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PROCESS FOR FORMING DEPOSITED FILM BY USE

OF ALKYL ALUMINUM HYDRIDE

BACKGROUND OF THE INVENTION

Field of the invention

This invention relates to a process for

forming a deposited film, particular._ly a process for

forming an Al deposited film which can be preferably

integrated circuit device, etc.

Related backgr ound art

In the prior art,

| applied to electrodes or wiring 'o_f a semic_onc_luctor

i_n’__elec_:_t_:roni‘c Qe\(ices or

integrated circuits by use of semiconductor's, for

electrodes and wiring, aluminum (Al) has been

primarily used. Al has many advantages such that it

is inexpensive and high in electroc_.gnductivity, that

- it can be also internally chemically protected because

a dense oxidized film can be fnrmed-on_' the surface,

and that it has good adhesion to Si, etc.

As the method for forming Al film for

electrodes and wiring of Al or Al 'al.}oy as mentioned

above, there has been used in.the prior art the

sputtering method such as magnetron sputtering, etc.

However, since the sputtering is generally the

. physical deposition method based on flying of

-sp'uttered particles in vacuum, the film thickness at

- . This Sheet Has Been Repl
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the étepped portion or the insulating 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 hand, since the integration

degree of the integrated circuit such as ﬁSI, etc. is

-indreased, and fine formation of wiring or multi—léyer

wiring has been particularly required in recent yéars,
theré is an increasing severe demand not found up to
date for Al wiring of the prior art. With finer
dimenéional.formaticnvbylincreased integration degree,
the surface of LSI, etc. is subject to excessive
unevenness due to oxidation, diffusion, thin film
deposition, and etéhiﬁg,_etc,x For_example, electrodes
or wiring metal must be deposited on the surface with
a stepped difference, or deposited in a via-hole which
is fine in diameter and deep. In 4 Mbit or 16 Mbit
DRAM (dynamic RAM), etc., the aspect ratio (via-hole
depth/via-hole diameter) of via-hole in which a metal
composed mainly of Al éuch as Al, Al-Si, etc. is to be
depdsited is 1.0 or more, and the via-hole diameter
jitself also becomes 1 um or less. Tﬁerefore, even for
a via-hole with large aspéct rétib, the technique
which can deposit a metal is required.

Particularly, for performing sure electrical
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connection to the device under_insulating film such as
3102, etc., rather than film-formationi'Al is required
to be deposited so as to embed only the via-hole of
the device In such case, a method of depositing Al
only on Si or metal surface and not depositing it on
an insulating £film such as 3102, etc is required

Such selective deposition or selective growth
cannot be realized by the sputtering method which has
been used in the prior art. Since the sputtering
method is a physxcal deposition method based on flying
of the particles sputtered from the target in vecuum,
the film thickness at the stepped portion or the
insulating film s1de wall becomes extremely thin,
leading even to w1re breaking in an extreme case.
And, nonuniformity of the film thickness and w1re
breaking will markedly lower reliability of LSI.

As the improved sputtering method, there has
been developed the bias sputtering'method in which a
bias is applied on a substrate and deposition is
performed so as to embed Al or antAl'elloy only in the
via-hole by utilizing the sputterdetching action and
the deposition action on the substrate-surface.
However, since the bias voltage of'someIIOOIV_or
higher is applied on the substrate,'deleterious
influence on the device occurs.because'of:charged

particle damaging such as change in threshold of MOS-
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FET, etc. Also, because of presence of both etching
action and deposition action, there is'the problem

that the deposition.speed cannqt be essentially

- improved.

In order to solve the problems.as”desdribéd
above, various types of CVD (Chemical Vepor
Deposition) methods have been proposed. In these
methods, chemical reaction of the Stértiﬂg gas in some
form is utilized. In plasma CVD or optical CVD,
decomposition of the starting gas occurs in gas phase,
and the active species formed there further reacts on
the substrate to giﬁé"rise'to film formation. 'In

these CVD methods, due to the reaction in gas phase,

- surface coverage on unevenness on the substrate

surface is good: However, carbon atoms contained in
the starting gas molecule are ihcorporated into the
film. Also, pérticﬁlafiy in'plaéma CVD, the problem
remained that there was damage by charged particles
(so called plasma damage) as in.the caée of the
sputtering method.

| The thermal CVD method, in which the film
grows thfough the surface reactiqn.primarily on the
substrate surface, is good in surfacé'cherage on
unevenness such as stepped'portion of the surface,”
etc. Also, if can be expected that deposition within

via-hole will readi;v occur. Further, wire breaking
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at the stepped portion can be avoided.

For such reasons, as the formation method of
Al film, the thermal CVD method has been variously
studied. As the formation method of Al film édcordiﬁg
to general thermal CVD, there is used a meth6d of
transporting an organic alumihum dispéf;éd in carrier

gas to a heated substrate ahd pYrolvziné the gas

‘molecules on the substrate to form a film. For

example, in an ékampleISeenfin'Joﬁrnai of
Electrochemical Society, Vol. 131, p. 2175 (1984), by
use of triisobutyl aluminum (i;C;HQ)Shl'(TIBA) as
organic aluminum gés, £ilm formation is effected at a
film formation temperatuié-df 260 °C and a reaction
tube pressure of 0.5 torr to form a film of 3.4
pohm-cm. -

Japaneééinéidfoben Patent Application No. 63-
33569 describes a method of forﬁing a film by using no
T1014, but uéing in place thereof orgagic aluminum
such as TIBA and heating it in the vicinity of the
substféte.' According to fhis method, Al cén be
deposited selectively only on the metal 6r'
semiconductor surface from which the naturally
oxidized film has been removed.
s In this case, it is clearly stated that the

step of removing the naturally oxidized film on the

substrate surface is necessary before introduction of
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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 alsoc used as the”cér:ier gas. However,
the reaction of TIBA with another gas_(e,g. H,) is not
contemplated at a;l, and there_;é{nq_desgr;ption of

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

TIBA, trimethyl aluminum (TMA) and triethyl aluminum

(TEA) are mentioned, but there is no specific
description of other organic metals. This is because,
since the chemical properties of_o:génic metals
generally vary greatly. if. the organic substituent
attached to. the metal element varies-litﬁleb.it is
necessary to investigate indiyidual;y by_detailed
experimentation to determine what organic metal should
be used. ._ _

In the CVD method as described above, not only
there is an inconvenience thaf the naturally oxidized
film must be removeg, but.also there is the drawback
that no surface smoothness can bé obtained. Also,
there is the restriction fhatiheating of the gas is
necessary, and yét heating must be done in the |
vicinitf of the substrate. BeSides{uit'must also be
expefimentally defermined at what_po#imity to the
substrate heating must be done, whereby there-is a;so
the problem that the place fbf-setting the heater

cannot be necessarily freely chosen.
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In the pre-text of the 2nd Symposium of
Electrochemical Society, Branch of Japan (July 17,
1989), on page 75, there is a_description of film
formation of Al according to the double wall CVD
method. In this method, TIBA is used and the device
is designed 80 that ‘the gas temperature of TBA can be
made higher than the substrate temperature. This
method may be also regarded as a modification of the
above-mentioned Japanese Laid~open.§atent Application
No. 63-33569. Also in this method, Al can be
selectively grown only on a metal or semiconductor,
but not only the difference between the gas “
temperature and. the substrate surface temperature can
be controlled with difficulty, but also there is the
drawback that the bomb and the pipeline must be

heated. Moreover, eccording to this method, there are
involved such problems that no uniform continuous film
can be formed, that flatness of:the £film is poor, that
selectivity of Al selective growth cannot be
maintained for so long time, etc.., unless the film is'
made thick to some extent. |

As described above, prior art methods cannot
necessarily effect well selectiue growth of Al, and
even if possible, there is a problem with respect to
flatness, resistance, purity, etc, of the Al film

formed. Also, there has been inVolved_the problem
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that the film formation method is'complieated and can

be controlled with difficulty.

SUMMARY OF THE INVENTION

As described above, in the technical field of
semiconductors in which higher integration hes been
desired in recent years, for previging 1ne;pensive1y a
semiconductor device which is more highly 1ntegrated
and also made higher in performances, there remained
many rooms to be lmproved.

The present invention.hae_been accompliehed in
view of the techhieei fesks ;s deecrihedmebeve; ehe'an
object of'rhe present invention is to pquide a
process for forming a deposited'fiim which can form an
Al film (hereinafter referring cemprehensivelv'to pure
Al and a metal composed me1n1y of Al) of good quality
as the electroconductive material at a desired
position with good controllability.

Another object of the present invention is to
provide a process for forming a deposited film which
can obtain an Al film which has-egtremely_broad
general purpose utility and yet is.of good quality,
without requiring particulerlv_he cehplicated and
expensive deposited film fermingrderice.

Still another objeet of rhe present invention

is to provide a process for form;ng_a deposited film
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which can form an Al film excellent in surface

characteristic, electrical chafactefistics, purity,
etc. according to the CVD method utilizing alkyl
aluminum hydride and hydrogen.

Still another object of the present invenion
is to provide a process for forming a depos1ted film
of an Al film which is extremely broad in general
purpose utility and excellent in selectivitv, w1thout

requiring particularly a complicated and expensive

'deposited film forming device.

still another.object of the present invention
is to provide'é'bfééééé for.fbrming-a depositéd £ilm
which can form_an Alifilm uﬁdér gpod gele&tivity
according to the CVD géthod ﬁtilizing-alkYI aluminum

hydride and hydrogen.

BRIEF DESCRIPTION OF THE.DRAWiNGS_

Fig. .1 is a.schematic vieﬁ_for illustration of
a suitable deposited film forming device in practicing
the déposited film forming prqcesslgccpgding to the
process of thé present invention.

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

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

Figf 4 is a-chart showing the X-ray _‘
diffraction pattern of the Si (1;1)'substrate having
the Al film obtained according.tb the deposited film
forming process of the present“invention; '

Figs. 5A and 5B are charts showing the X-ray
diffractibn pattern of the A1~fi1m on the Si (111)
substrate obtainé@_according to;the.depqsitgd“film
forming process of the present invention.

Fig. 6 is a chart showing_the_xfray
diffraction pattern on the $i..(100) substrate having
the Al film obtained:according to the deposited film
forming processhof the present invgntion.

Fig,WT.is.a,schématic_#iew for illustration of
the scanning u-~-RHEED method; |

Fig. 8 is a schematic view for illustration of
the écanning u—RHEED method. :

Fig. 9 is-a'chart showing another example of
the X-ray diffraction pattern of the substrate having
the Al film obtained according to the selective
deposited film forming process of the present
invention. |
. Figs. 10A - 10C are.échématic views showing an
example of the scanning secondary electron image and

the scanning u-RHEED image.of'the substrate haﬁing the
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Al film obtained according to the selective deposited
film forming process of the present invention.

