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1 Deposited Film Formation Method Utilizing Selective

Deposition by Use of Alkyl Aluminum Hydride

BACKGROUND OF THE INVENTION
5 Field of the Invention

This invention relates to a deposited film
.  formation method, particularly to a deposited film
formation method of Al or a metal composed mainly of Al
which can be preferably applied to electrodes or wiring
10 of a semiconductor integrated circuit device. etc.
Related baomi d art
In the brior art, in elect:opic. davices or
integrated circuits by use of semiconductors, for
electrodes and wiring, eluminum (Al) or a'metal
15 containing alumirium as main component such as -Al-Si
andthelihehasbeanprimilyused Al has many _

" advantages suo-h that it is inexpensive end h;tgh in .
elestroconductivity, that it cem be also internally
chenically protected because a dense oxidized film can

20 be formed on the 'st;rtace, and that it has good
adhesion to Si, etc. .
As the mathod for forming a film for
@loctrodes énd wiring of Al or Al~-Si as mentiouned’
above, there has baan used in the prior art ;he

25 gputtering mothod such a% maguetron sputtering, etc.
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However, selective deposition and selective
growth cen not be realized by the aputtering method
which has been used in the prior art. The - sputtering- is
the physical deposition method based on flying of
sputtered particles in vacuum, the flim thickness at
the stepped portion or. the insulaltinq film side wall)
becomes extremely thin, leading to wire breaking in an
extreme case. Nonuniformity of film thickness or wire
breaking has the drawback that reliability of LSI is
markedly lowered.

" On the other hend, since the integration

»

degree of the integratod circuit such as L8I, etc. is
increased, and fine formation of wiring or malti-layer

wiring hes beon particularly required in recont -years,

ﬁlm deposition, and etching, etc. For example,
electrades or wiring metal must be deposited on the
surface with a stepped difference, or deposited in a
vie-hole which is fine in dismeter snd deep. In 4
Mbit or 16 Mbit DRAM (dynamic RAM), ets., the asbect
ratio {via-hole depth/via-hole dlameter) of via-hole

in which a metal coinposed mainly of A1 such as Al-Si,
s

K—
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atc. is to be deposited is 1.0 or more, and the via-
hole diameter itself also becomes 1 um or 1gss. )
Therefore, even for a via-hole with- Jarge aspect
ratio, the technique which.can deposit sn A1-Si
compound is raqu:.red

Particularly, for performing sure eleotrical
connection to the device under insulating filn such as
§10,, etc., ratber than film formation, Al-8i is
required to bé deposited so as to embed only the via=—-
hole of the device. In such case, a metliod of
depositing an Al alloy only on Si or metal surface and
not depositing it ‘on an insulating film such as 810, ¢
etc. is required.

As the improved sputtering method, there has
been developed the bies sputtering wethod in which a
bias is spplied on e substrete and deposition is
performed 80 @s to embed Al or en Al-Si compound only
in the via-hole by utilizing the sputter etching.
action end the deposition action on the substrate
surfacé. However, e;:lnce the bias voltage of some 100
V or higher is spplied on the substrate, deleterious
influence .on the davice occurs because 6f charged
particle demaging such as change in threshald of MOS-
FET, etc. 'Also,. because ‘of presence of both e_tci:xing
acticn and deposition action, there is the problem

that the deposition speed cannot be essentially
o
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'above, various types of CVD (Chemical Vapor

Doposition) methods have been proposed. 1In these
néfhod's, chemical reaction of the starting gas in some
form is ut111'ze¢1. In plasma CVD or opticel CVD,
decomposition of the starting gas otours in gas phase.
and the active species formed there further rescts on
the substrato to give rise to film formation. In

these CVD methods, surface coverage on unevenness on

- the subarrate surface is good. However, carbon stoms

contained in the starting gas molécule are
incorporated into the film, Also, particulerly in.
plasna OVI?, the problen remainsd that tiaer'e was damage
by charged particles (sc called plasma demage) as in
the case of the sputtering method.

" . .The thermal GVD method, in which the filw -
grows through the surface reaction primarily on the
substrate surface, is good in surface coverage on
unevenness such as .stepped portion of the surface,
etoc. Also, it can be expected that depds:ltion within
via-hole .'wi]..l ‘readily occur. Further, wire breaking
at the stepped portion can bé avoided. -

Furthermore, there are not caused damages by

charged pa;-ticles whici:u have been o_hsewed in the cuse

of the plasma CVD or the sputtering method. The
°
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methods of such @ kind include, for example, the .
method seen in Journal of Blectrochem:.cal Society, Vo]..
131, p. 2176 (1984). In this method triisobutyl
aluminum (i-G.H,),Al (TIBA) is used as organic
aluminum gas and an Al film is formed at a fila

formation temperature of 260 °c and a reaction tube

pressure of. 0.5 Torx. The substrate temperature is then

maintained at about 450°C and SiH, is introduced to
diffuse Si in the Al film, thus cbtaining an Al-Si
£ilm,

When TIBA is to be used, a continuous film can

‘not be obtained unless pretreatment is etfected in

which prior to-film formation, TiCl, is flowed to

~activate the substrate surface to form nuclei.

Furthermore, in case where TIBA is used, there is a
problem that surface flatness is not sufficient even
when TiCl 4 is used. By this method it is not possible
to effect selective growth such as Al-8i deposition
only in via-holes. .

As another wethod, there can be mentioned the
mathod desceribed in Jepmnese Journal of AI'JDIiEd

Physics, Vol. 27, No. 11, p. L2134 (1988). 1In this

~ method, TIBA and Si,H, diluted with Ar ges ere

2%

supplied, and the gases are heated before TIBA reaches
the substrate. By this method, an Al-Si film of a low

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

Japanese Laid-Open Patent Application No. 63—
33569 describas a method c;f fominq a fila by using no
TiCl 4¢ but using in place thereof organic aluminum and
heating it in the vicinity of the substrate.
According to.this ethog. Al can be deposited

selectively only on the metal or semiconductor surface

from which the paturally oxidized film has been

renoved. .
In this case, it is clearly stated ‘that the
step of removing the naturally oxidized film ci the

substrate surface is necessary before introduction of

TIBA.. Also, it is described that, since TIBA can be
used alone, no carrier gas is required to be used, but
Ar gas may be also \_xsed as the carrier gas. However,
the reaction of TIBA with enother gss {e.g. H;) is not
contemplated at all, end there is no description of

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

'~ TIBA, trimethyl aluminum (TMA) and triethyl aluminum

{TEA) are mentioned, but there is no specific

description of other 6rganic matals. This is beceause,

‘since the chemical properties of organic metals

<

K

This Sheet Has Been

(WA

@oos



‘86 02/22

10

10:07 T3 3211 5035 URABE LURXU-Z

et aan

X

generally vary gréatly if the organic éub_stituant
attached to the metal element varies little, it is
necessary to investigate individually by detailed
experimentaﬂon to determiue'ﬂhat organic metal should
be used.

In the CVD method as described above, not only

there is an inconvenience that the naturally oxidized
£ilm must be removed, but also there is the drawback
that no surface smoothness cen be obtained. Also,
there is the restriction that heating of the gas is
necossary, and yat heating must be dooe in the
vicinity of the suhstzata.. Besides, it must also ba
experimentally determined at what poximity to the
substrate heating must be .done, whereby thero is also
the problem that the place for setting the heater
cannot be necessarily freely chosen.

In the pre~text of the 2nd Symposium of - _
Electrochemical Society, Brench of Japan (July 7,
1989), on page 246, there is a description of film
formation of Al aMm to the double wall CVD
method. In this method, TIBA is used a.nd the device
is des:xgned so that the ges temperature of TBA can be
nade higher than the substrate temperature. This
metbod may be also regarded as & modification of the
above—mentioned Japanese Laid-open Patent Application

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

°
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selactively grown 6n1y on a metal or semiconductor,
but not oonly the difference hetween thé dgas .
temperature and the subs.trate surface temperature can
be controlled with difficulty, but also there is the
drawback that the bomb and the pipeline must be
heatéd. Moreover, according to this method, there are
involved such problems that no uniform continwous-film
cen be formed, that flatness of the film is poor,
etc., unless the film is made thick to some extent.

Aa set forth above, the prior art.methods have
the problems to be solved that it igs difficult to
obtain a flat Al-8i f£ilm of a low resistivity and good
quality, that -tl.:a:e is considerable nxuit'atim in
apparatus and in.-film formation.

As described sbove, prior art methods cannot
necessarily effect well seloctive growth of Al-Si, and
even if.possible, there is a problem with respect- to
flstness, resistance, purity, etc.. of the Al film
formed. Also, there bas been involved the problem
that -the film formation method is complicated and can
be contro:}led with difﬁcultﬁ. '
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According to the method described in Journal of
Electrochemical Society, Vol. 131, p. 2175 (19%84), supra,
surface flatness of Al is poor, and yet Al within via-
hble cannot become dense inadequately (seé Fig. 1a).

In Fig. lA, 90 is a single crystalline Si substrate, 91

an insulating f£ilm comprising Sio,, and 92 a deposited

£ilm of Al. _

Also, in the method described in the technique
of Japanese Patent Appliéation Laid-Open No. 63-33569,
since surface smoothness of Al within via-hole which
is a great premise is not sufficient, increase of
resistivity at the intexrface between the Al film
according to the CVD method and the Al f£ilm according )
to the sputtering method will be brought about (see
Fig. 1B). 1In Fig. 1B, 92-1 shows the selectively
deposited film of ALl accoxrding to the CVD method, 92-2
deposited £ilm of Al according to the sputtering method,
and 92-3 the causes of chardcteristic deterioration
such as impurity at the interface, etc.

As described sbove, the methods of the prior
art cannot necessarily cause selective growth of Al
to occur ;ucccssfully, or even if possiﬁle, problems
are involved with respect to flatness, purity of Al
£ilm, and therefore, for furfher deposition of Al alse
on an insulating £film, there is the problem with respect
to continuity between the Al within via-hole and the

Al on the Yinsulating film. Alsoc, the film formation

\
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methods are complicated and difficulty controllable,
and therefore they are not advantageous methods as the
preparation technique of semiconductor integrated circuit
which require essentially preparatian at low cost.
Particularly, the problems in performing multi-layex
wiring are great.

As described above, in the technical field of

semiconductors of which higher integration has been

'desired, for providing a semiconductor device of higher

10

integration and higher pexrformance inexpensively, there

existed many rooms to be improved.

15

SUMMARY OF THE INVENTION
Thejpresént injgntion has been accomplished
in view of the techniqgl tasks as descxribed above, and
is intended to provi.d_e .a deposited film formation method
utilizing the method capable of forming a £ilm of Al
or a metal composed mainly of Al which is excellent
in flatness and of good quality as electroconductive
material with good éontrollability at a desired position.
Another object of the present invention is to
provide a ‘deposited film formation method of a film
of Al or a metal composedlmainly of Al which is very
broad in general purpose availability without reqguiring
a complicated and expensive deposited film formation

device.

Agother object of the present invention is to

'\
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provide in the first place a method for forming a

deposited f£ilm having sufficiently excellent characteristics

also as the three-dimemsional wiring by forming a film
enhanced in denseness, flatness within via-hole according
to the selective deposition method and further depositing
pon-selectively Al of good quality continuously from
via-hole also on an insulating film.

Further, another object of the present invention
is to provide a method for forming an elect:dconductive
deposited film which becomes wiring of gooed quality
excellent in step cover;ge.

Another object of the present invention is to
provide a deposited film :brmation method comprising
the steps of: .

arranging a substrate having an electron
donative surface (A) and a non-electron donative
su:fage (B) in a space for deposited film formationm,

introducing at least a gas of an alkyl aluminum

hydride and hydrogen gas into said space for deposited

film formation,

maintaining the temperature of said electron
donative surface (A) within the range of the decomposi-
tion temperature of said alkyl aluminum hydride ox
higher and 450 °C or lower, thereby forming selectively
an aluminum £ilm or a metal filmtcomposed mainly of
aluminum on said electron donative surface (A), and

mgdifying the surface of said non-electron

@o1n __

\ )
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donative surface (B), and forming an aluminum film ox

a metal film composed mainly of aluminum on said surface
(é) and on said aluminum film or metal £ilm composed
mainly of aluminum selectively depasited.

Stillsanother object of the present invention

is to provide a deposited £film formation method com-

prising the steps of;

arranging a substrate having an electron
donative surface (A) and a non-electron donative
surface (B) in a space for deposited film formation
in the CVD device capaﬁle of generating a plasma,

introducing at least a gas of an élkyl aluminum
hydride and hydrogen gas iﬁto said space for deposited
film formation,

maintaining th; tqmparature of said electron
donative surface (A) within the xange of the decom=
position temperature of said alkyl aluminum hydride
or higher and 450 °C or lower, thereby forming selec-
tively an aluminum film oxr a metal £ilm composed mainly
of aluminum on said.electron donative surface (A),

modifying the surface of said non-electron
donative surface (B) by generating a plasma in
said device while infroducing at least a gas of alkyl
aluminum hydride ahd hydrogen gas, and

forming an aluminum f£ilm or a metal f£ilm
composed mainly of aluminum on said aluminum £ilm

oxr metal‘film composed mainly of aluminum and said
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modified non-electron donative surface (B).

Still another object of the present invention
is‘to provide a deposited film formation method by
faading a gas of an alkyl aluminum hydride, or a gas
of an alkyl aluminum hydride and a gas containing
silicon onto a substrate of an electron donative
surface (A) and a non-electron donative surface (B)
to form an Al or Al-Si film only on the electron
donative surface (A), and yet aftexr the selective
£4lm formation modifying the non-electron domative
surface (B) to permit Ai or Al-S8i to be also deposited
thereon, whereby a dense Al or Al-Si film can be formed
at high speed. |

Still another object of the present invention
is to provide a deposited £ilm formation method which
can control selective/non-selective deposition by
controlling the applied power for plasma formation
and therefore can perform embedding within via~hole
and éeposition onta an insulating layer in one.reaction
device and yet conti;uously without change of gas species,
and conseguently can form an electroconductive film
excellent in step coverage and electrocanductivity
and can form a good film as wiring for semiconductor

device such as LSI, etc.
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1 BRIEY DESCRIPTION OF THE DRAWINGS

‘ Figs. 1A and 1B are schematic sectional views
for illustration of the'ﬁl film formed according to

- the deposited film formation method of the prior art.

5 Figs. 2 and 3 are schematic views showing the
deposited film formation device suitable for implementing
the deposited film formation method according to the
present invention.

Figs. 4A -.4F are schematic views for illustra-

10 tion of the deposited film formation method according
to the present inventi;;. _

Figs. 5, & and 7 ara schematic viaws showing
the deposited film formation device suitable for
implementing the depos?ted-film formation method

15 according to the present invention.

Figs. 8A - 8D are schematic sectional views
for illustration . of the deposited film formation
method according to an example of the present invention
as compared with other methods.
20 Figs. 93 - §D are schematic views for illustration
of the manner of selective deposition in the deposited

film formation method according to the present invention.

DETAXLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 . Preferred. embodiments according to the present
invention are described in detail below, but the present

invention is not limited to these embodiments, but
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1 any constitution accomplishing the object of the
present invention can be employed.
In the present invention, a metal is selectively
deposited by utilizing an alkyl aluminum hydride, parti-
3 cularly an alkyl aluminum hydride containing methyl
group, and then again the metal is deposited non-

selectively..

- e
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In the following, prior to detailed
description, first, the procéss for forming a
deposited film by use of an organic metal is outliped.

