 were prepared. Aas
the first substrate surface naterial, monocrystalline
silicon (monocrystallinpe Si), polycrystalline silicon
{polycrystalline $i), amorphous silicon (amorphous
§i), tungsten (W), molybdenur (Mo). tantalum (Ta),
tungsten silicide (WSi), titanium silicide (TiSi),
aluninum (Al), aluminum silicon (Al-Si), titanium
ajJuninum (Al-Ti}, titanium nitride (Ti-N), copper
{Cu), aiuminun silicon copper {Al-Si-Cu), aluminum
palladium (Al—Pd), titanium (Ti), molybdenum silicide
{(Mc—-Si), tantalum silicide (Ta-Si) were employed. As
the second substrate surface material, T—sioz, Sioz,
BSG, PSG, BPSG., P-SiN, T-SiN, LP-SiN, ECR-SiN were
employed. For all of the samples as mentioned above,

good Al-Si films could be formed.



275 HOV 1996

-

i - 81 -

Exanple 11
Example 11 was carried out by pefforming the

sane first Al-Si deposition step a3 in Example 10 and
then forming arp A1l-Si film on the whole surface by use
of the CVD method using trimethylaluminum (TMA) as the
second deposition step. As the substrate, one with
the same constitution as used in Example 10 (Sample 1-
1) was prepared. According to the first Al-Si
deposition.step as described above, a substrate haviag
Al-Si deposited with the cpenings was arranged within
the CVD apparatus.  _
As the starting gas, trimethylaluminum (TMA)
was used, and an Al-Si film was formed on the whole

substrate surface in a mixed atmosphere with H, gas.

2
According to the, second deposition étep in
this Example, tﬁe Al-51i film was deposited at a
deposition speed of 500 A/min., which was a film
excellent in migration resistance with its resistivity
being 3.3 to 3.5 nQ-cm.
Example 12
Example 12 shows forming an Al-Cu film on the
whole substrate surface by sputtering as the second
deposition step after having performed the same first
Al-Si deposition step as in Example 10. As the

substrate, one with the same constitution as used in

Exanple 10 .(Sample 1-1) was prepared.
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After Al-Si was deposited selectively within

the openings according to the first al-si deposition
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As the starting gas, TMA and Cu(CSH,IOZ)2 as
the gas containing Cu was used, and an Ai-cu film
depSsited on the whole substrate surface.

According to the second deposition step of
this Example, the Al-Cu film was deposited at a
deposition speed of 500 X/min., which was 2 film
excellent in migration resistance with its resistivity
being 3.3 to 3.5 uQ.cn.

Zxample 14

Example 14 shows forming an Al-Si-Cu film on
the whole substrate surface according to sputtering as
the second deposition step after having performed the
sane first.Al—si deposition step as in Example 10. As
the substrate, one with the same constitution as used
in Example 10 (Sample 1-1) was prepared,

After selective.deposition of Al-5i within the
openings according to the first Al-si deposition step
as described above, the subatrate was arranged in a
sputtering apparatus. The film forming conditions
during sputtering are as follows. As the target, Al-
S1{0.5 ¥)—Cu{(0.5 x) was emploved, and DC power was
made 7 kW in Ar atmosphere.

According to the second deposition step in
this Example, the Al-Si-Cu film was deposited at a
deposition speed of 10000 1/nin;, which was a £film

excellent Iinmigration resistance with its resistivity
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being 3.0 to 3.3 uQ-cm.
Example 15
Example 15 shows forming an Al-Si-Cu film

according to the CVD method by use of copper

‘pisacetylacetonate Cu(CSH702)5, Hz and sizH6 after

baving performed the same first Al deposition step as

~in Example 10.

As thezsubstrate, one with the same
constitution as used in Example 10 (Sample 1-~1) was
prepared. After selective deposition of Al-Si within
the openings according to the first Al-Si deposition
step as described above, the substrate was arranged
within a CVD apparatus. As the starting gas, TMA,
Sizﬂ6 as the gas containing §i and Cu(csﬂfoz)2 as the
gas containing Cu were used, and an Al-Si—Cu filn
deposited on the whole substrate surface.

According to the second deposition step of
this Example, the Al-Si~-Cu film was deposited at a
deposition speed of 500 A/min.., which was a film
excellent in migration resistance with its resistivity
being 3.3 to 3.5 uQ-ca.

Example 16

Example 16 shows forming an Al-Ti film on the
whole substrate suerCe according to sputtering as the
second deposition step after having performed the sane

first Al-Si geposition step as in Example 10. As the
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substrate, one with the same constitution as used in
Example 10 (Sample 1-1) was prepared. )

After aselective deposition af Al-81 within the
openings according to the first Al-Si deposition step
as described above; the substrate was arranged in a
sputtering apparatus. |

The film forming conditions during sputtering
are as follows., As the target, Al-Ti(0.5 %) was
employed, and DC power was made 7 kW in Ar atmosphere.

According to the second deposition step in
this Example, the Al-Ti film was deposited at a
deposition speed of 10000 A/min., which was a film
excellent in migration resistance with its resistivity
being 3.0 to 3.3 pQ-.cm.

Having described®above about Examples 10 to
16, otherwise it is also possible to deposit Al-Si in
the first deposition step and Al-Ti according to the
CVD method in the second step. It is also po#sible to
deposit Al-Si In the first step and Al-Si~Ti according
to the sputtering method or the CVD method in the
second step.

Comparative experimental exaaple 2

By use of the CVD apparatus shown in Fig. 3,
those with the constitutions of the substrates used in
Example 10 {(Samples 1—-1 to 1-179) were prepared, and

the experimeg}s which heat indirectly by resistance
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heating under wide temperature condition range from
200 °c to 650 °C were conducted. .

As the result, althoﬁgh Al~Si with excellent
selectivity was deposited within the openings in all
the samples, the deposition speed at that time was
inferior by about one cipher as 100 to 800 A/min. as
conpared with the Examples as described above.