Fig. 11 is a chart showing another'example of
the X-ray diffraction pattern of the substrate having
the Al film obtained by the selective deposited film

forming process of the present invention

Figs 12A - 12C are schematic views of another -

example of the scanning secondary electron 1mage and
the scanning u—RHEED image of the substrate having the
Al film obtained according to the selective deposited
film forming process of the present invention

Figs. 13A - 13D are illustrations for )
explaining‘the mechanism of Al_deposition according to

the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments according to the present
invention are described in detail below, but the
present invention is not limited bv these embodiments,
and it may have a constitution which accomplishes the
object of the present invention. |

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

{(a) providing a substrate having an electron

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

' (b) introducing a gas ot an alkyl aluminum
hydride and hydrogen gas into the space for formation
of the deposited film; and

(c) maintaining the temperature of the

electron donative surface {A) within the range of from

the decomposition temperature of the alkyl aluminum

hydride to 450 C to form an aluminum film on the
electron donative surface (A) '

Further, another preferred embodiment of the
present invention is a process for forming a dep051ted
film comprising the steps of:

(a) providing a substrate having an electron
donative surface (A) and a electron.non-donative
surface (B) in a space for formation of the deposited
film: - - :

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

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

In the following, pridr_to detailed

description, first, the process for forming a
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deposited film by use of an organic metal is outlined.

The decomposition reaction of an organic
metal, and hence the thin film deposition reaction
will vary greatly depending on'the'kind of ‘the metal
atom, the kind of the alkyl-bdnded-to'the metal atom,
the means of causing the decoﬁpdgition reaction to
occur, the atmospheric gas, etc.

For example, in'thefCase”ﬁf-Mhﬁé (M: the group

' CHs
/
CHs-6a

in thermal decomposition undergoes radical cleavage
wherein Ga—CH, bond is cleaved, while triethyl

gallium: C.Hs -

CoHs-6a "
208 A \czus

in thermal decomposition is decomposed through S8-

elimination into: _ :
;,_C2ﬂs
~H

Csz—Ga

,H,. On the other hand, triethyl aluminum

attached with the same ethyl group:
| Czﬂs
Cofis-a27
\Czﬂs

L3

‘in thermal decomposition:undergoes radical
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decomposition in which A1—62H5 is cleaved.
However, tri-iso-butyl alum;num having iC4H9 bonded

therein:

iC.H
/,l 4ilg

iCoHo— AR
100 He= A2 feats

is subject to ﬁ-eliminatign.
Trimethyl aluminum (TMA) comp:ising CH3 groups

and Al has a dimer structure at room tempefature:

CHs. .. _CHy~l '~ - _CH
TS agT T TS a0
CHs — “~CHy — TSCH,

and thermal décomposifion isnﬁadicélldecoﬁposition in
which Al-CH3 group is cleé&ed; énd at a temperature of
150 °¢ or lower, it reacts with'atﬁospheric Hz to form
CH4, and formg finally A;.

However, at a high temperature of 300 °C or

‘higher, even if HZ may be present in the atmosphere,

cns group will withdraw H from the TMA molecule, until
finally Al-C compound is formed. |

Also, in the case of TMA, in light or a
certain region controlled in electric power in H2
atmosphere high frequency (ca. 13.56 MHz) plasma,.czﬁ6
will be formed by the bridging CH, between two Al's.
s In essence, since'even an 6rganic metal )
compris;ng CH3 group which the simplest alkyl group,

CZHslgroup or 10439 group and Al or Ga has a reaction
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mode dgpending on the kind of the alkyl group, the
kind of the metal atom, the excitation decomposition
means, for deposition of a metal atom from an organic
metal on a desired.substrate, the decomposition
reaction must be strictly controlled. For example,

when Al is to be deposited from triisobutyl aluminum:

(risa: UMIN40 - ieaHe)

: iCiHg”
in the low pressuge”gvn mgtnod qqpprising mainly
thermal reaction, unevenness of um ofder_is formed on
the surface, khereby_the_snrface morphology is .
inferior. Also, hillock ggneration by heat treatment,
si surfece_roughehing through Si diffusion at the
interface between Al and Si occur, and also migration
resistance is inferior, whereby it can be utilized for
ultra-LSI process with difficulty. |

For;this reasén, a method for controlling

precisely botﬁ the gas temperature and the substrate
temperature has been attempﬁed. However, the device
is complicatedl.and the method is of the'sheet
treatment type in which deposition can be effected
only on one wafer.b? one debosition process. Besides,
since the deposition speed is 500 A/min. at the
highest,"fhe throughput necessary for bulk production
cannot be realized. |

Similarly, when TMA is employed, Al deposition
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has been attempted by use.of plasma or 1ight; the
device also becomes cohp;icated'due_to use of plasma
or light, and alSq because of the sheet. type device,
there remains room for improvement for sufficient
improvement of throughput. — N _

Dimethyl aluminum hy@gide (DMAH) asithe alkyl
aluminum hydride to be utilized in_thé_pgesent -
invention is gssqbstgnce“knéwn: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 qf.deposition Al by optical
CVD from DMAH, the surface morphology is inferior, and
the resistivity value was greétar ihan,thg bulk value
(2.7 pnohm-cm) as several pohm to 10 uohm.cm, thus
being inferior in film quality. |

Now, referring to the drawings, preferred
embodiments of the present invénfibn are described in
more detail.

In the present invention, for depositing
selectively an Al film of good quality as the
électrocondudtive deposition film on a subétrate, the
CVD method is used. _

More specifically, by use of dimethyl alum}num
hydride (DMAH):

Chemical formula:

C“.s\h‘a_“
cHs —
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as alkyl aluminum hydride which'is an organic metal or

monomethyl aluminum hydride (MMAHé):

Chemical formula: =~ (CHs \A.Q/H

as alkyl aluminum hydride as the starting gas

containing at least one atom which becomes the
constituent of the depoéited'film;'éﬁd"Hz as the
reaction gas, an Al film is formed by gas phase growth
with a gas mixture of these on é’éﬁbétrate;

As the substrate appliceble in the present
inQention, a material having an electron donative
surface 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 electrons
intentionally formed in the substrate, for example, a
material having a surface on which_the.chemical
reaction is promoted through givé-éhd-;éké of
electrons with the starting gas moiecules attached on
the substrate surface. For example;lgenerallv metals
and semiconductors corréspond.tb suéﬁ material. Those
having very thin oxidized film on the metal or

semiconductor surface are also included. For, with
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such thin film, the chemical reaction can occur
between the substrate and the attached starting
moiecules.

Specifically, there may be included
semiconductors such as monocrystalline silicon)
polycrystalline Silicon,_amorphcus si;icon{uetc.,
binary system or ternary system or quaternary system
III-V compound semiconductors comprising combinations
of Ga, In, Al as_the group_IIi eleyentkand_f,'gs, N as

the groﬁp V element, or II-IV compound semiconducters,

or metals themselves such as tungsten, molybdenum,

tantalum, aluminum, titanium, copper, etc., or
silicides of the above_mefé;g such as tungsten
silicide, molybdenum silicide, tantalum silicide,
aluminum silicide, titanium silicide, etc., further
metals containingggit@er one of the constituent of.the
above metals such as'aluginum silicon, aluminum
titenium, aluminum copper, aluminum tantalum, aluminum
silicon copper, aluminum silicon titanium, aluminum. |
palladium, titanium nitride, etc.

On the substrate with such constitution, Al is
deposited only through simple thermal reaction in the

reaction system of the starting gas'and Hz., For

-example, the thermal reaction in the reaction system

, may be basically considered as

follows:
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z:::a.aiu“\}.a:z::q- Ha— 288 | +4CHL 1 + Ha 1
DMAH assumes a dimer étructure:at room temperature.
Also, with MMAHZ, a high quality Al film could be
formed by thermal reaction as shbwn'below 19 Examples.

Since MMAH2 has low vapor pressure as 0.01 to
0.1 Torr at room temperature, a large amount of the
stérting material can be transported with difficulty,
and the upper limit value of thé-deposition speed is
several hundred &/min. in the present embodiment, and
preferably, it is most desirable to use DMAH of which
vapor pressure is 1 Torr at rbbm température;

In another embodiment'of~the_present
invention, the CVD method is used for selective
deposition of a good Al film as the electroconductive
deposition film on the substfate.

More specifically, as described above, by use
of dimethyl aluminum hydride (DMAH} or monomethyl
aluminum hydride.(MMAHZ) and H, as the reaction gas,
an Al film is selectively formed on the substrate by
gas phase growth with a gas mixture of these.

The substrate applicable in fhe present
invention has a firét substrate surface material for
formation of the surface on which AI is deposited, and

a second substrate surface material on which no Al is
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deposited. And, as the first substrate surface
material, a material having the electron donative
surface is used. : |

In contrast, as the material for forming the
surface on which Al is not”deposited selectively,
namaly the material-for forming the electron non-
donative surface, conventional insulating materials,
oxidized 31licon formed by thermal oxidation, CVD
etc., glass or oxidized film_suoh as BSG, PSG, BPSG,
etc., thermally nitrided film, silicon nitrided £1ilm
by plasma CVD low pressure CvVDh, ECR-CVD method, etc.

Fig. 1 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 £film.
The substrate 1 is mounted on a substrate holder 3
provided internally of the reaction tubenz for forming
a space for formation of a deposited'film which is

substantially closed to Fig; 1. As the material

constituting the reaction tube 2, quartz is

preferable, but it may be-also.made of'a metal. In
this case, it is preferable to cool the.reaction tube.
The substrate holder 3 is made of'a“metal, and is
provided with a heater 4 so that the substrate mounted
thereon can be heated. And, the constitution is made

so that the substrate temperature-can be controlled by
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controlling the heat generation-temperatufe of the
heater 4. |

The feeding.system of gases is constituted as
described below. | |

5 is a gas mixer; in which”fhé"stérting gaé
and the reactibn gas are mixed, and fhéhmixyﬁfe is fed
into the reaciton tube 2. 6 is a starting gas
gasifier pro§ided for gaéificétion of an orgahic ﬁéfai
as the stértiﬁg gaé. | | |

The organic metal to be uséd in the present

invention is liquid at room temperature, and is formed

into saturated vapor by passing a carrier gas through
the liquid of the orgénic metal within the gasifier 6,
which is in turn introduced into the mixer 5.