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

For example, in the case of “‘R3 {M: the broup
III metal, R: alkyl gro;ph trimethyl gallium:

CHs
CHa-63”
* N,

in thermal decomposition undergoes radical ‘cleavage i

This Sheet B n
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gallium:

Callg -
_CQHg-Ga -~ C20S
™ Calis

in thermal decomposition is decomposed through 8-
elimination into:

Camsmeal
end C,H,. On the other hand, triethyl aluminum
attached with the ssme '?thyl group:

' czﬂs'.‘é.ﬁ/czus

.. TNCalig

in thermal decomposition undergoes radical - .
dect-mposition in which A1-C_H_ is cleaved. ' Howaver, tri-
i;o-l;utyl aluminum having :!.c41ig bonded therein:

_ - iCltls '

1CqHa= AL TN iClls
is subject to S-elimination.

Trimethyl aluminum (TMA) comprising CHS groups

and Al has a dimer structure at room temperature:

CH
pl{; ~. /CHS\ Aﬂ.: 3:
CHs ~ClHs CHa

and thermal decomposition ia radical decomposition in
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i which Al—-cu3 gfoup is_cléavad, and at & temperature of
150 % or lpwer, it reacts witi atmospheric Hz to dem
CH,, snd forms finally Al. |
However, at a high temperature of 300 %% or
5 higher, even if Hz may be present in the atmosphere;
CH; group will withdraw H from the TMA molecule, until
finally Al-C compound is formed.
Also, in the case of TMA, in light or a
cortain region cdntrolled in electrib powar in Hz
10 atmasphere high frequengy (ca. 13.56 MHz) plasna, czns
will be formed by the bridging cna between two Al's.
' In.essence, since even an organic metal
- comprising CHy group which the simplest alkyl group,
. GC,Hg group or 1iC,H, group and Al or Ga has 'a resction
15 mode dapending on the kind of the alkyl gréup, the .
kind of the metal atom, the excitation decoupoéition
means, for deposition of a metal atom from an organic
métal on a desired substrata; the decomposition
reaction must be strictly controlled. For exaumple,
20 when Al is to be desosited fron triiéobu:yl aluminum:

(TIBA: ic‘ﬂﬁ.\ﬁﬂ- — iC.lla)}

: iC.lHa”
in the low pressure CVD method comprising mainly
thermal reaction, unevenness of um order is formed on

és the surface, whereby the surface morphology is
inferior. Algo, hiliock generation by heat treatment,

e
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Si surface roughening through Si diffusion at tﬁe
interface between Al end Si accur, and also nigration
resistance is inferior, whereby it cen be vtilized for
ultre~-LSI process wifh difficultf. _

For this reason, a maethod for controlling
precisely both the gas temperature and the substrate
temperature. has been éttemptad. However, the device
is complicated, and the method is of the shaat
treatment type in which deposition can be effected
only on one wafer by one deposition process. Besides,
eince tha deposition spééd is 500 A/min. at the

highest, the throughput necessary for bulk production

'eannot be realized.

S£uilar1y, uhen TMA is employed, Al depasition
has been attempted hy'use of plasma or light, the
device also becomes complicated due to use of plasme
or light, and msiso because of the sheet type device,
there remains room for improvement for sufficient
improvement of throughpuf.

Dimathyi aluminum hydride (DMAH) as the alkyl
aluminum hydrida to be qtilized in the present
invention'is & substance known as alkyl metal, but it
could not be estimated at all what Al thin film could
be deposited depending on what reaction mode, unless
deposited films are formed under all the conditions.

For example, in an example of deposition Al by optical

o

—_—
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CVD from DMAH, the surface morphology is inferior, and
the resistivity value was greater than the bulk value

(2.7 pohm:cm) as several pohm to 10 pohm cm, thus

being inferioy in film quality.

Now, referring to the drawings, preferred
embod':'.ments of the present invention are described in
nore detail.

In the present ‘invention, for depositing an Al-
Si £ilm of good quality as the electraconductive
deposition film on a substrate, the CVD method is
used.

More specifically, by use of dimethyl aluminum
hydgme (DMAR) s

cH i
: P~ A2 -
Chemical formula: CHs

or monomethyl aluminum hydride (MHZ}:

Chemical formula: Cils =~ 'Yiat H

as alkyl aluminum -h}dride which is an organic met'al as

a starting gas containing at least one atom which

becomes the constituent of the deposited f£ilm,

optionally together with a gas containing Si atoms as

another starting gas, and by use of H2 as the reaction
gas, an Al film or a metal £film composed mainly of Al

is formed by gas phase growth with a gas mixture of

these on g substraté.

Qo1s
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As the substrate applicable in the present
inyention, a material having electron donative
property may be employed.

The electron donative material is described in
detail below.

The electron donative material refers to one
having free electrons existing or free eléctrons .
intentiohally formed in the substrafe, for example, a
naterial having a surface on which the chemical
reaction is promoted through give-and-take of
electrons with the star;ing gas moleciules attached on
the substrate surface. For example, generally metals
and semiconductors correspond to such materiamail. Those
having very thia oxidiged £f4lm on .the matal or
semiconductor surféce are also included. For, with
sudh thin film, the chemical reaction can occur
between the suhstrata'and the attached starting
molecules.

Specifically, there may be ingcluded
semiconductors sucﬁ as single crystalline silicon,
polycrystalline silicon, amorbhous silicon, etc.,
binary sjétem or ternary system or quaférnary system
IXI-V compound semiconductors comprising combinations
of Ga, In, Al as the group III element and P, As, N as
the group V element, or II-IV compound semiconducters,
or metals themselves such as tungsten, molybdenum,

tantalum,; aluminum, titanium, copper, etc., or

Ml
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silicides of the above metals such as tungsten
silicide, molybdenum silicide, tantslum silicide,
aluminum silicide, titanium silicids, etc., 'further
mefals containing either one of the constituent of the
above metals such es aluminum silicon, aluminum
titanium, aluminum copper., aluminum tantalum, aluminum
silicon copper, aluminum silicon titanium, aluminum
palladium, titanium nitride, etec.

On the substrate with such constitution, Al is
deposited only through ginple thermal reaction in the
reaction systemn of the starting gas and nz. For
example, the thermal reaction in the reaction system
betveen DMAH and K2 may be basically considered as

follows:

C i cH .
a"u.’ 27 o Ha— 248 & F4CHL T FH2 T

Cls” ™~~~ TCHs

DMAH assumes a dimer structuré at roon temperature.
Also, with MMAHz, a high quality Al film could be
formed by thermal reaction as shown below in Examples.
Since MM;Hz has low vapor pressure as 0.01 to
0.1 Torr at room temperature, a large ahount of the
starting materiel can be transported with difficulty,
and the upper limit value of the deposition speed is
several hundred A/min. in the present embhodiment, and

preferablé, it is most desirable to use DMAH of which
o

/
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vapor pressiufe¢ is 1 Torr at room temperature.

In another embodiment of the present invention,
tﬁg CVD method is wused for selective deposition of a
good Al £ilm or metal film composed mainly of Al as
the electroconductive deposition f£ilm on the
substrate. _

More specifically, as described above, by use
of dimethyl aluminum hydride (DMAH) or monomethyl
alminum hydride (MMAHz), optionally together with a
gas containing Si atoms as the startiqg gas, and by
used of Hz as the reacéion gas, an Al film or a metal
£ilm composed mainly of Al is salectively formed on the
substrate by gas phase growth with a gas mixture of'.
these. , '

The substrate ;pplioable in the present
invention has a first substrate surféce material for
formation of the surface on which Al-8i is deposited,
and second substrate surface materlal on which neo
metal is deposited. And, as the first substrate
surface material, ; material having the electron
donative surface is used. |

In contrast, as the matexial for forming the

surface on which Al or a metal composed mainly of Al is

. not deposited selectively, namely the material for

forming the electron non- donative surface, conventional
insulating materials, oxdized silicon formed by thermal

oxidatidn, CVD, etc., glass or oxidized film such as

' &
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B8G, PSG, BPEG, etc., thermally nitrided film, silicon
nitrided film by plasma CVD, low pressure CVD, ECRfCQD
meéhod, atc, |

Fig. 2 is a schematic view showing a
preferable deposition film forming device for applying
the present invention.

.Here, 1 is a substrate for forming an Al-Si
film.' The substrate 1 ia‘nounged on-a substrate
holder 3 provided internally of the reaction tube 2
for foiming a space for formation of a deposited film
which is substantially ciosed to Fig. 2. As the

material constituting tha reaction tube 2, quartz is

.preferable, but it may be also made of & metal. In

~ this csse, it is preferable to cool the reaction tube.

- Tha substrate holder 3 is made of a metal, and is

provided with a heater 4 so that the substrate mounted
theréon can be heated. And, the constitution is made
so that the substrate temperature can be controlled by
controlling the heat genératibn temperature of the
heater 4. -'

The feeding system of gases is constituted as
described below.

5 is a gas mixer, in which the first starting
gas, the second starting gas and the reaction gas are

mixgd, and the pixture is fed into the reaciton tube

2. 6 is a starting gas gasifier provided for gasificat-

ion of an &rganic metal as the first sfarting gas.
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The arganic metal to be used in the present
jnvention is liquid gt room temperature, and is for;ed
into saturated vapor by passing a carrier gas through
the liqﬁid of the organic metal within the gasifier 6,

5 which is in turn introduced into the mixer §.
The evacuation is constituted as descrfhed
below. '
7 is é gate valve, which is opened who#
performing evacuation of a large volume such aé during

10 gvacuation internally of the resction tube 2 be?ore
formation of the deposi;ed film. 8 is a slow I;ak
valve, which is used when perforning eveouation:of a
small volume such as in controlling the pressure
fnternally of the reaction tube 2 during formation of

15" the deposited film. 9 is en evacuation unit, which is
constituted of a pump for- evacuation such as turbo

1:7 molecular pump, etc.
The conveying system of the substrate 1 is
constituted as descgibad balow.

20 10 18 a subétrate conveyiﬂé chamber which can
house the substrate before and after formation of the
deposited film, which is evacuated by opening the
valve 11. 12 is en.evaouation unit for evacuating the
conveying chamber, which is constituted of a pump for

25 evacuation such as tu:bb molecular pump, etc.

The valve 13 is opened only when the substrate

1 is trandéferred between the reaction chamber and the

-
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conveyling space.
As shown in Fig. 2, in the starting gas

gasifier 6 which is the gas formation chamber for

foﬁming the startinﬁ gas, the liquid DMAH maintained

" at room temperature iz bubbled with H, or Ar {or other

inert gas) as the carrier gas to form gaseous DMAH,
which is transported to_the mixer 5. The H, gas es
the reaction gas is transported through anothexy routé
into the mixer 5. The gases are controlled in flow
rates so that the respective partial pressures may

become desired values.

In the case of forming & film by this device,
the first starting gas may be of course MMAH,, , but
DMAH with a vapor pressure enough to become 1 Torr at
room temperatur; is th; most preferred. Also, DMAH

and.nunnz may be used in a mixture.

[
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As the second starting gas containing Si which
can optionally be used, there can be used SijHg, Siﬁ4,
5£3Hs' 8i(CH.),. Sicl,, SiH,Cl, and SiH,Cl. Of these’
compounds Si H, which can be easily decomposed at the
low temperature of 200 - 300°C.' The gases such as
512H6 are diluted with Hz or Ar and transported to the
mixer 5 through a system other than the DMAH system.

The deposited film formed at a substrate
temperature of 160 °C to 450 °C by use of such
starting gas and reaction ¢gas, with a thickness of for
exanple 4bo A, has a.résistivitv at room temperature
of 2.7 — 3.0 pobme.-cm which is substantially equal to
Al bulk resistivity. and ia a continuous and flat
£ilm. At this tine, the pressure during f£ilm
formation can be chosen within the range from 10 =3
Torr to 760 Torr. Also, even when the film thickness
may be 1 nm, its resistivity i1s ca. 2.7 - 8.0 pohm-on,
and a sufficlently dense film can be formed also with
a relatively thicker film. Also, the reflectance in
the visible light_w;velenqth ragion is approximately
80 ¥, wheredy # thin film excellent in surface
flatness can be deposited.

| The substrate temperature is desirably the
decorposition temperature of the starting gas

containing Al or higher, and 450 °C or lower as’

—_—
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described above, but specifically the substrate
tenperature of 200 to 450 ¢ is more desirable, and -
when deposition is carried out under this condition,
by making the DMAH partial pressure 10™% to 10”3 Torr,
the deposit:lon. speed becones very great as 100 A/min.
to 800 i/min., whereby sufficient great deposition
speed corresponding to the cost as the Al-S5i
deposition technique for ultra-LSI can be obta:lned.'

A more proferabl; substrate temperature
conditioh is 270 °C to 350 °C, and the metal film
deposited under this condition is also strongly
orientatable and, aveh when subjected to the heat
treatment at 450 °C for 1 hour, the metal f£ilm on the
81 monocrystalline or Si polyecrystalline substrate
becomes a good metal film without generation of
hillock, spike as seen in the film forming method of
the prior art. Also, such metal film is excellent in .
electro~-migration resistance.

In the device shown in Fig. 2, Al~Si can be
deposited on only one sheet of substrate in deposition
for one time. Although a deposition aspeed of ca. 800
a/ain., can be obtalned, it is still insufficient for
performning deposition of a large number of sheets
within a short tine. ’

As the deposition film forming device for

improving this point, there is the low pressure CVD

*
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1 device which can deposit a metal by simultaneous
mounting of a large number of sheets of wafer. Since-
the‘hntal.film formation according to the pregent

- invention utiiizes the aﬁrtaoe reaction on the

§ electron donative substrate surface, in the hot whll
type laﬁ prassurh.cvp method wherein only the
substrate is heated, Al can be deposited on the
substrate by use of DMAH and Bz' optionally t°9°théf with
the S§i starting gas such as Sizﬁg, ete.

10 The reaction tube pressure may be 0.05 to 760

. Torr, desirably 0.1 to 0.8 Torr, the substrate
temperature 160 °C to 480 °C, desirably 200 °C to 400
°C, the DMAH partial pressure 1 X 10 °—fold to 1.3 X
10"%-f01d of the préssure in the reaction tube, the

15 S1,H, partial pressure 1 x 10™ '~fold to 1 x 10”2014
of the pressure in the reaction tube, and undér such
conditions, Al-Si oan be wall deposited on the
electyron donative substrate.

Fig. 3 is a schematic illustration showing a

20 deposited film forming device to which such present
invention is applicable. |

$7 is a substrate for formation of a metal £ilm,
$0 is an outside reaction tube made of quartz for
forming a space for formation of Qeposited film

25 substantially closed to the surrounding, %1 an

innerside reaction tube made of guartz located for
>

S
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‘separating the flow of gas within the outside reaction

tube 30, 54 a flange made of & metal for opening and -

closing of the opening of the ocutside reaction tube

- 50, and the substrate 57 is located within the

substrate holdiig nenber 56 provided internally of the
innerside reaction tube §1. The subsi:rate halding
nember 56 should be preferably made of quartz.

Also, in the present device, the substrate .
tenmperature can be controlled by the heater portion
59. The press\ire internally of the reaction tube 50
is constituted so as ta be controllable by the
d@vacuation system connected through tha gas evacuation
outlet B3. |

The gas feeding system is constituted to have
a first gas system, a second gas system, a third gas
system and a mixer (none are shown in Fig. 2)
aimflarly as the device shown by the symbols 5 and 6
in Fig. 2, and the starting gases and the reaction gas
are introduced into the reaction tube 350 through the
starting gas inlet 52. These gases react on the
surface of the suﬁstrate $7 during passage internally
of the innerside reaction tube 51 as shown by the |
arrowhead 658 in Fig. 3 to depoait metal on the
substraté surface. The gases after the reaction pass
through the gap formed between the innexrside reaction

tube 51 and the outside reaction tube 50, and

*
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1. gvacuated through the gas evacuation ocutlet 53.
In taking out and in the substrate, the flange
54 m%de of a metal is permitted to fall by an elavator
- {(not shown) together with the substrate holding member
5 56 and the substrate 57 to be moved t6 a predetermined
position where the substrate is mounted and detaﬁhed.

