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I nvention This invention relates ta.augeposited filmformation nethod,
particul arly to a deposjt¢d filmformation method of Al or a netal corrposed
mai r'fo of Al which can be preferably applied to el ectrodes or wiring 10 of
a sem conductor integrated circuit device, etc. Related background art In

the prior art, iln el e(napnum:adew.tmsi'mtatritmgmtthddctltillizmg)ﬁamwﬂe
sem conductors, for

Deposition by Use of Alkyl Aluminum Hydride

BACKGROUND OF THE INVENTION
5 Field of the Invention

This invention relates to a deposited film

. _ formation method, particularly to a deposited film
formation method of Al or a metal composed mainly of Al
which can be preferably applied to electrodes or wiring

10 of a semiconductor integrated circuit device. etc.

Related background art
In the brior art, in electronic devices or

integrated circuits by use of semiconductors, for
electrodes and wiring, eluminum (Al) or a'metal
15 containing alumirium as main component such as -Al-Si
andthelihehasbeanprimilyused Al has many _
© advantages such that it is inexpensive end h;tgh in .
elestroconductivity, that it cem be also internally
chenically protected because a dense oxidized film can
20 be formed on the 'st;rtace, and that it has good
adhesion to Si, etc. .
As the mathod for forming a film for
@loctrodes énd wiring of Al or Al~-Si as mentiouned’
above, there has baan used in the prior art ;he

25 gputtering mothod such a% maguetron sputtering, etc.
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el ectrodes and wiring, alum num (Al) ‘or a metal 15 containing al um num as
fmai n component such as Al-Si and the like has been primarily used Al has
many advantages such that it is inexpensiveznd high in

el ectroconductivity, that it can be also internally chemcally protected
‘because a dense oxidized filmcan 20 be forned on the surface, and that it
has good adhesion to Si, etc. As the nethod for formng a filmfor

el ectrodes and wiring of A or Al-Si as nentioned above, theré has been

used in the griof art tFoweyers gelective Aanasitiganand’ ?ﬁb?f'e?’r‘fﬁl
sputtering, etc. growth cen not be realized by the aputtering metnod

which has been used in the priorx art. The - sputtering- is
the physical deposition method based on flying of

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

10 markedly lowered.

" On the other hend, since the integration

»

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

wiring hes beon particularly required in recont -years,

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

25 ratio {via-hole depth/via-hole dlameter) of via-hole
in which a metal coinposed mainly of A1 such as Al-Si,

s |
-
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2 However, selective deposition and selective growh can not be realized by

t he. sputtering nethod which has been used in the prior art. The sputtering

is the physical deposition nethod based on flying of 5 sputtered particles

in vacuum the filmthickness at the steppe¥ portion or the insulating film
side wall -becones extrenely thin, |leading to wire breaking in an extrene

case. Nonuniformty of filmthickness or wire breaking has the drawback

that reliability of LSI is 10 narkedly | owered.

1 ete. is to be deposited is 1.0 or more, and the via-
hole diameter itself also becomes 1 um or 1gss. )
Therefore, even for a via-hole withilarge aspact
ratio, the technique which.can deposit sn A1-Si
5 compound is raqu:red
Particularly, for performing sure eleotrical
connection to the device under insulating filn such as
§10,, etc., ratber than film formation, Al-8i is
required to hé deposited so as to embed only the via=—-
10 hole of the device. In such case, a.néfﬁod of
depoeiting an Al elloy only on Si or metal surface and
not depositing it ‘on an insulatiang filnm such as Si0,,
etc. is required.
‘ As the improved sputtering method, there has
15 been developed the bies sputtering wmethod in which'a
bias is spplied on e substrete and deposition is
%@ performed 820 @S te embed Al or en Al-Si compound only
in the via-hole bf utilizing the sputter etching.
action end the deposition action on the substrate
20 surfaée. However, éince the bias voltage of some 100
V or higher is applied on tho substrate, daleterious
influence.on the device occurs becauvse 6f charged
particle demaging such as change in threshold of MOS-
FET, etc. Klso; because of presence of both egching
25 acticn and deposition action, there is the problem

that the deposition speed cannot be essentially
o
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On the ot her
such as LS|,

Cprior art. Wth finer-dinmensional

hand, since the integration degree g? the ?ﬁ?gg?Eted circuit
etc. is increased, and fine formation of wiring or nmulti-I|ayer
wiring has been particularly required in recent years, 15 there is an

increasing severe demand not found up to dat& for Al or Al-Si wiring of the

formati on by increased integration
degree, the surface of LSI, etc. is subject to excessive unevenness due to

oxi dat i on, diffusion thin 20 fil mdeposition, and etching, etc. For

exanpl e, eIe

st epped drfference

and deep. In 4

10

15

L)

S

In oxder to solve the prdblens as descrihad
ebove, various types of CVD (chenical Vapor
Deposition) methods have been proposed. In these
nefhpds, chemical reaction of the starting gas in some
form is-utiliied. In plasma CVD or opticel CVD,
decomposition of the starting gas otours in gas phase.
and the active species formed there further rescts on
the substrate toigtve risa to film formation. In

these CVD methods, surface coverage on unevenness on

- the subarrate surface is good. However, carbon stoms

contained in the starting gas molécule are
incorporated into the film, Also, particulerly in.
plasna OVQ, the problen remainsd thag tﬁerh was damage
by charged particles (sc called plasma damage) as in
the case of the sputtering method.

" . .The thermal GVD method, in which the filw -
grows through the surface reaction primarily on the

substrate surface, is good in surfuce coverage on

20 Unevenness such as stepped portion of the surface,

- Furthermore, there are not caused damages by

etc. Also, it can be expected that dspdsition within
via-hole will ‘readily occur. Eurthen,:wire bhreaking

at the stepped portion can bé avoided. -

25 charged pa:ticles whicﬁ have been therved in the cuse

of the plasma CVD or the sputtering method. The
°
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dept h/ vi a- hol e di
such as Al -Si,

hol e di ameter its
via-hole wth | ar
5 conpound is req

10

elf also beconmes 1 pmor |lesg Therefore, evern for a

ge aspect ratio, the technique which can deposit an Al -Si

uired. Particularly, for performng sure electrical

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

formation temperature of 260 °c and a reaction tube

pressure of. 0.5 Torx. The substrate temperature is then

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

-« 2

£ilm.

When TIBA is to be used, a continuous film can

‘not be obtained unless pretreatment is etfected in

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

~activate the substrate surface to form nuclei.

Furthermore, in cese whore TIBA is used, there is a
problem that surface flatness is not sufficient even
when TiCl 4 is used. By this method it is not pﬁss:l.b].e
to effect selective growth such as Al-8i deposition
only in via-holes. .

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

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

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

2%

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

resistivity can be epitaxially grown on a Si(100)
v
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connection to the device under insul ati ng fl?msucﬁmas Si C‘ferml etc.,
rather than filmformation, Al-Si is required to be deposited so as to

enbed only the via- 10 hol e of the device. In such case, a nethod of

depositing an Al alloy only on Si or netal sulace and not depositing it on
.an insulating filmsuch as SiJerr], etc. is required. As the inproved,

t here has 15 been devel oped the bias sputtering nethod
in which a bias is applied on a substrate and deposition is perfornmed so as

Qi@ﬂé’&&d*a YHe) fiinl BSt&iﬁe&?Lf 1hig! mdtheangashe

sputter etching actlon and the deposition action o

sputtering nethod,

toeMmdAloH

10

aANgg,

he substrate
good high quality, there are involved the problems

that control is difficult due to necessity of heating
the gases and that apparatus for effecting this ﬁethod
is complicated.

Japanese Laid-Open Patent Application No. 63—
33569 describas a method 6f forminq a fila by using no
T1014,'but using in place thereof organic aluminum and
heating it in the vicinity of the substrate.
According to.this methog. Al can be deposited

selectively only on the metal or semiconductor surface

from which the paturally oxidized film has been

15°

renoved. .
In this case, it is clearly stated ‘that the

step of removing the naturally oxidized film ci the

substrate surface is necessary before introduction of

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

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

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

{TEA) are mentioned, but there is no specific

description of other 6rganic matals. This is beceause,

‘since the chemical properties of organic metals

<

K
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20 surface. However, since the bias voltage of sonme 100 V or higher is
applied on the substrate del eterious influence on the device occurs
because of charged particle damagi ng such aswxchange in threshold of MOS-
'FET, etc. Al so, because of presence of both etching 25 action and
'deposition action, there is the problemthat the deposition speed cannot be
essentially 4 1 inproved. In order to solve the problens as descri bed

1 generally vary greatly if the organic substituent
attached to the metal element varies little, it is

necessary to investigate individually by detailed

experimentafion to determine'ﬂhat organic metal should

'5 be used. .

In the CVD method as described above, not only
there is an inconvenience that the naturally oxidized
£ilm must be removed, but also there is the drawback
that no surface smoothness cen be obtained. Also,

10 there is the restriction that heating of the gas is
necossary, and yat heating must be dooe in the
vicinity of the substnata.. Besides, it must also ba
experimentally determined at what poximity to the
substrate heating must be .done, whereby thero is also

15 ‘the problem that the place for satting the hoater

t- cannot be nccessarily freely chosen.

In the pre~text of the 2nd Symposium of - _

Electrochemical Society, Brench of Japan (July 7,
1989), on page 246, there is a description of film

oo Formation of Al accézding to the double wall CVD
method. In this method, TIBA is used and the device
is deslgned so that the ges temperature of TBA can be
nade higher than the substrate temperature. This
mothod may be also regarded as & modification aof the

25 Sbove-mentioned Jgpanese Laid-open Patent Application

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

v
-_—
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above, various types of CVD (Chem cal Vaporoﬁ%ggﬁoi'zon) "r?étnﬁg%is‘ have been @eo7
proposed. In these 5 nethods, chem cal reaction of the starting gas in sone
formis utilized. In plasma CVD or optical CVD, deconposition of the

starting gas occurs in gas phase, and the agtive species forned there

further reacts on the substrate to give ris®to filmformation. In 10

t hese. CVD net hods, surface coverage on unevenness on the substrate surface

is good. However, carbon atons contained in the starting gas nol ecule are

00T POt o | 1% SphUe il 4o, b hohad Y BT Bk P00
damage) as iN.  put not only the difference between the gas .
‘ temperature and the subs.trate surface temperature can
be controlled with difficulty, but also there is the

s drawback that the bomb and the pipeline must be
heatéd. Moreover, according to this method, there are
involved such problems that no uniform continwous-film
cen be formed, that flatness of the film is poor,
etc., unless the film is made thick to some extent.

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

15 As described sbove, prior art methods cannot
necessarily effect well seloctive growth of Al-Si, and
even if.possible, there is a problem with respect- to
flstness, resistance, purity, etc.. of the Al film
formed. Also, there bas been involved the problem

20 ‘that -the film formation method is complicated and can
be contro:}led with difﬁcultﬁ. '

25 .
-
i
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the case of the sputtering nethod. The thermal CVD method, in which the

___Koos

filmgrows through the surface reaction primarily on the substrate surface,

is good in surface coverage on 20 unevenn

s such as stepped portion of the

surface, etc. Also, it can be expected th2$ deposition within via-hole w ||

readily occur.

avoi ded. Furthernore,

met hod. The 1

10

15

L,

Further, wire breaking at the stepped portion can be
( there are not caused danages by 25 charged particles
whi ch have been observed in the case of the plasma CVD or the sputtering

According to the method described in Journal of
Electrochemical Society, Vol. 131, p. 2175 (19%84), supra,
surface flatness of Al is poor, and yet Al within via-
hble cannot become dense inadequately (seé Fig. 1a).

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

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

£ilm of Al. _

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

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

Al on the Yinsulating film. Alsoc, the film formation

_—
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1 nethods of such a kind include, for exanple, the nethod seen in Journal
of El ectrochem cal Society, Vol. 131, p. 2175 (1984). In this nethod
triisobutyl alumnum (i-Clerr]Herr])[err] AQ(TIBA) is used as organic 5
aluminumgas and an Al filmis. formed at a filmfornation tenperature of
260[err]C and a reaction tube pressure of 0.5 Torr. The substrate
tenperature is then maintained at about 450[err]C and SiH4 is introduced to
diffuse Si inthe Al film thus obtaining an Al-Si 10 film Wen TIBAis to

be used, a contii neegbofiz| are wompdicagedhand dHEfituwidy soatredlabhe. s
effected in
and therefore they are not advantageous methods as the

preparation technique of semiconductor integrated circuit

which require essentially preparation at low cost.
5 Particularly, the problems in performing multi-layexr
wiring are great.
As described above, in the technical field of
semiconductors of which higher integration has been
'desired, for providing a semiconductor device of higher
10 3integration and higher performance inexpensively, there

existed many rooms to be improved.