In Fig. 3, 11 is a reaction chamber, 12 a
heater, 13 a holder, 14 a mixer, 15 a bubbler, 16 a
gas introducing hole, 17 an evacuation system, 18 an
evacuation hole, 19 a substrate, 20 a gas introducing
line, 21 a gas feeding line for feeding DMAH gas, 21A
a gas feeding line for feeding Hz gas and 22 an
evacuation line. .

In Examples 1Q tp 16 as described above, since
the substrate was directly heated during selective
deposition of aluminum on the substrate, there is the
effect that a metal film with excellent film
characteristics cen be formed at high deposition
speed.

Examgle 17

First a substrate is prepared. The substrate

is a sample having an Si0O, with a thickness of 8000 1

2
formed by thermal oxidation on an N-type

monocrystalline wafer. This is obtalned by patterning

of openings with various opening sizes of 0.25 um x
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0.25 pm square to 100 pm x 100 um square on the Si0,,
thereby having the subbing S5i single cryStal exposed.
Fig% 2A schematically shows a part of the substrate.
Here, 1 is a monocrystalline silicon substrate as
conductoxr substrate, 2 a thermally oxidized silicon
film as insulating film {(layer). This is called
Sample 1-1. VH1 aﬁd VH2 are cpenings (exposed
portiens), having different diameters from each other.

The procedure of forming an Al film on the
substrate 1 is as described below.

First, the substrate 1 is arranged in a load
lock chamber 11. Into the load lock chamber 11 is
introduced hydrogen as described above to make the
chamber under hydrogen atmosphere. The reaction
chamber 12 is evacuated ‘internally to ca. 1 x 10 O
Torr by an evacuation system 10.

However, a film of Al can be also formed even
the vacuum degree within thé reaction chamber 12 may
be higher than 1 x 1078 rorr.

DMAR is fed from the gasline not shown. As

the carrier gas through the DMAH line, H, is employed.

2
The second gasline not shown is provided for
Hz as the reaction gas, and the pressure within the
reaction chamber 12 is controlled to a predetermined
value by controlling the opening of the slow leak

valve not shgwn. A typical pressure in this case is
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made ca. 1.§ Torr. Through DMAH line is introduced
DMAH into the rsaction tube. The total bressure is
ca.-1.5 Torr», and DMAH partial pressure made ca. 5.0 x
10”2 Torr. Then. current is passed thraugh the
resistance heat generating member 17 of the substrate
holder 18 to heat directly the wafer. Thus, Al is

depaosited.

After elapse af a predetermined deposition

tine, feeding of DMAR is once stopped. The

predetermined deposition time of the Al film deposited
in this step is the time until the thickness of the Al
film on Si (monocrystalline silicon substrate 1)
becomes equal to the film thickness of $i0, (thermally
oxidized silicon film 2),. _

The temperature .0of the substrate surface by
the direct heating at this time is made 270 °C. The
above step is called the first deposition step.
According to the step up to this, an Al film 3 is
deposited selectively within the opening as shown in
Fig. 2 B.

After completion of deposition of the above—
nentioned Al, the CVD reaction chamber 12 is evacuated
by the evacuation syster 10 until reaching a vacuum
degree of § % 10-3 Toryr. At the same time, the Rf
etching chamber 13 is evacuated to 5 x 10—6 Torr or

less. Aftersconfirmation that the both chambers have
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reached the above vacuum degree, the gate valve 10 is
opened, the substrate noved from the CVﬂ reaction
chasber 12 to the Rf etching chamber 13 by use of a
conveying means (arm) 27, and the gate valve 10

- closed.

When the substrate is con§e§ed to the Rf
etching chamber 13, the Rf etching chamber 13 is
evacuated by the evacuation system 10 until reaching a
vacuur degree of 10 ° Torr or less.

Then, argon is fed to the argor feeding line
22 for Rf etching, and the Rf etching chamber 13 is

1 to 1073

maintained at an-argon atmosphere of 10
Torr. The substrate holder 20 for Rf etching is
maintained at 200 °C. Rf of 100 W is supplied to the
electrode 21 for Rf etching for 60 ' '
seconds, whereby discharging of argon cccurs within he
Rf etching chamber 13 to etch the surface of the
substrate with argon ions to remove the surface layer
of the CVD depasited film. 1In this case, the etching
depth corresponds to the oxide, and is about 100 X.

In this description, the surface etching of
the CVD deposited film was effected in the Rf etching
chamnber, but since the surface layer of fhe CVD film
of the substrate conveyed through vacuum contains no
oxygen, etc., and therefore no Rf etching may be

effected. 1In that case, the Rf etching chamber 13
>
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functions as the temperature changing chamber for
effecting temperature change within a shﬁrt time, when
theifénperaxure difference between the CVD reaction
chamber 12 and the sputtering chamber 14 is great.

In the Rf etching chamber 13, after completion
of Rf etching, inflow of argon is stopped and argon Iin
the Rf etching chamber 13 is evacuated. After the Rf

etching chamber 13 is evacuated to 5 x 10™% Tarr ana

the sputtering chamber 14 to 5 x 1078

Torr or less,
the gate valve 10 is opened. Then, the substrate is
noved by means of the arm 27 from the Rf etching
chamber 13 to the sputtering chamber 14, followed by
closing of the gate wvalve 10,

When the sﬁbstrate is conveyed into the
sputtering chamber 14, the subatrate holder 23 is set
at 250 °C in an argon atmosphere of 10™% to 107 Torr
similarly as in thé Rf etching chamber 13.

Discharging of argon is effected at a power of
DC 7 KXW in this Example to shaven the target material
Al-5i (0.5 %) with argon ions, thereby depositing Al-
Si at a depesition speed of 10000 A/min. on the
substrate. This step is the non-selective deposition
step.” |

This step is called the second Al film

deposition step.