" By forming a deposited film under the
conditions as described above by use of such devioe;
metal films of good quality can be formed iz all the

10 wafers within the device.
As desoribed above, the film obtained
according to the film formation process based on
the embodiment of the present invention is dense with
little content of impurity such as carbon, etc. and
1§ resistivity whicﬁ_is sinilar to bulk, and also has
_high surface smoothness, and therefore remarkable
effects as described below can be obtained.
(1) Reduction of hillock
Hillock is occurrence of comcavities on the Al
20 Ssurface due to partial migration of Al when
inner stress during film formation is released in the
heat treatment step. Also, similar phenomenon occurs
by local migration by current péssage. ‘The Al film
formed by the present lnvention has little inner

25 stress and is approximate to the state of

\
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monocrystal. For this"reason, in the heat treat@ent
at‘450 9¢ for one hour, as contrasted to formation of
10% - 10%/cn? of hillocks in the Al film of the
prior art, the hillock number could be greatly
improved as 0 to 10lcmz. Thus, due to'aubstantial
absence of Al surface conéavity, the resist film
thickness and the interlayer insulating film can ye
made thin to be advantageous for making it finer and
moxe flat.
[{2) Improvenment of electro—migration resistance

Eleptro~migratian is the phenomenon that the.
wiring atomé move by passage of a current of higp
density. By this phenomenon, voids are generated and
grown along the grain boundary, whereby as. accompanied
with reduction of the cross—sectional area, the uiring
generates heat to be broken. In the prior art, the |
anti-migration property has been improved by adding
Cu, T1, etc. to Al to form an alloy. However, the
alloy formation results in complication of the etching
step end difficulty of minute formation.

Migraticon resistance is generally evaluated by

average wiring life.

The wiring formed by the sputtering method or

" the cVD metﬁod of the prior art bas obtained anaverage

wiring life of 1 x 102 to 103 hours (in the case of a

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

]
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current passage test conditions of 250 ‘C, 1 x 1p%

A/cmz

. f11m formation method based on the embodiment of

the present invention could obtain an average wiring
life of 103 ta 104 hours with a wiring having a cross—
sectional area of 1 nmz.

Hence, a&ccording to the present invention,_tor
example, when the wiring width is 0.8 pm, & wiring
layer thickness of (0.3 um c¢an sufficiently stand
practical application. That is, since the wiring
layer thickness can be made thinner, unevenness on the
semiconductor surface after arrangement of wiring can
be suppressed minimum, end also high reliabiiity in
paaéing ordinary current can be obtained., Also, this
is possible by a very.s;mple process. .

(3) Reduction of alloy pits in contact portion

By the heat treatment in thae wiring step,
eutectic rgeaction between Al in the wiring material
and Si in the substrate may occur to result io
penatration of Al—Sf'eutectié called as alloy pit into
the substrate in spike pattern, thereby destroying
shallow junction. -

As countermeasure, it is general to employ a
material other than pure Al when the depth of junction
is 0.3 ym or more and to employ barrier metal

technique of Ti, W, Mo type.

°

—\x
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However, there remain some poinis to be
1m920ved such as-complioation of etching, rise of.
contact resistivity and the like, ;n a metal £ilm formed
according to the present invention, generation of

alloy pits in contact portion with substrate crystal

. due to heat treatment in the wiring step can be

inhibited and wiring with good contact can also be
obtained. in other words, wiring can be effected only
with a deposited material without destreoying junction
even when the junction is formed in a depth of about
0.1 un. ’
(i) Improvement of surface smoothness (patterning
cheracteristic improvement of wiring)

. In the prior art, roughness of the surface of
a metal thin film had £nconvenience in the aligument
step for the mask and the substrate in the patteraing
step and in the etching step.

That is, there is unevenness extending to
several um on the surface of Al film according to the
prior art ﬁethod. wﬁereby the surface morphology is
poor, and therefore had the following disadvantages.

1¥ Alignment signals cause diffused reflection
to occur at the surface, whereby noise level becomes
higher and inberent alignment aignals cannot be
discriminated. |

2} For covering large surface unevenness, the
raesist film, thickness must be taken large, which is
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opposite to fine formation.

8) If the surface morphology is poor, halaticn
due to the resist internal reflection will occur
locally, whereby resist rené:ning occursa.

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

According to the present invention, the
surface morphology of metal film to be formed is
markedly improved to cancell all the drawbacks
described above. ] _

In other words, in the patterning step., at the
line width of the resolving power limit of the
eu:posur.lmh:lno. the a]zigment precisicn 3 =0.15 un
can be accomplished, whereby wiring ha?ring snooth side
plane is rendered possible without causi.ng halation to
ocour. ' |
(S) Improvement of resistance in contact bole and
through hole and of contact resistance

In the prior .'art method, if the size of thé
éontact hole becomes finer as 1 pm X 1 pm or less, Si
in the wiring is precipitated on the substrate at the
contact hole during heat treatment in the wiring step
to cover thereover, whereby resistance between the

wiring and the element becomes markedly larger-

According to the embodiment of the present

]

Qo34
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1 invention, since a dense film is formed according to
the surface reaction, Al or A1-Si has been confirmed “to have
a resiativity of 2.7 — 3.3 pobm om. Alse, the contact

e : ~6 2

resistivity can attain 1 x 10 ochn.cmn” at an area of -

5 0.8 pm x 0.6 pm when the S1 portion bas an impurity of
1029 en™3, .
That is, accoyding to the present invention, a
goad contact with the substrate can be obtained.
{6) It -heoones possible to make heat treatment dwxring
10 wiring step lower or abolish the heat tréatment step.
As described in :ieta:ll above, by applying the
present invention to the wiring formation method of a
Qenieonduetor -integrated circuit, the yield can be
inproved, and reduction.of cost can be promoted to

15 great extent as compared with Al wiring of the pr»ior

art.

\R
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As described above, according to the CVD method

utilizing a gas of an alkyl aluminum hydride, partihularly

aﬁ alkyl aluminum hydride containing methyl group, a
metal film for semiconductor integrated circuit device
excellent in flatness, migration resistance, electro-
conducfivity, etc. can be formed.

In the following, embodiments of the present
invention are described in detail.

Figs. 4& - 4E are schematic views showing the
manner of selectivé growth when DMAH and H, or DMAH,
S.'i.zl-l6 and H, are amploy'ed. .

Fig. 4A illustr?tes schematically a sectional
view of the substrate before formation of Al or Al-Si
deposited film. 90 is a substrate comprising electron’
donative material such-as $i wafer. 91 is a thin £film
comprising a non—electron donative material such as

thermally oxidized Si02 film or CvDBSG film.

In the case of deposition of an Al-Si f£ilm,
when'DMAH, 512H5 as. the starting material gases and
a gas mixtﬁre containing H, as the reactive gas axe
fed onto the substrate 1 heated within the temperature
of the decomposition temperature of DuAﬁ' or higher
and 450 °C or lower, Al-8i is precipitated on the
substrate 90 to form é continuous film of Al-Si as shown
in Fig. 4B. a

When deposition of Al-Si is continued, via the
state shd%n in Fig. 4C, as shown in Fig. 4D, Al-si film

grows to the level of the uppermost portion of the thin

Q@o3s
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film 91. If it is permitted to further grow, as shown
L -
in Fig. 4P, Al-8i film can grow to 5000 A substantially

without growth in the lateral direction. This is the

most salient feature of the deposited film by use of

DMAH and H., or DMAH, Hz'and Si H,, and it would be

2
understoocd that how a £ilm of good quality could be
obtained under good selectivity.

And, as the results of analyses by Auger’s electron
spéctrophotometry and photoelectron spectrophotometry,
no impurity such as carbon or oxygen is recognized to

be mixed in the film.

»

The resistivity of the deposited £ilm thus formed
is 2.7 to 3.0 Ul-cm at room temperature with a £ilm
thickness of 400 A which is substantially egual to the

. resistivity of Al bulk, and the f£ilm becomes continuous

and flat. Also, even 'with a £ilm thickness of 1l um,

its resistivity is also ca. 2.7 to 3.0u& -om at room
temperature. Thus, sufficiently dense £film can be also
formed for a thick £ilm. The reflectance in the visible
wavelength region is also ca. 80 %, whereby a thin £ilm
excellent in surface flatness can be deposited.

In the multi-layer wiring step as in ultra-LSI,
as shown in Fig. 4D, the technigue of embedding via-
holes selectively with Al or Al—si of high quality is
essentially required. Further, after éelective deposi-

tion as shown in Fig. 4D, in the same reaction vessel

 as shown, in Fig. 4F, if Al or Al-Si can be deposited
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1 described above, in view of crystallinity of 2al, the
method of forming a nucleus or an extremely thim film

of Al or a metal composed mainly of AL may be moxe

preferable than the methods_of fb;ming other nuclei

5 or extremely thin films.

The basic film formation procedure of an
embodiment utili#ing formation of a nucleus or an
extremely thin £ilm as the surface modification step
is described below. -

10 When a gas mixture containing DMAH and H, in
the casa of depositing'il, or DMAH', 512H6 and H, in
the case of depositing Al-8i is fed onto the substrate
1 heated to a temperature range of the decomposition
temberature of DMAH' or higher ana 450 °C or lower,

15 Al-Si is deposited on the substrate 90 to form a
continuous £ilm of Al or al-Si as shown in Fig. 4B.

If depogition of Al or Al-Si is continued under
the above conditions, Al or Al-5i film grows via the
state shown in Fig. 4C up to the level at the uppermost

20 portion of the thin film 91, as shownm in Fig. 4D. The
selectively deposited £film is a single érystal.

Here, feeding of DMAH of Si H. ‘is stopped to
stop deposition of 2]l or Al-S8i., Here, after the 'sﬁrface
modification step" causing the surface reaction to occur

25. onto the heated non-electron donative surface is carried

out by introducing the gas as descxribed above, again

DMAH'andéSisz are fed to deposit Al oxr Al-Si to such

-
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a shape as gshown in Fig. 4F.

. As the substrate temperature. the decomposition
temperature of the starting gas containing Al or higher,
and 450 °C or lower are desirable as mentioned above,
but specifically a substrate temper;ture of 200 to 450
°C is desirable, and when deposition is effected undex
the condition, the deposition rate is very large as
100 i/min. to 800 ilmin. when the pressure within the
reaction vessel is 10~3 to 760 Torr, and the DMAR partial

pressure is 1.5 x 1073

to 1.3 x 10 >-fold of the pressure
within the reaction vas;el, whereby a sufficiently 1a£ge
deposition rate as the Al-S5i deposition technique for
ultra-LSI can be obtained.

More prefexablg. the substrate temperature is
270 °C to 350 °C, and the Al-Si film deposited under
the condition is also strongly orientatable, and the
Al-Si film on an Si single crystalline or Si poly-
crystalline substrate becomes an Al-Si £f1lm of good
quality without generation of hillock, spike even when
subjected to heat treatment at 450 °*C for ome hour.
Also, such aAl-5i film is excellent in electromigration'
resistance.

The surface modification step here is to form
an extremely thin film or nucleus of Ti, §i, etc. which
is alectron donative onto the non-electron donative
surface by.feeding a gas of TiCl,, Si, H., SiH,, §iCl,.

SiHCls. SiHZClz, etec. Specifically, by feeding T1C14.

Qdoss
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SiHg., SiH4, 51c14, sinc13, SiH2CJ.2 at the same substrate
tggperature ag during deposition of Al or Al-Si undex

a partial pressure of 10 % to 1 Torr, the non-electron
donative surface becomes an electron donative surface
practically effectively, whereby deposition as shown

in Fig. 4F becomes possible. An extremely thim film

of a metal which is electron donative may be also formed

on the non-electron donative surface.

As the surface modification step, there is,
for example, the method by use of charged particles
such as plasma, etc. utilizing the deposited f£ilm
formation device shown in Fig. 5. Next, the basic
£iIm formation procedure of an embodiment utllizing
this surface modification step is described.

Fig. 5 is a schematic view showing an example
of the deposited film formation device to which the
present invention is applicable. The difference from
Fig. 2 is provision of the electrode 16 as the plasma
forming means.

The electroae 16 is used when generating a
plasma for effecting surface modification. A high
frequency of ca. 13.6.uﬁz is applied from the power
source 14 on the electreode 16 to form a plasma.

When a plasma is employed, Ar oxr H2 plasma
can be employed, and an H2 plasma wherein reactive
particles such as hydrogen ion, hydrogen radicals,

etc. exigt is preferable. Suxface modification is

—_—
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possible under a reaction tube pressure of 0.1 to 5
' 3

Torr, and a plasma power of 0.1 to 1 W/cm™. Desiraﬁly,

it is 0.2 to 0.5 chm3.

By feeding the above-mentioned TiCl4, sizﬂs,
SiH,. 51014, S4iHC1., siH2012 at the same substrate
temperature as'during deposition of Al o:_hl-si under
¢ to 1 Torr, the non~electron
donative surface becomeé an electron donative surface
practically effectiveiy; whereby deposition as shown
in Fig. 4E becomes possibla. .

When DMAH + H, 15 used for formation of an extremely
thin £ilm of a meéal which is electron donétive on a
non-electron donative surface, carbon willybe mixed
therein, but it is als? possible to use the method in
which the substrate temperature is elevated momentarily
to a temperature of 450 °C or higher. |

Fig. 6 is a schematic view of the device which

can form an Al-C extremely thin film or nucleus by

heating momentarily the substrate temperature to a

substrate temperature of 450 °C to 550 °C only during
surface modification step, for example, so as to obtain
a temperature elevation of 100 °C/min., and feeding
DMAH and H,. The portions havimng the same function

ag in Fig. 6 are affixed with the same numerals. 21

is a light transmissive window, which is a glas§ made
of quartz. 22 is a lamp for momentarily heating. Xe
lamp, Hg-Be lamp, W lamp may be employed. Laser, etc.

s S
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1 may be also employed, but a lamp is preferable for uniform
a@@ momenfaiily,heating. )
The suhstrate=is conveyed in the vertical direction
to the paper surface (conveying chamber not shown).
5 In the surface modificatioﬁ step, there is
also the method in which DMAH molecules or H, molecules
are excited and dacomposed by use of a plasma into
electron donative molacules to form a nucleus or
extremely thin layer of Al or Al-Si onto the non-
10 electron donative substrate surface. PFig. 7 is a
schematic view showing ;n example of the deposited
£film formation device to which the present invention
is applicable.
The difference from Fig. 5 1s the point that
15 earth electrodes 16' and 16" are provided in addition
to the excitation electrode 16 as the plasma generation
electrode. During the surface modification step, a
plasma is formed by applying a high f:equeqcy power
of ca. 13, 56 MiHz on the electrode 16. Since the
20 excitation electrode 16 is sandwiched between the
earth electrodes 16' and 16", the electric line.of
force terminates at the earth electrodes 16' and 16",
whereby the plasma will not contact the substrate 1.
After selectively depositing Al or Al-Si on the electromn
25 donative surface on the substrate having the electron
donative surface and the non-electron donative surface,

a plasmaéis generated while feeding DMAH and H, or DMAH,
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H, ané s:‘.zn6 as such. In the plasma, DMAH is e#oited
and decomposed to become electron donative molecules
to form an Al or Al-Si nucleus of extremely thin £ilm
onto the non-electron donative surface. After forma-
tion of Al nucleus, plasma is stopped and deposition
is continued. -

Since the partial pressure of DMAH during Al
deposition is at most 5 x 10'3—£old relative to the
reactive gas H:, the properties of the plasma are
extremely similar to thoée of H, plasma. If the
plasma power is great, bMAH will be more excited and
decomposed than necessary, whereby carbon will be
mixed in the Al or Al-Si formed in the, surface
modification step. ©On the other hand, if the plasma
power is too small, no.nMAH is excited and daecomposed, .
whereby no nucleus or extremely thin £ilm of Al or
Al-Si is formed. When Ar is employed as the carrier
gas, carbon is mixed in the nucleus or extremely thin
£film of Al or Al-Si formed in the surface modification
step,'and therefore:it is desirable to use B, a8 the
carrier gas. The reaction tube pressure during surface
modification may be 0.1 to 5 Torr, the applied plasma
power 0.02 to 0.4 WIcm3 in the device shown in Fig.