SUMMARY OF THE INVENTION

The present invention has been accomplished
15 in view of the techniqal tasks as descxribed abovp, and

is intended to provide a deposited film formation method

Band}
-’

N utilizing the method capable of forming a £ilm of Al
or a metal composed mainly of Al which is excellent
in flatness and of good quality as electroconductive
20 material with good éontrollability at a desired position.
Another object of the present invention is to
provide a ‘deposited film formation method of a film
of Al or a metal composedlmainly of Al which is very
broad in general purpose availability without reguiring
95 3 complicated and expensive deposited film formation
device. ' |
Agother object of the preseht invention is to
\
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which priof to filmformation, TiC[err] is flowed to activate the
substrate surface to formnuclei. 15 Fuyrfhernore, in case where TIBA is -

used, there is a problemthat surface flakness is not sufficient even when
is not possible to effect selective

Tid[err]

is used. By this nmethod it

growt h such as Al -Si deposition only in via-holes. 20 As anot her

Applled Physi cs,

net hod, there can be nentioned the nethod described in Japanese Journal of
Vol . 27, No. 11, p. L2134 198%é ﬁ% . _nmethod, TIBA
and Si[err] Hler PFo¥ifg: if F\I‘?hfm’@@-%as oo q“ﬁr@ 998ses are

@oio _

heated before T A [ 93gh°8: 22 ﬁavix?ﬁjbs%frfaEgenHyt&&l’ﬁ&:@@hnﬁﬂc&:ﬂti&é m

of a | ow

10

15

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

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

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

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

introducing at least a gas of an alkyl aluminum

hydride and hydrogen gas into said space for deposited

film formation,

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

mgdifying the surface of said non-electron

\ ’
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resistivity can be epitaxially growm on a Si(100) 6 1 wafer. Although
the filmobtained by this nethod has good high quality, there are involved
the problens that control is difficult dd&€to necessity of heating the
gases and that apparatus for effecting this method 5 is conplicat ed.
Japanese Lai d- Open Patent Application No. 63- 33569 describes a nethod- of
formng a filmby using no TiC [err], but using in place thereof organic

al um num and
1

10

20

25

donative surface (B), and forming an aluminum film ox
a metal film composed mainly of aluminum on said surface
(é) and on said aluminum film or metal £ilm composed
mainly of aluminum selectively depasited.

Stillsanother object of the present invention

is to provide a deposited £film formation method com-

prising the steps ofs

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

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

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

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

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

oxr metal‘film composed mainly of aluminum and said

do11
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heating it in the vicinity of the substrate. 10 According to this nethod,
Al can be deposited selectively only on thgéyetal or sem conduct or surface
fromwhich the naturally oxidized fil mhas been renoved. In this case, it
is clearly stated that the 15 step of renoving the naturally oxidized film
on the substrate surface is necessary before introduction of TIBA. Also, it
I s described that, since TIBA can be used alone, no carrier gas is required

to be used, ht 1g§§ | e as. . However, 20
‘the reaction '@% Wi ano%%'l:&?%ﬁla?% uiiv&ﬁuﬁff%é.g got conterrpl at ed at
all, and there is no degpihiAt bABtREr object of the present invention

is to provide a deposited film formation method by

faading a gas of an alkyl aluminum hydride, or a gas
5 of an alkyl aluminum hydride and a gas containing
silicon onto a substrate of an electron donative
surface (A) and a non-electron donative surface (B)
to form an Al or Al-Si film only on the electron
donative surface (A), and yet aftexr the selective
10 film formation modifying the non-electron domative
surface (B) to permit Ai or Al-S8i to be also deposited
thereon, whereby a dense Al or Al-Si film can be formed
at high speed. |
Still another object of the present invention
15 4is to provide a ‘deposited £ilm formation method which
can control selective/non-selective deposition by
controlling the applied power for plasma formation
and therefore can perform embedding within via-~hole
and éeposition onta an insulating layer in one.reaction
59 9device and yet conti;uously without change of gas species,
and conseguently can form an electroconductive film
excellent in step coverage and electrocanductivity
and can form a good film as wiring for semiconductor

device such as LSI, etc.
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use of Herr] as the carrier gas. Also, in addition to TIBA, trinethyl

al um num (TMA) and triethyl alum num (TEA) are nentioned, but there is no
speci fic 25 description of other organi §4§etals. This is because, since the
chemical properties of organic netals 7 1 generally vary greatly if the
organi ¢ substituent. attached to the netal elenent varies little, it is
necessary to investigate individually by detailed experlnentatlon to
determ ne what organic netal should

1 BRIEY DESCRIPTION OF THE DRAWINGS

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

- the deposited film formation method of the prior art.

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

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

10 tion of the deposited film formation method according
to the present 1nvent10n. _

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

15 according to the present invention.

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

film formation method according to the present invention.

DETAXLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

invention is not limited to these embodiments, but

his She
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5 be used. In the CVD nethod as described above, not only there is an
I nconveni ence that the naturally oxidized filmnust be renpved, but also
there is the drawback that no surface snoothhess can be obtai ned. Al so, 10
there is the restriction that heating of the gas is necessary, and yet
heating nust be done in the vicinity of the substrate.  Besides, it nust
al so be experinmentally determ ned at what poximty to the substrate heating
nmust  be done, whereby there is also 15 the problemthat the place for
setting the heat er angnechsbitutdons astohylisieiiy tﬂm&bﬁec{:nofhﬂupre text of
t he 2nd Synposi um of

present invention can be employed.

In the present invention, a metal is selectively
deposited by utilizing an alkyl aluminum hydride, parti-
3 cularly an alkyl aluminum hydride containing methyl

group, and then again the metal is deposited non-

selectively..

- e
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El ectrochem cal Society, Branch of Japan (July 7, 1989), on page 75, there

Is a description of film20 formation of Al according to the double wall
CVD nethod. In this nmethod, TIBA is used addothe device is designed so that
t he gas tenperature of TBA can be made higher than the substrate
tenperature. This method may be al so regarded as a nodification of the 25
above- nenti oned Japanese Lai d-open Patent Application No. 63-33569. Also
in this method, Al can be 1 selectively growmn only on a netal or

sem conductor, 1 In the following, prior to detailed

description, first, the procéss for forming a
deposited film by use of an organic metal is outliped.
The decomposition reaction of an organic

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

10 For example, in the case of “‘R3 {M: the broup

>

III metal, R: alkyl group}, trimethyl gallium:

CHs
CHa-63”
* N,

in thermal decomposition undergoes radical ‘cleavage i

)

This Sheet Been

. (7T



L RelElVeD Bo/ac 83,06 1996 AT 5336694 PAGE 16 (PRINTED PAGE 16) ]
. '98 02/22 10:11 03 3211 5035 OKABE TOKY0-2  =+++ dnmgﬁ ido1s
but not."only the difference between the.gas tenperature and the substrate

surface tenperature can be controlled with d"Pficulty, but also there is
the 5 drawback that the bonmb and the pipeline nust be heated. Mreover,
according to this nethod, there are involved such problens that no uniform
continuous-filmcan be fornmed, that flatness of the filmis poor, etc.,
unless the filmis made thick to sonme extent. 10 As set forth
above, the prior art nethods have the problens to be solved that it is

difficult to qbtahlledefd da4il,Sbohltl #5061daved) WhLa! k¥iévnpnd good
quality, that there is considéable limtation in apparatus and in film

formation. gallium:
— Calls

CaHg—-Ga
' ™ Calis

5 in thermal decomposition is decomposed through &-
elimination into:
Camsmeal
end C,H,. On the other hand, triethyl aluminum
10 Aattached with the seme ethyl group:
' czﬂs'.‘é.ﬁ/czus
T~Calis
in thermal decomposition undergoes radical - .
decomposition in which Al-CH_ is cleaved. However, tri-
15 :I.éo-butyl aluminum having :!.c41ig bonded therein:
_ - iCltls '
1CqHa= AL TN iClls
is subject to S-elimination.
Trimethyl aluminum (TMA) comprising CHSI groups

20 and Al has a dimer structure at room temperature:

H
Cils ~_ A _~CHa— A.Q:c 3:
CHs ~ClHs CHa

and thermal decomposition ia radical decomposition in

25
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15 - As described above, prior art nethods cannot necessarily effect

wel |l selective growh of Al-Si, and even if possible, there-is a problem
with respect to flatness, resistance, puriﬁyg etc. of the Al filmforned.
Al so, there has been involved the problem 20 that the filmformation nethod
I's conplicated and can be controlled with difficulty. 25 9 According to
t he met hod described in Journal of
1 which Al—-cu3 gfoup is_cléavad, and at & temperature of
150 % or lpwer, it reacts witi atmospheric Hz to dem
CH,, snd forms finally Al. |
However, at a high temperature of 300 %% or
5 higher, even if Hz may be present in the atmosphere;
CH; group will withdraw H from the TMA molecule, until
finally Al-C compound is formed.
Also, in the case of TMA, in light or a
certein region cdntrolled in electrib powar in Hz
10 atmasphere high frequengy (ca. 13.56 MHz) plasna, czns
will be formed by the bridging cna between two Al's.
' In.essence, since even an organic metal
- comprising CHy group which the simplest alkyl group,
. GC,Hg group or 1iC,H, group and Al or Ga has 'a resction
15 mode dapending on the kind of the alkyl gréup, the .
kind of the metal atom, the excitation decoupoéition
means, for deposition of a metal atom from an organic
métal on a desired substrata; the decomposition
reaction must be strictly controlled. For exaumple,
20 when Al is to be desosited fron triiéobu:yl aluminum:

1CLH
1Callon 12 — iCatin)
iCLle”

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

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

. _
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El ectro'chem cal Society, Vol. 131, p. 2175 (1984), supra, surface flatness.
of Al is poor, and yet Al within via- hol d.9annot becone dense i nadequat el y
(see Fig. 1A). 5 1n Fig. 1A 90 is a single crystalline Si substrate, 91 an
insulating filmconprising Si2, and 92 a deposited filmof Al. Also, in

t he met hod .described in the techni que of Japanese Patent Application

Lai d- Open No. 63-33569, 10 since surface snoothness of Al w thin via-hole
which is a great premise is not sufficient, Qé:E gse of reS|stIV|ty at the

interface betwkenSth8URfe¢e raughening,through, £fusigh ahdthee film
according to the §B’d_££?£é&%£®4&%d A‘i". Lndb§:l baOMaNt d%ﬁogi_sgsﬁfgration

resistance is inferior, whereby it can be utilizad for
ultre~-LSI process wifh difficultf. _

5 For this reason, a maethod for controlling
precisely both the gas temperature and the substrate
temperature. has been éttemptad. However, the device
is complicated, and the method is of the shaat
treatment type in which deposition can be effected

10 only on one wafer by one deposition process. Besides,
eince tha deposition spééd is 500 A/min. at the
highest, the throughput necessary for bulk production

'cannot be realized.
S£uilar1y, uhen TMA is employed, Al depasition

15 has been attompted.hy'use of plasma or light, the
device also becomes complicated due to use of plasme

O " or light, and also bacause of the sheet type davice,
there remains room for improvement for sufficient
improvement of throughpuf.

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

25 deposited films are formed under all the conditicns.

For example, in an example of deposition Al by optical

o

— -
_\
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15 Fig. 1B). In Fig. 1B, 92-1 shows the selectively deposited filmof Al
according to the CVD net hod, 92-2 depositﬁilnfi | mof Al according to the
sputtering method, and.92-3 the causes of aracteristic deterjoration such
as inpurity at the interface, etc. 20 As described above, the
met hods of the prior art cannot necessarily cause selective gromh of A to
occur successfully, or even if possible, problens are involved wth respect
to flatness, purity of Al film and therefore, for further deposition of A
also 25 on anti ngﬁpaﬂ‘wg BNAHy, thecpurface W@M% wBt Anfexder; anl

continuity between the Al within V|a hole and the Al on.th sulatin
film Al sg t he ftheéh Fesigtivity value was greater than the guiﬂ value 9

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

- being inferioy in film quality.

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

In the present ‘invention, for depositing an Al-
Si £ilm of good quality as the electraconductive

10 depos:ition film on a sut:strate, the CVD method is
used.

More specifically, by use of dimethyl aluminum
hydgme (DMAK) :
' Cis AR —.H

15 Chemical formula: ClHs

or monomethyl aluminum hydride (MHZ}:

Chenmical formula: Cis =~ 'Yiat H

ao @s alkyl aluminum -h}dride which is an organic met'al as
a starting gas containing at least one atom which
becomes the constituent of the deposited f£ilm,
optionally together with a gas containing Si atoms as
another starting gas, and by use of l-l2 as the reaction

95 gas, an Al £film or a metal film composed mainly of Al
is formed by gas phase growth with a gas mixture of
these on g substrate.
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10 1 net.hods are conplicated and difficulty controllable, and therefore

they are not advant ageous nethods as the preparati'on techni que of

sem conductor integrated circuit which @huire essentially preparation at

| ow cost. 5 Particularly, the problens in performng nulti-layer wiring are

great. As described above, in the technical field of sem conductors of

whi ch higher integration has been desired, for providing a sem conductor

devi ce of higher
1 As the substrate applicable in the present

inyention, a material having electron donative
property may be employed.
The electron donative material is described in
5§ detail below.
The electron donative material refers to one
having free electrons existing or free eléctrons .
intentiohally formed in the substrafe, for example, a
naterial having a surface on which the chemical
10 resction is promoted through give-snd-take of
electrons with the star;ing gas moleciules attached on
the substrate surface. For example, generally metals
and semiconductors correspond to such materiamail. Those
having very thia oxidiged £f4lm on .the matal or
15 semiconductor surféce are also included. For, with
sudh thin film, the chemical reaction can occur
' between the suhstrata'and the attached starting
molecules.
Specifically, there may be ingcluded
20 semiconductors sucﬁ as single crystalline silicon,
polycrystalline silicon, amorbhous silicon, etc.,
binary sjétem or ternary system or quaférnary system
IXI-V compound semiconductors comprising combinations
of Ga, In, Al as the group III element and P, As, N as
25 the group V element, or II-IV compound semiconducters,
or metals themselves such as tungsten, molybdenum,

tantalum,; aluminum, titanium, copper, etc., or
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10 integration and hi gher performance |nexpen5|ve thére exi st ed many

roons to be inproved. SUMVARY OF THE | NVENTI ON The present I nvention has
been acconplished 15 in view of the techn@®@l tasks as descri bed above, and
is intended to provide a deposited filmformation method utilizing the

met hod capable of forming a filmof A or a netal conposed mainly of Al
which .is excellent in flatness and of good quality as el ectroconductive 20
material with good controllability at a desired position. Another object of

the present igvegihQRikSs! ) btfﬁhﬁiédﬂfhﬁ gRbhon nethod of a
filmof A or a %eta?lcd%ﬁgge naln y o? %f Ich 1s ve?y )
silicide, molybdenum silicide, tantalum silicide,

@o21

aluminum silicide, titanium silicide, etc.,'further
mefals containing either one of the constituent of the
5 sabove metals such es aluminum silicon, aluminum

titanium, aluminum copper., aluminum tantalum, aluminum

silicon copper, aluminum silicon titanium, aluminum

palladium, titanium nitride, etec.