After the Al film of 5000 A is deposited on
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the substrate, inflow of argon and application of DC
power are stopped. After the load lock chauber 11
(15), is evacuated to 5 x 10~2 Torr or leas, the gate
valve 10 is opened, and the substrate is moved. After
closing of the gate valve 10, Nz gas flows into the
load lock chamber 11 {15) until reaching the
atmospheric pressure, and the substrate moves passing
througk the gate valve 10 to the outside of the
apparatus.

The film forming conditions in the above-
went ioned second Al filmvdeposition step are as
described below. By use ;f Al as the target, the film
is formed by imparting a DC power of § to 10 kW in an

Ar atmosphere under a pressure of 10"1 to 10—3

Torr.
The substrate temperature at this time is made 200 °C
by resistance heating.

According to the second Al film deposition
atep as described above, an Al film 4 can be formed on
the Sio2 film 2 at a deposition spéed of 10000 A =S
shown in Fig. 2C. An Al film was formed according to
the method as described above.

Further, by using again the sﬁbstrate
similarly prepared, but setting for this time the
substrate surface tenperatuﬁe at 280 °¢c to 480 % by

direct heating, an Al film was prepared according to

the first deposition step. Here, other film forming
>
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conditions in the first deposition step and the film
forming conditions in the second depositﬁon step were
all:made the same.

Alsa, Al films were formed by setting the
substrate surface temperature at 200 °c to 260 °C and
490 °C to 550 °C during the first deposition step.

The results were faund to be the same as sﬁown
pre#iouslv in Table 1.

As can be seen from Table 1, at substrate
surface temperatures ranging from 260 to 440 °c by
direct heating, Al was deposited within the openings
selectively at a deposition speed of 3000 to 5000
A/min.

As the result of examination of the
characteristics of the Al film within the opening at
substrate surface temperatures ranging from 260 to 440
°c, thexe were found to be good with no carbon
contained, a resistivity of 2.8 to 3.4 uQ.cm, a
reflectance of 80 to 95 %, a hillock density of 1 um
or higher of 0 to 10, substantially no spike
generation (breaking probability of 0.15 pm bonding).

Of course, contact with Al film formed thereon
bf sputtering was found to be gecod due to gaod surface
characteristic of the Al film therebeneath. B

In contrast, at a sﬁbstrate surfaee

temperature gf 200 °c to 250 °C. the deposition speed
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as low as 1000 to 1500 A/min., whereby throughput was

also lowered to 7 to 10 sheets/H.

f

“ " On the other hand, when the substrate surface
tenperature exceeds 440 9c. the reflectance became &0
% or less, the hillock density of 1 um or more 10 to

10% cn™?

. the spike generation 0 to 30 %, whereby the
characteristics of the Al film within the openings
were lowered.

Next, according to the method as descrihed
above, an Al film was formed on a substrate (sample)
having a constitution as.-described below.

On a monocrystalline silicon as the first
substrate surface material, a silicon oxide film was
formed as the second substrate surface material
according to the CVD method, and then subjected to
patterning according to photolithographic steps to
have the monocrystalline silicone surface partially
exposed.

The thermally oxidized SiQ, film had a

2
thickness of 7000 X, and the size of the exposed
portion of the monccrystalline silicon, namely opening
0.25 um x 0.25 pm to 10 um x 10 pm. Thus, Sample 1-2
was prepared (hereinafter such sample is represented
as "“CVD SiO2 (hereinafter abbreviated as

Sioz)/nonocrystalline silicon").

Samp%e 1-3 is a boron-doped oxide Ffilm formed
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by normal pressure CVD (hereinafter abbreviated as
BSG) /monocrystalline silicon,

+ : Sample 1-4 a phosphorus—-doped oxide £ilm
formed by normal pressure CVD (hereinafter abbreviated
as PSG)/monocrystaliline silicom,

Sample 1-5 a phosphorus and boron-doped oxide
£film formed by normal pressure CVD (hereinafter
abbreviated as BSPG)/monocrystalline silicon,

Sample 1-6 2 nitride £film formed by plasna CVD
{hereinafter called P—SiN)/nonocrysfalline silicon,

Sanple 1-7 a thegyally nitrided filn
{hereinafter abbreviated as T-SiN)/monocrystalline
sllicon,

Sanple i-8 a nitrided film formed by low

pressure DCVD (hereinafter abbreviated as LP-SiN), and

Sample 1-9 a nitrided film formed by an ECR
apparatus (hereinafter abbreviated as ECR-
SiN)/monocrystalline silicon. Further, according to
all the combinations of the first substrate surface
material and the second substrate §urface material
shown below, Samples 1-11 to 1-179 were prepared. As
the first substrate surface material, monocrystalline
silicon {monocrystalline $i), polycrystalline silicon
(polycrystalline Si), amorphous silicon (amorphous

$i), tungsten (W), molybdenum (Mo}, tantalum (Ta),
o
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tungsten silicide (WSi), tit%nium silicide (TisSi),
alumisum (Al), aluminum silicon (Al~Si), titanium
aluinum (Al1-Ti), titanium nitride (Ti-N), copper
{Cu), aluminum silicon copper (Al-Si-Cu), aluminum
palladium (31-Pd), titanium (Ti), molybdenum silicide
(Mo—Si), tantalum silicide (Ta-Si) were employed. Aas
the second substrate surface material, T—Sioz, Sioz.
BSG, P5G, BPSG, P-SiN, T-5iN, LP-SiN, ECR-SiN were
employed. For all of the samples as mentioned above,
good Al films could be formed.

Example 18 -

Example 18 according to the present invention
shows forming an Al film by use of the apparatué shown
in Fig. 7 using DMAH as the starting gas and hydrogen
gas as the reaction gas,-and by directly heating the
substrate surface by the halogen lamp 30.

As the substrate, similarly as in Example 17,
& manacrystalline silicone wafer covered with an 5102
film having a plurality of various openings of 0.25 um
sguare to 100 um sgquare was prepared. On the
substrate was carried out the first Al film deposition
step according to the CVD nethod as described below,
the second Al—Si-film depositioﬁ step according to the
sputtering method to form ap Al film.