5. and the surface modification time 10 sec. or longex.
At an applied plasma force of ca. 0.02 W/cm3
or lower, no Al or Al-Si nucleus ox extremely. thin

£film gankbe formed to effect no surface modification.

—_—
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The plasma force for surface modification should;be

desirably 0.02 to 0.06 W/cma. After modification

_ of. the non-electron donative surface, Al is daposited

non-selectively on the electron donative surface and

the non-alectron donative surface. At this time, no

carbon is detected ét the interface between the Al ox
al-si selectively deposited and the Al or Al-sSi non-

selectively deposited. _

After the surface modification step, deposition
may be aleo continued without stopping of plasma. The
Al or Al-§i film qualit& deposited by application of
plasma as such is found to be substantially of the
same kind as the deposited without application of
plésma. However, sinc? it is slightly inferior in
surface flatness, it is desirable to apply plasma
only during surface modification. The plasma power
density appliad during surface modification is smaller
than the plasma power used in general plasma CVD or
reactive ion etching, and substantially no deposited
product onto the reaction tube surface will be formed.

In the device shown in Fig. 7, a high frequency
power sourca of 13.56 MHZ is used for plasma generation;
but discharging of direct current or frequency for
commercial use or microwave (e.g. 2.45 GHz) may be
also used.

' However, fox direct current discharging,

electrodés must be provided within the reaction chamber.

—_—
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The plasma force for surface mpdification should.be

desirably 0.02 to 0.06 w/cm . After modification

_ of. the non-electron donative surface, Al is dsposited

non-selectively on the aelectron donative surface and
the non-alectron donative surface. it this time, no
carbon is detected at the interface between the Al or
Al-S1 selectively deposited and the Al or Al-Si non-
selectively deposited.
After the surface modification step, deposition

may be also continued without stophing of plasma. The
Al or A)-Si film qualit; deposited by application of

plasma as such is found to be substantially of the

~ same kind as the deposited without application of

plésma. However, sincg it is slightly inferior in
surface fiatness, it is desirable to apply plasma
only during surface modification. The plasma power
density appliad during surface modification is smaller
than the plasma power used in general plasma CVD or
reactive ion etching, and substantially no deposited
product onto the reaction tube surface will be fozmed.
In the device shown in Fig. 7; a high frequency
power source of 13.56 MHz is used for plasma generationm,
but discharging of direct current or frequency for
commercial use or microwave (e.g. 2.45 GHz) may be
also used. |

Howevex, foxr direct current discharging,

- electrodgs must be provided within the reaction chambex.

<
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On the other hand, when'microwave is employed,-q waveguide
is required. Therefore, if simplification of the device
c;nstitution is desired, utilization of high frequency
of 13.56 MHz which requires only provision of external
electrodes is preferabla.

The film obtained by the Al or Al-Si film
formation method based on the present invention hpé
such characteristics that it is dense, the content of
impurities such as carbon, etc. is also extremely small,
the resistivity is similar to that of bulk, and also
it has high surface fléiness. Additionally, it has
the marked effacts as shown below:

(1) reduction of hillock generation during
heat treatment, )

(2) -improvement of electromigration resistance;

(3) reduction of alloy pit at the contact
portiog,

' (4) impxovement of wiring patterning characte-~
ristic through surface smoothness improvement,

(5) impro#ément of resistaqce'within.via-hole
and contact resistance,

(6) lowered teﬁperature of heat treatment
during wiring step.

According €0 the method shown by the present
invention,'éven on a substrate in which an electron
donative material and a non-electron donative material

are inclyded therein having an unevenness of ¥ m order,
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sub-micron order, first a deposited f£ilm can be formed
se}ectiveiy at the concavity, and'thereafter a uniform
Al film can be formed on the whole substiate surface
within the same film forming device,

' In the multi-layer wiring formation step of
ultra-LSI, reduction of f£ilm thickness of the metal
thin film at the uneven portion lowers reliability of
the wiring formation step, but according to the Al £ilm
or Al-Si £ilm depositioﬁ method of the present invention,
there is no film thickness reduction, etc. at the uneven
portion, whereby Al, AlZSi £ilm of high reliabllity
can be formed.

In the sputtering method of the prior art,
becéuse film fbrmatibn‘onéo uneven portion-can be done
with difficulty, at the opening cross-sectional portion
of an imsulating f£ilm, the step of forming a slope

‘according to such a method.as reflow by high temperature

heat treatment ‘has dbeen regquired.

However, provision of a slope onto the cpening
requires unnecessar§ area, which is a step contradictory
to fine formation technigue.

According to the present iavention, tha cross-
section embed Al ox Al-Si is embedded in via-hole whose
cross-section is vertical, and also the Al £ilm fgrmed
thereafter is excellent in flathess, and therefore the
present method is ideal as the wiring metal deposition

of finelx formed ultra-LSI.

T
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Example 1

The procedure of Al £film formation was as

-

described below.

By use of the device shown in Fig. 2, the reaction

tube 2 was intermally evacuated to ca. 1 x 10~9 Torr

by an evacuation equipment 9. However, £ilm formation
of Al was possible, even if the vacuum degree within
the reaction tube 2 may be worse than 1 x 1079 rorr.
After washing of Si wafer, Si wafer was mognted
in the conveying chamber 10 by releasing the conveying
chamber 10 to atmospher;c pressure. After evacuation
of the conveying chamber to ca. 1 x 10°% Torr, . the
gate valve 13 was opened and the wafer was mounted on
the wafer holder 3. )
After the wafer was mounted on the wafer holder
3, the gate valve 13 was closed, and the reaction chamber
2 was evacuated to a vacuum degree of ca. 1 x 10'8 Torr.
In this Example, DMAH was fed through the first
gas line. As the carrier gas through the DMAH line,
H, was employed. Tﬁe second gas line was for Hz.
By permitfing H, to flow through the second
gas line, the opening of the slow leak valve 8 was
controlled to adjust the pressure within the reaction
tube 2 to a predetermined value. A typical pressure
in this Example was made ca. 1.5 Torr. Then, the

water was heated by current passage through the heater

4. Aftexy the wafer température has reached a predeterminad

\
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temperature, DMAH was introduced into the reaction tube
through the DMAH line. The total pressure was ca. 1.5
Torr,land the nMAH pressure was made ca. 1.5 x 1074
Torr. When DMAH was introduced into the reactioh tube
2, Al was deposited.

After elapse of a predetermined deposition
time, feeding of DMAH was once stopped. The predeter-
mined deposition time of the first Al film deposited
in this process was the time until the thickness of
the Al £ilm on 5i becomes equal to the film thickness
of Si0,. This time, 1£ the deposition rate was previously

calculated, can be determined by the method in which

'the deposition time was set on the basis of the data.

While maintaining constantly the substrate
temperature, '.I.'ic:I.4 was introduced into the reaction
vessel 2. The time for intxoducing TiCl, was ca. 10
minutes. The step of introducing 11014 was the surface
modification step. Feeding of Tiél; was stopped, and
again DMAH was fed. By feeding of_DMAH, Al was
deposited on the Ai £ilm alﬁeady depoéited and the
sio2 film. After elapse of a predetermined deposition
time, feeding of DMAH was stopped. The Al film deposited
in this process was called the second Al film.

In the above-described saméle, in a temperature
range of 160 °*C to 450 °C, in the first Al £ilm deposi-
tion step, no Al was deposited on Sioz, but Al Wifh

the same, film thickness as 810, was deposited only

—_—
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1 at the portich where Si was exposed, while in the second
Al;film deposition step, Al was deposited at substantially
the same deposition rate on the first Al f£ilm and $i0,.

- Next, heating by the heate; 4 was stopped to cool the

5 wafer. After feeding of Hz.gas was stopped and the
reaction vessel lnternally evacuated, .the wafer was
conveyed to the conveying chamber, and only the con-
veying chamber was made atmospheric, and then the
wafer was taken out. The outline of the Al film

10 formation was as described above.

Next, the sampi; of which £ilm was formed
according to this Example is described.

An Si substrate (n type, 1 to 2 & cm) was

" subjected to thermal oxidation at a temperature of

15 .1000 *C according to the hydxoéen combustion system
(HZ: 4 litexr/M, Ozﬁ 2 litex/M).

The f£ilm thickness was found to be 7000 i,:
500 S. and the refractive index 1.46. A photoresist
was coated on fhe whole surface of the S1 substrate,

20 and a pattern as deécribed below was baked by.an
exposure machine. Said pattern was such that varions
pores of 0.25Hm x 0.25Hm to 100¥m x 100V m were
opened. After developing of the photoresist, the‘
subbing $i0, was etched by reaction ion etching (RIE),

25 @tc. with the photoresist as the mask to have partially
the substrate Si exposed. Thus, 130 sheets of samples

having péres of $i0, with various sizes of 0.25 um x

—_—
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1 0.25 um to 100 ﬁm x 100 ﬁm were prepared.

And, by setrting the substrate temperature at

13 levels, Al was deposited according to the procedure -

as descoribed above for 10 sheets of samples at the

5 respective substrate temperatures.

. The respective conditions for the first Al

film deposition step, the surface modification step

and the second Al film deposition step were made as

follows:

10 during the first Al film deposition step,
total pres;sura . 1.5 Toxrr
DMAH partial pressure 1.5 x 10”4 Torr

during éurface modification step,

TiCl, partia.l pressure 0.1 Torx

15 ' during the second Al film deposition step,

- total pressure 1.5 Toxx
g DMAH partial pressure 1.5 x 1074 Torr *

The Al £ilms deposited by varying the substrate

temperature at 13 levels were evaluated by use of various

.y evaluation methods. The results are shown in Table 1.

as Been Reﬁmd : . =
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In the aﬁove gamples, at a temperature range of
169 *C to 450 °C, Al was deposited in the first Al deposi-
tion step selectively only at the Si exposed.portion
with the same thickness as £i0,. This film was found
to be a single crystal. Further, in the second Al
deposition step, Al was deposited at.the same deposi-
tion rate on both of the 5i0, surface and the Al film
deposited in the first deposition step.

Both of the Al film selectively deposited on
S$i and the Al film deposited on Sioz after tha surface
modification step were ;f gbod quality with respect
tb resistivity, reflectance, hillock generation density
after the heat treatment step, etc.

Also, substantially no increase of ‘resistance
occurred at the interface between the first Al £ilm
and the second Al film.

Even when the T1C14 partial pressure was varied

from 0.05 to 0.5 Torr, there was substantially no difference

1n deposition rate and the f£ilm quality of Al film.
Example 2 '

According to the same procedure as in Example
1, Al film was deposited by introducing-slzﬂ6 at a
partial pressure of 0.1 to 50 Torr in place of Ticl,
during the surface modification step.

In the first Al deposition step, only at the
Si expoaed portion, Al film with the same thickness

as S:i.()2 was étiapos:i.’ced, and when the substrate temperature
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during the surface modification step of 200 °C to 450
*C and the 512H6 partial pressure of 0.1 to 50 Toxx,
in the second Al deposition step, Al was deposited at
the same deposition rate both on §iO, and on the first
Al £ilm.
The film quality of the Al film deposited was
found to be good similarly as in Example 1.
Example 3 _
According to the same procedure as in Example
1, AL £1lm was deposited by introducing 5iCl,, SiHCl,
or SiH,Cl, at a partial.pressure of 0.1 to 50 Torr in
blace of TiCl, during the surface modification step.
 In the first Al deposition step, only at the
8i exposed portion, Al £ilm with the same thickness
as 8102 was deposited, ;nd when the substrate temperature
during the surface modification step was 200 °C to 430
*C and the partial pressure of sic14. SiHCl3 or SiHZCJ.2
of 0.1 to 50 Torr, in the second Al deposition step,
Al was deposited at the same deposition xate both on
§10, and on the first Al film.
The film quality of the Al film deposited was
found to be good- similarly as in Example 1.
Example 4 ' |
According to the same procedure.as in Examples
1, 2 and 3 except for using Ar in place of H, as the

carrier gas, Al was deposited on the Si substrate with

the patteyned s:l.o2 thin film. The preparation method

i
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of the substrate was the same as that shown in Example
1. The deposited Al films all gave the same results

as in Examples 1, 2 and 3.
Example 5

Al films were formed on the substrates with
the constitutions as described below (Samples 5-1 to
5-179) by means of the low pressure CVD device shown
in Fig. 3.

Preparation of Sample 5-1

On a single crystalline silicon as the first
substrate surface material which was electron.donative,
a thermally oxidiged 8102 film as the second substrate
surface material which was non-electron donative was
formed, followed by patterning according to the photo-
lithographic steps as shown in Example 1, to have the
single crystalline silicon surface partially exposed.

The film thickness of the thermally Oxidized
Sio2 £ilm was found to be 7000 A and the size of the
exposed portion, namely the opening of the single
crystalline silicon:3 Um x 3 ¥m. Thus, Sample 5-1 was
prepared. (Hereinafter such sample was represented
as "thermally oxidized 810, (hereinaftex abbreviated
as T-5i0,)/single crystalline silicon").

Preparation of Samples 5-2 to 5-179
Sample 5~2 was an oxidized film formed by
normal pressure CVD (hereinafter abbreviated as $i0,)/

single crystalline silicon;

Hlailflileﬂﬁm '
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Sample 5-3 was a boron doped oxidized £ilm
formed by normal pressure CVD (hereinafter abbreviated
as'BSG)IEingle crystalline silicon:

Sample 5-4 was a phosphorus doped oxidized film
formed by normal pressure CVD (hereinafter abbreviated
as PSG)/single crystalline siiigoh:

Sample 5-5 was a phosphozrus and boron dopgd
oxidized film formed by normal pressure CVD (hereinafer
abbreviated as BSPG)/single erystal silicon:

Sample 5-6 was a nitrified £ilm foxmed by
plasma CVD (herein;fter.abbreviated as P-S$iN)/single
crystalline silicon;

Sample 5~7 was a thermally nitrified £ilm
(hereinafter abbreviated as T-SiN)/single silicon;

Sample 5-8 was.a nitrified £film formed by
low pressure DCVD (hereinafter abbreviated as LP=SiN)/
single crystalline silicon;

Semple 5-9 was a nitrified £ilm formed by ECR
device (hereinafter abbreviated as ECR-SiN)/single
crystalline silicon.