On the substrate with such constitution, Al is

10 deaposited only through ginple thermal reaction in the
reaction systemn of the starting gas and nz. For
example, the thermal reaction in the reaction system
betveen DMAH and K2 may be basically considered as

follows:

15 .
C H CHs .
a"u.’ 227 HHa—288 & +4CHL T +Hz T

Clis~ ™~~~ T CHs

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

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

/
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broad in general purpose availability without requiring 25 a conplicated

and expensive deposited filmformation device. Another object of the
present invention is to provide in the2first place a nethod for formng
a deposited filmhaving sufficiently excellent characteristics also as the
t hr ee-di nensi onal wring by formng a filmenhanced in denseness, fl atness
within via-hole according 5 to the selective deposition nethod and further
depositing non-selectively A of good quality continuously from
1 wvapor pressiufe is 1 Torr at room temperature.
In another embodiment of the present invention,
tﬁg CVD method is wused for selective deposition of a
- good Al £ilm or metal film composed mainly of Al as
5 the electroconductive deposition f£ilm on the
substrate. _
More specifically, as described above, by use
of dimethyl aluminum hydride (DMAH) or monomethyl
alminum hydride (MMAHz), optionally together with a
10 gas containing Si atoms as the startiqg gas, and by
used of Hz as the reacéion gas, an Al film or a metal
£ilm composed mainly of Al is salectively formed on the
substrate by gas phase growth with a gas mixture of'.
these. , '
15 The substrate ;pplioable in the present
invention has a first substrate surféce material for
WJ . formation of the surface on which Al-Si is deposited,
and second substrate surface materlal on which neo
metal is deposited. And, as the first substrate
20 surface material, ; material having the electron
| donative surface is used. |
In contrast, as the matexial for forming the
surface on which Al or a metal composed mainly of Al is
. not deposited selectively, namely the material for
a5 forming the electron non- donative surface, conventional
insulating materials, oxdized silicon formed by thermal

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

' &
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Vi a- hole also on an insulating film Further, another object of the present
invention is to-provide a nethod for forn1ng an el ectroconductive 10
deposited fil mwhich becomes wiring of gddd quality excellent in step
coverage. Another object of the present invention is to provide a deposited
filmformation nethod conprising the steps of: 15 arranging a
substrate having an el ectron donative surface (A) and a non-el ectron
donative surface (B) in a space for deposited filmformation, introducing

at |least a gas BEGANPSEKVRPSE, Ut Blathal) i tiddeaUedlgassiTidonsai d
space for deposited

nitrided £ilm by plasma CVD, low pressure CVD, ECR-CVD
method atc,
Fig. 2 is a schematic view showing a
5 preferable deposition f£1lm forming device for applying
the present invention.
.Here, 1 is a substrate for forming an Al-Si
film.' The substrate 1 ia‘nounged on-a substrate
holder 3 provided internally of the reaction tube 2
10 for foiming a space for formation of a deposited film
" which is substantially ciosed to Fig. 2. As the
material constituting tha reaction tube 2, quartz is
.preferable, ﬁut it may be alsn made of a metal. In
~ this csse, it is prefersble to cooi the reaction tube.
15 - The substrate holder s.is made of a metal, and is
provided with a heater 4 so that the substrate mounted
) theréon can be heated. And, the constitution is made
so that the substrate temperature can be controlled by
controlling the heat genératibn temperature of the
20 heater 4. :
The feeding system of gases is constituted as
described below.
5 is a gas mixer, in which the first starting
gas, the second starting gas and the reaction gas are
25 mixed, and the mixture is fed into the reaciton tube
2. 6 iz a starting gas gasifier'prévided for gasificat~

ion of an &rganic metal as the first sfarting gas.
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20 fil'm fornation

non-el ectron

10

15

20

235

The arganic metal to be used in the present
jnvention is liquid gt room temperature, and is for;ed
into saturated vapor by passing a carrier gas through
the liqﬁid of the organic metal within the gasifier 6,
which is in turn introduced into the mixer §.

The evacuation is constituted as descrfhed
below. '

1 is é gate valve, which is opened who#
performing evacuation of a large volume such aé during
evacuation internally of the reaction tube 2 be?ore
formation of the deposi;ed film. 8 is a slow I;ak
valve, which is used when perforning eveouation:of a
small volume such as in controlling the pressure
fnternally of the reaction tube 2 during formation of
the deposited film. 9 1S en evacuation unit, which is
constituted of a pump for- evacuation such as turbo
molecu;ar pump, etc.

The conveying system of the substrate 1 is
constituted as descrzbad balow.

10 18 a substrate conveying chamber which can
house the substrate before and after formation of the
deposited film, which is evacuated by opening the
valve 11. 12 is en.evaouation unit for evacuating the
conveying chamber, which is constituted of a pump for
evacuvation such as tu:bb molecular pump, etc.

The valve 13 is opened only when the substrate

1 is trandéferred between the reaction chamber and the

-
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mai ntai ning the tenperature of said electron donative
surface (A) within the range of the deconposi- tion tenperature of said

al kyl al um num hydride or higher and 4%perr]C or | ower, thereby formng
selectively 25 an alumnumfilmor a netal
on said electron donative surface (A,

@024

filmconposed mainly of alum num
and nodi fying the surface of said
12 donative surface (B), and formng an alum numfil m or
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a metal-fil'mconposed mainly of alum num on sal'ﬁ’ surface (ﬁﬁmand on said
alumnumfilmor netal filmconposed mainly of alum num sel ectively
deposited. 5 - . - Still another object of the present inventionis to
provide a deposi-Ped filmformation method e+ prising the steps of:
arranging a substrate having an el ectron donative surface (A) and a

non-el ectron donative 10 surface (B) i'n a space for deposited film
formation in the CVD device capable of generating a plasnma, introducing at
| east a -gas of xmen¥ewingabpataum hydri de and hydrogen gas into said space

for deposited filmformation,
As shown in Fig. 2, in the starting gas

dozs

gasifier 6 which is the gas formation chamber for

foﬁing the startin§ gas, the liquid DMAH maintained

5 at room teomperature is bubbled with H, or Ar (or other
inert gas) as the carrier gas to form gaseous DMAH,
which is transported to _the mixer 5. The H, gas es
the reaction gas is transported through anothexy routé
into the mixer 5. The gases are controlled in flow

10 Trates so that the respective partlal pressures may

become desired values.

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

and .mumz may be used in a mixture.

[

20
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15 ) mai ntal ning the tenperature of g%‘lnﬁ Tgﬁoc'?ronﬁao%ng?i ve surface
(A) within the range of the decom position tenperature of said alkyl

al umi num hydri de or higher and 450[err] @& |ower, thereby form ng sel ec-
tively an aluminumfilmor a nmetal film conposed mainly 20 of al umi num on
said el ectron donative surface (A), nodifying the surface of said

non-el ectron donative surface (B) by generating a plasna in said device
while introducing at | east a gas of al kyl al um num hydri de and hydrogen
gas, and 25 1 forn A§ &heaberdmd nstfarntingr gasneontafning Sinpbdeb

mai nly of alum numon said alumnumfilmor netal filmconposed nei.nly of
al umi num and saj d €ar optionally be used, there can be used iZHG' SiH4,

do2s

Si.Hg, Si(CHB) 4 s:i.c14, Sﬂ{2C12‘and s:u-13c1.l Of these

compounds sizH6 which can be easily decomposed at the

5 low temperature of 200 - 300°C. The gases such as
512H6 are diluted with Hz or Ar and transported to the
mixer 5 through a system other than the DMAH system.

_ The deposited film formed at a substrate
temperature of 160 °C to 450 °C by use of such

10 starting gas and reaction ¢gas, with a thickness of for
exanple 4bo A, has a.résistivitv at room temperature
of 2.7 — 3.0 pobme.-cm which is substantially equal to
Al bulk resistivity, and ia a continuous and flat
£1lm., At this .t:lne, the pressure during film

15 formation can be chose;n within the range from 10 >
Torr to 760 Torr. Also, even when the film thickness
may be 1 nm, its resistivity i1s ca. 2.7 - 8.0 pohm-on,
and a sufficlently dense film can be formed also with
a relatively thicker film. Also, the reflectance in

20 the visible light _w.'avelength ragion is approximately
80 ¥, whereby a thin film excellent in surface
flatness can be deposited.

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

25 containing Al or higher, and 450 °C or lawer as"

—_—
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13 1 rodified non-el ectron donative surface (B). Still another object of
the present invention is-to provide a deposited filmformati.on net hod by
feeding a gas of an al kyl alum num hydride€28or .a gas 5 of an al kyl al um num
“hydride and a gas containing silicon onto a substrate of an electron
- donative surface (A) and a non-el ectron donative surface (B) to forman Al
or AI-Si filmonly on the electron donative surface (A, and yet after the

sel ective 1 described above, but specifically the substrate
tenperature of 200 to 450 ¢ is more desirable, and -

when deposition is carried out under this condition,

4 o0 10”3 Torr,

by making the DMAH partial pressure 10
5§ the deposit:lon. speed becones very great as 100 A/min.
to 800 i/min., whereby sufficient great deposition

speed corresponding to the cost as the Al-S5i
deposition technique for ultra-LSI can be obta:lned.'
A more profe:.-abl.e substrate temperature
10 vondition is 270 °C to 350 °C, and the metal film
deposited under this condition is also strongly
orientatable and, wen when subjected to the heat
treatment at 450 °C for 1 hour, the metal film om the
81 monocrystalline or Si polyecrystalline substrate
15 becomes a good metal film without generation of
hillock, spike as seen in the film forming method of
- the prior art. Also, such metal film is excellent in .
eleetro—migration. resistance.
In the device shown in Fig. 2, Al~Si can be
20 deposited on only one sheet of substrate in deposition
for one time. Although a deposition aspeed of ca. 800
a/ain., can be obtalned, it is still insufficient for
performning deposition of a large number of sheets
within a short tine. ’
25 As the deposition film forming device for

improving this point, there is the low pressure CVD

*
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can be forned at high speed. Still

tsds t hereon éqsqmg* or

anot her object of the present

-Si fil gae

| nvention"

15 is to provide a deposited filmformation nethod which can contr ol
sel ectivel/ non-sel ective deposition by con#‘| II|ng the applied power for

pl asma formation and therefore can perfor
deposition onto an insulating |ayer
-continuously w thout change of gas speci es,

enbeddi ng within via-hole and
in one reaction 20 device and yet
and ‘consequently can form an

el ect rocondycwgcilvlmrg&(cel I %epesytst eﬁeggi/eb a%%&qagegggr oconductivity

e

10

mounting of a large number of sheets of wafer. Since-

the ’n_tetal. film formation according to the pregent
invention uti'l:lzu the aﬁrf_ace reaction on the
electron dopnative substrate surface, in the hot wﬁll
type lah pressure 'cvp method wherein only the

substrate is heated, Al can be deposited on the

substrate by use of DMAH and Bz » optionally together with

the S§i starting gas such as s:l.zﬁ'g, ete.

The reaction tube pressure may be 0.05 to 760

. Torr, desirably 0.1 to 0.8 Torr, the substrate

15

25

temperature 160 °C to 480 °C, desirably 200 °C to 400
°C, the DMAH partial pressure 1 X 10 °—fold to 1.3 X
10"%-f01d of the préssure in the reaction tube, the
S1,H, partial pressure 1 x 10" '~fold to 1 x 10”2014
of the pressure in the reaction tube, and undé;r such
conditions, Al-Si oan be wall deposited on the
electron donative substrate.

Fig. 3 is a schematic illustration showing a
deposited film forming device to which such present

invention is applicable.

$7 is a substrate for formation of a metal £ilm,

$0 is an outside reaction tube made of quartz for
forming a space for formation of Qeposited film
substantially closed to the surrounding, %1 an

innerside reaction tube made of guartz located for
>

M

T
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and can forma good filmas wiring for, senmiconductor device such as LSI,
etc. 25 - 14 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gs. 1A and.1B are
'schematic sectional views for illustration ofdBhe Al film formed according
to the deposited filmformation nmethod of the prior art. 5 Fi gs.
2 and 3 are schematic views showing the deposited filmfornation device
suitable for inplenenting

1 ‘separating the flow of gas within the outside reaction
tube 30, 54 a flange made of & metal for opening and -
closing of the opening of the ocutside reaction tube

- 50, and the substrate 67 is located within the

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

Also, in the present device, the substrate .
tenmperature can be controlled by the heater portion
10 59. The press\ire internally of the reaction tube 50
is constituted so as ta be controllable by the
d@vacuation system connected through tha gas evacuation
outlet B3. |
The gas feeding system is constituted to have
15 a first gas system, a second gas system, a third gas
system and a mixer (none are shown in Fig. 2)

&) aimilarly as the device shown by the symbols 5 and 6
in Fig. 2, and the starting gases and the reaction gas
are introduced into the reaction tube 350 through the

20 starting gas inlet 52. These gases react on the
surface of the suﬁstrate $7 during passage internally
of the innerside reaction tube 51 as shown by the |
arrowhead 658 in Fig. 3 to depoait metal on the
substraté surface. The gases after the reaction pass

25 through the gap formed between the innerside reaction

tube 51 and the outside reaction tube 50, and

]
e
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t he deposited filmformati on nethod according to tge pré’?ent I nventi on. a
Figs. 4A - 4F are schematic views for illustra- 10 tion of the deposited

filmformation nethod according to the presegii nvention. Figs. 5, 6 and 7
are schematic views showi ng the deposited fil'mformation devicé suitable
for inplementing the deposited filmformation method 15 according to the
present invention. Figs. 8A - 8D are schematic sectional views for

il lustration,of the deposited filmformation gtithod corsty ng to an exanple
of the present panthrongh the Fan SYAGRAEIORPHOIR: ©°- ,

In taking out and in the substrate, the flange

54 m.ade of a metal is permitted to fall by an elavator

- {(not shown) together with the substrate holding member

5 56 and the substrate 57 to be moved t6 a predetermined
position where the substrate is mounted and deta'ched.