Aéccrding to the same procedure as in Example

17, DMAH andé hydrogen were transported to the VD
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" reaction chamber 12 for Al deposition.
The conditions of the first Al film forming
step were a total pressure of 1.5 Torr, a DMAH partial

4 Torr, and a substrate surface

pressure of 1.5 x 10
temperature of 2?0 %c.

According to the.first Al deposition step as
described above, Al was deposited at a deposition
speed of 3000 to 5000 A/min. within the cpening of
various pore diameters, whereby good selectivity could
be obtained. Next, by arranging the substrate in the
sputtering chamber 14, agd Al-Si was deposited to as
thickness of 5000 A on the whole surface containing
Sio2 and Al selectively deposited. The deposition
speed at this time was 10000 A/min.

Further, according tc the same methad, by use
of the same Samples 1-11 to 1-179 as in Example 17 as

_the substrate, Al films were formed. In all of the
Samples, good Al films could be formed through the
first and second deposition steps.

In the above experinents,'the substrate
surface tenperature was set at 270 °c, and Al films
were formed by varying this condition from 200 °¢c to
550 °C by every 10 °c. |

The characteristics of the Al films according
to the first Al deposition step of all the respective

Samples were found to he similar to those shown in
>
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Table 1.
Example 19
= ° Example 19 shows forming amn Al-Cu film on the

whole substrate surface by sputtering as the second
deposition step after having performed the same first
Al deposition step as in Example 17. As the substrate,
one with the same constitution as used in Example 17
(Sample 1-1) was prepared.

After Al was deposited selectively within the
openings according to the first Al deposition step aé
described above, the substrate was arranged within the
sputtering apparatus 14. The film forming conditions
during sputtering are as described below.

As the target, Al-Cu (0.5 %) was used and the

_ nc power in an Ar atmosphere of § x 10 -8 Torr was nade
7 kW,

According to the second deposition step in
this Example, the Al-Cu film was deposited at a
deposition speed of 10000 i/iin., which was a filn
excellent in migration resistance with its resistivity
being 3.0 to 3.3 uQ-cnm.

Example 20

In Example 20 an Al-Si-Cu filn is formed on
the whole substrate surface according to. sputtering as
the second deposition step after having performed the

same first A} deposition step as in Example 17. As



the substrate, one with the same constitution as used
in Example 17 (Sample 1-1) was prepaved.

- After selective deposition of Al'within the
openings according to the first Al-Si deposition step
as described above, the substrate was arranged in a
sputtering chamber 14. The f£film forming conditions
during sputtering are as follows. As the target, Al-
Si{0.5 %)-~Cu(0.5 %) was enployed, and DC power was
applied at 7 kﬁ'in Ar atmosphere.

According to the gecond deposition step iﬁ
this Example, the Al—Si—99 film was deposited at a
deposition speed of 10000 A/min., which was a film
excellent in migration resistance with its resistivity
Leing 3.0 to 3.3 uQ-cn.
Exanple 21 .

In Example 21 an Al-~Ti film is formed on the
whole substrate surface according to sputtering as the
second deposition step after having performed the same
first Al deéosition step as in Example 17. As the
subsirate, one with the same coastitution as used in
Bxample 17 (Sample 1-1) was prepared.

After =elective deposition of Al within the
openings according to the first Al deposition step as
described above, the substrate was arranged in a

sputtering chamber 14.

The film forming conditions during sputtering
B
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are as follows. As the target, Al-Ti(0.5 %) was
employed, sputtering effected in Ar atmosphere and DC
pover :was made 7 kW.

Accaording to the second deposition step in
this Example, the Al-Ti £ilm was deposited at a
deposition speed of 10000 i/min., which was a film
excellent in migration resistance with its resistivity

being 3.0 to 3.3 pQ-om. }

Example 22

By use of the netgl f£ilm cbntinuous forming
apparatus shown in Fig. 4, film formation was carried
out in the same manner as in Bxample 1? or the above
substrate under the temperature conditions of 200 °c
to 650 °¢ Wy resistance heating.
| ~ As the result, under the tenperature'
conditions by resistance heating of 160 °c to 850 °cC,
a film of gooﬁ quality with no carbon, a small
resistivity of about 3 nQ.em and high reflectance was
obtained More preferably, at 260 °¢c to 440 °c, the
deposition speed became higher as 100 to 800 A/min.,
and also the wiring life was long. Most preferably,
the temperature was 270 °C to 350 °C, and within this
range, hillock density was extremely small, and also
generation probability of alloy spike was low.

Having described above about Examples 17 to

22, otherwise it is also possible to deposit Al in the
A
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first'dgposition step and al—Si—Ti in the second step.
In Examples 17 to 22 as described above, since
continuous deposition is carried out by depositing a
metal f£ilm non-selectively without exposing the
substrate to outer air after selective deposition of
aluminui on the substrate, a metal film with excellent
£ilm Eharacteristics such as step coverage,
electromigration, etc. can be formed at high

deposition speed.
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IQ the following, Examples (23 - 28) conducted
by use of the apparatus shown in the Fig. 4
(résistance heating) and Fig. 7 (direct heating) are
shown. Examples 23 — 27 are conducted by use of the
apparatus of more preferable direct heating system
(Fig. 7) and Example 28 by use of the apparatus of the
resistance heating system 1?ig. 4).

Example 23

First a substrate is prepared. The substrate
is a sample having an S:I.O2 with a thickness of B0O0O A
formed by thermal oxiéﬁtion on an N—type
monocrystalline wafer. This is 6ptained by patterning
of openings with various opening sizes of 0.25 um x
0.25 ym square to 100 pm x 100 um square on the §i0,,
thereby having the subbing Si single crystal exposed.
Fig. 2A schenatically shows a part of the substrate.
Here, 1 is a monocrystalline silicon substrate as
conductor substrate, 2 a thermally oxidized silicon
film es ihsulating £ilm (layer). This is called
Sample 1-1. VH1 and VH2 are openings {(exposed
portions), having different diameters from each other.