Further, according to combinations of the first
substrate -surface material which was electron donative
and the second substrate surface material which was
non-electron donative, Samples 5-11 to 5-179 shown in

Table 2 were prepared.

i
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1 In Table 2, as the first substrate surface

ma?erial were employed single crystalline silicon
(single crystalline S8i), polycrystalling silicon
(polycrystalline Si), amorphous silicon (amorphous $i),
5 tungsten (W), molybdenum (Mo), tantalum (Ta), tungsten
eilicide (WSi), titanium silicide (TiSi), aluminum
(Al), aluminumsilicon (Al-Si), titaniumaluminum (Al-
Ti), titanium nitride (Ti-N), copper (Cu), aluminum-
siliconcoppex {Al-8i-Cu), aluminumpalladium (Al-Pd),
0 titanimm (Ti), molybdenum silicide (Mo-5i), tamtalum
silicide (Ta-si). Thes; éamples were placed in the
low pressure CVD device, and Al films were formed
within the same batch. Al was deposited under fhe

following deposition conditlons:

15 during the first Al film formation step,
reaction tube pressure: 0.3 Torr
DMAH ﬁértial pressure: ° 3 x 10~ Torr
substrate temperature: 300 ;c

during surface modification step,
20 TiCl4 ﬁartial pressures - 0.4 Toxrx

during the second Al film formation step:

reaction tube pressure: 0.3 Torr
DMAH partial pressure: 3 x 1072 Torr
Substrate temperature: ' 300 °C
25 Under the above conditions, in the first Al

deposition step, no Al was deposited on the non-electron

donative jsurface, but AL with the same thickness as the -

\
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non-electron donative f£film was deposifed only at the
portion where the electron donative surface was exposed,
whgle in the second Al film deposition step after the
surface modification step, Al was deposited at sub-
stantially the same deposition rate on the first Al
£ilm and the non-electron donative surféce.

The film quality of the Al film deposited.was
found Lo be very good, exhibiting the same properties
of that at the substrate temperature'BOO *C shown in
Example 1.

Example 6

According to the same procedure as in Example
5, Al film was deposited by introducing SiH. at a
partial) pressure of 0.1 to 50 Torxr in place of TicC1,
during the surface modikication'step.

When the substrate temperature during the
surface modification step of 200 °C to 400 *C and the
8121{6 partial pressure of 0.1 to 50 Torr, in the seéond
Al deposition step, Al was deposited at thé same deposi-
tion rate both on the first Al film and on the non-
electron donative material.

The £ilm ¢uality of the Al film‘deposited was
found to be good similarly as in Example 1.

Example 7 .l

According to the same procedure as in Exarple

5, Al £ilm was deposited by introducing Sic14. SiHc13

or SiH2c1i at a partial pressure of 0.1 to 50 Toxx in

- —
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place of TiCl, during the surface modification step.
. In the first Al depositionm step, only at the’

electron don&tive material exposed portion, Al film

with the same thickness as the non-electron donative

material was deposited, and when the substrate temperature

during the surface modification step of 200 °C to 450

¢ and the partial pressure of Si614, SiH613 or SiH Cl2

of 0.1 to 50 Torr, in the second Al deposition step,

Al vas deposited at the same depos#tion rate both on

the non-electron donative material and oa the first

Al film.

The £ilm quality of the Al £ilm deposited was
found to be good similarly as in Example 1.
Example 8 _

According to the same procedure as in Example
1, Al deposition was carried out by use of MMAH, in
ptace of DMAH in the first Al deposition step and the
second Al deposition step.

The deposition conditions and the surface
modification step weie as follows: |

dnring the first Al film formation step,

reaction tube pressure: : 1.5 Torr

~4 porr

MMAH2 partial pressure: 5 x 10
during surface modification étep.

Tic14 partial pressure:. 0.1 Toxrx
during the second Al film formation step:

M reaction tube pressurxe: 1.5 Torrx

il i i
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MMAH., partial pressure: 5 = 10-4 Torr

. In the above samples, within a temperatuxe Yange
of 160 °C to 400 °C, Al was deposited with the same
thickness as s:i.o2 gelectively at only the Si exposed
portion in the first Al deposition step, while in the
second Al deposition step,'A1 was deposited at the
same deposition rate on both the SiO, surface and.the
Al film deposited in the first deposition.step.

The same resuvlts were alsé obtained when SiZHG'
Sic14, SiHCl3 or Siﬂzcl2 was fed at a partial pressure
of 0.1 to 50 Torr in pl;ce of TiCl, during the surface
modification step.
Example 9

By use of the quice in Fig. 4, Al deposition
was carried out. The device in Fig. 4 was a device
shown in Fig. 2 which was provided with the electrode
13 for plasma generation and the power source 14 for
plasma genexation, When high frequency power was
applied on the plasma generation electrode 13 from
the power source 14,'a plasma (shown by broken line)
was generated within the reaction tube 2.

According to the same procedure-as in Example
1. the surface modification was caxrried out only under

the conditions of the surface modification step of:

H2 total pressure: 1.0 Torr
plasma power: _ 0.3 W/cm3
‘to effecté Al deposition. The substrate emploved was
—_—
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the Si wafer with the patterned sioz'tnin £ilm prepared
according to the same procedure as shown ;n Exanple”
1: '

At a temperat#:e range of 160 °c tﬁ 450 °*C,
in the first Al deposition step, Al was deposited with
the same thickness as Sio2 salectively ohly at the Si
exposed portion, while in the second Al deposition
#tep, Al was deposited at the same deposition rate
both on the $i0, surface and on.the Al £ilm deposited
in the first deposition step.

There was no di}fe:enoe in £ilm quality with
respect to resistivity, reflectance, hillock generation
density after thg-heat treatment step, etc. between
thé AL £ilm selectively deposited and the A1 film
deposited on Sio, aftef the surface modificatéon step.

Also, no increase of resistance occurred at
the interface between the first Al film and the second
Al f£ilm.

Even when the conditions in the surface

modification step wére varied with H2 pressure from
3

0.1 to 2 Torr and the plasma power from 0.2 to 1 W/cm
there was no difference in deposition rate and film
quality of the Al film.
Example 10 ]

By use of the device shoﬁn in Fig. 5, Al
deposition was carried out. in the device in Fig. 5,

the subssrate 1 can be heated by a heater 4, and can

\
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be heated by a lamp 22 to further higher temperature.
For the lamp, Xe lamp was used. 21 was a light trads-
mi;sive window, which was made of quarts.
In Fig. 5. the conveying chamber was mounted

in the vertical direction to the paper surface (not
shown). The deposition procedﬁre was as described below.

" The substrate holder was mounted on the wgfer
holder 3, H, gas was introduced under a pressure of
1.5 Torr into the reaction vessel 2, and then heated

by current passage through the heater 4. Aafter it

. became a predetermined temperature, DMAH was introduced

into the reaction veesel 2 to form a first Al film.

After elapse of a predetermined deposition
timé. feeding only of DMAH was stopped. The wafer was
quickly heated by the iamp 22. after the substrate
surface temperature became 500 °C, again DMAH was
introduced into the reaction vessel for 0.1 to 5 minutes.
Again feeding of DMAH was stopped, the lamp 22 extinguished
and the substrate temperature dropped to a predetermined
temperature.: ' _ |

The surface modification step was as described
above, and thereafter again DMAH was.introduced to deposit
a second Al £ilm. After completion of a predetermined
deposition time, feeding of DMAH was stopped and also
current passage thorugh the heater was'stopped, fallawed
by cooling.

%; film was deposited undexr the following conditions:

_—

—_——
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during the first Al film formation step;
total pressure 1.5 Torx
DMAH partial pressure 1.5 x 10~% Torr
during the surface modification step,
| subgtrate temperature 500 °C
total pressure 1.5 Torr
DMAH partial pressure 1.5 x 107? Torr
during the second Al film formation, |
total pressure 1.5 Torr
DMAH partial pressure 1.5 x 10”4 Torr.
The substrate e;ployed was an Si wafexr with
the patterned Sioz thin £ilm used in Example 1.

At a_temperature range of 160 *C to 450 °C,

"in the first Al deposition step, Al was deposited with

the same thickness as 8io, selectively only at the Si
exposed portion, while in the second Al deposition step,
Al was deposited at the same deposition rate both on
the s.io2 surface and on the Al film deposited in the
first deposition step,

By SIMS analysis, etc., presence of C was con-
firmed only at the interface between the first Al film
and the second Al film, but theres was nd increase of
resistance at the interface between the first Al film
and the second Al film. The £film quality of the

deposited Al film was found to be substantially the

~same as in Table 1.

A
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Example 11 |
. 'According to the same procedure as in Example
1, si H, was added through the third gas line during
transportation of DMAH to the reaction tube, and Al-
8i deposition was carried out. '

The respective conditions for the first al-Si
film deposition step, the surface modification step
and the second Al-Si £ilm deposition step were made

as follows:

during the first Al-sSi film deposition step,

total pressure 1.5 Toxx
DMAH partial pressure 1.5 x.ll)'4 Toxrx
sizné partial pressure 2 x 107% worr

during the su;face modification step,
'i'iC:l4 partial prassﬁre 0.1 Torr

during the sécond Al-8i film deposition step,

total pressure 1.5 Torxrr
DMAH partial pressure 1.5 x 10°2 rorr
8i HG partial pressure 2 x .'I.()"6 Toxr

At a temperature range of 160 ¢ to 450 “cC,
AlL-Si was deposited in the first Al deposition step
selectivély only at the Si exposed portion with the
same thickness as,sioz, while in the second Al deposi-
tion.step. gl-Si wag deposited at the same depositien
xrate on both of the sio, surfaée and the Al-Si £ilm
deposited in the first deposition step.

JBoth of the Ai—Si £4lm selectively deposited

K_
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} on Si and the Al-5i film deposited on Si0, after the |
su¥face modification step were not differant in £ilm
quality with :ﬁspect-to resistivity, reflectance,
hillock genération density.after the heat treatment

5 step, etc.

Also, substantially no increase of resistance
occurred at the. interface between the first Al-Si film
and the secoad Al-38i film. _

Even when the 'ricl4 partial pressure was varied

1¢ from 0.05 to 0.5 Torr, there was substantially no
difference in depositio; rate, the f£ilm quality of Al-
Si £ilm.

Example 12
According to typ same procedure as 'in Example
15 11, Al-Bi film was deposited by introducing 51236. Sic14,
SiHc13 or siH2c12 at a total pressure of 0.1 to 50 Torx
Y in place of".riCl4 during the surface ﬁodification step.
The respective conditiong foxr the first Al-Si
£ilm deposition stap, the surface modification step
a0 @nd the second Al-si £i1m deposition step were as follows:
during the first Al-Si film formation step,
totél pressure ‘1.5 Torx
DMAH partial pressure 1.5 x 107 Torr

6

§i,H, partial pressure 2 x 107" Torxr

25 during the surface modification step,
partial pressure of Sizna, SiCl4. SiHcl3
3 or'si!-lzc2 0.1 - 50 Torr
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1 during the second Al-Si film deposition step,
total pressure 1.5 Toxxr
DMAH partial pressure 1.5 x 10~% Torx
- : Sizl-l6 partial pressure 2 x 10'§ Torr
5 In the case of using Si,H, in the surface

modification step, Al-51i was deposited in the first
Al deposition stpe sélectively only at the Si ekppsed
portion with the same,thickness as '$i0,., and when the
substrate temperature during the surface modification
j¢ Step was 200 °C to 450 °C, and the Si,H, bartial.
pressure was greater tﬂan the partial pressure during
Al-S8i deposition as 0.1 to 50 Torr, in the second Al
Geposition step, Al-Si was deposited at the same deposi-
tion rate on both of the 8i0, surface and the Al-Si |
15 £film deposited in the first deposition step.
The film quality of the Al-Si film deposited
was found to be good similarly as in the case of Example
1. | '
Cn the. other hand, in the case of 5iCl,. SiHCl,
g0 OF Siﬂzc12. Al-8i was deposited in the first Al deposai-
tion step selectively only at the Si exposed portion
* with the same thickness as §i0,, and when the substrate
temperature during the surface modification step was
200 °C to 450 °C, and the partial pressure of S8iCl,,
- SiHc13 ox SiH2c13 was greater than thg partial pressure
during Al-Si deposition as 0.1 to 50 Torr, in the second

Al deposjtion step, Al-Si was deposited at the same

““‘M
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deposition rate on both of the Bioz surface and the

Al-Si film deposited in the first deposition step.-

The f£film guality of the Al-8i film deposited

was found to be good similarly as in the case of Example

1.

Example 13

According to the same procedures as in Example
11 and Example 12, Al-Si films were deposited by varying
the Si,H, partial pressure during Al-Si film deposition.

The respective conditions for the first Al-5i

‘£ilm deposition step, the surface modification step

and the second Al-5i f£ilm deposition step were as

follows:

the fi;st Al-Si £film formatlon step,

total pressure 1.5 Torr
DMAH partial pressure 1.5 % 10~% Torr
512H6 partial.pressure 1.5 = 1077 -

1 x 107* Torx

substrate temperature 300 °C

the surface modification step,
p;rtial pressure of Sizﬂs' SiCl4, SiHCl3
or SiH,Cl, - . 0.1-= 50 Torr, or
partial pressure of TiCJ.4 0.05 - O.S'Torf
substrate temperature 300 °C

the second Al-si-film deposition step,

total pressure 1.5 Toxrx

DMAH partial pressure 1.5 x 10'4 Taorr
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Sizll6 partial pressure 0.05 x 0.5 torr
substrate temperature 300 °C -

Si,H, was made equal durigg the firfst Al-Si
deposition and during the second Al-Si deposition.

In either case of using TiCl,, 512“5- sicCl,,
SiHCl, or Sinzclz, in the first Al deposition step aAl-
Si was deposited selectively only at the Si exposed
portion with the same thickness as 8io,. and while in
the second Al-Si deposition step, Al-Si was deposited
at the same deposition rate on both of the 8iQ, surface
and the Al-Si film deposited in the first deposition
step.

The S1 content (wt.%) of the Al-Si £ilm formed
at ihis'time was varied from 0.005 & to 5 % in substantially
proportion to the sizné partial pressure simultaneously
transported with DMAH.

Example 14

During the first Al-Si deposition step and the
second Al-Si deposition step of Example 11 and Example
12, the caxrier gas for DMAH transport was changed from
H, to Ar. Following otherwise entirely the same
procedure, Al-Si was deposited.

During the first Al-Si deposition and during
the second Al-Si deposition, H, was fed from the second
gas line.

Simiiarly in this Example, Al-Si deposited
£ilms co%}d be formed as in Example 11 and Example 12.

T
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Al-8i was deposited according to entirely the

.s;me procedure as in Bxample 13, except for changing

10

20

25

the carrier gas for DMAE transport from H, to Ar during
the first.Al-Si deposition step and during the second
Al-Si deposition step. _

During the first Al-8i depcosition and du;ing
the second Al-Si deposition, H, was fed from the second

gas line.