The evacuation is constituted as described
below. | -

7 is a gate valve, which is opened when
performing evacuation of a large volume such as during
evacuation internally of the reactiqn tube 2 before
formation of the deposited film;: 8 is a slow leak
valve, which is used when perfo:ming‘evacuation of a
small volume such as in controliing the pressure
internally of the reaction tube 2 dufing formation of
the deposited film. 9 is an evabuatiqh unit, which is
constituted of a pump for evacuation such as turbo“

moleculér pump, etc.
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The conveying system of the substrate 1 is
constituted as described below.
10 is a substrate conveying chamber which can

house the substrate before and after formation of the

~deposited film, whichlis evapuated by opening the

valve 11. 12 is an echuétion ﬁnit for evacuating the
conveYing_chaﬁber, which is constituted of a pump for
evacuation such as turbo“molgcular pump, etc.

The valve 13 is opened only when"§he substrate
1 is transferred ﬁetwéen_the reéd;ioghchamﬁer and the
conveying space. ) |

As shdwn in Fig. 1, in the starting gas
gasifier 6 which is,thg'gaq'formation chamber for
forming the start;ng'gas, the liquid DMAH,mgintained
at room temperature is bubbled with Hz or Ar (or other
inert gas) aé'the carrier gas to form gaseous DMAH,
which is transported to the mixer 5. The H2 gas as
the reaction gas is transported through another route
into the mixer 5. The gases are controlled in flow
rates'so that the respective partial pressures may
become desired values.

In the caée of forming a film by this device,
the starting gas may be of course MMAH?, bﬁt DMAH with
a vapor pressure enough_to become i Torr at room

temperature is the most preferred. Also, DMAH and
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MMAHZ may be used in a mixture.

The deposited film formed at a sﬁbstrate
temperature of 160 % to 450 °c by ﬁse of such

starting gas and reaction gaé,_with'a thickness of for

. example 400 X, has a resistivity at room temperature

of 2.7 - 3.0 pohm-cm which-is substantially-equal to
Al bulk resistivity, and is a continuous and flat
film. At this tiﬁe, the pressure during film
formation can be chosen within"fhéﬁféhgé'ffom"10-3
Torr to 760 Torr. Also, even when the film thickness
may be 1 um, its resistivity is ca. 2.7 - 3.0 pohm.cm,
and a sufficieﬁfly dense film can be formed also with
a felativeiy'fhiékér fiim. .Aléé;.éhénreflectance in

the visible light wavelength region is approximately

80 %, whereby a thin f£ilm excellent in surface

flatness can;bé'depoé;fed: S
The subsfféte temperaéuﬁe is.desirably the,

decomposition temperature of the starting gas

containing Al or higher, and 450 OC or lower as

deécribed above, but specifically the substrate
temperature of 200 to 450 ©c ‘is more desirable, and
when deposition is carried out under this condition,

4 0 1073

by making the DMAH partial-pressure 10~ Torr,
the deposition speed becomes very great as 100 A/min.
to 800 i/min., whereby sufficient great deposition

speed cofresponding to the cost as the Al deposition
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technique for ultra-LSI can bé obtained.

A more preferable substrate temperature
condition is 270 °C_to 350 °C, and the Al film
deposited under this condition is also strongly
orientatable and, even when subjected to the heat
treatment at 450 °C for 1 hour, the Al film on the Si
monocrystalline or'Si'polycryétailine substnate
becomes a good Al film without generation of hillock,
spike as seen in the film forming method -of the prior
art. Also, such Al film is excellent in electro-
migration resistance.

In the device shown in Fig. 1, Al can be

deposited on only one sheet of substrate in deposition

for one time. Although a deposition speed of ca. 800

A/min. can be obtained, it is still insufficient for
performing deposition of a large number of sheets
within a short time.

As the deposition film forming device for

'improving this point, there is the low pressure CVD

device which can deposit Al by nimultaneous.mounting
of a large number of sheets of wafer. Since the Al
film formation according to the present .embodiment
utilizes the-snrface reaction on the electron donative
substrate surface,-in the hot wall type low pressure
CvD method wherein only the substrate is heated, Ai

can be deposited on the substrate by use of DMAH and
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HZ'
The reaction tube pressure may be 0.05 to 760
Torr, desirably 0.1. to 0.8 Torr, the substrate
temperature 160 °C to 450 °C, desirably 200 °C to 400
5

Oc, the DMAH partial pressure 1.x 10 -fold to 1.3 x

10~3-fo1d of the pressure in the.feaction tube, and
undef such conditions, Al can be wéilwdeposifed on the
electron donative substrate. )

Fig. 2 is a.schematié'iiiﬂétrétioﬁ_showing a
deposited film forminﬁ device to which such. present
invention is applicable. | “ T - |

57 is a substrate for formation of Al film.

50 ié an outside reaction tube made of quartz for
forming a space for formation 6f.deposited £ilm
substantially closed to the éurrounding, 51 an
innerside reaction tube made of quartz located for
separating the flow of gas within the outside reaction
tube 50, 54 a flange made of a metal for'openihg and

closing of the opening of the oﬁfside reaction tube

50, and the substrate 57 is located within the

.substrate holding member 56 provided internally of the

innerside reaction tube 51. The suhstrate holding

member 56 should be preferably made 6f quartz.
Also, in the present dévice, the substrate

temperature can be controlled by the'héater pogtion

5§. The pressure internally of the reaction tube 50
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is constituted so as to be controllahle by the
evacuation system connected through the gas evacuation
outlet 53. |

The gas feeding system is constituted to have
a first gas system, a second gas'system-and a mixer
(none are shown) similarly as the device shown by the
symbols 5 and 6 in Fig 1, and the starting gas and
the reaction gas are introduced into the reaction tube
50 through the starting gas inlet 52. These gases
react on the surface of the substrate.51 during
passage 1nterna11y of the innerside reaction tube 51
as shown by the arrowhead 58 in Fig. 2 to deposit Alh
on the substrate surface. Thergases after the
reaction pass through the gap'féfmé& betﬁeen.the
innerside reaction tube Sl'and'the outside reaction
tube 50, and evacuated through the gas evacuation
outlet 53. | _

In taking’out.and in the'suhstrate, the fiange
54 made of a metal is permitted to fall by an elevator
(not shown) together with the.substrate holding member
56 and the substrate 57 to be noved to a predetermined
position where the substrate is mounted and detached.

By forming a depositedufilm under the
conditions as described aboue by_use of such device,
Al films of good quality cen be formed in all the

wafers within the device.
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As described above, the .film obtained
according to the Al film formation process based on
the embodiment qf the present invention is dense with
little content of impurity such as carbon, etc. and
resistivity whiéh ig-similar 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 concavities on the Al

- surface due to partial'migration of Al when inner

stress duripg film formation is released in the heat
treatment step. Also, similar phenomenon occurs by
local migration by current passage. The Al film
formed by the present invegtion has little inner
stress and-;s under the state of monocrystal or
approximaté-fo that. For this reason, in the heat
treatment at 450 °C fér_qne hoﬁr, as contrasted to .
formation of'104 - 106/cm2 of hillqgks,in_the Al film
of the pric: art, the hillock nﬁmber could be greatly
improved as 0 to_lO/cmz. Thus, due to substantial
absence of A; surfacé concavity, the resist film
thickness and the interlayer insulating film can be
made thin to be advantageous for making it finer and
more flat.

(2) Improvement'of'electrb-migration resistance

Electro-migration is the phenomenon that the
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wiring atoms move by passage of a current of high
density. By this phenomenon, voids are generated and
grown along the grain boundary, whereby as accompanied
with reduction of the cross-sectional area, the wiring
generates heat to be broken. .

Migration resistance is generaliy»evaluafed by

-

average wiring life.
The wiring formed,by the sputtering method or

the CVD method of the prior art has obtained an
2 3

average wiring life of 1 x 10° to 10° hours (in the

case of a wiring cross-sectional area of 1~um2) under

the current passage test conditions of 250 °C, l1x 106

A/cmz. In contrast, the Al film obtained by the Al

film formation method based on the embodiment of the

present invention could obtain an average wiring life

3 to 10% hours with a wiring having a cross-—

sectional area of 1 umz.

of 10

Hence, according fo the present invention, for
example, when the wiring width is 0.8 um, a wiring
layer thickness of 0.3 um can sufficiently stand
practical application. That is, since the wiring

layer thickness can be made thinner, unevenness on the

- semiconductor surface after arrangement of wiring can

be suppressed minimum, and also7high reliability in
passing ordinary current can be qbtainéd. Also, this

is possible by a very simple process.
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{3) Improvement of surface smoothness (patterning
characteristic improvement of wiring)

In the pribr art, roughness of the surface of
a metal thin film had inconvenience in the alignment
step for the mask and the.substrate'ip the patterning
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 method, whereby the surface morphology is
poor, and therefore had the following disadvantages.

1) Alignment signAIS'cause diffused reflection
to occur at the surface, whereby noise level becomes
higher and inherent alignment.signals cannot be
diSCriminated.

'2) "For covering large surface unevenness, the
resist film thickness must be taken large, which is
opposite to fine formation. |

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

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

. According to fhe'present invention, the
surfaée morphology of Al film to bé formed is markédly

imprcved to cancell all the drawbacks described above.
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(4) Improvement of resistance'in contact hole and
through hole and of contact resistance

In the prior art method, if the size of the
contact hole becomes finer as 1 um x 1 um or less, Si
in the wiring is precipitated on the substrate of the

contact hole during hegt treatment in the wiring step

. to cover thereover, whereby resistance betweén the

wiring and the element becomes maﬁkedlv‘larger.
According to the embodiment of the present
invention, since a dense film is formed according to
the surface reaction, Al has been ‘confirmed to have a
resistivity of 2.7 - 3.3 polim cm.” Also, the contact-

6 ohm-cm2 at an area of

resistivity can attain 1 x 10
0.6 um x 0.6 um when the Si portion has an impurity of
10 cm . |

That is, according to the present invention, a
good contact with the substrate can.be obtained.

In other words, in the patterning step, at the
line width of the resolving'powér limit of the

exposure machine, the alignment precision 30=0.15 um

can be accomplished, whereby wiring having smooth side

plane is rendered possible without.causing halation to

occur.

(5) It becomes possible to make heat treatment
during wiring step lower or abolish the heat treatment

step.
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As described in detail above, by applying the
present invention to the wirin& formation method of a
semiconductor integrated circuit' the yield can be
improved, and reduction of cost can be promoted to
great extent as compared with Al wiring of the prior
art. | . | |

Figs. 3A - 3E show how the Al film according to
the present invention is selectively grown

Fig. 3A is an illustration showing
schematically the cross-section of the substrate
before formation of the Al deposited film according to
the present inventioni"QO is the.sobstrate oomprisino
an electron donative matetial, and 91 a thin film
comprising an eleotron non—dooative material.