The procedure of forming an Al-Si film on the
substrate 1 ig as described below.

First, the substrate 1 is arranged in a load
lock chamber 11. Into the load lock chamber 11 is

introducey hydrogen as described above to make the
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chamber under hydrogen atmosphere. The reaction

chamber 12 is evacuated internally to ca. 1 x 10—8

iorr by an evacuation system 10.
However, a film of Al-Si can be also formed
even if the vacuum degree within the reaction chamber

8 Tory.,

12 is worse than 1 x 10

DMAH and Sizﬂs are fed from the gasline not
shown. As the carrier gas through the DMAH line, Hz
is enmplovyed.

The sacond gasline not shown is used for Hz as
the reaction gas, and the pressure within the reaction
chamber 12 is controlled to a predetermined value by'
controlling the opening degree of the slow leak valve
not shown. A typical pressure in this case is set at
ca. 1.5 Torr. Through DMAH line is introduced DMAH
into the reaction tube. The total pressure is ca. 1.5
Torr, DMAH partial pressure is ca. 1.5 x 10 % Torr and
Si,He partiél pressure 2 x 10 ° Torr. Then, & lamp is
lighted to heat directly the wafer. Thus, Al-Si is
deposited.

As.the gas containing Si which is the second
starting gas during formation of the Al-5i film,
Sizﬂs, SiH4, Sisﬂs, 51(035)4, 31014, SiR ﬁl SiH301

27727

can be employed.
By addition of DMAH, Hz and Si starting gas

such as SN2H6, etc., Al-Si containing 0.5 to 2.0 ¥ of
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Si can be deposited. The reaction tube pressure is
0.05 to 760 Torr, desirably 0.1 to 0.8 Torr, the
guéstrate temperature 260 9% to 440 OC, the DMAH
partial pressure 1 x 107 5-£01d to 1.3 x 10 °-fold of

the pressure within the reaction tube, the Sizn6

partial pressure within the reaction tube 1 x 10”7 +o

1 x 10" %-f014, whereby Al-81 is deposited.

After elapse of a predetermined deposition
time, feeding of DMAH is once stopped. The
predetermined deposition time of the Al-Si film
deposited in this step is the time until the thickness
of the Al-Si film on Si (monocrystalline silicon
substrate 1) becomes equal to the film thickness of
Sio2 {thermally oxidized silicon film 2)..

The temperatuie of the substrate surface by
the direct heating at this time is set at 270 °¢c. The
above step is called the first deposition step.
According to the step up to this, an Al-8i £film 3 is
deposited selectively within the opening as shown in
Fig. 2B.

After completion of deposition of the above-
mentioned Al-Si, the CVD reaction chamber 12 is

evacuated by the evacuation system 10 until reaching a

vacuum degree of 5 x 10 °

Torr or less. At the same
time, the Rf etching chamber 13 is evacuated to 5 x 10

6 Torr ot less. After confirmation that the both
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chambers have reached the above vabuup degree, the
gate valve 10 is opened, the éubstrate moved from the
éﬁD reaction chamber 12 to the Rf etching chamber 13
by use of a conveying means (arm)} 27, and the gate
valve 10 closed. |
When the substrate is conveyed to the Rf
etching chamber 13, the Rf etching chamber 13 is
evacuated by the evacuation system 10 until reaching a

vacuum degree of 10~°

Torr or less.

Then, argon is-fed from the argon feeding line
22 for Rf etching, end the Rf etching chamber 13 is
meintained st an argon atmosphere of :10—1 to 10-3
Torr. The substrate holder 20 for Rf etching is
meintained et 200 °C. Rf of 100 W is fed to the
electrode 21 for Rf e%ching is supplied for 60
seconds, whereby discharging of argon occurs ﬁithin he
Rf etching chamber 13 to etch the surface of the
substrate with argon ioné and remove the surface layer
of the CVD deposited fiim. In this case, the etching
depth corresponds to the oxide, end is about 100 1.

In this description, the surface etching of
the CVD deposited film was effected in the Rf etching
chamber, but since the surface layer of the CVD film
of the substrate conveyed through vacuum contains no
oxygen, etc., no Rf etching may be effected. In that

case, the Rf etching chamber 13 functions as the
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temperature changing chamber for effecting temperature
chgnge witﬁin a short time, when the temperature
Ei%ferenoe between the CVD reaction chamber 12 and the
sputtering ch;ﬁSer 14 is great,.

In the Rf etching chamber 13, after completion
of Rf etching, inflow of argon is stopped and argon in
the Rf etching chamber 13 is evacuated. After the Rf
etching chamber 13 is evacuated to 5 x 10™% Torr and
the sputtering chamber 14 to 5 x 1078 Torr or 1less,
the gate valve 10 is opened. Then, the substrate is
moved by means of the arm 27 from the RE etching'
chamber 13 to the sputtering chamber 14, followed by
closing of the gate valve 10.

When the substrate is conveyed into the
sputtering chamber 14, the substrate holder 23 is set

3

et 250 °C in an argon atmosphere of 10 < to 10™° Torr

gimilarly as in the.Rf etching chamber 13.

Diacharging of argon is effected at a bower of
DC 7 EW in this Example to shaven the target material
Al-Si (0.5 %) with argon ions, thereby depositing Al-
Si at a deposition speed of 10000 A/min. on the
substrate. This step is the non-selective depositicn
step.

This step is called the second Al film
deposition step.

Xfter the Al-Si film of 5000 A is deposited on
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the substrate, inflow of argon and application of DC
power are stopped. After the load lock chamber 11
;15) is'évacuated to § x 10_3 Torr or less, the gate
valve 10 is opened, an& the substrate is moved. After
closing of the gate valve 10, Hz gas flows into the
load lock chamber 11 {1§) until reaching the
atmospheric pressure, and the substrate moves passing
through the gate valve 10 to the outgide of the
apparatus.