Similarly in this Example, Al-Si deposited films

could be formed as in é&ample 13.
Example 16 _
Accoxrding to the same procedure as in Example
Exampls 6 and Example 7, Al-Si deposition was carried
out w1th addition of sizﬂ in the first Al-5i film
deposition step and the sacond Al-Si depasition step.
Tﬁe deposition conditions were as follows:

the first Al film formation step,

reaction tube pressure 0.3 Torr

DMAH partial preasure 3 x 10~ Torr
suﬁstrate temperature . 300 °cC

8i,H. partial pressure . 1.5 x 1078 Torz

the surface modification step,

Ticl, pertial pressure 0.05 - 5 Torr, or
sizﬂs partial pressure - 0.1 to.50 Toxr, or
S:I.Cl4 partial pressure | 8.1 to 50 Torr, or
R Siﬁ013 partial pressure 0.1 to 50 Torr, or

-—
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SiH2012 partial pressure 0.1 to 50 Torx
the second Al film deposition step, ’
reaction tube pressure = 0.3 Torr

DMAH partial pressure 3 x 1072

Torx
§i,H, partial pressure 1 x 10°8 Torr
substrate temperature 300 °C

Under the above conditions, in the first Al-
gi f;lm deposition step, no Al-8i was deposited on the
non-electron don#tive surface, but Al-8i waz deposited
only at the exposed portion of the electron donative
surface with the seme tﬁickness as the non-electron
donative film, while in the second Al-Si film deposi-~
tion step following the surface modification step, Al-

Si was deposited on both the first Al-si f£ilm and the

non=-elactron donative ;;rface at substantially the same

deposition rate.

The £ilm gquality of the al-si fiim deposited
was found excellent, exhibiting the same propertles

as those preparad at the substrate temperature 300 °C

shown in Example 1.

Example 17

Accoxrding to the same procedure‘as in Example

1, except for using MMAH, in place of DMAH in the first

Al-Si deposition step and the second Al-Si deposition

step, with 312H6 fed simultaneously with ﬁMAH2~to the

reaction tube, al-S1 deposition was carried out.

?ge deposition conditions and th§ suxface

i
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modification step were as follows:

the first Al-Si film formation step, T
total pressure 1.5 Toxrr
MMAH, partial pressure 5 x 1074 Tozr
8i,H, partial pressure 1 x 10°% Torr

the gsurface modification step,
T:I.CJ.4 partial pressure 0.1 Torx

the second Al-Si film deposition step,
total pressure . 1.5 Torr
MMAH, partial pressure 5 x 10~¢ rorr
8i,H, partial pressure 1 x 10~° Torr

In the above sampies, within a temperature range
of 160 °C to 400 °C, Al-8i was selectively deposited
with the same thickness as $10, at only the Si exposed
prortion in the first Ai-Si deposition step, while in
the second Al-Si deposition step, Al was deposited §n
both'the 810, surface and the Al film deposited in the
first daeposition step at the same deposition rate.

The same results were als; obtained when Sizﬂﬁ,
sicl,, SiHCl, or SiEZCIZ was fed at a partial pressure
of 0.1 to 50 Torr in place of 'ric14 in thé surface
modification step.

Example 18

According to the same procedures as in Example
11 and Example 12, A)l-Si was deposited using 3134 in
place of Sizns added during transportation of DMAH

-D:position wag carried out at a SiH4 partial

_—
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1 pressure of 1 x 10~ Torr where DMAB partial pressure

was 1.5 x 10”% Torr. e
) Deposition of Al-Si was found the same as in
: Exemple 11 and Example 12.
s Example 19
' Accoxding to the same procedure as in Example
9, Al~5i deposition was carried out transporting §1235
concurrently with the transportation of DMAH.
In the first Al-Si deposition step and the
10 second Al-8i deposition step, deposition was carried
out under a reaction tube pressure of 1.5 Torr, a DMAH

partial pressure of 1.5 x 10~3

Torx aund an Sizﬂs partial
pressure.of 2 x 10”% Torx.
" In the temperature range of 160 °C to 450 °C,

15 Al-81 was selectively d;posited in the first Al deposi-
‘tion step only at the 8i exposed portion with the same
thickness as Sioz, while in.the second Al deposition
step, Al-Si was deposited at the same-depositinn rate
on both of the Sioz surface and the aAl-8i film deposited

20 in the first deposition step.

Both the Al-Si film selectively deposited on
Si and the Al-Si film deposited on siozrfollowing the
surface modification step were not different in film
quality with respect to resistivity, reflectance,

gg Dbillock generation density after the heat treatment
step, etc. |

s _
Also, substantially no increase of resistance

\\\\\\\i \‘\T\\T il



L RELERIVED @2/22 89:26 18956 AT SH3sunsx T
'98 02/22 10:32 S03 3211 5038 OKABE ‘lunxu-<

10

15

-\_

73

occurred at the interface between the first Al-Si
film and the second Al-Si £ilm. ‘ ’
) Even when the H, pressure was changed to 0.1

- 2 Torr, and the plasma power to 0.2 - 1 WIcm3, there
was substantially no difference in the deposition rate
or the film quality of Al-Si film. |
Example 20

According to the same procedure as in Example
10, Al-8i deposition was carried out transporting Si,H,
concurrently with DMAH in the first Al-Si deposition
step and the second Al-éﬁ deposition step.

The deposition conditions were as follows:

the first Al £ilm formation atep,

total pressure 1.5 Toxxr
DMAH partial pressure 1.5 x 10'4 Torxr
Si,H, partial pressure 1.0 x 10”% Torr

the surface modification =staep,

substrate temperature 500 °C
total pressure 1.5 Torr
DMAH partial pressure 1.5 x 1077 Torr

the second Al-Si £ilm deposition step,

total pressure 1.5 Torx
DMAH partial pressure - 1.5 % 10"4 Torx
312H6 partial pressure . 1 x 10"6 Torr

The substrate employed was an $i wafer patternad
with the $io, thin film used in Example 1. In the

temquature range of 160 *C to 450 °C, in the first

—
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Al-S8i deposition step, no Al-8i was deposited on Sioz,
but A1-8i was deposited only at the Si exposed portion
té the same thickness as 810,, while in the second
Al-Si deposition step, Al-Si was deposited at the éame
deposition rate both on the £irst Al-5i £ilm and 810,.
By SIMS analysis, etec., presence of C was

confirﬁed only at the interface between the first Al
film and the second Al £ilm, but there was no increase
of resistance at the interface between the first al
film and the second Al £ilm. The f£ilm quality of the
daposited Al film was found to be substantially tbe
gsame as shown in Table 1.
Example 21

’ By means of the CVD device shown in Fig. 6,
Al was dgposited on thé same Si substrate with pattern-
ing of Sio2 as in Example l. The deposition procedure
was initiated by mounting the Si substrate on a wafer
holder as in Example 1, followed by heating of the
substrate under a desired H, pressure. Subsequently,
after reaching a desired substrate temperature, DMAH
was fed to deposit Al selectively only at the Si
exposed surface which is an electron donative surface.
The Al deposited in this process was called the first
al. After slapse of a predetermined time, while
waintaining  -the tatai pressure and the DMAH presaure
constant a plasma was geﬁerated. After elapsé of a

prade:ermined time, the plasma was stopped, and fuxther
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Al was deposited. At this point, Al was deposited non-~
selectively both on the Al selectively deposited and
the 8102 which was a non-electron donative surface.

The Al film deposited non-selectively was called the

5 second Al. After elapse of a predetermined time,
feeding of DMAH was stopped to complete deposition.
The depositioﬁ time of the first Al film was the #ime
'necessary for the film thickness of the selectively
deposited Al £ilm to become equal to the thickness of
10 5i0,.

In this Example: DMAH was fed through the first
gas line. For the carrier gas of DMAH line, H, was
employed. The second gas line was for Hz.

' The respective conditions for the first Al f£ilm
15 deposition step, the,suiface modification step, the
second Al film deposition step were as follows:

the first Al £ilm deposition step:

) total pressuxe 0.1, 1.2, 5 Torr
DMAH partial pressure 1 x 10—3-fbld
20 ' of total pressurs
the surface modification step:
fotal pressure, DMAH partial pressure:
| the same as in the first Al film
deposition step
o8 plasma power demsity: 0.01, 0.015, 0.02,
3 (W/cmB') 0.03, 0.04, 0.06,
0.07, 0.08, 0.10,
heetHasBeenR laced 0.20, 0.40
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plasma application time: 1 min.
the second Al £ilm deposition step: | ‘
total pressure and DMAH partial pressure:
the same as in the first Al film
deposition siep.
For every combination of the total pressure
(3 kinds) and the plasma application power (11 kin@s),
Al £ilm deposition was carried out resyectively at 13
levels of the substrate temperature from 150 ‘C to 470

*C. The first Al film selectively deposited was mona-

crystalline. The film quality of the Al deposited film

was the same as shown in Table 1. The results of carbon
measurement at the interface between the first Al film
and £he gecond f£ilm were shown in Table 3. At a substrate
temperature of 150 °*C, Ao film was deposited on the sub-
strate. when the plasma applibation power density during
the surface modification step was 0.01 or 0.015 W/cm;.

no Al film was deposited on the 5i0, surface, irres-

- pective of the substrate temperature. When the plasma

application power deﬁsity during the sunrface modification
3 .

.step was 0.08 W/cm™ or more, carbon was detected at

the intexface between the first Al film and.the second
Al film, and the contact resistance at the interface
between the first film and the second Al film was
higher than in the case of plasma pdwer density of

0.02 ~ 0.07 g.rcm:".
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Example 22

According to the same érocadure as in Example
21: Al deposition was carried out. The deposition condi-
tions during surface modification were the same as in
Example 21 except for plasﬁa application time. Al
depositibn was carried out with plasma application time
of 10 seconds, 30 seconds, 3 minutes, 5 minutes and
10 minutes.

When the plasma application time was 10 seconds,
30 seconds, or 3 minutes, the f£ilm quality obtained
was the same as shown in Table 1, Table 3. When the
plasma application time was 5 minutes or 10 minutes,
the film quality other than surface reflectance was
tha same as shown in Table 1, Table 3, but surface
reflectance was worse fﬁan the value shown in Table
1, being approximately 65 to 75 § when the substrate
temperature was 159 - 350 °C.
Example 23

Accoxding to the procedure of Example 21, Al
deposition was carried out. The deposition conditions
during the first Al film deposition step, the surface
modification step a@nd the second Al film deposition
step were the same as in Example 21 except for DMAH
partial pressure. The DMAH partial pressure was made
1 x 1075, 5 x107°, 1 x 107 ana 5 x 1074-£01a of the

total pressyre.

The film guality of the obtained film was found

U
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- the plasma power density was 0.02 W/cm

&0

the same as shown in Table 1 and Table 3. The obtained

£ilm quality did not depend on the DMAH partial pressurse.

- Example 24

According to the same procedure as in Example
21, 2l deposition was carried out. The difference from
Example 21 was the use of Ar for the carrier gas of
the DMAH line in the device shown in Fig. 6. The
deposition conditions other than carrier gas were the
same as in Example 21.

The film quality of the obtained Al £ilm was
the same as shown in Table 1. When the plasma power
density during the surface modificétion step was 0.01
to 0.015 W/cm®, no Al film was formed on §i0,. When
3 or more, the
second Al film was deposited on Si0., but carbon was.

detected in trace amount by SIMS analysis at the interface

between the first Al €ilm and the second Al film. The

‘rasistance value was sufficiently‘'small.

Example 25

Al deposition was carried out according_to.the
same procedure as in Example 24. The deposition condi-
tions other than plasma application time during surface
modifiéation were the same as in Exsmple 24. Ali
deposition was carrxied out for plasma application
time of 10 seconds, 30 seconds, 3 minutes, S minutes'

and 10 minuges.

When the plasma application time was 10 seconds,

—_—
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30 seconds or 3 minutes, the film qualiiy obtained the
same as in Table 1. When the plasma'application tithe
wa; 5 nminutes of 10 minutes, the film quality othex
than surface reflectance was the same as shown in
Table 1 énd Table 3, but:surface refleétance was inferior
to the value shown in Table 1, about 65 to 75 §, when
the substrate temperature was 160 - 350 °C. Not @epending
on the plasma application time, when the plasma power
density was 0.02 W/cm; or more, the sacond Al film was
also deposited on sioz. but carbon was detected in
trace amount by SIMS analysis at the interface between
the first Al film and the second Al film. However,
resistance was sufficiently small.
Example 26

According to the same procedure as in Example
24, Al deposition was cafried out. The deposition
conditions during the first Al film deposition step,
the surface modification step and the second Al film
geposition step were the same as in Example 24 except
for DMAH partial préssure. The DMAH partial pressure

was made 1 x 10"5, 5 % 10-5, 1x 10“4 and 5 x 10-4—

- fold of the total pressuxe.

The film gquality of the film obtained was found

to be the same as shown in Table 1. When the plasma

power density during the surface modification step was

0.01 or 0.0%5 W/cm3, ne Al film was formed on Sioz.

When the plasma power density was 0.02 W/cm3 or more,
_—
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the second Al film was also depésited on Sioz. but
carbon was detected in trace amount by SIMS analysis
at‘the interface between the first Al film and the
second Al film. However, resistance was sufficiently
small,

Example 27

According to the same procedures, and under
the conditions as in Examples 21, 22, 23, 24, 25, 26,

Al film deposition was carried out for various substrates 
shown in Example 5 (samples 5-1 to 5-179).

In the first Al £ilm deposition step, Al film
wvas selectively deposited only on the electron donative
surface, but no Al film on the non-electron donative
surface. In the second Al filﬁ deposition step following
the . surface mndificatio; step, Al film was deposited
at substantially the same rate on the first Al film
and the non-electron donative surface. The film quality

of the Al film depogited was found as good as those

. in Examples 21, 22, 23, 24, 25, 26.

Example 28

' By use of the CVD device shown in Fig. 6, Al
was deposited on the Si substrate with sio, patterning
as in Exemple 1. According to the same deposition
procedure as in Example 21, DMAH was transported to
a reaction tube, and Si H¢ was added from the third
gas line to gffect Al-Si deposition;

In this Example, DMAH was fed from the first
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gas line. For the carrier gas of DMAH line, H, was
employed. The second gas line was for H,. The third
gé% line was foxr Sizne.

The respective conditions for the first ALgSi
£film deposition step, the surface modification step
and the second Al-Si film deposition step were as
follows:

the first Al1-S8i film deposition step:

total pressure: 0.1, 1.2, 5 Torr

-3

DMAH partial pressure: 1 x 10 “-~£fold of

f total pressure
si2H6 partial pressure: 0.01-fold of DMAH
| partial pressure
tpe surface modification step:
total pre;suxe. DMAH partial pressure,
51236 partial pressure:
the same as in the firat Al-Si film
deposition step
plasma power density: 0.01, 0.015, 0.02,
(Wem) 0.02, 0.04, 0.06,
0.07, 0.08, 0.10
0.2, 0.4
plasma applicatiqn time; 1 min.
the second Al-Si £ilm deposition step:
total pressure, DMAH partial pressure,
3 Sizus partial pressure:

the same as in the First Al-Si film

i
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quosition step.

For every eombination of the total pressure-
(3" kinds) and the plasma application power (11 kinds),
Al-8i film deposition was carried resPectively at 13
levels of the substrate temperature from 150 °C to 470
*C. The £ilm quality of the deposited Al-si film was
the same as shown in Table 1, and measurement results
of carbon at the interface between the first Al £ilm
and the second Al-Si film were the same as shown in
Table 3. At a substrate temperatufe of 150 °C, no
£ilm was deposited on the substrate. When the plasma
application power density during the surface modifica-
tion step was 0.01 or 0.015 W/cm3, no Al-$i film was
deposited on the 810, surface irrespectively of the
substrate temperature. ' When the plasma application
power density during the surface modification step
was 0.08 W/cm3 or more, carbon was detected at the
interface between the first Al-Si f£ilm and the second
Al-Si film and the contact resistance at the interface
between the first Al-Si film and the second Al-Si film
was higher than in the case of piasma powexr density
of 0.02 to 0.07 W/cm>-

Example 28

According to the same procedure as in Example
28, Al-Si deposition was carried out varying the Si H,
partial pressure in the first Al-si film deposition

< s e ‘0
step and the second Al-Si film deposition step.
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The respective conditions for the first Al-Si
film deposition step, the surface ﬁodification-stepf
thé second Al-Si film deposition step were as follows:

the first Al-Si film deposition step:

total pressure: 0.1, 1.2, 5 Torxr

DMAH partial pressure: 1 x 10"3-fold of

total pressure
8L H, pértial pressure: 1 x 1073 to 1-fold of
DMAH partial pressure
the surface modification step:

total preséure, DMAH partial pressure,

Sizn6 partial pressure:
the same as in the first Al-8i £film
deposition step

plasma poﬁ;r density: 0.01, 0.015, 0.02,

(W/cm>) 0.03, 0.04, 0.06,
0.07, 6.08, 0.10,
0.2, 0.4
plasma application time: 1 min.
the sacond Ki—Si £ilm deposition step:

total pressure, DMAH partial pressure,

Sizns partial pressure:
the same as in the first Al-Si film
deposition step.