In the case of using DMAH as the starting gas,
when a gas mixture oontaining Ha as the reaction gas
is fed onto the substrate 1 heated within a
temperature range from the decohposition temperature
of DMAH to 450 °C,.A1 is precipitated oh the substrate
90,.whereby a continuous film of Al is foroed as‘shown
in Fig. 3B. Here, the pressure within the reaotion

-3

tube 2 should be desirably 10 ° to. 760 Torr, and the

-5

DMAH partial pressure preferably 1.5.x 10 to 1.3 x

-3

10 “-fold of the pressure within the above reaction

tube.
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When deposition of Al is continued under the
above conditions, via the state of Fig. 3C, the Al
film grows to the level of the uppermost portion of
the thin film 91 as shown in Fig. 3D. Further, when
grown under the same conditions, as shown in Fig. 3E,
the Al film can grow to 5000 A substantially without
growth in the lateral direction. This is the most |
characteristic point of the deposited film obtained by
the present invention, and it will be understood how a
film of good qnelity oan be formed undenlgood
selectivity. | | . .

As the result of analysis according to Auger's
electron spectroscopy'or'photoelectric spectroscopy,
no entrainment o( an inpurity such es_carbon or oxygen
is recognized in this film.

The deposited film thus formed has a
resistivity of, for example, with a film thickness of
400-1, 2.7 -~ 3.6 pohm-cm at room temperature which is
substantieliy equal to the bulk resisti;ity of Al, and
becomes continuous and flat film. Also, even with a
film thickness of 1 um, its resistance at room
temperature is approximateiy 2.7 - 3.0 pohm-cm and a
sufficiently dense film is formed with a relatively |
thicker film. The reflectance in the visible
wavelength tegion is approximately 80 %, and a thin

film with excelient surface flatness can be deposited.
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The substrate temperature in performing such
selective deposition should be desirably the
decomposition temperature of the starting gas
containing Al or higher'and 450 °G.Qr lower as
mentioned above, buf specifiea;;y a substrate
temperature of 200 to 450_?C is desirable, enq when
deposition ie performed under such condition, the
deposition speed ie eufficientlymgreat as 100 A/min.
to 800 A/min. when D@QH pa:tiel_pgesgurePis:1Q°4 to 10_3
Torr. Thus.a sufficiently great:deposition speed
can be obtained as the Al depqsiticn_technique for
ultra-LSI.

A more preferable substrate temperature

condition is 270 °c to 350 °c, and the Al film

deposited under tpis condition is also strongly
orientatable and, even when_subjected to. the heat
treatment at 450 °C for 1 hour, the Al film on the Si
monocrystalline or Si polycrystalline substrate
becomes a good Al film without generation of hillock,
spike. Also,-sueh Al_film_is excellent in electro-
migration resistance.

Similarly in the case of selective deposition,
in the device shown in Fig. 1, Al can be deposited on
only one sheet of substrate in deposition for one
time. Although a deposition speed of ca. 800 &/min.

can be obtained} it is still insufficient for
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performing deposition of'a large number df sheets
within a short time.

As the deposition film forming device for
improving this point,'thefe is the low:pféésure CvD
device which canldepdsit Al bv éimﬁltaheoué‘mounfing
of a large number of sheets of ﬁéfer."Sincg the Al
film formation according to the present embodiment
utilizes the éﬁrfade reaction of the electrdn donative
substrate surface, in the hot”ﬁéii'ffpé low préssure
CVD method wherein only thé substrate is heated, Al
can be deposited on the substrate by use of DMAH and
HZ'

The reaction tube pressure may be 0.05 to 760
Torr, desirably 0.1 to 0.8 Torr, the substrate
temperature 160 °C to 450 °C, desirebly 200 °C to 400

5

©c, the DMAH partial pressure 1 x 10 “~fold to 1.3 x

3

10~ —fold of the préssure in the reaction tube, and

under such conditions, Al can be selectively deposited

on only the electron donative substrate.

The deposited film forming device to which
such present invention is applicable is the same as in
Fig. 2 as described above, and therefore its detailed
description is omitted here. |
. By forming a deposited film under the
conditions as described ahoﬁe by use of such devic;,

Al films of good quality can be formed selectively and
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simultaneously in all the wafers within the devige.

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

The Al film formed accdrding to the present
invention has little internal stress and is under the
state of monocrystal or apprdximéte to that. For this
reason, in the heat treatment at 450 °C for one.hour,
as contrasted to formation of 10% - 10%/cm? of
hillrocks in the Al film of the prior art, the

hillrock number could be greatly improved as 0 to

_10/cm2.

(2) Improvement of electro-migration resistance
The wiring formed by thé method of the prior

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

3

10" hours (in the case of a wiring cross-sectional

area of 1 umz) under the current passage test

conditions of 250 °C, 1 x 106 A/cmz. In contrast, the

Al film obtained by the Al film selective formation
method based on the embodiment of the present

invention could obtain an average wiring'life of 103
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to 104 hours with a wiring havibg a cross-sectional
area of 1 sz.
(3) Reduction of alloy pit in contact portion

The Al selectively formed according to the
present invention can suppress generation of alloy pit
at the contact portion with the Subétréte crystal even
by the heat treatment during wiring step, and also a
wiring "iFh"99°d contact characteristic can be
obtained. That is, even when the.june;ion is ﬁade
shallow to the extént of 0.1 um, the junction will not
be destroyed with only thg_A;_materigl, N
(4) Improvement of surface smoothness (patterning
charaétefisiiéniﬁbro#emeﬁf of wiring)

According to the present invention, the
surface morphology of the Al film to be formed can be
improved epocﬂ;makingly, wheféby all of the problems
of the prior art can be improved.

That is, in the patterning step, at the line
width of the resolving power limit of the exposure
machine, the alignment precision.30=0.15 um can be
accomplishéd, whereby wiring having smooth side plane
is rendered possible without causing halation to
occur. '
¢5) Improvement of resistance in contact hole and
through hole and contact-resiétance

According to the present invention, since
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adense film is selectively formed by the surface
reaction even when the opening may be 1 uym x 1 um or
less, it has been confirmed that the Al completely
filled within the contact hole and through hoie each
has a resistivity of 2.7 - 3.3 npohm-cn. Alsb, the

G_Ohmgcm2 in the

20 3

contact resistivity can attain 1 x 10
case where the Si portion has an impurity of 10““cm
in a hole of.O.G pm x 0.6 um. |

That is, acéording to the present invention,
the wiring material can be completely embedded only in
the minute opening, and also good contact with the
substrate can be cobtained. Therefore, the present
invention can contribute greatly to improvement of
resistance within hole and contact resistance which
have been the greatest problems in the fine process of
1 um or less.
(6) It is possible to make the heat treatment
temperature during wiring step lower or to omit the
heat treatment step. . _

As described in detail above, by applying the
present invention to the wiring formation method of a
semiconductor integrated cifcuit} particularly
embedding of contact holg or throﬁgh.hole, the vield

can be improved, and reduction of cost can be promoted

to great extent as compared with Al wiring of the

prior art.
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Example 1 _

First, the procedure for Al film formation is
as follows. By use.of the device shown in Fig. 1, the
reaction tube 2 is internally evacuated to ca. 1 x 10~
8 Torr by the evacuation unit 95 However, Al film can
be also formed if the vacuum degree within the
reaction tube 2 may be hlghef than 1 x 10~ % Torr.

After washing of~sitwafer}‘fhe conveyinﬁ'”ﬁl
chamber 10 is feleaeed'fewaiﬁeapherie pressure and Si
wafer is mounted in the conveying chamber. The
conveying chember is evecuated to ca. 1 x 10 -6 lorr,
and then the gate valve 13 is opened end the wafer is
mounted on the wafer holder 3.

After mounting of-ihe wafer on the wafer
holder 3, thel§e¥e valve 13 is closed, and the
reaction chenbe£.2 is_evacueted to a vacuum éegree of
ca. 1 x 10”2 Torr. -

In this Example, DMAH is fed through the first
gas line. As the carrier gas of DMAH_line Hz which is
the same as the reaction gas is employed. The second
gas line is used for H,.

By passing H2 through the second gas line, the
pressure within the reaction. tube 2 ls made a
predetermined value bv controlling the opening of the

slow leak valve 8. A typical'pressure in this Example

is made approximatelv 1.5 Torr. Then, the wafer is
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heated by current passage thrbugh the héater 4. After
the wafer temperature has.reached a predetermined
temperature, DMAH is introduced into the reaction tube
through the DMAH line. The whole pressure is ca. 1.5
Torr, and the DMAH partial pressure is made ca. 1.5 x

1074

Torr. When DMAH is introduced into the reaction
tube 2, Al is deposited. After a predetermined
deposition time has elapsed, feeding of DMAH is
stopped. Next, heating 6f the heatér 4 is stopped to
cool the wafer. Feedihg of HZ gaé is stopped, and
after evacuation internally of thé reaction tube, the
wafer is transferred to the conveying chéamber, and
only the conveying chamber is made éfmosphéric
pressure beféré taking out the wafer. ~The outline of

Al film formation is as described above.

Experimental example 1
Next, preparation of samples according to this
Example 1 is described.

' 130 Sheets of samples of monocrystalline Si
substrates-(N'type; 1 - 2 ohm-cm) were prepared, the.
substrate temperatures were set at 13 levels, and Al
films were deposited at the respective temperatures
each for 10 sheets according to the ﬁrocedure as
described above under thé following conditions:

whole pressure: 1.5 Torr

4

DMAH partial pressure: 1.5 x 10 ° Torr.
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The Al films deposited by varying the

substrate temperature at 13 levels were evaluated by

use of various evaluation methods.

shown in Table 1.

The results are



414

& & S o
‘. Table 1
EvaldSubstrate| 150l 180/200|250|270|300]|330|360]|370/400]430}480]470
ation \ temper-
ature
item  NAPURS :
Carbon
content (%) - 0 0 0 0 0 0 0 0 0 0 0 |1~9
Resistivity 2.7 {27 27 far |21 a1 ot far far it o a
- ~ ~ ~ ~ ~ ~ A~ ~ ~ R ) ~ ~
(nQ - em) 8.3 | s8] a3 | s3] s3] a3 s3] 23| s3] s3] 83| s3
: 60 | 60
Ref le"’t:““ ~ | 85~95 |86~95 |85-95 | 8505 |a6~as | s~05 |as~2s |as-s5 | 8608 | 0 [or for
(8) lower lowe;:
Average 100 10° 10° 10° 10° f0° 10° 10° 100 10t 100|100
Wiring - ~ o~ ~ ~ ~ ] ~ ~ ~ ~ ~ ~
life (hour) 104 | or00 | a0¢ | oa0¢ | 100 [Paee | a0¢ | 100 | 104 | 108 | 100 | 100
Deposition 100 |100 100 200 J100 |00 |00 |100 [100 |100
(A/uin) 800 | 00 | o0 | so0 | soo | soo | soo | soo | s00 | s00
Hillock 0 0 0 0 0 o. |o ()
densit
Y o) 00 | 00 | 100 100 | 10| a0 | 100 | 100
Spike
generation - Jo~10)o~10] o | o 0 0 0 |o0~30]0~30]|0~30}0~20]0~30
ratio (%) '
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Table 1 (continued)

Note: No deposition occurs at substrate temperature of 150 °C.
Average' wiring life is time to wire breaking when current
1s-passed' at ﬁ current density of 1 x 10.6 A/cm2 through a cross~
sectional area of 1 p.mzat 250 °cC.
Spike generation ratio is destruction probability at the
junction portion of 0.15 pum depth.