The film forming conditions in the above-
mentioned second Al film depositioﬁ step are as
described below. By use of Al-Si as the target, the
film is formed by imparting a DC power of 5 to 10 kW

1

in an Ar atmosphere under a pressure of 10 - to 1073

Torr. The substrate.temperature at this time is set
at 200 %¢ by resistance heating.

According to the second metal Ffilm deposition
step as described above, an Al-Si film 4 can be formed
on the Sio2 £ilm 2 at a deposition speed of 10000 X as

shown in Fig. 2C. An Al was deposited according to

. the method ss described above.

Further, by using again the substrate
similarly prepared, but setting for this time the
substrate suxface témperature at 280 °C to 480 °c by
direct heating, an Al-Si £ilm was formed according to

the firs¢® deposition step. Here, other film forming
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conditions in the first deposition step and in the
ségond depositions step were all_the same.

) Also, Al-Si films were formed by setting the
substrete surface tempereture at 200 °C to 260 °C and
430 °c_to 550 ¢ during the first deposition step.
The results were found to be the same as shown
previously in Table 1.

As can be seen from Table 1, at substrate
surface temperatures ranging from 260 to 440 o by
direct heating, Al waS°depositéd within the openings
selectively at a depoéition speed of 3000 to 5000
A/min.

As the result of examination of the
characteristics of the Al f£ilm deposited within the
opening at substrate ;urface tenperatures ranging from
260 to 440 °C, they were found to be good with no
carbon contained, a resistivity of 2.8 to 3.4 uQ-cm, a
reflectance of 90 to 95 %, a hillock density of 1 um
or higher being 0 to 10, substantially no spike
generation (breaking probability of 0.15 um bonding).

of course,.contact with Al-Si film formed
thereon by sputtering was found to be good due to good
surface characteristics of the Al-S8i film
therebeneath.

In contrast, at a substrate surface

temperature of 200 °C to 250 °C., the deposition speed
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was low as 1000 to 1500 A/min., wheréby throvghput was

also lowered to 7 to 10 sheets/H.

- ¢

' On the other hand, when the substrate surface
temperature exceeds 440 ©C, the reflectance became 60
% or less, the hillock density of 1 um or more 10 to
104 cm-z, the spike generation 0 to 30 %, whereby the
characteristics of the Al-Si film within the openings
were lowered.

Next, according to the method as described
above, an Al-Si film was formed on a substrate
(sample) having a conéfitution as described below.

On a monocrystalline silicon as the first
substrate surface material, a silicon oxide film was
formed as the second substrate surface material
according to the CVD hethod, and then subjected to
patterning according to photolithographic steps to
have the monocrystalline silicone surface partially
exposed.

The thermally oxidized $iQ, film bed a

2
thickness of 7000 X, and the size of the exposed
portion of the monocrystalline silicon, namely opening
0.25 um x 0.25 pm to 10 um x 10 um. Thus, Sample 1-2
was prepared (hereinafter such sample is represented
as "CVD 8102 {hereinafter abbreviated as

Sioz)/monocrystalline silicon").

Sample 1-3 is a boron-doped oXide film formed
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by vormal pressure CVD (hereinafter abbreviated as
Bsg)fmonocrystalline silicon,

T Sample 1-4 a pbosphorus-doped oxide film
formed by.normal pressure CVD (hereinafter abbreviated
as PSG)/monocrystalline silicon,

Sample 1-5 a phosphorus and boron-doped oxide
film formed by normal bressuré CVD (hereinafter
abbreviated as BSPG)/monocrystalline silicon,

_ Sample 1-6 a nitride film formed by plasma CVD
(hereinafter cailed P-SiN))monocrystalline silicon,

Sample 1-7 a thermally nitrided film
{hereinafter abbreviated as T-SiN)}/monocrystalline
siliceon,

Sample 1-8 & nitrided film formed by low
pressure DCVD (hareiﬁafter abhreviated as LP-
SiN/single crystalline silicon), and

Sample 1-9 a nitrided film formed bv.an ECR
apparatus (hereinafter abbreviated as ECR-

SiN) /monocrystalline silicon. Further, according to
all the combinations of the first substrate surface
material and the second substrate surface material
shown below,” Samples 1-11 to 1~179 were prepared. As
the first substrate surface material, monocrystalline
silicon (monocrystalline Si), polycrystalline silicon
(polycrystalline Si), amorphous silicon (amorphous

8i), tungsten (W), molybdenum (Mo), tantalum (Ta),
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tungsten silicide (WSi), titamium silicide (TiSi),

aluminum (Al}), aluminum silicon (Al-Si), titanium

-
-~

aluminum (Al-Ti), titanium nitride (Ti-N), copper

(Cu), aluminum silicon copper (Al-Si—-Cu), aluminum
palladium (Al-Pd), titanium (Ti)}, molybdenum silicide
(Mo-Si), tantalum silicide (Ta-Si) were employed. As
the second substrate surface material, T~Sioz, Sioz,
BSG, PSG, BPSG, P-SiN, T-5iN, LP-SiN, ECR-SiN were
emploved. For all of the samples as mentioned above,
good Al filus could bé-formed.

-

Example 24

Example 24 according to the present invention
forms an aluminum-silicon (Al1-Si) film by use of the
apparatus shown in Fig. 7 using DMAH and Sizl-l6 as
starting gas and hydegen gas as reaction gas, and by
-directly heating the substrate surface by the halogen
lamp 30.

As the substrate, @ monocrystalline silicon
wafer covered with an Sio2 film baving a plurality of
openings of various sizes of 0.25 um square to 100 um
square was prepared similarly as in Example 23. On
the substrate was carried out the first Al-Si film
deposition step according to the CVD method as
described below,'the second Al-Si film deposition step
according te the sputtering method to form a metal

£film. 3
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According to the same procedure as in Example
%;, DMAH, 812H6 and hydrogen were transported to the
EQD reaction chamber 12 to effect Al-Si depositien.