For every combination of the total pressure
{3 kinds) aqg the plasma application power (11 kinds},

Al-8i film deposition was carried out respectively at
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13 levels of the substrate temperature frbm 150 °C to

470 °C varying the 5i,H, partial pressure. In the first
AL-5i film deposition Stép, allsi was selectively deposited
only at the Si surface exposed portion, and in the second
Al-8i film deposition sﬁep, Al-Si film was deéosited

at substantially the same deposition rate both on the

first Al-5i film and §i0,. The 5i content of the

deposited Al-5i film was substantially proportion fo

the SiZH6 partial pressure added, varying from 0.005

§ to 5 &, The film quality of the Al=-5i £ilm deposited

was found as good as that in the case of Example 21.

Example 30

Al-Si deposition was carried out accoxding to
the same procedure as in Example 28. _

The deposition conditions other than plasma
application time duxring surface modificatioh were the
same as in Example 28, Al-Si deposition was carried
out with plasma application time of 10 seconds, 30 seconds,
3 minutes, 5 minutes and 10 minutes.

When the plasma application time was 10 seconds,
30 seconds or 3 minutes, the film quality obtained was
the same as shown in Table 1 and Table 3. When the
Plasma application time was 5 minutes or 10 minutes,
the film quality other than surface reflectance was
the same as shown in Table 1 and Table 3, but the surface
reflectance was inferior to the value shown.in Table

°
1, about 65 to 75 %, when the substrate temperxature
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was between 160 and 350 °C.

Exampel 31

According to the same procedure as in Example

28, Al-Si deposition was carried out. _
The deposition conditions except for. DMAH partial

pressure and sisz partial pressure during the first

Al1-8i film deposition step, the surface modification

step, the second Al-8i film deposition step were the

same as in Example 21. The DMAH partial pressure was

5, 1 x 107% and 5 x 107%-fold of the total

made 1 x 10~
pressure. The SiZHG partial pressure was 0.01-fold
of the DMAH partial prESSure.

The £ilm quality of the deposited Al-Si film
was found as good as that in the case of Exmmple 21.
Example 32 | '

According to the same procedurxe as in Example -
28, Al-Si deposition was carried out. ' The @ifference
from Example 28 was the use of Ar for the carrier gas
of DMAH in the device shown in Fig. 6. The deposition
conditions except f&r cérrier gas were the same as in
Example 28.

The f£ilm quality of the obtained Al-si film
was found as good as in Table 1. When the plasma power
density during the surface modification step was 0.01
or 0.015 W/cm®, no Al-§i film was formed on $i0,.
When the pquma power density was (.02 W/cm3 or more,
the second Al-si film was deposited on Sioz, but carbon

\
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was detected in trace amount by SIMS analysis at the
interface between the flrst Al-5i film and the second
A1lSi film. However, resistance was sufficiently small.
Example 33

| Al-Si deposition was carried out accoxrding to
the same procedure as in Example 29. The déposition
conditions except for plasma application time during
surface modification were the same as in Example id.
Al-Si deposition ﬁas carried out with plasma applicae
tion time of 10 seconds, 30 seconds, 3 minutes, 5 minutes

and 10 minutes.

When the plasma application time was 10 seconds,
30 seconds or 3 minutes, the film quality obtained was
the same as shown in Table 1. When the plasma applica-
tion time was 5 minutes or 10 minutes, the film quality
other than surface reflectance was the same as in Table
1, Table 3, but surface reflectance was worse than the
value shown ih Tabla 1, being about 65 to 75 %, when
the substrate temperature was 160 to 350.°C. Not
depending on the plasma application Eime, when the

3

nlasma power density was 0.02 W/cm™ or higher, the

second Al-Sl £ilm was deposited also on -$iO., but

2'
carbon was detected in trace amount by SIMS analysis

‘at the interfaca between the first Al-8i film and the

second Al-Si film. However, resistance was sufficiently

small.
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Example 34

According to the same procedure as in Example.
28: Al-Si deposition was carried out.

The deposition conditions except for DMAH partial
pressure during the first Al-Si film deposition step,
the surface modification step and the second Al-Si film
deposition step were the same as in Example 28. The

DMAH partial pressure was made 1 x 10“5, 5 x 107

A 10-4, 5 x 10_4-fold of the total pressure. The

81,8, partial pressure was 1 x 10 >-fold of the DMAH

partial pressure.

. The film quality of the Al-51 film deposited
was found to be good similarly as in Table 1. When,
the:plasma power density during the surface modification
step was 0.01, 0.015 W/Emﬁ, no Al-gi film was formed

on 8102. When the plasma power density was 0.02 W/cm3

-or higher, the second Al-$i £ilm was depssited on $i0,,

but carbon was detected in trace amount by SIMS analysis
at the interface between the first Al-8i film and the
second Al-Si £ilm. ﬁowever, resistance was sufficiently

small.

Example 35

According to the same procedures, and under
the conditions as in Examples 28, 29, 30, 31, 32, 33

and 34, al-Si film deposition was carried out for various

substrates gpown in Example 5 (samples 5-1 to 5-179

shown in Table 2).

—_—
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In the first Al-Si film deposition étep, Al-
Si film was selectively deposited only on the electron
donative surface, but no Al-Si f£ilm on the non-electron
donative surface. In the second Al-81i £ilm deposition
step after the surface modification stpe, Al-Si film
was deposited at substantially the same rate on the
first Al-Si film and the ﬁon-electron donative su;face.
The film quality of the Al-Si film deposited was found
to be good similarly as in Examples 28, 29, 30, 31,
32, 33 and 34. |
Example 36

By means of the CVD device shown im Fig. 6,
Al was deposited on an Si substrate with_patte:ning
of §i0,. | |

The preparatioﬂamethnd of the Si substrate with
patterning of 8i0, was similar to the case of BExample 1.

First, Al deposition procedure was aescribed.

aAfter washing of an Si wafer, the conveying
chamber 10 was released to atmospheric pressure, and
the_éi wafer was mounted in the conveying chamber.
The conveying chamber was evacuated to ca. 1 x 10-6
Torr, then the gate vaive 13 ﬁas opened and the wafer
was mounted on a wafer holder 3. After mounting of
the wafer on the wafer ﬁolder 3, the gate valve 13 was
closed,.and the reaction chamber 2 was evacnated to a
vacuum degree of ca. 1 x 10”2 Torr. However, Al can

be depousited even if thc reaction chamber cannot be
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evacuated to a vacuum degree of 1 x 10~ Torr.

In this Example, DMAH was fed through the first
gés line. PFor the carriei gas of the DMAH line, H2
was employed. The second gas line was for H,.

Through the second gaé line was flowed Hy, and

the opening degree of the slow leak valve 8 was con-~

trolled to control the pressure within the reaction

tube 2 to 3 predetermined value. The pressure in this
Example was about 0.1 to 5 Torr. Then, the wafer was
heated by current passage through thé heater 4. After
the wafer has reached a predetermined temperature, a
plasma'wés generated within the reaction tube 2 by
applying high freguency power on the plasma generation
electrodes 16, 16', 16". The plasma generation at. this
time was called “the fkrst plasma”,. The oscillation
frequency of the power source for plésma generation
was ca., 13.56 MHsz.

- After plasma generation, DMAH.was introduced
through the DMAH line into the reaction tube. The

3 te 2 x 1073-

partial pressure of DMAH was ca. 1 x 10~
fold of the total pressure. When DMAH was introduced,
Al was deposited. The Al film deposited in this process
was called the first Al film.

After elapse of a predetermined time, while
maintaining constantly the substrate temperature, the

total présgure, the DMAI partial pressure, the genera-

- tion power of plasma was increased. The plasma generation
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at this time was called “"the second plasma*. After
elapse of a certain period of time (here, the time -
dﬁfing plasma generation was called the surface modifi-
cation gtep, and the certain period of time was called
the second plasma generation time), while ﬁaintaining
constantly the total pressure, the DMAH partial praessure
and the substrate temperature, again the plasma power
was made smaller. The plasma generation state made
smaller was called the third plasma. The Al film
deposited during tpg third plasma generation was

called the second Al.

After elapse of a predetermined time, heating
of the heatexr 4 wﬁs stopped to cool the wafer. Feeding
of H, has was stopped, the reaction vessel 2 was inter-
nally evacuated and thé wafer was delivéred to the
conveying chamﬁer. Only the conveying chamber was
opened to atmospheric, and the wafer was taken out.

By setting the substrate at 13 levels of 150

°¢c, 160 °C, 200 °C, 250 °C, 270 °C, 300 °c, 350 °C,

370 °C, 400 °C, 430 *C, 450 °C, 470°C, and the Al film
was deposited éccording to the procedure as described
above.
During thg first Al deposition step:
total pressure: 0.1 Torr, 1.2 Torr, 5 Torr
DEAH partial pressure: 1 x 10"3—fold of

total pressure
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plasma generation power of the first plasma:
(W/em>)  0.01, 0.015, 0.03, 0.04,
0.06, 0.07, 0.08, 0.10,
0.20, 0.40
During the surface modification step:
total pressure and DMAH partial pressure:
the same as in the first Al film
deposition step
plasma generation power of the second plasma:s
(Wfem>)  0.01, 0.015, 0.03, 0.04,
il 0.06, 0.07, 0.08, 0.10,
0.20, 0.40
generation time of the second plasma: 1 min.
buring the second Al fiim deposition step:
total pressure and DMAH partial pressure:
the same as in the first Ai film
depositioh step
plasma generation power of the third plasma:
(W/cm3)
the same as in the first Al film
deposition step
The results of Al deposition were as follows:

In the first Al £ilm deposition step, the manner

of Al deposition depended on the first plasma generation

power.

More specifically, when the first plasma genera-
3

tion power density was 0.0l and 0.015 wW/em™, Al was

3

deposited selectively only on Si as shown in Fig. 8A,
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and the second Al film deposited via the suxface
modification step was £lat as shown in Fig. 8C. -
On the other hand, as the power density was greater,

Al was deposited not only on Si, but also on 5102 to

‘form a concavity of Al at the opening as shown in

Fig. 8B, and the second Al film formed thereafter
had excessive unevenness with inferior flatness as
shown in Fig. 8D. The deposition form, containment
of carbon, reflectance of the Al £film depositgd in
the first Al film deposition step were shown in Table
4. Also, the deposition form, containment of carbon,
reflectance of the Al film deposited in the fifst Al
film deposition step, the surface modification step,
thé second Al film deposition step were shown in
Table 5. In both caée;. the results of reflectance
were inferior as compared with Example 21. Also
substantially the same results were obtained when

Al-Si was deposited with a&dition of Sizﬂs.
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Example 37

According to the same procedure as in Example
1, an Si substrate with pattcrned §i0, was prepared.
Subsequently, by means of the device shown in Fig. 2,
the first al was deposited selectively only on 8i.
similarly as in Example 1. The Si substrate was set
in a sﬁuttering device, and RF sputtering etching was
effectad in an Ar atmosphere of 10-2 Torr. With ﬁhe
substrate holder maintained at 200 °C, etching was
effected by application of a high frequency power of
100 W on high frequency electrodes for 60 seconds.
As the Tesult, together with the oxide with an Al
surface thickness of about 100 3, also the surface of
810, was removed with the same thickness, and at the
same time the S5iO, surface was modified. Next, by use
of Al 2s the target, Al film was deposited by direct
curreﬁt sputtering. The second Al film was deposited
uniformly on Si and §i0, at a deposition rate of
1000 A/min. under the conditions of an Ar atmosphere
of 1072 Torr, a ﬁemperature of the substrate holder
of 250 °*C, and a direct current power of 7 XW. No
high resistance layer existed at the interface between
the first Al film and the second Al film.

Selective growth of the first Al £ilm may be
practiced according.to any of the methods as previcusly
described ig the examples, and non-selective deposition

of the second AL film by sputtering etching and
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sputtering deposition was not limited to.the coaditions
as described above, but can be performed under conven-
ti;nal sputtering conditions. | _

It was of course possible to deposit selectively
a first Al-Si alloy film selectively on Si, remove the
surface oxide and the S5i0, surface on the first Al-Si
film by sputtering etching, and-depésit uniformly a
second Al-Si alloy film with an Al-Si alloy as the
target.

As described above, according to the present
invention, a low resisténce. dense and flat Al or
Al-5i film can be deposited selectively and at high

speed on a substrate.

'cOmparative experiments

Al film was formed on a single crystalline
silicon under the fellowing conditions.

By flowing Ar in place of Hys Al was deposited
by pyrolysis of DMAH. The total pressure at this time
was made 1.5 Torr, DMAH partial pressure 1.5 x 1074
Torr, and the substiate temparattre 270 to 350 °C.

As the result of evaluation of the AL £ilm
thus formed, at least sbout 2 & of carbbn was found
to be contained. The resistivity bedamé 2-fold or
more of that when employing hydrogen.

As to reflectance, it was lowered to about

1/3 to 1/9 Selative to the case when employing
hydrogea.

-
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Similarly, the wiring life became shorter by
1 to 2 cipher, the hillock generation probability largex
by 2 or more ciphers, and a large number of spikes were
generated.

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

As described above, Al deposited only by decom-
position of DMAH without use of H, was inferior in film
quality and unsatisfactory as the Al film for semiconductor
device.

Separately, with;ut use of H,, Al was deposited
by decomposition of DMAH according to the optical CVD
methed. As the result, more or less improvements can
be seen as compared with the case when employing no
light, such as no containment of carbon in the Al film
prepared, etc. However, other characteristics ware
not improved so much, and the film obtained was still .
unsatisfactory as the Al film for semiconductor device.

The mechanism of Al deposition according to
the present inventioﬁ as described above may be considered
as follows.

When DMAH reaches an electron donative substrate,
namely a substrate having electrons under the state
attached with hydrogen atoms (Figs. 92) with methyl
groups directed toward the substrate side, the electron
of the substgate cuts the bond between Al and oﬁe methyl

group (Figs. 9B and 9C). The reaction scheme at this

[
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time may be as follows:

AlH + 2H + 2¢ % 20CH, + + Al-H.

’ (CH; ), - 4

Furthex, the sam§ reaction proceeds for;hydrogen atoms
remaining on deposited Al having free electrons (Fig.
9D). Here, when hydrogen atoms are deficient, hydrogen
molecules will be decompqsed on the substrate and_
supplied as hydrogen atoms. On the other hand, since
there exists no electron on the non-electron donative
surface, no such reaction as described above proceeds
to effect no depoaition'of Al.

Figs.. 9A to 9D are illustrations for bettér
understanding of the reaction mechanism, and the numbers
of ﬁ, @ and Al represented in Figé. 94 to 9D were not
necessarily coincident; )

And, in the case of al-Si film, Si atoms are

incorporated into Al in such reaction process.