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

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

25 stress and is approximate to the state of

\
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20 - Figs. 9A - 9D are schematic views for illustration of the
manner of sel ective deposition in the deposited filmformation nethod
according to the present invention. DETAI LEB@ESCRI PTI ON OF THE PREFERRED

EMBODI MENTS 25 Preferred enbodi nents according to the present
i nvention are described in detail below but the present invention is ‘not
limted to these enbodi nents, but 1 any constitution acconplishing the

obj ect of theﬂ Pr ASEGSr NNt | PRrCeRIHrRIBYDY 96 the hBat PeRsElentIvention,
a metal is selectively :
at‘450 9¢ for one hour, as contrasted to formation of
10% - 10%/cn? of hillocks in the Al film of the
° prior art, the billock number could be greatly
s improved as 0 to 10lcmz. Thus, due to'aubstantial
absence of Al surface conéavity, the resist film
thickness and the interlayer insulating film can ye
made thin to be advantageous for making it finer and
moxe flat.
10. (2) Improvement of electro-migration resistance
Eleptro~migratian is the phenomenon that the.
wiring atomé move by passage of a current of higp
density. By this phenomenon, voids are generated and
grown along the grain boundary, whereby as. accompanied
15 wWith reduction of the cross—sectional area, the uiring
generates heat to be broken. In the prior art, the |
. anti-migration property has beea improved by adding
Cu, T1, etc. to Al to form an alloy. However, the
alloy formation results in complication of the etching
'y Step end difficulty of minute formation.
Migraticon resistance is generally evaluated by
average wiring life.
The wiring formed by the sputtering method or
" the CcVvD metﬁod of the prior art bas obtained anaverage
25 Wiring life of 1 x 102 to 103 hours (in the case of a

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

]

_
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deposi-ted by utilizing an al kyl alunminum hydride, parti- 5 cularly

al um num hydri de contai ni ng net hyl
deposited non- selectively. 10 15 20 25 33 16 1

to detail ed

10

15

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

A/omz

. f11m formation method based on the embodiment of

the present invention could obtain an average wiring

life of 103 ta 104 hours with a wiring having a cross—
2

~ sectional area of 1 um™.

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

(3) Reduction of alloy pits in contact portion

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

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

technique of Ti, W, Mo type.

°

—\x
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or gani ¢ ‘netal

I's outlined. The deconposition reaction of an organic 5

netal, and hence the thin fil mdeposition reaction.-will vary greatly
depending on the kind of the netal atonlagge kind of the al kyl bonded to

the metal atom the neans of causing the

conposition reaction to occur,

t he atnospheric gas, etc. 10 For exanple, in the case of MR3 (M

the group I11

nmetal, R al kyl group), trinmethyl galllun1 [err] in thernal

deconposi ti Orf- ur]dergoesﬁggg‘lreclql' &lleeavaz%mjig sone points to be

10

2¢

improved such as-complioation of etching, rise of.
contact resistivity and the like. In a metal £ilm formed
according to the present invention, generation of

alloy pits in contact portion with substrate crystal

. due to heat treatment in the wiring step can be

inhibited and wiring with good contact can also be
obtained. in other words, wiring can be effected only
with a deposited material without destreoying junction
even when the junction is formed in a depth of about
0.1 un. ’
(i) Improvement of surface smoothness (patterning
cheracteristic improvement of wiring)
. In the prior art, roughness of the surface of
a metal thin film had £nconvenience in the aligument
step for the mask and the substrate in the patteraing
step and in the etching step.
| That is, there is unavennéss extending to
several um on the surface of Al film according to the
prior art ﬁethod. wﬁereby the surface morphology is
poor, and therefore had the following disadvantages.
1¥ Alignment signals cause diffused reflection
to occur at the surface, whereby noise level becomes
higher and inberent alignment aignals cannot be
discriminated. |

2} For covering large surface unevenness, the
raesist film, thickness must be taken large, which is

This Sheet Has Been R laced
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20 25 17 vherein Ga-CH3 bond is cl eaved, \mpﬁetrlethyl gmlum [er
In thermal deconposition is deconposed through [err]- elimnation into:
[err] and Clerr]Herr]. On the other hand, triethyl alum num

1

10

15

20

25

39

opposite to fine formation.

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

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

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

In other words, in the patterning step., at the
line width of the resolving power limit of the
exposure machine, the a]zigment precisicn 3 =0.15 un
can be accomplished, whereby wiring ha?ring snooth side
plane is rendered possible without causi.ng halation to
ocour. ' | .

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

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

wiring and the element becomes markedly larger-

According to the embodiment of the present

]

] 5 Qo3
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10 attached with the sane ethyl group: [err] in thermal deconposition
under goes radi cal deconposition in which Al-Clerr]Herr] is cleaved.
However, tri- 15

I so- butyl aluninun1having%FC[err]H[err]_bonded therein

CH err] groups 20 and Al has a dimer structure at roomtenperature: [err]
deconposition is radical deconposition in 25

and t her mal

1

10

15

invention, since a dense film is formed according to

the surface reaction, Al or A1-Si has been confirmed “to have
a resiativity of 2.7 — 3.3 pobm om. Alse, the contact

2

resistivity can attain 1 x 10—6 ochn.cmn” at an area of -

0.6 pan X 0.6 pm when the S1 portion has an impurity of
1029 en™3, .
That is, accoyding to the present invention, a
goad contact with the substrate can be obtained.
{6) It ﬁeoanes possible to make heat treatment dwxring
wiring step lower or abolish the heat tréatment step.
As described in éetail above, by applying the
present invention to the wiring formation method of a
ﬁanieonduetom-integratad eircuit, the yield can be
inproved, and reduction.of cost can be promoted to

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

art.

\R
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18 1  whi csho%zzcﬁferr] a"éu%“.‘ss"%‘f eaved, aoxd‘nat a terrperature of 150[err]C

or lower, it reacts with atnospheric H[ergi to formCHerr], and forns
finally Al . However, at a high tenperature of 300[err]C or 5 higher, even
if H2 may be present in the atnosphere, CHerr] group will withdraw H from
the TMA nolecule, until finally A -C conpound is formed. Also, in the case.
of TMA, in light or a certain region controlled in electric power in Herr]
10 atnosphere high frequency (ca. 13.56 MHz) plasma, C2H6

1 As described above, according to the CVD method
utilizing a gas of an alkyl aluminum hydride, particularly

aﬁ alkyl aluminum hydride containing methyl group, a

metal film for semiconductor integrated circuit device
5 excellent in flatnesa, migration resistance, electzro-
conducfivity, etc. can be formed.

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

Figs. AA - 4E are schematic views showing the

10 manner of selective growth when DMAH and H, or DMAH,
8.1.21-16 and H, are amployed.

Fig. 4A illustr?tes schematically a sectional
view of the substrate before formation of Al or Al-Si
deposited film. 90 is a substrate comprising electron’

15 donative material such-as $i wafer. 91 is a thin £film
comprising a non—electron donative material such as

T thermally oxidized Si02 film or CvDBSG film.

In the case of deposition of an Al-Si f£ilm,

when'DMAH, 512H5 as. the starting material gases and

20 a gas mixture containing H, as the reactive gas axe
fed onto the substrate 1 heated within the temperature
of the decomposition temperature of DuAﬁ' or higher
and 450 °C or lower, Al-8i is precipitated on the
substrate 90 to form é.continuous film of Al-Si as shown
25

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

grows to the level of the uppermost portion of the thin
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will be formed by the bridging CHerr] between two Al's. In essence, since
even an organic netal conprising CHerr] gg@ip which the sinplest alKkyl
group, C2H5 group or iCerr]H err] group and Al or Ga has a reaction 15
node dependi ng on the kind of the al kyl group, the kind of the netal atom
the excitation deconposition nmeans, for deposition of a netal atomfrom an
organi c netal on a desired substrate, the deconposition reaction nust be

strictly contr xffrq ' f(’%% | tgd drdvm

triisobutyl ﬁ g err] *1 ﬁ"észgew p?eééuir:ée ﬁggﬁcoﬁgrr si ng

mai nl'y thermal reaﬁt ¥4, 4'1?‘6\@@[“83.5$1§£| E8AT fFow €£5000 ROBOBELANtially
without growth in the lateral direction. This is the

most salient feature of the deposited £film by use of

5 DMAH and l-l2

understoocd that how a £ilm of _good quality could be

or DMAH, Hz' and S"z"s' and it would be

obtained under good selectivity.
And, as the results of analyses by Auger’s electron
spéctrophotometry and photoelectron spectrophotometry,
10 Po impurity such as carbon or oxygen is .recognized to

be mixed in the film.

»

The reaistivity of the deposited film thus forrrled
is 2.7 to 3.0 Ul-cm at room temperature with a £ilm
thickness of 400 A whi?h is suhatantially egual to the

15 . resistivity of Al buJJc. and the f£ilm becomes continuous
and flat. Also, even 'with a £ilm thickness of 1l um,

: its resistivity is also ca. 2.7 to 3.0u& -om at room
temperature. Thus, sufficiently dense £film can be also
formed for a thick £ilm. The reflectance in the visible

g9 Wavelength region is also ca. 80 %, whereby a thin film
excellent in surface flatness can be deposited.

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

25 essentially required. Further, after eelective deposi-
tion as shown in Fig. 4D, in the same reaction vessel

 as shown, in Fig. 4F, if Al or Al-Si can be deposited
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25 the surface wher eby the surface nDrphoI:fy Is inferior. Also, hillock
generation by heat treatnent, 19 1 Si sfid ace roughening through S

di ffusion at the interface betmeen Al and Si occur, and al so m gration
resistance is inferior, whereby it can be utilized for ultra-LSlI process
with difficulty. 5 For this reason, a nethod for controlling
precisely both the gas tenperature and t he substrate t enperature has been
attenpt ed. FbmﬁyeraeigﬁlgggwéﬁZvo, in view of crystallinlty of Al, the
mg?hod of forming a nucleus or an extremely thin lem
of Al or a metal composed mainly of AL may be moxe
" preferable than the methods_of fb;ming other nuclei
5 or extremely thin films.

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

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

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

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

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

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

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

out by introducing the gas as descxribed above, again

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

-
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I's conplicated, and the nethod is of. the sheet treatnent type i n which
deposition can be effected 10 only on on%gmafer by one deposition process.
Besi des, since the deposition speed.is 500 A/ mn. at the highest, the
t hroughput necessary for bul k production cannot be realized. Sinlarly,
when TMA is enployed, Al deposition 15 has been attenpted by use of plasnma
or light, the device al so becones conplicated due to use of plasma or
light, and al so because of the sheet type device, there remains roomfor
| mprovenent for aushape e shopmoisnPig. ofFL hr oughput. 20 D net hyl
al um num hydri de (DMAH) as the al kyl ..

As the substrate temperature, the decomposition

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

j0 Dpressure is 1.5 x 1070

to 1.3 x 10 >-fold of the pressure
within the reaction vas;el, whereby a sufficiently 1a£ge
deposition rate as the Al-S5i deposition technique for
ultra-LSI can be obtained.
More prefexablg. the substrate temperature is
1§ 270 °C to 350 °C, and the Al-Si film deposited under
the condition is also strongly orientatable, and the
Al-Si film on an Si single crystalline or Si poly-
crystalline substrate becomes an Al-Si £f1lm of good
quality without generation of hillock, spike even when
20 subjected to heat treatment at 450 °*C for ome hour.
Also, such Al-5i film is excellent in electromigration'
resistance.
The surface modification step here is to form
an extremely thin film or nucleus of Ti, §i, etc. which
25 is alectron donative onto the non-electron donative
surface by.feeding a gas of TiCl,, Si, H., SiH,, §iCl,.

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

Qdoss
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al um num hydride to be utilized in the present invention is a substance
known as al kyl netal, but it could not bg stimated at all what Al thin
filmcould be deposited dependi ng on what* * eacti on node, unless 25
deposited filns are formed under all the conditions. For exanple, in an
exanpl e of deposition A by optical 20 1 CvD from DVAH, the surface

nor phol ogy is inferior, and the resistivity value was greater than the bulk

value (2.7 [err]ohmcn) as several [err]Johmto 10 [err]ohmcm thus
1 312“5- SiH4, 31c14, 513013, Sinc:l2 at the same substrate

temperature as during deposition of Al or Al-Si undér

a partial pressure of 1074 to 2 Torr, the non-alectron

donative surface becomes an electron donative surface
5 practically effectively, whereby deposition as shown
in Fig. 4F becomes possible. An extremely thim film
of a metal which is electron donative may be also formed
on the non-électron donative surface. |
As the surface modification step, there is,

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

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

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

When a plasma is employed, Ar oxr H2 plasma

25 can be employed, and an H2 plasma wherein reactive

particles such as hydrogen ion, hydrogen radicals,

etc. exigt is preferable. Suxface modification is

Q@o4o
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being inferior in filmquality. 5 Now, referring to the draw ngs,
preferred enbodi nents of the present invegtj on are described in nore
detail. In the present invention, for dep0siting an Al- Si film of good

quality as the el ectroconductive 10 deposition filmon a substrate, the CVD
met hod is used. Mire specifically, by use of dinethyl alum num hydride,

(DVAH) : 15 Chem cal formul a: [err] or nononethyl alum num
hydri de (MVAH2): Chem cal fornul a: [err]
1 poesible under a reaction tube pressure of 0.1 to 5_

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

it is 0.2 to 0.5 chm3.
By feeding the above-mentioned TiCl4. sizﬂs,
5 SiH,, 51014, S4iHC1., siH2012 at the same substrate
temperature as'during deposition of Al o:_hl-si under

4 to 1 Torr, the non-electron

' a partial pressura of 10"
donative surface becomeé an electron donative surface
practically effectiveiy; whereby deposition as shown

10 in Fig. 4E becomes possible. .