The conditions of the first Al-Si film forming
step were a total pressure of 1.5 Torr, a DMAH partial
pressure of 1.5 x 10 ? Torr, end a substrate surfece
tenperature of 270 °c.

According to the first Al1-Si deposition step
as described above, Al-Si wes deposited at a
deposition speed of 3000 to 5000 A/min. within the
openings of various péie diameters, whereby good
selectivity could be obtained. Next, by arranging the
substrate in the sputtering chember 14, and Al-Si was
deposited to as thickness of 5000 A on the whole ‘
surface including 510; end the Al-Si selectively -
deposited. The deposition speed at this time was
10000 A/min.

Further, according to the same method, by use
of the same Samples 1—-11 to 1-179 as in Example 23 as
the substrate, Al-Si films were formed. In ell of the
samples, good metal films.could be formed through the
first and the second deposition steps.

Ip the above experiments, the substrate
surface temperaturé was set at 270 °C, and metal Al
films were formed by varying this condition from 200

% to 5503 °C by every 10 °C.
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The characteristics of the Al-Si films
gc?ording to the first Al-Si deposition step of all
:he respective samples were found to be similar to
those shown in Teble 1.

Example 25

Example 25 shows forming an Al-Cu film on the
whole substrate surface by sputtering as the second
deposition step after having performed the same first
Al-Si deposition step as in Example 23. As the
substrate, one with the same constitution as used in
Example 23 (Sample l-i} was prepared.-

After Al-5i was deposited éelectively within
the openings according to the first Al-Si deposition
step as described above, the substrate was arrenged
within the sputterin& chamber 14. The film formiag
conditions during sputtering are as described below. -

As the target, Al-Cu (0.5 %) was used an& the

DC power in Ar atmosphere of 5 x 1073

kK.

Torr was made 7

According to the second deposition step in
this Exaﬁple. the Al-Cu film was deposited at &
deposition speed of 10000 A/min., which was a film
excellent in migration resistance with its resistiv;ty
being 3.0 to 3.3 uQ-cm.

Example 26 -

Bxample 26 shows forming an Al-Si-Cu film on
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the whole substrate surface according to sputtering as

the second deposition step after having performed the
= ¢

same first Al-Si depcsition step as in Example 23. As
the substrate, one with the same constitution as used'
in Example 23 (Sample 1-1) was prepared.

After selective deéosition of Al-Si within the
openings according to the first Al-Si deposition step
as described above, the substrate was arranged in a
sputtering chamber 14. The film forming conditions
dv "ng sputtering are as follows. As the target, Al-
: .10.5 %)-Cu(0.5 %) was employed, and the DC power was
made 7 kW in Ar atmosphere.

According to the second deposition step in

* th - Example, the Al-5i-Cu f£film was deposited at a

d-. osition speed of 10000 A/min., which was a film

excellent in migration resistance with its resistivity

Example 27

Example 27 deécribes forming an Al-Ti film on
the whole substrate surface according to sputtering as
the second deposition step after having performed the
same first Al-Si deposition step as in Example 23. As
the substrate, one with the same constitution as used
in Example 23 (Semple 1-1) was prepared.

After selective deposition of Al within the’

openings*according to the first Al-8i deposition step
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as described above, the substrate was arranged ia e
sputtering chamber 14. .

‘ The film forming conditioms during sputtering
are as followg. As the target, Al-Ti(0.5 %) was
emploved, sputtering effected in Ar atmosphere and the
DC power was made 7 kW.

According to the second deposition step in
this Exemple, the Al-Ti film was deposited at a
deposition speed of 10000 A/min., which was a film
excellent in migration- resistance with its resistivity
being 3.0 to 3.3 pQ-cm.

Example 28

By use of the metal film continuous forming
apparatus shown in Fig. 4, film formation was carried
cut in the same mannér as in Example 23 on the above
substrate under the temperature conditions of 200 %
to 650 9% by resistance heating.

As the result, under the temperature
conditions by resistance heating of 160 °C to 450 °C,
a2 film containing no carbon of good quality with a
small resistivity of about 3 uQ.cm and high
reflectance was obtained More preferably, at 260 %
to 440 °C, the deposition speed became higher as 100
to 800 X/min., and also the.wiring life was long.

Most preferably, the témpereture was 270 °c to 350 °C.

and within this range, hillock density was extremely
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small, and also generation probability of alloy spike
was low. |
= Having described ebove about Examples 23 to
28, otherwise it is also possible to deposit Al-Si in
the first deposition step and to deposit Al-5i-Ti in
the.second'step.

In Examples.zs to 28 as described above, since
a metal film is deposited non-selectively without
exposing a substirate tc cuter air successively after
‘selective deposition of aluminum—silicon on the
substrate, a metal film with excellent film
characteristics such as stép coverage,
electromigration, etc. can be formed at a high

deposition speed.

Example 29

By use of the CVD appsratus equippd with a gas
feeding system as shown in Fig. 8, the experiment as
described in Example 1 was conducted.

The pipeline length from the purifying
cylinder to the CVD reaction chamber was 1.4 m. The
amount of the gas leaked between these was found to be
5 x 1019 atm. cc/sec. The purity of hydrogen was
99.99995 to 99.99939 vol. %. |

When the samples having Al film formed thereon

were observed, the results were basically the same as

in Table Jy! previously shown, but as the result of the
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experiment as described below, it has_been found that
the interplanar distribution of f£ilm thickness has
Be;ome unifornm.

By use of an Si wafer of 5 inches as such,
samples were prepared in the same procedure es in
Example 1.