_
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Comparative experimeﬂ%
. An Al £ilm wes formed on a nonocrystalline
silicon under the following conditions. '
By passing Ar in place of HZ' Al was deposited
by pyrolysis of DMAH. The total preassure at this time
‘was made 1.5 Torr, the DMAH partial pressure 1.5 x 10~
4 Tory, and the substrate temperature of 270 — 350 Cc.
When the Al film thus formed was evaluated,
about 2 ¥ of carbon was found to be contained at the
10 minimum. . .
Resistivity beceme greater by 2-fold or more
then the case when hydrogen was emploved.
As to reflectance, it was lowered to about 1/3
t0 1/9 relative the case when hydrogen was'employed.
15 Similarly, wiring life was shorter by 1 to 2
cipher, generation probability of hillock became
greater by 2 cipher or more, and a large number of
spikes were found to be generated.
As to the deposition speed, ‘it was lowered to
20 1/2 to 1/4. .
As described above, Al deposited only by
decomposition of DMAH without use of Hztis inferior in
film quality, and was unsatisfactory as the Al film

for a semiconductor device.
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Separately, without use of H,, DMAH was
deconposed by.the bpt§Eal dVD method to deposit Al. -
As the resﬁlt, sone iﬁprovement such as no containpment
of carbon, snd the 1i§e was obhsarved from as the Al
£ilm prepared as ocompared with the case when no light

was employed, but other characteristics were not

© improved so much, and the Al film was still

unsatisfactory as the Al film for a semiconductor
device.
As described above, the mechanism of Al

deposition according to the present inveation may be

‘presently hypothesiied as follows.

S When DMAH reaches the electron donative
substrate, namely the substrate having electrous uander
the state on which hydrogen atoms are attached (Fig.
3A) with the methyl groups directed toward the
substrate side, one electron of the substrate cuts one
bond of Al and a methyl group {(Figs. QB and 9C).

The reactloq schene at this time is as

follows: _
(CHg) pA1H + 2H + 2e —» 2cH, T+ a1-H
Further, similar reactions will proceed for
the hydrogen atoms remaining on deposited Al ngv1ng
free electrons (Fig. 9D). Here, when hydrogen atoms
are deficient, hydrogen molecules constituting the

reaction gag are decomposed on the substrate to supply

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

- -

electfon on the electron non-donatxve surface the

above-mentioned reactlon will not proceed and no Al

deposited.

5 Figs. 9A - 9D are illustrations for better
understanding of the reacion mechanism, and the
nusbers of H, e and Al shown in Figs. éA‘_ 9D are not
necessarily coincident.

In the case of an-K1-Si film, Si atoms are

10 incorporated into Al duqihg the process of the

reaction as described above. _

| As described above, according to the present
1nwention, a low resistance, dense and flat Al or Al-8i
film can ke depos:.ted selectively and ai.:- ixigh speed on

15 .a substrate.

L
20
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Table 1 y
substrate | 150 160 |200|260]270|300]830)360|370]/400|4a30]|4as0|470
Bvalu~ . temper- )
ation \eture
iten (c*) X .
| carbon - *
content (%) -~ (1) 0 0 ¢ (4] 0 (4] 0 0 0 0 1~9
Resistivity : 2.9 2.7 1.1 .1 ot it 2.1 2.7 2.1 2.1 2.9 2.7
-— . e ~ Fad ~ g -~ -~ gy g s L d
g - cm) .8 | %3 3.3 3.3] 3 .3 a3 | a3} sa3l s3] sl 3
. 2
Reflectance .
(%) - | 8698 | 45496 | 85~05 | 88~08 | 86-~95 | 85~9% | 06+96 | 8859¢ [ as~95 | 70 soor | 58 cr
. - lower] lower
Average 103 13 103 |18 w3 13 [ae3 |03 |03 w2 [1e® 102
W’.l‘il‘.g - o~ ~ ~ ~ ~ ~ ~ ~ ~ o~ -~ o
1ife (hour) el ] gt | aed | 1t ] 16| et | 100 e | ad | w3 ] 13| 13
Deposition 100 100 100 100 1o 100 140 100 100 100
Speed' . - f~9 ~ ~ ~ -~ ~ o ~ ~ - - 1080
(A/ain} 800 890 toe | a0 800 890 s0¢ 8o | 808 300
Hillock 0 o 0 ' o o o 0 °
denelty -2 . —" ~ ~ ~ O~10] O~10] O~ 16| O~1} ~ ~ ~ ~ ~
(cm ) ' 13 ] 103} 103 104 104 104 109 1w
Spike .
geperation -— jo~10f{0~10f 0.0 0 0 0 | 0~30] 0~30f O3] O~30]| O~
pratia (%) } ]

s0t
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Table 1 (Continued)

No deposition occurs at the substrate temperature of 150 °*C.
Average wiring life is time to wire breaking when current

is passed at a current density of 1 x 105 a/em? through a corosa-

sectional area of 1 um’ at 250 °C.
spike generation ratic is destruction probability at the

junction portion of 0.15 um depth.
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Table 2 ‘
. Mon‘l_:-' 1pory-
-[eryatalfCrystaliAinor- . )
“'?;i _“,"s‘l‘ phae | ¢ Mo | Ta | wst | yisi | as | agst|
T-510s | 5~1' | &-#1 | s-11 | s=at | =41 | §~5t | s-61 | -1 | s-81 | §-81
$i0s | S~z | §-12 | s~91 | g-32 | 6-42 | s-52 | §-62 | §~72 | §-82 | §-92
BSS 6-3 §.6-13 | §-23 | 6-33 | 6~49 | §~63 { §-63 | §-73 | 5-83 | 5-93
PS6 God | 6=14 | S~24 | 684 | 544 | $-54 | S-84 | 5~74 | 5-84 | 5-84
805G . | §-6. | §-15 | 6-26 | 6-35 | 6-45 | 5-55 | s~65 | s-75 | 6-85 | 5-65
=St " | 5-8- | 516 | 5-~28:} s~38 | 6~46 | s-6¢ | 5-68 | s~76 | s-86 | 5-96-
st | 67 | §~171] §-21 | 8-87 | §=47 { §-67 | §-67 | §-17 | 5-87 | -0
LP-SIN -] 5-8 : | '6-18 | 5-28 | 6~88 | $~46 | §-~58 | §-68 | 628 } §-08 | 8-98
GOR~SIN| §-~8 | 5-19 | 5-29 | 5-88 ‘| s~49 | s-69 | 6-68 | 6-19 | s-88 | s-98

pOT
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Table 2 (Continued)
astt] 18 | oo | A% | sgra] Tt ] Mo-s1] ta-si
| 4-s1-¢u{ ° ) e
T-510; | S-to1 ] 6~111] 5-121] S-181{ §-14t| s-151| S-161| §-171
sto.. | s-102] s~122] s-122} 6~132 | S-1d2] 5-162 ) 6-162) 5-172
856 | s~108} 5~113| s~128| §-138] 6-M¥| §-163 | 5-163| §-174
e$6 §-104 | §-104 | 5-124| $-13¢| S-144] 5-184] §-164 5-174
BPSG §-105 | 5~115 | 5-126 | §-135] 5-145| 6-166 | 5-185} 5475
p-Stn | s-106] s~118] s-126] 6-136 | S-14€{ 5-188 | 6-168 | 5-178
S8 | s-107f s~117 | s-127}.5-137 | S-07] .S-167] 6-167| §-177-
Lo-5IN | "§~108 | S-118] §-128| §-138{ S-148| S-158] S-166] 5-178
§OR-SIN| 6-109 | 6-118 | 5128 [ §~198] §-a4a| s-169| s-188| s-178

(note) Numeral shows sample No.

GOT
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Table 3
Plasma application power denaity o.01 |o.ot5 lo.oz |o0s |o.0d {0.06 [0.07 |0.08 [0.10 [6.20 |0.40
in suxface modification stap (W/cald)
Detection of carbon at the interface :
X X b b3

between selectivaly deposited Al * * o © Q- O_ ©
and non-selactively deposited Al

*1 no surface modification effected, and no Al depositaed on the

non-electron donative surface

0: no carbon detected at the intexface by SIMS analysis

x: carbon detected at the interface by SIMS analysis

30T
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Table 4
P
First plasma genexation density 0.00 |0.015 jo.02 Je.0a Jo.04 |o0.06 -]0.07 0.10 )0.20 | 9.4
/o3
sSubstrate tempexature Not deposited
Deposition form of 150 ‘C < l =
the fixst Al film | Subatrate tempezature ¥ig. 8A ) ri.g.' 88
160 "C - 450 ‘¢ | <= —D>| € r
Subatrate tempmrature Ifrace amount
’ No carbon detected of carbon
Carbon cont- 160 ‘C ~ 450 *C < > r g
ainment. in the Substrate temperatuxe Several § of carbon
ficat Al film 470 ‘C < >
Substrate temperature 10~80% €D & ar less
Reflectance " 160 *c - 400 'C |<© > >
Suhstrate temperature 60 & or less
430 ‘C - 470 ‘¢ - I ] 2

01
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Table 5

e T, — -

10

15

20

25

First and thizd
plasma i
geperation
Second N\
power .
0.0t ]o.085 10.02 10,03 (8.0 Jo.08 (0.07 .jO.08 10,30 (0.2 [ XY
plasma wiend) ! :
genoratian-
pover (W/cmd)
. Lo *
0.015 x '
0.02 H 1 i,
4 R 01§
0.0% 1 1 1 1
. n 1 8 i} i}
8.0 1 i ¢ i 1 1
1] n u ;) N
0. 06 1 1 i 1 b 1
il N | -Rt R Rl 1]
0.07 1 1 1 1 1 1 1
| n || |n|.nf R
0.0 2 |12 |2 |2 2 2 i3 3
i o R R Rt » R R:
o10 2 2 2 2 2 2 2 a 3
"R K R n R R ) -3 R R
0.2 2 2 2 2 2 2 2 3 3 3
)1 Kl R Rl -] ’ § R R2 .} 2
0.4 3 2 2 2 2 ? 2 3 8 3 3
1} 14 n [} Rz v} R ;73 R R R?
nGPe’it1°n form !‘ig. 7c r‘q' 70

This Sheet Has Been Replaced

A

Il



-

10

15

25

1093

Table 5 (Continued)

when the.substrate temperature was 160°C to 400°C,

* ne Al deposited on 3102

1l no carhon detected in first and second Al films,

no carbon alsoc detected at the interface
. between first and second Al films
2 : no carbon detected in first and second Al films,
but carbon detected at the interface between
first and second Al films

3

carbon detected in first and second Al films
Rl : reflectance 65 - 75 %

R2 : reflectance 60 % or less

—_—
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CLAINMS

1. & deposited film formation method éomprising the
steps. of:

a) arranging a substrate having an electron donative
surface (A} and a non-electron donative suxlace (B)

in a space for depasited film formation,

) introducing a gas of an alkyl aluminum hydride

and hydrogen gas into said space for deposited film-

formation,
c¢) maintaining the temperature of said electron

donative surface (A) within the range of the

decomposition temperature of said alkyl aluminum

'hydride or higher and 450°C or lower, thereby forming

-

selectively an aluminum film or othex metal £ilm
composed mainly of aluminum on said electron donative
suxface (A}, and

d) modifying the surface of  said non-electron
donative surface (B), and forming an aluminum £ilm
or other metal film compoesed mainly of aluminum on
said surface (B) and/ox on an aluminum film or other
metal £film compesed mainly of aluminum selectivaly

deposited.
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2. A deposited film formation method according to
3 claim 1, wherein step (b) comprises introducing a gas
of an alkyl aiuminum hydride, a éas containing
silicon atom and hydrogen gas into said space for
S deposited film formation, thereby forming a f£film

containing silicon.

3. A deposited f£film formation method according to

elaim 1 or 2, wherein said alkyl aluminum hydride is-
10 dimethy aluminwm hydride.

4. A deposited film formation method according to

claim 1 or 2, wherein said alkyl aluminum hydride is

mcnamethyl aluminum hydride.

15
5. A deposited film formation method according to
any preceding claim, wherein said surface
modification comprises éne or more of:
a} formation of a nucleus containing tree elactrons
20 ento said surface (B);
b} formation of a <thin £ilm containing free
electrons onto said surface (B);
c) the step of treating said surfacs {B) wi;h the
use of a plasma; and
25 d} thedstep of introducing a gas containing titanivm

and/oxr silicon atom. e

"liiiwi
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G. A.deposited film formation method according to
any' preceding claim, wherein said surface
modification is carried out by elevating the
temperature of said non-electron donative surface (B)

higher than the temperature during said selective

deposition of aluminum film oJpticnally containing:

silicon,

7. A deposited film formation method according to
any  preceding. claim, wherein said surface
medification inc¢ludes thg.step of irradiating a light
having greater energy tham the optical foxbidden gap

width of the material constituting said surface

(B) -

8. A deposited f£film formation method according te
any  preceding claim, wherein said suéface
modfication includes the step of irradiﬁting said
suorface (B) .with ions and or with an wslectron

beam.

9. A deposited film formation method accarding to
any preceding claim, wherein the space fox dep;sited
£ilm  formation is in a deposited £ilm farmation
device gquipped with a plasma generation means;

the surface of said non-electron donative surface (B)

This Sheet Has Been Re
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being modified by generating a plasma in said device
while introducing said gas of alkyl aluminum hydride

and hydrogen gas.

16. A deposited film formation method according to
claim 9, wherein no plasma is generated during the

selective formation step of said aluminum film.

11. 3 deposited f£ilm formation method acecording ta
claim 8, wherein a plasma is generated with a low
power wh;ch does not depos;t aluminum on said
non=-¢laectron donative surface {B) during the
selective formation step of szaid aluminum £ilm.

12. A deposited £ilm form;tiun method comprising the
steps of: |

a) arranging a substrate having an electron donative
surface (A) and 2 non-electron donative surface (B)
in a space for deposited film formation; |
b) 4intraducing a gas of an alkyl aluminum hydride
and hydrogen gas into said space for deposited film
formation;

¢} maintaining the temperature of said electron
donative  surtace (A) within the xange cof the
decompos&tion- temperature of said -alkyl aluminum

hydride or higher and 450 ®C or lower, thereby

This Sheet Has Been Reﬂlaced
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‘forming selectively an aluminwm £ilm oxr a metal f£ijn

composed mainly of aluminum on sajd electron donativa

sucface (A);

d) forming an aluminum £ilm or a metal film composed
mainly eof aluminum on said aluminum Ffilm or metal
film composed mainly of aluminum and said surface (B)

according to the deposited film formation step

different from said step.

13. A deposited film formation method according to
claim 12, wherein step kb) comprises introducing a
gas of an alkyl aluminum hydride, a gas. containing
silicon atom and hydrogen gas into said apace for

deposited film formation.

14. A deposited film formation method according =z¢
claim 12 or 13, wherein no plasma is generated during

the selective formation step of said aluminum film.

15. A deposited film formation method accurding to
any of claims 12 to 14, wherein a piasma i3 genecared
with a low power which does not deposit aluminuq on
said non-electron donative surface (B) during the
selective formation step of said aluminum {ilm.

<

156. 2 depositad film formation method according to
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any of claims 12 to 15, wherein said alkyl aluminum

hydride is dimethyl alﬁminum hydride.

17. A depositicn method in which a gas of organic
aluminum hydride and  hydrogen and oplionally
containing silicon is brought te a substrate having
a non-electron donative surface, said surface being
modified to allow aluminum and optionally silicon

deposition.
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