_zv—
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Shortly speaking, Al films of very good
quality were obtained at a temperature range of 160 °c
to 450 °C, more preferably 200 °C to 400 °C, optimally
270 °c to 350 °c.

Example 2

First, the procedure of Al film formation is
as follows. By the evacuation ﬁnit 9, the reaction
tube 2 is evacuated internally to ca. 1 x 10 ° Torr.
Al film can be formed even if the vacuum degree in the

8 Torr.

reaction tube 2 may be higher than 1 x 10

After washing of the Si wafer, the conveying
chamber 10 is released to atmospheric pressure,and the
Si wafer is mounted in the cohveying chamber. The
conveying chamber is évacuated toca. 1 = 10_6 Torr,
then the gate valve 13 is opened and thg wafer is
mounted on the wafer holder 3.

After mounting of the wafer holder 3, the gate
valve 13 is closed, and the reaction chamber 2 is

evacuated to a vacuum degree of ca. 1 k 10-8 Torr.

In this Example, the first gas line is used

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

emplovyed. The second gas line is used for HZ‘

By passing Hz'through thp seéond gas line, the
pressure within the reaction tube 2 is made a
predetermined value by Controlling the opening of the

slow leak valve 8. A typical pressure in this Example
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is made approximately 1.5 Torr. Then, the wafer is
heated by current passage through the heater 4. After
the wafer temperature has reachéd a predetermined

temperature, DMAH is introduced into the reaction tube

. through the DMAH line. The whole pressure is ca. 1.5

Torr, and the DMAH partial pressure is made ca. 1.5 x
"4 Torr. When DMAH is introduced into the reaction
tube 2, Al is deposited. After a predetermined
deposition time has elapsed, feeding of DMAH is

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

cool the wafer. Feeding of H2 gas is stopped, and

after evacuation internally of the reaction tube, the
wafer is transferred to the convéying chamber, and
only the conveying chamber is made atmospheric
pressure before taking out the wafer. The outline of

Al film formation is as described above.

Experimental example 2

. Al films were formed according to the method
6f Example 2. For the filmé obtained, concerning
resistivity, carbon content, average wiring life,
deposition speed, hillock density, generation of spike
and reflectance, the same results_as in.-Example 1 were

obtained.

Example 3

This Example 3 performs deposition according
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to the same procedure by use of MMAH2 as the starting
gas by setting the conditions as follows:

whole pressure: 1.5 Torr

MMAH, partial pressure: 5 x 10™% Torr.
Exge:imental'examgle 3

According to the methqd of the abovg Example
3, films were formed by varying the substrate
temperature within a temperature range from 160 -°C to
400 °C. . As the result, Al,thin films excellent in
flatness, denseness containing no carbon impurity were
deposited similarly as in Experimental example 1.
Example 4

This Example 4 is film formation according to
the low pressure CVb method.

Experimental example 4-

A monocrystal;ine silicon substrate was plaéed
in the low pressure CVD device shown in Fig. 2, and Al
film was formed within the same badge. The film
formation conditions were made a reaction tube
pressure of 0.3 Torr, a DMAH partigl,pressure of 3:0 X

1075

Torr, a substrate temperatﬁre of 300 °C, and a
£ilm formétion time of 10.minutes”

As the result of film formation under such
conditions, an Al film of 7000 & was deposited. The
film quality was very good, exhibiting the same ”

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

Experimental example §

Samples having Al films formed according to
the same method as in Example 1 were prepafed. When

crystallinity of the Al film deposited on the Si wafer

-of the respective samples, namely under the same film

forﬁing conditions as in Example -1 by use of the X-ray
diffracfion method and ‘the reflective electron beam
diffraction method, it was found to be a
monocrystalline Al. |

First, the evaludation methods are described.

When the crystal direction of the Si substrate
is (111) plane, from X-ray diffraction, as shown in
Fig. 4, only the diffraction peak showing Al (100) was
observed concerning Al. In reflective high speed '
electron beam diffraction by use of ‘an acceleration

voltage of 80 kV or 100 kV, as shown in Fig. 5, a

monocrystal spot showing Al (100) was observed. Fig.

5A is a diffraction pattern when electron beam is
permitted to énter Al (100) in the [001] direction,
Fig. 5B a diffraction pattern when electron beam is
permitted to enter Al (100) in the direction of [011].
Thus, the Al film on the Si (111) substrate was found
to be a monocrystal having (100) plane. Within the

substrafe temperature range in Table 1, particularly
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those deposited at a range from 250 %¢ to 330 °C were
found to have Al films deposited which were stably
mohocrystalline. "

Also, the Al films deposited on the Si (111)
substrate with the substrate surface having off-angles

differing by 1°, 2°, 3°, &°

, 5° from the Si (111)
plane were also found to havg All(IOO) monocrystals
deposited stably, pérticularly under the temperature
conditions of the substrate temperature ranging from
250 °C to 330 °C,-similar1y as in the case when
deposited on the Si (111) substrate as described
above. _ _

When the crystal direction of the Si substrate
is (100{ plane, from X-ray diffraction, as shown in
Fig. 6, only the diffraction peak showing Al (111) was
observed concerning Al. In reflective high speed
electron beam diffraction by use of an acceleration
voltage of 80 kV or 100 kV, a monocrystal spot showing
Ai (111) was observed. Thus, the Al film on the Si
(100) substrate was found to be a monocrystal having
(111) plane. Within the substrate temperature range
in Table 1, partigularly those deposited at a range
from 250 °C to 330 °C were found to have Al films
deposited which were stably monocrystalline. Alsof

the Al films deposited on the Si (100) substrate with
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the substrate surface having off-angles differing by

10

, 29, 39, 4%, 5° from the Si (100) plane were also
found to have Al (111) monbcrystals deposited stably,
particulafly under the.temperature conditions of the
substrate temperature ranging from 250 oC"to 330 °c,
similarly as in the case when deposited on the Si
(111) substrate as described above.

Experimental example 6

Crystallinities of theLAl.films.formed
according to the method of Example 2 were evaluated.
Similarly as in the case of Example 5, particularly

within the range of -the substrate teﬁpeféture'from 250

%¢ to 330 °c, Al (100) monocrystal was formed on the

si (111) sﬁbStrate, and A1'(111) monocrystal on the Si
(100) substrate. =

Experimental example 1

Al films were formed on Si.substrate according
to the method of Example 3. As the result of
evaluation of cr?stallinities-of the Al films by the X-
ray diffraction method and the reflective high speed
electron beam diffraction method, the following
results were obtained.
| When the crystal direction of the Si substrate
surface'is (111) plane, from x?ray diffraction, &s
shown in Fig. 4,_on1y the diffraction peak showing Al

(100) was observed concerning Al. In reflective high
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speed electron beam diffraction by use of an
acceleration voltage of 80 kV or 100 kV, as shown in
Fig. 5, a monocrystal spot showing Al (100) was
observed. Thus, the Al film on the Si (111) substrate
was found to be a monocrystal having (100) plane.

| -Also, the Al films deposited on the Si (111)'
substraté with the substrate surface having off-angles’
differing by 1°, 2°, 3°, 49, 5° from the si (111)
plane were also found to have Al (100) monocrystals
deposited, similarly as in the case when deposited on
the Si (111) substrate as described above.

When the crfstal direction of the Si substrate
is (100) plane, from X-ray diffraction, as shown in
Fig. 6, on1§ the diffraction peak showing Al (111) wés.
observed concerning Al. In reflective high speed
electron beam diffractién by use of an acceleration
voltage of 80 kV or 100 kV, a monocrystal spot showing
Al (111) was observed. Thus, the Al film on the Si
(100) substrate was found to be a monocrystal having
(111) plane. .Also, the Al films deposited on the Si
(100) substrate with the substrate surface having off-
engles differing by 1°, 22, '3°, 4°, 5° from the si
(iGO) plane were also féund to have Al (111)'
monocrystals deposited, similarly as in the case when
deposited on the Si (111) substrate as described |

above.
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The Examples 5 to 8 and the Experimental
examples'S to 15 are examples when forming Al films
selectively. -
Example 5

First, the-procedure'ot Ai'film formation
according to this Example is ae followe;- Bv use of
the device shown'in Fig; i; the reaction tube 2 is

internally evacuated to ca. 1 x 10 -8

Torr by the
evacuation unit 9. However, Al film can be also
formed even if the vacuum degree within the reaction

tube 2 may be higher than 1 x 10_8

Torr.
After washing of the Si wafer treated so as to
effect selective deposition, the conveying chamber 10
is releesed to atmospheric pressure and the Si wafer
is mounted in the conveying chamber.. The conveying
chamber is evacuated to ca. 1 x 10 -6 Torr, then the'
gate valve 13 is opened.and the wafer is mounted on
the wafer holder 3. |
.After mounting of the wafer on the wafer
holder 3, the gate valve 13 is closed; and the
reaction chamber 2 is evecuated to'a vacuum degree

-8

of ca. 1 x 10 Torr.

In this Exemple, DMAH is fed through the first

gas line. As the carrier gas of_DMAH line, H, is
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employed. The second gas line is used for HZ’ By
passing H2 through the second gas line, the pressure-
within the reaction. tube 2 is made a predetermined
value by controlling ths opening of the slow leak
valve 8. A typical pressure in this Example is made
approximately 1.5 Torr. Then, the wafer is_heated by
current passage through the heater 4. After the wafer
temperature has reached a predetermined temperatufe,
DMAH is int:oduced into tbelreaction tube through the
DMAH line. The whole pressure is ca. 1.5 Torr, and
the DMAH partial pressure is made ca. 1.5 x 10-4 Torr.
When DMAH is iatroddced into the reaction tube 2, Al
is deposited. 'After a predetermined deposition time
has elapsed, feeding of DMAH is stopped. Next,
heating of the heater 4 is stopped to cool the wafer.
Feeding of Hz gas is stopped, and after evacuation
internally of the reaction tube, the wafer is
transferred to the conveying chamber, and only the
conveying chamber is made atmospheric pressure before
taking oot the wafer. The outline of Al film
formation is as described above.