' ¥When DMAH + H, 15 used for formation of an extremely
thin £ilm of a meéal which is electron donétive on a
non~-electron donative surface, carbon willj;be mixed
therein, but it is also possible to use the method in

15 which the substrate temperature is elevated momentarily
to a temperature of 450 °C or higher. |

Fig. 6 is a schematic view of the device which

can form an Al-C extremely thin film or nucleus by
heating momentarily the substrate temperature to a

20 substrate temperatu;e of 450 *C to 550 °C only during
surface modification step, for example, so as to obtain
a temperature elevation of 100 °C/min., and feeding
DMAH and H,. The portions havimng the same function
as in Fig. 6 are affixed with the same numerals. 21

25 13 a light transmissive window, which is a glas§ made
of quartz. 22 is a lamp for momentarily heating. Xe
lamp, Hg-Be lamp, W lamp may be employed. Laser, etc.

s S
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20 as al kyl alum num hydride which is an organic netal as a starting gas
contai ning at |east one atom whi ch becones §{ye constituent of the deposited
film optionally together with a gas containing Si atons as anot her
starting gas, and by use of Herr] as the reaction 25 gas, an Al filmor a
metal filmconposed mainly of Al is fornmed by gas phase growh with a gas
m xture of these on a substrate. 21 1 As the substrate
applicable in the present

1 may be also employed, but a lamp is preferable for uniform

ang mmmenfaiily,heating.
' The suhstrate=is conveyed in the vertical direction
to the paper surface (conveying chamber not shown).
5 In the surface modificatioﬁ step, there is
also the method in which DMAH molecules or H, molecules
are excited and dacomposed by use of a plasma into
electron donative molacules to form a nucleus or
extremely thin layer of Al or Al-Si onto the non-
10 electron donative substrate surface. PFig. 7 is a
schematic view showing ;n example of the deposited
£film formation device to which the present invention
is applicable.
The difference from Fig. 5 1s the point that
15 earth electrodes 16' and 16" are provided in addition
to the excitation electrode 16 as the plasma generation
electrode. During the surface modification step, a
plasma ;s formed by applying a high f:equeqcy power
of ca. 13.56 MHz on the electrode 16. Since the
20 Excitation.electrod; 16 is sandwiched between the
earth electrodes 16' and 16", the electric line.of
force terminates at the earth electrodes 16' and 16",
whereby the plasma will not contact the substrate 1.
After selectively depositing Al or Al-Si on the electromn
25 donative surface on the substrate having the electron
donative surface and the non-electron donative surface,

a plasmaéis generated while feeding DMAH and H, or DMAH,

—

This Sheet Has B

DV



L BELLIVLLY ¥4/l WJ. l0 1370 31 a3aUDIT Faibk 33 (FHINIEV YRol 1a3) 1
_ ~'86 02/22 10:21  B03 3211 5035 OKABE TOKYO-2  -+++ DREW Qo043
I nvention, a material having el ectron donative property may be enpl oyed.

The el ectron donative material is described‘£? 5 detail below. The electron
donative material refers to one having free ectrons existing or free
electrons intentionally forned in the substrate, for exanple, a materi al
having a surface on which the chemcal 10 reaction is pronoted through

gi ve-and-take of electrons with the starting gas nol ecul es attached on the
substrate surface. For exanple, generally netals and semi-conductors

correspond tolsudhy madeSighs aomchay T8y ther pLesmd, JRAH A oEPLA®en t he

metal or .
and decomposed to become electron donative molecules

to form an Al or Al-Si nucleus of extremely thin £ilm

onto the non-electron donative surface. After forma-

5 tion of Al nuclemns, plasma is stopped and deposition
is continued. -

Since the partial pressure of DMAH during Al
deposition is at most 5 x 10'3—£old relative to the
reactive gas H:, the properties of the plasma are

10 extremely similar to those of H, plasma. 1If the
plasma power is great, bMAH will be more excited and
decomposed than necessary, whereby carbon will be
mixed in the Al or Al-Si formed in the, surface
modification step. ©On the other hand, if the plasma
15 Ppower is too small, no.nMAH is excited and decomposed, i
whereby no nucleus or extremely thin £ilm of Al or
Al-Si is formed. When Ar is employed as the carrier
gas, carbon is mixed in the nucleus or extremely thin
£film of Al or Al-Si formed in the surface modification
20 step,'and therefore:it is desirable to use B, a8 the
carrier gas. The reaction tube pressure during surface
modification may be 0.1 to 5 Torr, the applied plasma
power 0.02 to 0.4 WIcm3 in the device shown in Fig.
5. and the surface modification time 10 sec. or longex.
25 At an applied plasma force of ca. 0.02 W/cm3
or lower, no Al or Al-Si nucleus ox extremely. thin

£ilm camd be formed to effect no surface modification.

_—
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15 sem conductor surface are afso I ncl uded. '@o %h Such fhln film the

chem cal reaction can occur between the substrate and the attached starting
nol ecul es. Specifically, there nay be i'ncl 4ded 20 seniconductors such as
single crystalline silicon, polycrystalline silicon, anorphous silicon,
etc., binary systemor ternary systemor quaternary systemll|Il-V conpound
sem conduct ors conprising conbinations of Ga, In, Al as the group |1

elenent and P, As, N as 25 the group V elenent, or I1-1V conpound

seni conduct er s,; or Thet plashd cfoileV Eorsechface wa;s:eatianl gholeIdirhe

tantal um alum num titanium copper, etc. r
d§§irahly 0.02 to 0.06 W/cm . After modification
_ of. the non-electron donative surface, Al is daposited
- noneselectively on the alectron donative surface and
5 the non-alectron donative surface. At this time, no
carbon is detected ét the interface between the Al ox
al-si selectively deposited and the Al or Al-Si non-
selectively deposited. _
After the surface modification step, deposition
10 may be aleo continued without stopping of plasma. The
Al or Al-§i film qualit& deposited by application of
plasma as such is found to be substantially of the
same kind as the deposited without application of
plésma. However, sinc? it is slightly inferior in
15 surface flatness, it is desirable to apply plasma
only during surface modification. The plasma power

density appliad during surface modification is smaller

-~

than the plasma power used in general plasma CVD or
reactive ion etching, and substantially no deposited

20 product onto the reaction tube surface will be formed.

In the device shown in Fig. 7, a high frequency

power source of 13.56 MHz is used for plasma generation,
but discharging of direct current or frequency for
commercial use or microwave (e.g. 2.45 GHz) may be

25 also used.

' However, fox direct current discharging,

electrodés must be provided within the reaction chamber.

—_—
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22 1 silicides of the above netals such as Bpngsten silicide, nolybdenum
silicide, tantalumsilicide, alumnumsilicrde, titaniumsilicide, etc.,
further netals containing either one of the constituent of the 5 above
metals such as alum numsilicon, alumnumtitanium alum num copper

alum numtantal um alum numsilicon copper, alumnumsilicon titanium

al um num pal | adi umy, (i Lo Um il LeT g, £1Ce, Q0 09 (S UOBLLR! Sl waV"
desirably 0.02 to 0.06 W/cm3. After modification |
. oéitho non-electron donative surface, Al is deposited
- non-selecfively'on the alectron donative surface and
s the non-alectron donative surface. it this time, no
carbon is detected at the interface between the Al or
Al-S1 selectively dehosited and the Al or Al-Si non-
selectively deposited.
After the surface modification step, deposition
10 may be also continued without stopping of plasma. The
Al or A)-Si film qualit; deposited by application of
plasma as such is found to be substantially of the
' same kind as the deposited without application of
plésma. However, sincg it is slightly inferior in
15 surface fiatness, it is desirable to apply plasma
only during surface modification. The plasma power

density appliad during surface modification is smaller

o
h-'

than the plasma power used in general plasma CVD or
reactive ion etching, and substantially no deposited
. 20 product onto the reaction tube aurfacg will be foxrmed.
In the device shown in Fig. 7, a high freqguency
power source of 13.56 MHz is used for plasma generationm,
but discharging of direct current or frequency for
commercial use or microwave (e.g. 2.45 GHz) may be
o5 @lso used. |
Howevex, foxr direct current discharging,

- electrodgs must be provided within the reaction chambex.
<
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10 deposited only through sinple thermal reaction in the reaction system of
the starting gas and Herr]. For exanplgathe thernmal reaction in the
reaction system between DMAH and H err] y be basically considered as
follows: [err] DVMAH assunmes a diner structure at. roomtenperature. Al so,
with MMAH err], a high quality Al filmcould be 20 forned by thernal
reacti on as shown bel ow in Exanpl es. Since NN%H[err] has | ow vapor pressure

as 0.01 to 0.1 Torr at roomtenperature, | ar unt of {he startin
material can De tPniher PERET HARdy; MpeB Pl AR pabredy m rprma

the deposition Spigdrgauired. Therefore, if simplification of the device
c;nstitution is desired, utilization of high frequency
- of 13.56 MHz which requires only provision of external
5. electrodes is preferabla.

The film obtained by the Al or Al-Si film
formation method based on the present invention hpé
such characteristics that it is dense, the content of
impurities such as carbon, etc. is also extremely small,

10 the resistivity is similar to that of bulk, and also
it has high surface fléiness. Additionally, it has
the marked effacts as shown below:

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

15 (2) -improvement of electromigration resistance;

(3) reduction of alloy pit at the contact

o portiog,
' (4) impxovement of wiring patterning characte-~
ristic through surface smoothness improvement,
20 {(5) impro#ément of resistaqce'within.via-hole
and contact resistance,

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

According €0 the method shown by the present

95 Ainvention, even on a substrate in which an electron
donative material and a non-electron donative material

are inclyded therein having an unevenness of ¥ m order,

mllsllsl}iietlillailisTIn Rei
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25 several hundred A/mn. in the present enbodinent, and preferably, it is
nost desirable to use DMAH of which 23 1 vapor pressure is- 1 Torr at

roomtenperature. |In another enbodi nent oj{jt he present invention, the CVD
method is used for selective deposition of a good Al filmor nmetal film
conposed mainly of Al as 5 the el ectroconductive deposition filmon the -
substrate. Mre specifically, as described above, by use

1 sub-micron order, first a deposited f£ilm can be formed
se}ectiveiy at the concavity, and'thereafter a uniform
Al film can be formed on the whole substrate surface

*  within the same £ilm forming device.

5 ' In the multi-layer wiring formation step of
ultra-LSI, reduction of f£ilm thickness of the metal
thin film at the uneven portion lowers reliability of
the wiring formation step, but according to the Al £ilm
or Al-Si £ilm depositioﬁ method of the present invention,

190 there is no film thickness reduction, etc. at the uneven
portion, whereby Al, AlZSi £ilm of high reliabllity
can be formed.

In the sputtering method of the prior art,
becéuse film fbrmatibn‘onéo uneven portion-can be done

j5 Wwith difficulty, at the opening cross-sectional portion
of an imsulating f£ilm, the step of forming a slope

:"} ‘according to such a method.as reflow by high temperature
heat treatment ‘has dbeen regquired.

However, provision of a slope onto the cpening

20 requires unnecessar§ area, which is a step contradictory
to fine formation technigue.

According to the present iavention, tha cross-
section embed Al ox Al-Si is embedded in via-hole whose
cross-section is vertical, and also the Al £ilm fgrmed

gs thereafter is excellent in flathess, and therefore the
present method is ideal as the wiring metal deposition

of finelx formed ultra-LSI.

T
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of dinethyl alum num hydride (DVAH) or nononet hyl al m num hydride (MVAH2),
optionally together with a 10 gas containing Si atons as the starting gas,
and by used of Herr] as the reaction gas,5&n Al filmor a netal film
conposed mainly of Al is selectively formed on the substrate by gas phase
gromh with a gas m xture of these. 15 . The substrate applicable
In the present invention has a first substrate surface material for

formation of the surface on which A -Si is deposited, and second substrate
surface materihl éﬁgmﬁigh—no netal is deposited. And, as the first

substrate 20 surface matghlayodediiie 0?12V A0S AR Weltas
| d;;cribed below. | | .