According to the A1-CVD method, Al was
deposited selectively within the openings, and the

maximum value apnd the minimum value of the Al film

thickness were measured and the value (mm -m )

ax nin
was divided by the avérage value m: )

Mrax = Mmin)

M

As the result, the film thickness distribution
S was 2 to 4.%. _

In view of the fact that the value of S is 5
to 10 ¥ when a hydrogen purifier is provided outside
of a CVD apparatus at a distance apart of 10 m or
longer from a CVD reaction chamber without use of the
above-described apparatus, this Example may be
congidered to be greater in the effect in
sémiconductdr devices where multiple units are taken

from a wafer.
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WHAT IS CLAIMED IS

1. A process for forming a metal film

éo;prising the steps of: |

arranging a substrate in a space for formation of
the film;

introducing an alkylaluminum hydride gas and
hydrogen gas into said space; and

heating directly said substrate to form a metal
film comprising eluminum as main component on the
surface of said substrate.

2. The process according to Claim 1, wherein

sald direct heating is carried out by use of a lamp.

3. The ﬁrocess'according t0 Claim 1, wherein
the surface temperature of said substrate is held at

260 ¢ to 440 °C by said direct heating.

4. The process according to Claim 1, wherein

said metal filnm is an aluminum single crystal.

5. The process according to Claim 1, wherein

said alkylaluminum hydride is dimethylaluminum

hydride.

6. 3 A process for forming a metal film

THIS SHEET HAS BEEN
REPLACED

T
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comprising the steps of:

arranging a substrate in a space for formation of

-
-~

the film;

introducing an alkyleluminum hydride gas, a gas
containing a modifying element and hydrogen gas into

said space; and
heating directly said substrate to form a metal
film comprising aluminum as main component and said
modifying element on the surface of said substrate.
1. The process Eccording to Claim 6, wherein

sald direct heating is carried out by use of a lamp.

8. The process according to Claim 6, wherein
the surface temperatuie of said substrate is held at

260 °C to 440 °C by said direct heating.

9. The process according to Claim 6, wherein
said alkylaluminum hydride is dimethylaluminum

- hydride.

10. The process according to Claim 6, wherein

said modifying element iz at least one selected from

Si, Ti and Cu.

11. 9 A process for forming a metal film

IR s st s wee
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comprising the steps of:

arranging a substrate having an exposed portion

- R

with a semiconductor and/or a conductor exposed
partially from an insulating laver formed on the
surface in a first film forming chamber:

introducing an alkylaluminum hydride gas and
hydrogen gas into said first film forming chamber;

'ﬁaintaining heating of said substrate to
selectively deposit a metal film comprising aluminum
as main component on said exposed portiom;and

moving to arrange'éaid substrate under shielding
of outer air into a second film forming chamber
provided adjacent to said first film forming chamber
830 as to be capable of being continuously shielded
from outer air and fo}ning a metal film on said

substrate acc¢ording to the gas phase method.

12. The process according to Claim 11, wherein

said heating is a direct heating by of a lamp.

13. The process according to Claim 11,‘wherein

the surface temperature of said substrate is held at

260 °C to 440 °C by heating of said substrate.

14. The process according to Claim 11, wherein

said alkyplaluminum hydride is dimethylaluminum

| OO AR s e sims e
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hydride.

- &K

15. The process according to Claim 11, wherein
said metal film comprising aluminum as main component

is an aluminum single crystal.

16. A process for forming a metal film
comprising the steps of:

arranging a substrate having an exposed ﬁortion
with a semiconductor and/or a conductor exposed
partially from an insdlating layer formed on the
surface in a first film forming chamber;

introducing an alkylaluminum hydride gas., a gas
containing a modifying element and hydrogen gas into
said first film forming chamber;

maintaining heating of said substrate to
selectively deposit a metal film comprising aluminum
s main component on said exposed portion;and |

moving to arrange said substrate under shielding
of outer air into a second film forming chamber
provided adjacent tc said first film forming chamber
80 as *o be capable of being continuously shielded
from outer air and forming a metal film on said

substrate according to the gas phase method.

17. 3 The process according to Claim 16, wherein

-
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said heating is direct heating by a lgnp.

2050

18. The process according to Claim 16, wherein
the surface temperature of said substrate is held at

260 °¢c to 440 °¢ by heating of said substrate.

19. The process according to Claim 16, wherein
said alkylaluminum hydride is dimethylaluminum

hydride,

20. The process according to Claim 16, wherein
said modfifying element is at least one selected from

Si, Ti and Cu.

21. A process for forming a metal containing Ffilm
which comprises contacting a gaseous éluminium compound
with a substrate having a temperature such that a £ilm
containing aluminium is formed on said substrate from said

' compound.
22. A method for forming a metallic film with a hole
in or through a substrate which ¢omprises depositing the
metal in thehole by decomposition of a gaseous material
containing the metal induced by elevated temperature
of'tﬁe substrate.
.23. A method according to claim 22, wherein metallic

film is separately formed which covers a whole surface
of the substrate.
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After Al-Si was deposited selectively within
the openings according to the first Al-Si deposition
step as described above, the substrate was arranged
within the sputtering apparatus. The film forming
conditions during sputtering are as described below.

As the target, Al-Cu (0.5 %) was used and tﬁe

3 Torr was made

DC power in an Ar atmosphere of § x 10
7 kW. |

According to the second deposition step in
this Example, the Al-Cu f;lm was deposited at a
deposition speed of 10000 A/min.; which was a film
excellent in migration resistance with its resistivity

being 3.0 to 3.3 pQ-cm.

Examnple 13

Example 13 shows forming an Al-Cu film on the
whole surfaée according to the CVD method by use of

TMA and copper bisacetylacetonate Cu(CSH7O as the

212
second deposition step after having performed the same
first Al-Si deposition step as in Example 10.

As the substrate, one with the same

const;tution as used in Example 10 (Sample 1-1) was

prepared.

After selective deposition of Al within the
openings according to the first Al-Si deposition step
as described above, thg substrate was arranged within

a CVD apparatus.
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