Ekperimental example 8

Si substrates (N type, 1 - 2 ohm.cm) were
subjected to thermal oxidation at a temperature of
1000 °c according to the hydrogen combustion system

(Hz: 4 liters/M, O,: 2 liters/M).



- 52 -

The film thickness was 7000 A + 500 i, and
the reflactive index 1,46. A photoresist was coated on
the whole Si substrate, and a desired pattern was
baked by an exposure machine. The pattern was such
that various holes of 0.25 uym x 0.25 um - 100 pm x 100
pm were opened. After development of the ppotoresist,
with the'photo:esist as the mask, the sﬁbbing Si_O2 was
etched by the reactive ion etching (RIE), etc. to have
the substrate Si partially exposed. Thus, 130 sheets
of samples having various sizes of 8102 holes of 0.25
pm x 0.25 pum - 100 um x 100 pm were prepared, the
substrate temperature was set at 13 levels, and for
the samples each of 10 sheets at the respective
temperatures, Al films were selectivély deposited
following the procedufe“as desbribed-abeve under the
following conditions:

whole pressuré: 1.5 Torr

'DMAH partial pressure: 1.5 x 1Q—4 Torr.

The Al films deposited by varying the
substrate temperature at 13 levels were evaluated by
use of various evaluation methods. The results are

shown in Table 2.
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Table 2

EvalnnSubstrate} 150 1180]200{280/270]300]|830|860]|870|400]430[460]|470
ation \::':ﬁ ::’
item ( o;) .

Carbon .

content (%) - 0 0 0 0 o | o 0 0 o o 0 f1~9
Resistivity S I PR I P N P T PC T U 2 PR 2 P P N PR B FX O PR

(kQ:om) a8 | 3.3f s3] 23| s8] s3| sl s8] s3] s3] ss}] as

Reflectance . 5 - 60 | 60

eflectance - | as-9s | as-05 | as~06 | as~s6 |ss~os |as~98 |as~95 |ase5 [85-98 | 0 | or | o

(%) .

. lower| lower
Average - | 100 108 10 {10° 10° 100 |10% 108 10¢ tor 0t - |10t

Wiring - o~ ~ ~ T e -~ | e~ .~ " e ~ ~ 1 oa~ ~

life (hour) 10 | 00 | a0e | goe | croe | mee:] poe | me¢ | 100 | ner | a0k | 100
Deposition 100 100 100 | 100 100 ° 1op_ 100 100 |10 {100-

Speed - j1~9}| ~ ~ ~ ~ ~l o~ ~ ~ ]~ ~* ] 1000

(AZain) goo { a0 | soo | soo | so0-| soo | sc0-| soo | 00 | s00

Hi1lock 0 0 0 - lo 0 o o 0

: (en*t) 100 | 100 10* . 104 ] 100 | 10+ | 0% | 10¢
Spike

-generation - |o~10]0~10] ¢ 0 0 0 0 |o~30|0~30]| 0~30|0~30] 0~30

ratio (%) .

_sg-
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Table 2 (continued)

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

2
is passed at a current density of 1 x 10 A/cm through a cross~

sectional area of 1 um at 250 °C.

- Spike generation ratio is destruction probablllty at the
junction portion of 0.15 fm depth.
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In the above samples, no Al was deposited on

éioz at a temperature range from 160 %¢ to 450 OC, and
Al was deposited only on the portion with opening of
5102 to have Si exposed. Also, when deposition was
carried out in the above temperature range
continuoqsly for 2 hours, similar seléctive‘*-*“
depositability was maintained. |
Example 6

First, the procedure of Al film formation is
as follows. By thé'evacuation“ﬁhit“s, the reaction
8 Torr.
Al film can be formed even if the vacuum degree -in the

8 Torr.

reaction tube 2 may be higher than 1 x 10

- After washing of the Si wafer, the conveying
chamber 10 is released to atmospheric pressure and the
Si wafer is mounted in the conveving chanmber. The -
conveying chamber is evacuated to ca. 1 x 10“6 Tort,
then the gate valve 13 is opened and.the wafer is
mounted on the wafer holder 3. |

After mounting of the wafer on the wafer

holder 3, the gate wvalve 13 is closed and the reaction
chamber 2 is evécuated to a vacuum degree of ca. 1 x

10”8

Torr.
. In this Example, the first gas line is used

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



10

15

20

25

- 56 -

employed. The second gas line is used for HZ'
By passing H2 through the second gas 1ine, the
pressure within the. reaction tube 2 is made a
predetermined value by-controliing the opening of the
slow leak valve 8. A'typical pressure in this Example
is made approximately 1.5 Torr Then, the wafer is
heated by current passage through the heater 4. After
the wafer temperature has reached a predetermined
temperature, DMAH is introduced into the reaction tube
through the DMAH line. The whole pressure is ca. 1.5
Torr, and the DMAH“partial_pressure_is made ca. 1.5 x

10°4

Torr. When DMAH is introduced into the reaction
tube 2, Al.is deposited. After a predetermined
deposition time has elapsed, feeding of DMAH is
stopped. Next heating of the heater 4 is stopped to
cool the wafer. Feeding of H2 gas is stopped and
after evaouation internaliy of the reaction tube, the
wafer is transferred to_the conueying chamber, and
only the conveying chamber is made atmospheric
pressure before taking out the wafer. The outline of

Al film formation is as described above. .

Experimental example 9

Al films were formed according to the method
of Example 6. For the films obtained, concerning
resistivity, carbon content, auerage wiring life,

deposition speed, hillock density, generation of spike
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and reflectance, the same results as in Experimental
example 8 were obtained.
Also, selective depositebility with substrate

was the same as in Experimental example 8.

Example 7 . . oL
This Example is selective deposition of Al

according to the low pressure CVD method.

Experimental example 10 .

By means of_thewlqy”preséprg"cyp"deviqg'shown
in Fig. 2, Al films were formed on the substrates with
the constitutions as described below (Samples 5-1 - §-
179). |

Preparation of. Sample 5-1. _. .

On a monocrystalline silicon as the electron
donative first substrate surface material, a thermally

o#ﬁdized 8102 film as the electron non-donative second

‘substrate surface matérial'was formed, and patterning

was effected according to the photolithographic steps

'as shown in Example 1 to have the monocrystalline

surface parfially exposed.
The film thickness of the thermally oxidized

Si0, film was found to be 7000 X, with the size of the

2
exposed portion of the monocrystalline silicon, namely
opening being 3 um x 3 um. Thus, Sample §5-1 was

prepared. (Hereinafter, such sample is expressed -
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as “thermally'oxidized 8102 (hereinafter abbreviated
as T—Sioz)/monocrystalline silicon").

Preparation of Samples 5-2 -~ 5-179

Sample 5-2 is an oxidized film formed by
normal pressure CVD (hereinaftef abbreviated: as
Sioz)/monocrystalline silicon.

Sample 5-3 is a boron"dopednoxidize& film
formed by normal pressure CVD (hereinafter ébbreviated
as BSG)/monocrystalline_silicon,-.u-

Seample 5-4 is a phosphorus dopedioxidized film
formed by normal pressure--CVD (hereingfter-abbreviated
as PSG)/monocrystalline silicon.

sample 5-5 is a phosphorus and boron doped
oxidized film formed by normal pressure CVD
(hereinafter abbreviated as BSPG)/monocrystalline
silicon. |

Sampie 5-6 is.a nitrided film formed by plasma
CVD (hereinafter abbreviated as P-S:N)/monocrystalline
silicon.

Sample 5-7 is a thermally nitrided film -
(hereinafter abbreviated as T-SrN)/mopocrystailine
silicon. | _ _

Sample 5-8 is a nitrided film formed bf low
pressure CVD (hereinafter abbreviated as LP-

S:N) /monocrystalline silicon. -

Sample 5-9 is a nitrided film formed by ECR
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device (hereinafter abbreviated as ECR-
SiN)/monocrystalliné silicon.
Further,-by.combinations of the electron
donative first substrate surface materials and the
electron non~-donative second substrate surface
materials, Semples 5-11 - 5-179 shown in Table 3 were
prepared. As the first substratg sufface.material,
monocrystalline silicon (monoerystalline~5£);~
polycrystalline silicon (polycrystalline:§if;
amorphous silicon (amorphous Si), tungsten (W),
molybdenum (Mo), tantalum (Tﬁ), tungsten silicide
(Wsi), titanium silicide (TiSi); aluminum (A1),
aluminum silicon (Al-Si), titanium aluminum (A1-Ti),
titanium nitride (TiN), copper (Cu), aluminum silicon
copper (Al-Si-Cu), aluminum palladium (Al-Pd),
titanium (Ti), molybdenum silicide (Mo<Si), tantalum
silicide (Ta-Si) were.employed. These samples and_

Al O3 substrates, Sioé glass éﬁbstrates were placed in

2
the low pressure CVD device shown in Fig. 2, and Al
films were formed within the same badge. The film
forming conditions were a reaction tube pressure of

5 Torr,

0.3 Torr, a DMAH partial pressure of 3.0 x 10
a substrate temperature of 300 °C and a film formation
time of 10 minutes. |

Aé the result of film formation under such

conditions, concerning'all the samples applied with
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patterning from Sample 5-1 to §-179, deposition of Al
film occurred only on the electron donative first
substrate surface film to embed completely the opening
with the depth of 7000 X. The film quality of the Al
film was found to be very good, exhibiting the same
properties as one prepared at a. substrate temperature
of 300 G shown in Experimentel example 8.' On the
other hand, on the second substrate surface whioh is
electron non-donative, no Al film was deposited at
all, whereby complete selectivity was obtained. On
both the Al,0, substrate and the s:lo2 glass substrate which

273
are electron non-donative, no Al film was deposited at

all.