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

-8
5 tube 2 was intexrnally evacuated to ca. 1 x 10 Torr

by an evacuation equipment 9. However, £ilm formation
of Al was possible, even if the vacuum degree within

8 Torr.

the reaction tube 2 may be worse than 1 x 10
After washing of Si wafer, Si wafer was mognted
19 4in the conveying chamber 10 by releasing the conveying
chamber 10 to atmospher;c pressure. After evacuation

of the conveying chamber to ca. 1 x 1076

Torr, . the
gate valve 13 was opened and the wafer was mounted on
the wafer holder 3. )
5 After the wafer was mounted on the wafer holder
3, the gate valve 13 was closed, and the reaction chamber
2 was evacuated to a vacuum degree of ca. 1 x 10'8 Torr.
In this Example, DMAH was fed through the first
gas line. As the carrier gas through the DMAH line,
99 Hy was employed. Tﬁe second gas line was for Hz.
By permitfing H, to flow through the second
gas line, the opening of the slow leak valve 8 was
controlled to adjust the pressure within the reaction
tube 2 to a predetermined value. A typical pressure
25 in this Example was made ca. 1.5 Torr. Then, the
water was heated by current passage through the heater

4. Aftexy the wafer température has reached a predeterminad

\
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donative surface is used. In contrast, as the material for formng the
surface on which Al or a netal conposedlqifny of Al is not .deposited
selectively, nanely the material for “rmng the el ectron non-
donative surface, conventional insulating materials, oxdized silicon forned
by thermal oxidation, CVD, etc., glass or oxidized filn1such as 24 1
BSG PSG BPSG etc., thermally nitrided film silicon nitrided film by

plasma CVD, |qw pr. gﬁigggtg§g> fi G423 introduced into the reaction tube

through the DMAH line. The total pressure was ca. 1.5
T;rr,land the nMAH pressure was made ca. 1.5 x 10674
- Torr. When DMAH was introduced into the reactioh tube
$ 2, Al was deposited.
After elapse of a predetermined deposition
time, feeding of DMAH was once stopped. The predeter-
mined deposition time of the first Al film deposited
in this process was the time until the thickness of
10 the Al film on S5i becomes equal to the £ilm thickness
of Si°z° This time, 1£ the deposition rate was previously
calculated, can be determined by the method in which
'the deposition time was set on the basis of the data.
While maintaining constantly the substrate
15 temperature, '.I.'ic:I.4 was introduced into the reaction
vessel 2. The time for intxoducing TiCl, was ca. 10
minutes. The step of introducing 11014 was the surface
modification step. Feeding of Tiél; was stopped, and
again DMAH was fed. By feeding of_DMAH, Al was
20 deposited on the Ai £ilm alﬁeady depoéited and the
sio2 film. After elapse of a predetermined deposition
time, feeding of DMAH was stopped. The Al film deposited
in this process was called the second Al film.
In the above-described saméle, in a temperature
25 range of 160 *C to 450 °C, in the first Al f£film deposi-
tion step, no Al was deposited on Sioz, but Al Wifh

the same, film thickness as 810, was deposited only

—_—
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met hod, etc. Fig. 2 is a schematic view showng a 5 preferable deposition :

filmformng device for applying the present invention. Here, 1 is a
substrate for formng an Al-Si film The substrate 1 is nounted on a
substrate holder 3 provided internally of 3fe reaction tube 2 10 for
formng a space for formation of a deposited filmwhich is substantially
closed to Fig. 2. As the material constituting the reaction tube 2, quartz
is preferable, but it may be also nade of a netal. In this case, it is
preferabl e tojicoohttblee rperitidn whelpe. S15wds cexpasad;awbihe| terti® spcoade. of

a netal, and is .
AJLfilm deposition step, Al was deposited at substantially
the same deposition rate on the first Al f£ilm and $i0,.

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

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

10 formation was as described above.

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

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

" subjected to thermal oxidation at a temperature of

15 .1000 *C according to the hydxoéen combustion system
(H,s 4 litexr/M, Ozﬁ 2 liter/M).

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

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

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

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

—_—
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be controlled by controlling the heat generation tenperature of the 20
heater 4. The feeding system of gases is constituted as described below. 5
Is a gas mxer, in which the first starting gas, the second starting gas
and the reaction gas are 25 m xed, and e mxture is fed into the reaciton
tube 2. 6 is a starting gas gasifier provided for gasificat- ion of an
organic netal as the first startlng gas.

1 0.25 um to 100 um x 100 um were prepared.

And, by setrting the substrate temperature at

13 levels, Al was deposited according to the procedure -

as descoribed above for 10 sheets of samples at the
5 respective substrate temperatures.

The respective conditions for the first Al
film deposition step, the surface modification step

and the second Al film deposition step were made as

follows:

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

during éurface modification step,

TiCl, par?ial pressure 0.1 Torx

15 ' during the second Al film deposition step,

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

The Al £ilms deposited by varying the substrate

temperature at 13 levels were evaluated by use of various

evaluation methods. The results are shown in Table 1.

N ' -
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tenperature, and is forned into saturated vapor by passing a carrier gas
through the liquid of the organic nmetal within the gasifier 6, 5 which is

in turn introduced into the m xer 5. The evacuation is constituted as

described below. 7 is a gate valve, whiclds opened when perforning

evacuation of a large volune such as during 10 evacuation internally of the
reaction tube 2 before

1 In the above samples, at a temperature range of
160 *C to 450 °C, Al was deposited in the first Al deposi-

tion step selectively only at the Si exposed.portion

with the same thickness as £i0,. This film was found

5 to be a singie cxystal. Further, in the second Al
deposition step, Al was deposited at.the same deposi-
tion rate on both of the 5i0, surface and the Al film
deposited in the first deposition step.

Both of the Al film selectively deposited on

10 Si and the Al film deposited on $i0, after the surface
modification step were ;f gbod quality with respect
tb resistivity, reflectance, hillock generation density
after the heat treatment step, etc.

Also, substantially no increase of ‘resistance

15 occurred at the interface between the first Al £ilm
and the second Al film.

Even when the T1C14 partial pressure was varied
from 0.05 to 0.5 Torr, there was substantially no difference
1n deposition rate and the f£ilm quality of Al film.

g0 Example 2 '

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

25 In the first Al deposition step, only at the
Si expoaed portiomn, Al film with the same thickneés

as S:i.()2 was étiapos:i.’ced, and when the substrate temperature

This Sheet Has Been R
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formation of the deposited film 8 is a slow | eak val ve, whichis used when
perform ng evacuation of a snmall volune such as in controlling the pressure
internally of the reaction tube 2 during formation of 15 the deposited

film 9 is an evacuation unit, which is cHtituted of a punp for

evacuation such as turbo nol ecul ar punp, etc. The conveying system of the
substrate 1 is constituted as descri bed bel ow. 20 10 is a

substrate conveyi ng chanber which can house the substrate before and after
formation of 1 hedueingithe] surtacewmedhticatdon: gierdobyeMhei ke A8 val ve

11. 12 i in ev ion unit for ev i n h -
s ane aggagné)tﬁg QEZH% pgrgfgfiprégéhfz of 0.1 to 50 Toxr,

in.the second Al deposition step, Al was déposited at
the same deposition rate both on §iO, and on the first
5 AL £ilm.
The film quality of the Al film deposited was
found to be good similarly as in Example 1.
Example 3 _
According to the same procedure as in Example
o 1. Al £ilm was deposited by introducing 5iCl,, SiHCl,
or SiH,Cl, at a partial.pressure of 0.1 to 50 Torr in
blace of TiCl, during the surface modification step.
 In the first Al deposition step, only at the
si éxposed portion, Al f£ilm with the same thickness
15 as 8102 was deposited, ;nd.when +he substrate temperature
during the surface modification step was 200 °C to 430
N ‘C and the partial pressure of $iCl,, SiHCl3 or SiHZCJ.2
) of 0.1 to 50 Torr, in the second Al deposition step,
Al was deposited at the same deposition xate both on
0 510, and on the first Al film.
The film quality of the Al film deposited was
found to be good- similarly as in Example 1.
Example 4 '
According to the same procedure.as in Examples
25 1, 2 and 3 except for using Ar in place of H, as the

carrier gas, Al was deposited on the Si substrate with

the patteyned s:l.o2 thin £ilm. The preparation meghod

g
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conveyi ng chanber,

as turbo nDIecuIar punp, etc. The valve 13 is opened only when the
substrate 1 is transferred between the reaction chanber and'the 1

conveyi ng space.

mai ntai ned 5 at

As shown in Fig. 2, inYfie starting gas gasifier 6 which
I's the gas formation chanber for formng the starting gas,

inert gas) as the carrier gas to form gaseous DVAH,

1

10

15

20

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

as in Examples 1, 2 and 3.
Example 5

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

Preparation of Sample 5-1

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

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

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

single crystalline silicon;

Shmllilailiglileﬂllcim '

which is constituted. of .a punp for 25 evacuation such

the |iquid DVAH
roomtenperature is bubbled with Herr] or Ar (or other

o053
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which is transporteé to The L8 e HOENE T3, 25 e action gas is 9084
transported through another route into the mxer 5. The gases are
controlled in flow 10 rates so that the respective partial pressures may
becorme desired values. In the case of fdd8ing a filmby this device, the
first starting gas may be of course MvAH err], but DVAH with a vapor
pressure enough to becone 1 Torr at 15 roomtenperature is the nost
preferred. Al so, DVAH and MVAH2 nay be used in a mxture. 20 25
1 Sample 5-3 was a bozron doped oxidized f£ilm

formed by normal pressure CVD (hereinafter abbreviated
as'BSG)IEingle crystalline silicon:
= Sample 5-4 was a phosphorus doped oxidized film

5§ formed by normal pressure CVD (hereinafter abbreviated
as PSG)/single crystalline siiigoh:

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

10 ) Sample 5- 6 was a mitrified £ilm formed by
plasma CVD (hereinafter abbreviated as P-SiN)/single
crystalline silicon;

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

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

;“, single crystalline silicon;

Sample 5-9 was a nitrified film formed by ECR
device (hereinafter abbreviated as ECR-SiN)/single

og Crystalline silicon.

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

25 Table 2 were prepared.
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27 As the second starting gas containing S
there can be used Si2H6, SiHerr], _
SiCl[err], SiHerr]C[err] and SiH[err]CJ»ftI t hese conpounds Si[err]H err]
whi ch can be easily deconposed at the 5

300[err] C

by use of such 10

& ik aled (JE SRSEN A MAS B SARARS et
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The gases such as Si[err]Herr]
and transported to the m xer 5 through a system other than the DMAH system
The deposited filmformed at a substrate tenperature of 160 C to 450[err]C
st ar t EngTable ahd asdde SArghssubFinate SHELRGGss of for

10

20

25

whi ch can optionally be
SiferrlHerr], Si(CHerr])[err],

| ow t enperature of 200 -
are diluted with Herr]

material were employed single crystalline silicon
(single crystalline S8i), polycrystalling gilicon

used,

or Ar

(polycrystalline Si), amorphous silicon (amorphous $i),

tungsten (W), molybdenum (Mo), tantalum (Ta), tungstenm
eilicide (Wsi), titanium silicide (Ti5i), aluminum
(Al), aluminumsilicon (Al-Si), titaniumaluminum (Al-
Ti), titanium nitride (Ti-N), copper (Cu), aluminum-
sillconcoppexr (Al-8i-Cu), aluminumpalladium (Al-P4),
titanium (Ti), molybdenum silicide (Mo-§i), tantalum
silicide (Ta-si). Thes; éamples were placed in the
low pressure CVD device, and Al films were formed
within the same batch. Al was deposited under fhe
following deposition cqnditions:

during the first Al film formation step,
0.3

3x 10

Torxr

reaction tube pressure:
' -5

DMAH partial pressure: - Torr

substrate temperature: 300 °C

during surface modification step,

TiCl4 ﬁartial pressures - 0.4 Toxrx

during the second Al film formation step:

‘0.3 Torr

-5

reaction tube pressure:

DMAH partial pressure: 3 x 10 ° Torx

Substrate temperature: 300 °C

Under the above conditions, in the first Al

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

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

\
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exanple 400 A, has a resistivity at roomtenperature of 2.7 - 3.0:

[err]ohm cm which is substantially equal tQ Al bulk resistivity, and is a
~continuous and flat film At this tine, th&(bressure during fil-m15
formation can be chosen within the range from 10[err] Torr to 760 Torr.
Al so, even when the filmthickness may be 1 [err]m its resistivity is ca.
2.7 - 3.0 [errJohmcm and a sufficiently dense filmcan be fornmed al so
with a relatively thicker film Al so, the reflectance-in 20 the visible
| i ght wavel engtih megredectramplandtivecfillaOwas dtposihedaoniynatithe
excellent in surface flatness can be deposited. The substrate tenperature
is desirably the Portion where the electron donative surface was exposed,
while in the second Al film deposition step after the
- surface modification step, Al was deposited at sub-
5 stantially the same deposition rate on the first Al
£ilm and the non-electron donative surféce.
The film quality of the Al film deposited was
found Lo be very good, exhibiting the same properties
of that at the substrate temperature'BOO *C shown in
Example 6
According to the same procedure as in Example
5, Al film was deposited by introducing SiH. at a
partial) pressure of 0.1 to 50 Torxr in place of TicC1,
1s QdQuring the surface modification step.
When the substrate temperature during the
surface modification step of 200 °C to 400 *C and the
8121{6 partial pressure of 0.1 to 50 Torr, in the second
Al deposition step, Al was deposited at thé same deposi-
g9 ‘tiom rate both on the £irst Al film and on the noa-
electron donative material.

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

Example 7
25 According to the same procedure as in Exarple

5, Al film was deposited by introducing Sic14. SiHc13
or SiH2c1i at a partial pressure of 0.1 to 50 Toxx in

- —

i
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deconposition tenperature of the starting gas 25 containing Al or higher,

and 450[err] C or | ower as 28 1 descrlbgﬁgabove, but specifically the

substrate tenperature.of 200 to 450[err]C
deposition is carried out under this condition,
pressure 10[err] to 10[err] Torr,

as 100. A/ m n.

nor e desirabl e, and when

corresponding to the cost as the Al -Si

1

10

15

20

25

place of TiCl, during the surface modification step.
In the first Al'deposition step. only at the
el;ctron don&tive material exposed portion, Al film
with the same thickness as the non-electron donative
material was deposited, and when the substrate temperature
during the surface modification step of 200 °C to 450
¢ and the partial pressure of Si614, 81H613 or SiH Cl2
of 0.1 to 50 Torr, in the second Al deposition step,
Al vas deposited at the same depos#tion rate both on
the non-electron donative material and oa the first
Al f£ilm. ]

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

According to the same procedure as in Example

1, Al deposition was carried out by use of MMAH, in
ptace of DMAH in the first Al deposition step and the
second Al deposition step.
The deposition conditions and the surface
modification step weie as follows:
dnring the first Al film formation stgp,
reaction tube pressure: : 1.5 Torr

~4 porr

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

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

M reaction tube pressurxe: 1.5 Torrx

TmsShathrBeml

L] lill

by maki ng the DMAH parti al
5 the deposition speed becones very great
to 800 A/m n. mhereby suff|C|ent great deposition speed

aos7
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deposition technique for ultra-LSlI can be obtained. A nore preferable
substrate tenperature 10 condition is 2fferr]C to 350[err]C, and the netal
filmdeposited under this condition is also strongly orientatable and, even
when subjected to the heat treatnent at 450[err]C for 1 hour, the netal

filmon the Si nonocrystalline or Si polycrystalline substrate 15 becones a
good netal filmw thout generation of hiIIock spi ke as seen in the film

form ng nmethod of the prior ﬁ:ﬁa*n A*é& egg{lgg fllmgsxemcé‘l ot i N
el ectro-mgration resistance 2¢ eV|ce shown in Fig. 2, Al-Si can be

20 deposited on only oneshget aBbve Ubhyxis; WA tHEROs| témperature range
offléo °c to 400 °C, Al was deposited with the same
<  thicknesg as s:i.o2 gelectively at only the Si exposed
g portion in the first Al deposition step, while in the
second Al deposition step,'A1 was deposited at the
same deposition rate on both the SiO, surface and.the
Al film deposited in the first deposition.step.
The same resuvlts were alsé obtained when SiZHG'
10 Sic14, SiHCl3 or Siﬂzclg was fed at a partial pressure
of 0.1 to 50 Torr in place of TiCl, during the surface
modification step.
Example 9
By use of the quice in Fig. 4, Al deposition
;5 Was carried out. The device in Fig. 4 was a device
shown in Fig. 2 which was provided with the electrode
B 13 for plasma generation and the power source 14 for
) | plasma genexation, When high frequency power was
applied on the plasma generation electrode 13 from
20 the power source 14,'a plasma (shown by broken line)
was generated within the reaction tube 2.
According to the same procedure-as in Example
1. the surface modification was caxrried out only under
the conditions of the surface modification step of:
05 ' | H, total pressure: 1.0 Torr
plasma power: _ 0;3 W/cm3

‘to effecté Al deposition. The substrate emploved was

—_—
This Sheet H
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for one tinme. Although a deposition speed of ca. 800 A/Amn. can be

obtained, it is still insufficient for gerforning deposition of a |arge
of sheets within a short tine.

form ng device for inproving this point, there is the | ow pressure CVD
29 1 device which can deposit a netal

nunber

nunber
pr esent

1

10

15

25

the Si wafer with the patterned sioz'tnin £ilm prepared
according to the same procedure as shown in Exanple”
1: '

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

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

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

Even when the conditions in the surface
modification step wére varied with H2 pressure from
0.1 to 2 Torr and the plasma power from 0.2 to 1 W/cm®,
there was no difference in deposition rate and film
quality of the Al film.

Example 10 _

By use of the device shoﬁn in Fig. 5, Al

deposition was carried out. in the device in Fig. 5,

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

\

This Sheet 1

Wi

As the deposition film

by sinul taneous nounting of a |arge
of sheets of wafer. Since the netal.filmformation according to the
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I nvention utilizes the surface reaction on the 5 el ectron donative
substrate surface, in the hot wall type | ow pressure CVD net hod wherein
only the substrate is heated, Al can begdgposi'ted on the substrate by use
of DMAH and H err], optionally together wth the Si starting gas such as
Si[err]Herr], etc. 10 . The reaction tube pressure may be 0.05 to
760 Torr, desirably 0.1 to 0.8 Torr, the substrate tenperature 160[err]Cto

$S0Lerr] G desly 3l RO bhCp! ya0Cad S forehllp PUBHLP Y dopalrabiess c 1 X
the 15 Si 26 partig) rm@&g@g 1x¥. 1855 s f,geg t021 wad M Q[j!dhtf el the
pressure in the reaction tu and under such
missive window, which was made of quartsz. -
2 In Fig. 5. the conveying chamber was mounted
5 in the vertical direction to the paper surface (not
shown). The deposition procedﬁre was as described below.
" The substrate holder was mounted on the wgfer
holder 3, Hz.gas was introduced under a pressure of
1.5 Torr into the reaction vessel 2, and then heated
10 Dby current passage through the heater 4. After it
. became a predetermined ;emperature, DMAH was introduced
into the reaction veesel 2 to form a first Al film.
After elapse of a predetermined deposition
timé. feeding only of DMAH was stopped. The wafer was
1§ Quickly heated by the iamp 22. after the substrate
. surface temperature became 500 °C, again DMAH was
o introduced into the reaction vessel for 0.1 to 5 minutes.
Again feeding of DMAH was stopped, the lamp 22 extinguished
and the substrate temperature dropped to a predetermined
20 temperature.: ' _ |
The surface modification step was as described
above, and thereafter again DMAH was.introduced to deposit
a second Al £ilm. After completion of a predetermined
deposition time, feeding of DMAH was stopped and also
25 current passage thorugh the heater was'stopped, fallawed
by cooling.

%; film was deposited undexr the following conditions:

_—

—_——
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conditions, Al -Si can be well deposited on the electron donative substrate.
Fig. 3 i1s a schematic illustration show ng a 20 deposited ftlmform ng
devi ce 'to which such present invention i sG@§oplicable. 57 is a substrate for
formation of a netal film 50 is an outside reaction tube nmade of quartz
for formng a space for formation of deposited film 25 substantially closed
to the surrounding, 51 an innerside reaction tube nade of quartz | ocated

for
1

10

20

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

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

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

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

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

deposited Al film was found to be substantially the

~same as in Table 1.

A

\

061

—_—
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30 1 separating the flow of gas within the outside reaction tube 50, 54 a
fl ange nmade of a netal for opening and cbﬁiing of the opening of the

out side reaction tube 50, and the substr 57 is located within the 5
substrate hol di ng menber 56 provided internally of the innerside reaction
tube 51. The substrate hol di ng nenber 56 should be preferably nade of
quartz. Also, in the present device, the substrate tenperature can be
controlled by the_ heater portion 10 59. The pressure internally of the
reaction tubd 50 E?é%%éi uted so as to be controllable by the evacuation

system connected through fh&, 9a34e¥8CHRL | Sdne procedure as in Example
1, si H, was added through the third gas line during

dos2

transportation of DMAH to the reaction tube, and Al-
5 8i deposition was carried out. |

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

as follows:

10 during the first Al-sSi film deposition step,
total pre.ssure 1.5 Torx
DMAH partial pressure 1.5 x 10™¥ Torr
si,B. partial pressure 2 x 107 Torr

during the surface modification step,
15 'i'iC:l4 partial pressure 0.1 Torr
during the sécond Al-8i film deposition step,

total pressure 1.5 Torxrr

DMAH partial pressure 1.5 x 10°2 rorr

8i,H. partial pressure 2 x 107 Torr
20 At a temperature range of 160 ¢ to 450 “cC,

AlL-Si was deposited in the first Al deposition step
selectivély only at the Si exposed portion with the
same thickness as,sioz, while in the second Al deposi-
tion.step. gl-Si wag deposited at the same depositien

25 xrate on both of the sio, surfaée and the Al-Si f£ilm
deposited in the first deposition step.

JBoth of the Ai—Si £4lm selectively deposited
K—
This Sheet Ha
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outl et 53. The gas feeding systemis constituted to have 15 a first gas
system a second gas system a third gaggystemand a m xer- (none are shown
in Fig. 2) simlarly as the device shown by the synbols 5 and 6 in Fig. 2,
and the starting gases and the reaction gas are introduced into the
reacti-on tube 50 through the 20 starting gas inlet 52. These gases react on
the surface of the substrate 57 during passage internally of the innerside

reacti on tube 51 _as.sho e ar d 58.in Figa. t i.t nmetal on
the substraté su?'f‘a%’é.a’%_e&éaﬁgséf{rgﬂ]t eé’°P§§8?i Sﬁg%"éé& %qﬁ%gﬁgh t he gap
formed between t Q-+l TRIdAT;cARE5h Bhep were not different in £iln

quality with :ﬁspect-to resistivity, reflectance,
" hilloek genération density.after the heat treatment
5 step, etc.

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

Even when the 'ricl4 partial pressure was varied

10 f£rom 0.05 to 0.5 Torr, there was substantially no
difference in depositio; rate, the f£ilm quality of Al-
Si £ilm. |
Example 12
According to typ same procedure as 'in Example
15 11, Al-Bi film was deposited by introducing 51236. Sic14,
SiHc13 or siH2c12 at a total pressure of 0.1 to 50 Torx
Y in place of".riCl4 during the surface ﬁodification step.

The respective conditiong foxr the first Al-Si

£ilm deposition stap, the surface modification step
a0 @nd the second Al-si £i1m deposition step were as follows:

during the first Al-Si film formation step,

total pressure ‘1.5 Torx

DMAH partial pressure 1.5 x 107 Torr

§i,H, partial pressure 2 x ;0'5 Torr
25 during the surface modification step, -

3
AY or'si!-lzc2 0.1 - 50 Torr

partial pressure of Sizna, SiCl4. SiHC1

-_— .
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tube 51 and the outside reaction tube 50, and 31 1 evacuated through the
gas evacuation outlet 53. In taking ou nd in the substrate, the flange 54
made of a metal is permitted to fall b n el evator (not shown).together
with the substrate hol ding nenber 5 56 and the substrate 57 to be noved to
a predeterm ned position where the substrate is nounted and detached. By

formng a deposited fil munder the conditions as descri bed above by use of
such devi ce,

1 during the second Al-Si film deposition step,
total pressure 1.5 Toxxr
‘ DMAH partial pressure 1.5 x 10~% Torx
- : Sizl-l6 partial pressure 2 x 10'§ TorTr
5 In the case of uéing s8i,H, in the surface

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

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

““‘M
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metal filns of good quality can be fornmed in all the 10 wafers within the
devi ce. As descri bed above, the film obtg’g\ged according to the film
formati on process based on the enbodi nen f the present invention is dense
with little content of inpurity such as carbon, etc. and 15 resistivity
which is simlar to bulk, and al so has high surface snoot hness, and
therefore remarkabl e effects as descri bed bel ow can be obtai ned. (1)
Reduction of fil| depositioskratse @nc bothnof tife wurifaseoand hehedl 20

surface due to partial mgration of Al when inner 'stress during film
formation is rel eAde§ii filncdepogited in the first deposition step.-

doss

The film guality of the Al-Si film deposited A
- was found to be good similarly as in the case of Example
5 1.
~ Example 13
According to the same procedures as in Example
11 and Example 12, Al-Si films were deposited by.varying
the Si,H, partial pressure during Al-Si film deposition.
lol The respective conditions for the first Al-Si
‘£ilm deposition step, the surface modification step
and the second Al—si £ilm deposition step were as
follows:

the fi;st Al-Si £film formatlon step,

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

1 x 107% Torx
substrate temperature 300 °C
20 the surface modification step,
p;rtial pressure of Sizﬂs' SiCl4, SiHCl3
or SiH,Cl, : . 0.1-= 50 Toxrr., or

partial pressure of TiCl4 0.05 - 0.5 Torr

substrate temperature 300 °C
25 . the second Al-Si film deposition step,
total pressure 1.5 Toxrx
DMAH partial pressure 1.5 x 10'4 Taorr
é .
NI
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heat treatnment step. Also, simlar phenonenon-occurs by l.ocal mgration by
current passage. The Al filmfornmed by tgf present invention has little

i nner 25 stress and is approximate to th 'Qtate of 32 | nonocrystal. For
this reason, in the heat treatnent at 450[err]C for one hour, as contrasted

to formation of 10[err] - 10[err]/cnferr] of hillocks in the Al filmof the
prior art, the hillock nunber could be greatly 5 inproved as 0 to .
10/cnferr] . fhus, due to sub&%ﬁetba&tial pressure 0.05 x 0.5 torr

| | substrate temperature 300 °C -

Si,H, was made equal durigg the firfst Al-Si
- deposition and during the second Al-Si deposition.
5 In either case of using TiCl,, S$i,H., 8iCl,,
SiHCl, or Sinzclz, in the first Al deposition step aAl-
Si was deposited selectively only at the Si exposed
portion with the same thickness as 8io,. and whilé in
the second Al-Si deposition step, Al-Si was deposited
10 at the same deposition rate on both of the SiO, surface
and the Al-Si film deposited in the first deposition
step.
The S1 content (wt.%) of the Al-Si £ilm formed
at ihis'time was varied from 0.005 & to 5 % in substantially
15 Proportion to the sizné partial pressure simultaneously
transported with DMAH.
Example 14
During the first Al-Si deposition step and the
second Al-Si deposition step of Example 11 and Example
29 12. the caxrier gas for DMAH transport was changed from
H, to Ar. Following otherwise entirely the same
procedure, Al-Si was deposited.
During the first Al-Si deposition and during
the second Al-Si deposition, H, was fed from the second
25 9as line.
Simiiarly in this Example, Al-Si deposited
£ilms co%}d be formed as in Example 11 and Example 12.