Experimental example 11

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

On a thermally o#idiied £film es'the electron
non—donative_second substrate surface material, a
polyorystalline Si as the electron donative first
substrate surface meterial.was formed, patterning was
effected according to the photolithograppic steps as
shown in Example 1 to have the thermally oxidized film
surface partially exposed.l The film thickness of the
polycrystalline silicon at this time was 2000 A,-with

the size of the thermally oxidized film exposed
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portion, namely opening heing,ggum“x 3 um. Such
sample is called 6-1. Bv'combinations of the electron
non-donative second -substrate surface materials (T-
SiOz, CVD—SiDz, BSG, PSG, BPSG, P-SiN, T-SiN, LP-SiN,
ECR-S:N) and the electron-donative first substrate
surface materials (polycrystalline Si, amorphous Si,
Al, W, Mo, Ta, WSi, TiSi, TesSi, Al-Si, Al-Ti, TiN, Cu,
Al-Si-Cu, Al-Pd, Ti, Mo-Si), Samples of 6-1 - 6-169
shown in Table 3 were prepared. Thése samples were
placed in the low CVD device shown in Fig. 2, and al
film was formed within the same badge. The film
forming conditions were a reaction tube pressure of

5 Torr,

0.3 Torr, a DMAH partial préssure of 3.0 x 10
a substrate temheraturemof 306 °C and.a film forming
time of lonminutes. As the fesult of film formation
under such conditions, in all the samples from 6-1 to
6-169, no Al film was deposited at all at the opening

having the electron non-donative second substrate

exposed, but Al of about 7000 X was deposited only on

- the electron donative first substrate, whereby

complete selectivity was obtaihed. The film qualitf'
of the Al film deposited was found to be very good;
exhibiting the same properties as one prepared at a
substrate temperature of 300 ©c in Experimental

example 1.
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Table 3

Mon_t?— " Poly-

¢rystald{CrystaljAmor- ; :

lne |line iphous | g |- wo | Ta { wsi | Tisi | ae | assi

Si Si Si | - . :

T-5i0; | 5-1 | §-M | s5-21 | 5-31 | 5-41 | s-51 | 6-61 | §-71-] §-81 | §-91
sio, | -2 | s-12 | 5-22 | §-32 | §-42 | s§-52 | §-62 | S-72 | s-82 | §-92
BSG 5-3 | 5-13 | §-23 | 5-33 | s-43 | s-53 | §-63 | s5-73 | 5-83 | s-93
PS6 §-4 | 5-14 | §-24 | 5-34 | §-44 | 5-54 | S-64 | S-74 | -84 | 5-84
BPS6 | §-5 | 5-15 | 5-25 | 5-35 | s-45 | 5-55 | 5-65 5-75 | 5-85 | 5-95
p-siN | 5-6 | s5-16 | 5-26 | 5-36 | 5-46 | 5-56 | 5-66 | $-76 | 5-86 | 5-96
T-SiN | §-~7 | §-17 | 5-27 | 5-37 | 5-47 | 5-57 | 5-67 | S-77 | 5-87 | 5-97
LP-siN | 5-8 | 5-18 | 5-28 | 5-38 | 5-48 | 5-58' | s-68 | s-78 | s-o8 | s-98
ECR-SiN | 5-8 | 5-19.] 5-29 | 5-39 | s5-~49 | s-58 | s-63 | s-78 | s-8s | s-g9
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(note) Numeral

shows sample No.

S & = »
Table 3 (continued)
aati| tin | e | A2 | aeed| T | Mo-si| Ta-si
-| ~Si~Cu : 1
T-5i02 | S-101| s-111] s-121) s-131] S-141] §-151{ S-161] 5-171
510, | §-102| 5-112] s-122| 5-132| s-142] s-182| s-1e2| s-mn2)
BSG 5-103 | 5-113|-5-123| 5-133| 5-143| §-153| 5-163| 5-173
PS6 5-104 | §-114 | §-124| 5-134| 5-144| 6-154| S5-164| 5-174
BPSG | '6-105| S-115| §-125| 5-135] 5-145| S5-155 | S-165) 5475}
P-SiN | 5-106| 5-116| 5-126| 6-136 | 5-148 | 5-156 | 5-166| 5-176
T-SiN | s-107| s-117| s-121] s-137| s-147| s-157| s-167] s-197-
te-sin | s-108| s-118 5-128| 5-138| 5-18| 5-158 | $-168 | 5-178
gcR-siN| s-108| s-119| s-128| s-138| s-149] s-159| s-188| s-11

—Eg-
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Table 4
Poly-
Crystal4 Amor- .
line  fvhous | g Mo | Ta wsi | TiSi | A2 | Aesi
_ Si Si ‘o . . :
=510, | 6-1 | 6-11 | 6-21 | 6-31 | 6-41 | 6-51 | 6-61 | 6-71 | 6-ot
sio: | 6-2 | 6-12 | 6-22 | 6-32| 6-42 | 6-52.| 6-62 | 6-72 | 6-82
BS6 6-3 | 6-13 | 6-23 | 6-33 | 6~43 | 6-63 | 6-63 | 6-73 | 6-83"
PS6 6-4 | 6-14 | 6-24" | 6-34 | 6-44 | 6-54 | 6-64 | 6-74 | 6-84
BPSG | 6-5 | 6-15 | 6-25 | 6-35 | 6~45 | 6-55 | 6-65 | 6-75 | 6-85
| p-sin | 6-6 | 6-16 { 6-26 | 6-36 | 6-46 | 6-56 | 6-66 | 6-76 | 6-8
1-siN | 6-1. | 6-17 | 627 | 6-37 | 647 | 6-57:| 6-67 | 6-717 | 6-87
LP-SiN | 6-8 | §-18 | 6-28 | 6-38 | 6-48 | 6-58 | 6-68 | 678 | 6-88
ECR-SIN| 6-9 | 6-19 | 6-29 | 6-39° | 6~48 | 6-59 | 669 | 6-79 | 6-89

-?9-
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Table 4 (continued)
ALTi| Ti-N | Cu AL 1 paed| T Mo-Si | Ta-Si
. : . -1 =Si-Cu ,

' 1-5i0, | 6-91 | 6-101] 6-111] 6-12t| 6-131] 6-141] 6-151| 6-161
Si02 | 6-82 | 6-102| 6-112 e-122| 6-132| 6-142| 6-152] 6-162
BS6 6~93 | 6-103| 6-113| 6-123] 6-133| 6-143] 6-153| 6-163
PS6 6-94 | 6-104 | 6-114 ] 6-124| 6-134| 6-144 | 6-1547 6-164 |
BPSG | 6-5 | 6-105| 6-115 | G~126| 6-135| 6-145| 6155 6-165

p-siN | 6-e6 | 6-106 | 6-116 ). 6-126 | 6-136| 6-146 | 6-156 | 6-166
T-SiN | 6-87 | 6-107| 6117 | 6-127] 6-137| 6-147 | 6-157 | 6-167
LP-SiN | 6-38 | 6-108| 6-118| 6-128| 6-138| &-148 | 6-158| 6-168,
ECR-SiN |- 6~99 | 6-109| 6-119| 6-129| 6-138| 6-148 ] 6-159| 6-169 .

(note) Numeral shows sample No.

_gg—
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Example 8
This Example is the method of depositing

selectively Al by use of MMAHZ.

Experimental example 12

When deposition was caﬁried oﬁt according to
the same procedure as shown in Example 1 bj use of

MMAH, as the starting gas and setting the conditions

2
as follows:

whole pressure: 1.5 Torr

MMAH, partial pressure: 5 x 10~4 Torr,

in the temperature range of the substrate temperatﬁre

from 160 °C to 400 °C, an Al thin film containing no carbon

impurity and havihg excellent flatness, denseness and
selectivity with the substrate surface materials was

deposited similarly as iﬁ Example 1.

Experimental example 13

' According to the same method as in Example 5,
a sample having an Al film formed thereon was |
prepared. The crystallinity of the Al film
selectively deposited on Si at the same substrate
temperature as in Table 1 was evaluated by the x—fay
diffraction method and the scanning n-RHEED
microscope.
R The scanning p-RHEED microscope is the method
disclosed in Extended Abstracts_of the 21th COnferénce

on Solid State Devices and Materials (1989) p.217 and
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Japanese Journal of Applied Physics vol. 28,-No. 11
(1989), L2075. According to the RHEED (Reflection
High Energy Electron Diffraction) method of prior art,
electron beam was permitted to be incident on the
sample surface at a shallow.angle of 2 -~ 3°, and the
crystallinity of the sample surface waé evaluated from
the diffraction pattern formed by the diffracted
electron beam. However, sincé the electron beam
diameter is large as 100 um to ‘several hundred um,
only average information on the sample surface could
be obtained. In the'u-RHEED micfoscope, an electron
beam diffraction pattérn from a specific fine region
on the sample surface can- be observed by narrowing the
electron beam diameter of 0.1 um. Also, by scanning
the electron beam two-dimensionally on the sample '
surface, by use of any desired diffraction spot
intensity change on the diffraction pattern as the .
image'signal, two dimensional image (scanning u-RHEED
image) on the sample surface can be obtained. At this
time by observation of the scanning W-RHEED image by
use of different diffraction spots A and C on the
diffraction pattern as shown in Fig. 7, -even if thé
lattice planes in parallel to the saﬁple surface may
be aligned in (100), the'crystal grain boundaries
rofating withiﬁlthe plane can be visualized as

distinguished from each other. Here, the diffraction
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spot A is a diffraction épot on the line (line 1)
where the plane in which the diffractior pattern
occurs and the sagittal plane formed by the incident
electron beam are crossed at right angle, while the
difffaction spot C is a diffraction spot not on the
line 1. As shown in Fig. 8, when the ;attiqe plane in
parallel to the sample surface is, for example, (100),
but crystal grains x and_ymare:rotaging mutually
within the plane, in the_scanning g-RHEED image by use
of the diffraction spot A, both crystal grains x and y
are displayed as the regipn:with strong intensity. On
the other hand, in the scenning u-RHEED image by use
of the diffraction spot C, only the crystal grain x is
displayed as the region with strong intemnsity.
Therefore, by observation of the scanning n-RHEED
image by use of the d;ffraction spots A and C as shown
in Fig. 7, it can be disgriminated whether the crystal
in the region observed is a polycrystal including |
interplanar rotation or a monocrystal. In Extended
Abstracts of the 21th Conference on Solid State
Devices and Materials (1989) p.217 and Japanese |
Journallof Applied Pbysics vol. 28, Nq.-11 {1989)
L2075, concerning Cu thin film, it hés been clarified

that, for example, even if the lattice plane in

'parallel to the sample surface may be {100}, there

exists a crystal grain including interplanar rotation
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in the {100} crystal grains.

| First, the Al film deposited selectively on
the Si exposed surface at the substrate temperature in
Table 1 was evaluated.

When the crystal direction on the Si éubstrate
surface is (111) plane, from X-ray diffraction,
concerning Al, as shown in Fig. 9, only the
diffraction peak showing Al (100) could be observed.
Next, crystallinity of the Al fiih deposited
selectively'was evaluated by use of a scanning p—-RHEED
microscope. As shown in Fig. 10; after the region
where Al had been selectively deposited was specified
by the scanning secondaryuelectron image showing the
surface form (Fig. 10A), by_usé of the diffraction
spot 200 (corresponding to the diffraction spot A in
Fig. 7) and the-diffrgction spot 620 (correépohding to
the diffraction spot C in Fig. 7) on the diffraction
pattern occurring when the electron beam was permitted
on the Al (100) plane from the [001] direction, the
scanning pu—-RHEED image (Fig. 10B) and Fig. 10C) was
observed. As shown schehatical;y in Fig. 10B and Fig.
10C, there is no change in lightness and darkness oh
the Al film seiectively deposited, and the Al
selectively deposited was confirmed to be an Al {(100)
monocrystal. |

On the other hand, when the Si exposed plane
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is not linear but like via-hole, irrespectively of the
via-hole diameter, the Al selectively deposited was
found to be similarly Al (100) monocrystal. Those at
substrate temperatures ranging from 250 °C to 330 °c
were selectively deposited stébly, and the Al obtained
was found to become monécrystal."

Also, Al films deposited selectively on the Si

-{(111) substrate with the Si (111) plane being at off-

angles by 1°, 2°,-3°, 4°, 5° from the Si substrate
were alsb found to deposit Al (100) monocrystals under
the temperature conditions of the substrate
temperature ranging from 250 °c to 330 °c similarly as
deposited on the Si (111) substrate as described
above. | |

When the crystal direction of the Si substrate
surface is the (100) plane, from X-ray diffraction,
concerning Al, as shown in’Fig. 11, only the
diffraction peak showing Al (111) could be observed.
Fig. 12 shows the scanning secondary electron imagg
(Fig. iZA) and the scanning n-RHEED image (Figs. 12B
and 12C) when Al was selectively deposited on only the
Si exposed surface on a substrate having Si (100)
eiposed in a line by patferning of SIO2 in a line.
For the scanning u-RHEED imége. the 333 diffraction
spots (Fig. 12B) and 531 diffraction spots (Fig. 120)

were employed. The Al film seléctively deposited was
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confirmed to be an Al {(111) monocrystal. Those at
substrate temperatures raﬁging.from 250 °c'to 330 °c
were found to be selectively deposited stably, and the
Al films obtained became monodrystals.

Also, Al films deposited seiectively on the Si
(100) substréte with the Si_(lOO) plane beigg.at off-
angles by 1°, 2°, 3°, 4°, 5° frqm.tpe Si substrate
surface were also found to deposit Al (111)
monocrystals under the.temperature,cohditions of the
substrate temperature ranging from 250 9 to 330 %
similarly as deposited on the Si (111) substrate as

described above.

Experiméntal example ;4

Crystallinity of the Al film deposited
selectively according to the same method as shown in
Example 6 was evaluated. Similarly as in Experimental
example 8, at substrafe temﬁeratures ranging from 250
° to 330 9c, Al (100) monocrystals on the Si (111)
substrate and Al (111) monocrystals on Si (100)

substrate were ocbtained stably.

'§§perimental example 15

Crystallinity of the Al film deposited
selectively aécording to the same mefhdd as shown in
Example 7 was evaluated.

From the scanning W—-RHEED microscope

observation according to the same observation methbd
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as described in Experimental example 13, when the
first substrate material is Si (111), in either case
when the second substrate material is T-810,, Sioz,
BSG, PSG; BPSG, P-SiN, T-SiN, LP-SiN or ECR-SiN, the
Al seledtively deposited on Si was found to be Al
(100). When the first substrate material is si (100),
in either case when the substrate.material is T—Sioz,

Sio BSG, PSG, BPSG, P-SiN, T-SiN, LP-SiN or ECR-SiN,

27
the Al film selectively deposited was found to be Al
(111). | | '

. When the first material is TiN, in either case
when the second substrate material is'T-Sioz, $i0,,
BSG, PSG, BPSG, P-SiN, T-SiN, LP-SiN or ECR-SiN, the
Al film selectively deposited.on TiN was found to be
oriented in Al (111) from X-ray diffraction, and from
reflective high speed electron beam diffraction
pattern of the prior art by use of an electron beam of
an acceleration voltage of 80 kV o# 100 kv,
diffraction spots conéerned'with Al (111) were

strongly observéd._

Comparative experiment

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

. By passing Ar in place of HZ' Al was deposited
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by pyrolysis of DMAH. The total pressure at this time

‘was made 1.5 Torr, the DMAH partial pressure 1.5 x 10

4 Torr, and the substrate teﬁperature of 270 - 350 °C.

When the Al film thus formed was evaluated,
about 2 % of carbon was found to be contained at the
minimum.

. Resistivity became greater by 2-fold or more
than the case when hydrogen was emploved.

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

.Similarly, wiring life was shorter by 1 to 2.
cipher, generatioﬁ 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
1/2 to 1/4. |

As described above, Al deposited only by
degomposition-of DMAH without use of H2 is inferior in
film qualitf, and was unsatisfactorf as the Al film
for a semiconducto:,device.

Separately, withouf use of H,, DMAH was
decohposed by the optical CVD method to -deposit al.

As the result, same improveméntlsuch”as no containment
of carbon,'and the like was observed from the Al film
prepared as compared with the case when no light was

employed, but other_characteristics were not improved
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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 invention may be
presently hypothesized as follows.

When DMAH reaches the electron ddna;ive
substrate, namely the substrate having electrons uﬁder
the state on which hydrogeﬁ atoms are attached (Fig.
13A) with the methyl groups directed toward the
substrate side, one electron of the substrate cut one
bond of ‘Al and methyl group'(Figs. 13B, 13C).

The reaction scheme at this time is as

follows:

3)2
Further; similar reactions will proceed for

(CH,),AlH + 2H + 2¢ = ZCH4 1t + Al-ﬁ

the hydrogen atoms repaining on deposited Al having
free electrons (Fig. 13D). He:e, when hydrogen atoms
are deficient, hydrogen molecﬁles constituting the
reaction gas are decomposed on the substrate to suppy
hydrogen atoms. On the other hand, since there is no
electron on the electron non-donative surface, the
above-mentioned reacfion will not proceed and no Al
deposited.

Figs. 13A - 13D are illustrations for better
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understanding of the reacion mechanism, and the
pumbers of H, e and Al shown in Figs. 13A - 13D are
not necessarily coincident. .
| As described above, according to the present
invention, a low resistivity, dense and flat Al film
could be deposited on a substrate.
Also, depending on the kind of the substrate,

deposition can be effected selectlvely.
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1 WHAT WE CLAIM IS:

1. A process for fqrming a deposited film
comprising the steps of:

(a) providing a substrate haéing an electron

5 donative surface (A) in a space fbr.forﬁafién of the
deposited film, _

(b} introducing a gas of an alkyl aluminum hydride
and hydrogen gas into said space for formation of
deposited film, and

10 (c) maintaining the tempéfafure of said electron
donative surface (A) within the range of from the
decomposition temperature of said alkyl aluminum
hydride to 450 °C. to form an aluminum f£ilm on said

electron donative surface (A) -

15

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

20 3. The process according to Claim 1, wherein

said alkyl aluminum hydride is monomethyl aluminum

hydride.

. 4. The process according to Claim 1, wherein
25 said substrate is constituted of a material selected

from monocrystalline silicon, polycrystalline

Sheet Has Been Replaced
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1 siliéon and amorphous silicon.

5. The proceés according to Claim 1, wherein

said subsfrate is a III-V compound semiconductor
5 containing én elemenf.belonéing to the group I1III of
the periodic tablé énd an elemenf belonging_to the

group V of the periodic table.

6. The'process according to Claim 1, wherein
10 said substrate is a II-VI compound semiconductor
‘ containing an element belonging to the group II of the
periodic table and an elemenf belonging to the group

VI of the periodic table.

15 7. The process according to Claim 1, wherein
said substrate is a metal containing at least one
. element selected from tungsten, molybdenum, tantalum,

'aluminum, titanium and copper.

20 8. The process according to Claim 1, wherein

said substrate is a metal.

9. The process according to Claim 1, wherein

-said substrate is a semiconductor.

25
10. The process according to Claim 1, wherein

Sheet Has Been Replaced

T
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said substrate is silicide.

11. The pfoceSs according to Claim 1, wherein

said aluminum film is monocrystalline;

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

(a,.sébvidiﬁa a_substrate having an electron
donative surface (A) and an.éiedtron non-donative
surface (B) ig a space for formation.of the deposited
film,

(b) introducing a gas of an alkyl aluminum hydride

and hydrogen gas into said space for formation of the

'deposited film, and

'(c) maintaining the temperature of said electron
donative surface (A) within the range of from the

decomposition temperature of said alkyl aluminum

hydride to 450 °C to form an aluminum film selectively

on said electron donative surface (A).

13. The process according to Claim 12, wherein
said alkyl aluminum hydride is diméthyl ‘aluminum
hydride. | -

- -

14. The process according to Claim 12, wherein
said alkyl aluminum hydfide is monomethyl aluminum

hydride.



umm mln mn nm | 1 o i

- 79 -

1 - 15, The process according to Claim 12, wherein
said electron donative surface (A) is formed of a
material selected from monocrystalline silicon,
polycrystalline silicon and amorphous silicon, and

5 said electron non-donative surface (B) is formed of an

insuléting material.

16. The process according to Claim 12, wherein
said electron donative surface (A) is formed of a III-
10 V group compound semiconduchr containing an element
belonging to the group III of the periodic table and
an element belonging to the group V of the periodic
table, and said electron.non-donative surface (B) is
formed of an insulating material.
15 | |
17. The process according to Claim 12, wherein
said electron donativé surface (A) is formed of a II-
VI group_compound semiconductor containing an element
belonging to the group II of the periodic table and an
20 element belonging to the group VI of the periodic
table, and said electron non-donative surface (B) is

formed of an insulating material.

18. The process according to Claim 12, wherein
o5 Said electron donative surface (A) is formed of a

metal containing at least one element selected from
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tungsten, molybdenum, tantalum, aluminum, titanium and
copper, and said electron non~donative surface (B) is

formed of an insulating matgrigi.

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

formed_of_an insulating material.

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

(B) is formed of an insulating méteriai.

21. The process according to Claim 12, wherein
said electron donative surface (A) is formed of
silicide and said electron hon—donative surface (B) is

formed of an insulating material.

22. A process for forming a deposited film,
which comprises depositing aluminum on a substrate

according to the chemical vapor depositipn method

utilizing a gas of an alkyl aluminum'hydride and hydrogen

gas.

23. ‘A process for forming a deposited film,
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which comprises selectively depositing aluminum
according to the chemical vapor deposition method
utilizing a gas of'an alkyl aluminum hydridé and hydrogen
gas on a substrate having an inéulatinq surface and an

electroconductive surface.

24, A process for forming a film of aluminium on
a substrate by chemical vapour deposition, which comprises
a reacting monoalkyl hydride or a dialkyl hydride of |
aluminium with hydrogen to form the film.

25. A process according to claim 24, wherein the
film is wiring of a semiconductor integrated circuit.