This Sheet Has Been Reﬂ
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rface concavity, the regist filmthickness and the

ating filmcan be made ®in to be advantageous for naking
e flat. 10 (2) Inprovenent of electro-mgration resistance
Electro-mgration is the phenonmenon that the wiring atons nove by passage
hi gh density. By this phenonenon, voids are generated and

arain bogndary, wher eby as acconpanied 15 with reduction of

2t he Wi ring generates heat to be broken. In the

rman al
same procedure as in Bxample 13, except for changing

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

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

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

the first Al film formation step,

reaction tube pressure 0.3 Torr

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

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

the surface modification step,

Ticl, pertial pressure 0.05 - 5 Torr, or
sizﬂs partial pressure - 0.1 to.50 Toxr, or
sic.l4 partial pressure 0.1 to 50 Torr, oxr

Siﬁ013 partial pressure 0.1 to 50 Toxxr, oxr

—_—
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alloy formation results in conpllcatlon of the etching 20 step and
difficulty of mnute formation. Mgration rgsistance is generally eval uated
by average wiring life. The wiring forned the sputtering nethod or the
CVD nethod of the prior art has obtained anaverage 25 wring life of 1 x
10[err] to 10[err] hours (in the case of a wring cross-sectional area of 1
[err]nferr]) under the 33 current passage test conditions of .250[err]C,

1 x 10[err] SiH,Cl, partial pressure 0.1 to 50 Torz

»

the seqond Al £ilm deposition step,

reaction tube pressure 0.3 Torr
- DMAH partial pressure 3 x 10™> Torr
5 §i,H, partial pressure 1 x 10°8 Torr
| substrate temperature 300 °C

Under the above conditions, in the first Al-
gi f;lm deposition step, no Al-8i was deposited on the
non-electron don#tive surface, but Al-8i waz deposited

10 only at the exposed portion of the electron donative
surface with the seme tﬁickness as the non-electron
donative film, while in the second Al-Si film deposi-~
tion step following the surface modification step, Al-
Si was deposited on both the first Al-si f£ilm and the

15 none-electron donative ;;rface at substantially the same
deposition rate.

The £ilm gquality of the al-si fiim deposited
was found excellent, exhibiting the same propertles
as those preparad at the substrate temperature 300 °C

20 Shown in Example 1.
Example 17

Accoxrding to the same procedure‘as in Example
1, except for using MMAH, in place of DMAH in the first
Al-Si deposition step and the second Al-Si deposition

o5 Step, with 312H6 fed simultaneously with ﬁMAH2~to the
reaction tube, al-S1 deposition was carried out.

_ | ?ge deposition conditions and th§ suxface

\
Thi;
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Alcnferr]. In contrast, the Al or Al-Si filmobtained by the film
formati on nmet hod based on the enbodinent.?? t he present invention could
obtain an average wiring 5 life.of 10[er to 10[err] hours with a wiring

having a cross- sectional area of 1 [err]nferr]. Hence, according to the
present invention, for exanple, when the wiring width is 0.8 [err]m a
wiring layer thickness of 0.3 [err]mcan sufficiently stand 10 practi cal
application. Thapol$ri&ifich idiap wggkggaﬁaggilgdyg:kness can be made
thinner, unevenness on the semiconductor surface after arrangenent of

Wi ring can be suppressed ehéifiyst aldsil SOibi frmationbeiepy | N passi ng
ordinary current can be obtained. Also, this

total pressure 1.5 Toxrr
s MMAH, partial pressure 5 x 1074 Tozr
s 8i,H, partial pressure 1 x 10°% Torr

the surface modification step,
T:I.CJ.4 partial pressure 0.1 Torx
the second Al-Si film deposition step,

total pressure . 1.5 Torr
10 MMAH, partial pressure 5 x 10~¢ rorr
8i,H, partial pressure 1 x 10™° Torr

In the above sampies, within a temperature range
of 160 °C to 400 °C, Al-8i was selectively deposited
with the same thickness as $i0, at only the Si exposed

35 Pportion in the first Ai-Si deposition step, while in
the second Al-Si deposition step, Al was deposited §n
both'the 810, surface and the Al film deposited in the
first daeposition step at the same deposition rate.

The same results were als; obtained when Sizﬂﬁ,
g0 SiCl,, siHC1l, or SiEZCIZ was fed at a partial pressure
of 0.1 to 50 Torr in place of 'ric14 in thé surface

modification step.
Example 18

According to the same procedures as in Example

95 11 and Example 12, Al-S5i was deposited using 3134 in
place of Sizns added during transportation of DMAH

-D:position wag carried out at a SiH4 partial

—_—
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between Al in the wiring material and Sl in the substrate may occur to
result in 20 penetration of Al -Si eutectiggalled as alloy pit into the

. Substrate in spi
count er neasur e,

techni que of Ti,

1

5

10

ke pattern, thereby destroying shallow junction. As

it is general to enploy a material other than pure Al when
the depth of junction is 0.3 [errrlmor nore and to enploy barrier netal

W MO type.

pressure of 1 x 1073

Torr where DMAH partial pressure

-

was 1.5 x 10~% Torr.

v

Deposition of Al-Si was found the same as in

Example 11 and ﬁxample 12,

Example 19

According to'the same procedure as in Example
9, Al~5i deposition was carried out transporting §1235
concurrently with the transportation of DMAH.

In the first Al-Si deposition step and the
second Al-8i deposition step, deposition was carried
out under a reaction tube pressure of 1.5 Torr, a DMAH

partial pressure of 1.5 x 10~3

Torx aund an sizns partial
pressure of 2 x 10~% Torx.
' In the temperature range of 160 °*C to 450 °C,

Al-S1 was selectively d;posited in the first Al deposi-

‘tion step only at the 8i exposed portion with the same

25

thickness as Sioz, while in.the second Al deposition
step, Al-Si was deposited at the same-depositinn rate
on both of the Sioz surface and the aAl-8i film deposited
in the first deposition step.

Both the Al-Si film selectively deposited on
51 and the Al-Si film deposited on §iO, :following the
surface modification step were not different in film
quality with respect to resistivity, reflectance,
hillock generation density after the heat treatment
step. etc. |

s _
Also, substantially no increase of resistance

"1l \‘\T\\T il
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34 1 However, there remain some points to be inproved such as
conplication of etching, rise of contact #®3sistivity and the like. In a
nmetal filmformed according to the present invention, generation of 5
alloy pits in contact portion with substrate crystal due to heat treatnent
in the wiring step can be inhibited and wiring with good contact can al so
be obtained. In other words, wiring can be effected only with a deposited
mat eri al wit houty desteumed) ajtumhhl bntdOfacy detween the ﬂm iadr8is formed

in a depth of about .
film and the second Al-Si £ilm.

T o w—

Even when the H, pressure was changed to 0.1
- 2 Torr, and the plasma power to 0.2 - 1 WIcm3, there
5 Wwas substantially no difference in the deposition rate
or the film quality of Al-Si film. |
Example 20
According to the same procedure as in Example
10, Al-8i deposition was carried out transporting Si,H,
10 concurrently with DMAH in the first Al-Si deposition
step and the second Al-éﬁ deposition step.
The deposition conditions were as follows:
the first Al £ilm formation atep,

total pressure 1.5 Toxxr
15 DMAH partial pressure 1.5 x 10'4 Torx
Si,H, partial pressure 1.0 x 10™% Torr

the surface modification =staep,

substrate temperature 500 °C
total pressure 1.5 Torr
20 DMAH partial pressure 1.5 x 1077 Torr
the second Al-Si £ilm deposition step,
total pressure 1.5 Torx
DMAH partial pressure - 1.5 % 107! Torr
Si,H, partial pressure " 1x 108 Torr
25 The substrate employed was an $i wafer patteﬁned

with the $io, thin film used in Example 1. In the

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

-\_
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0.1 [err]m (4) Inprovenent of surface s hness (patterning
characteristic inprovenent of wiring) Int prior art, roughness of the
surface of 15 a nmetal thin filmhad inconvenience in the alignnment step
for the mask and the substrate in the patterning step and in the etching
step. That is, there is unevenness extending to several pmon the surface

mor phol ogy 1 & foork e deHEEdtarB REfe1 o P48, ik ShERLIE S B0y;
Al i gnrrent  si gnal Se'ﬁi\?ig%«%f Uﬁeﬁe’bﬁﬂf‘&d '&ilyt %toiﬁursﬂteii&ewﬁc&%on

wher eby noi se | evel becones
to the same thickness as 810,, while in the second

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

4

5 deposition rate both on the £irst Al-8i f£ilm and Si0,.
By SIMS analysis, etec., presence of C was
confirﬁed only at the interface between the first Al
film and the second Al £ilm, but there was no.inc;ease
of resistance at the interface between the first al

10 film and the second Al £ilm. The film quality of the
daposited Al film was found to be substantially tbe
gsame as shown in Table 1.

Example 21
’ By means of the CVD device shown in Fig. 6,

15 Al was dgposited onr the same Si substrate with pattern-~
ing of Sio2 as in Example l. The deposition procedure
was initiated by mounting the Si substrate on a wafer
holder as in Example 1, followed by heating of the
substrate undexr a desired Hz pressure. Subsequently,

wg after reaching a desired substrate temperature, DMAH
was fed to deposit Al selectively only at the Si
exposed surface which is an electron donative surface.
The Al deposited in this process was called the first
al. After slapse of a predetermined time, while

25 maintaining -the tatai pressure and the DMAH pressure
constant a plasma was geﬁerated. After elapsé of a

prade:ermined time, the plasma was stopped, and fuxther

. This Sheet
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hi gher and inherent alignnment signals cannot be 25 discrimnated. 2) For
covering large surface unevenness, the resist filmthickness nust be taken

| arge, which is’ 1 opposite to fine formation. 3) If the.surface
mor phol ogy is poor, halation due to thé/¥esist internal reflection will
occur - locally, whereby resist remaining occurs. 5 : 4) If the

surface norphol ogy is poor, the side wall becomes notched in the wiring
etching step

1 Al was deposited. At this point, Al was deposited non-
selectively both on the Al selectively déposited and
thé Sioziwhich was a non-electron donative surface.

< The Al £ilm deposited non-selectively was called the

5 second Al. After elapse of a predetermined time,

feeding of DMAH was stopped to complete deposition.

The depositioﬁ time of the first Al film was the #ime
'necessary for the film thickness of the selectively

deposited Al £ilm to become equal to the thickness of

10 5i0,.

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

' The respective conditions for the first Al f£ilm

15 deposition step, the,suiface modification step, the

second Al film deposition step were as follows:

the first Al £ilm deposition step:

total pressuxe ¢.1, 1.2, 5 Torr
DMAH partial pressure 1 x 10—3-fold
20 : of total pressurs

the surface modification step:
fotal pressure, DMAH partial pressure:
the same as in the first Al film
deposition step
o8 plasma power demsity: 0.01, 0.015, 0.02,
3 (W/cmB') 0.03, 0.04, 0.06,
0.07, 0.08, 0.10,

0.20, 0.40

1$wanBamR hﬂd




according to its unevenness; According to the present invention, the
surface norphology of netal filmto be fornmed is 10 narkedly inproved to
cancell all the drawbacks descri bed abov?' In other words, in the
patterning step, at the line width of the resolving power limt of the
exposure machine, the alignnment precision 3 =0.15 [err]m 15 can be
acconpl i shed, whereby w ring having snooth side plane is rendered possible
wi t hout causing halation to occur. (5) Inprovenent of resistance in contact

hol e and though hol e and Siaéﬁgnégﬁlié§¥i%5a@§%e: 1 min.

the second Al film deposition step: | ‘
total pressure and DMAH partial pressure:
- the same as in the first Al film
5 deposition siep.
For every combination of the total pressure
(3 kinds) and the plasma application power (11 kin@s),
Al £ilm deposition was carried out resyectively at 13
levels of the substrate temperature from 150 ‘C to 470
10 "C. The first Al film selectively deposited was mono-~
crystalline. The film quality of the Al deposited film
.was the same as shown in Table 1. The results of carbon
measurement at the interface between the first Al film
and £he gecond f£ilm were shown in Table 3. At a substrate
15 temperature of 150 °C, Ao film was deposited on the sub-
strate. when the plasma applibation power density during
the surface modification step was 0.01 or 0.015 W/cm;.
no Al film was deposited on the 5i0, surface, irres-
- pective of the substrate tembérature. When the plasma
20 application power deﬁsity during the sunrface modification
.step was 0.08 W/cm3 or more, carﬁon was detected at
the intexface between the first Al film and.the second
Al film, and the contact resistance at the interface
between the first film and the second Al film was
28 higher than in the case of plasma pdwer density of
0.02 ~ 0.07 Y/em>-

TN~



20

In the prior art nethod

if the size of the contact hol e becones

finer as 1 pmx 1 [err]mor |ess, inthe wiring is precipitated on the
substrate at the contact hole durlng heat treatment in the wiring step to
cover thereover, whereby resistance bef¥een the 25 wiring and the el ement
becones narkedly | arger. According to the enbodi nent of the present
I nvention, since a dense filmis fornmed according to the surface reaction,

Al or Al-Si

1 .

10

15

25

has been confirnmed to have

Exomple 22

According to the same procedure as in Example

21, 2l deposition was carried out. The deposition condi-

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

10 minutés.

When the plasma application time was 10 seconds,

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

Accoxding to the procedure of Example 21, Al
deposition was carried out. The deposition conditions
during the first Al film deposition step, the surface
modification step a@nd the second Al film deposition
step were the same as in Example 21 except for DMAH
partial pressure. The DMAH partial pressure was made

“4 ana 5 x 10" %-fold of the

1x107°, 5 x 1072, 1 x 10
total pressyre.

The film guality of the obtained film was found

U
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a resistivity of 2.7 - 3.3 [err]ohmcm Also, the contact resistivity can
attain 1 x 10[err] ohmcnferr] at an area of 5 0.6 [err]mx 0.6 [err] mwhen
the.Si portion has an inpurity of 10[err] cnferr]. That is, according to
the present invention, a good contact wi t0the substrate can be obtai ned.
(6) It beconmes possible to nake heat treatnent during 10 wiring step | ower
or abolish the heat treatnent step. As described in detail above, by

appl ying the present invention to the wiring formati on nethod of a.

sem conduct gr ie&ew&&%&@% in' BabYeChdaf@nrhEd Pr OVREL dhithimRAuCti on

of cost can’be pronpted to eat extent as conpared with Al wring of
the prior £ilm quality did oot depend on the DMAH partial pressure.

- Example 24

. : According to the same procedure as in Example

5 21, Al deposition was carried out. The difference from
Example 21 was the use of Ar for the carrier gas of
the DMAH line in the device shown in Fig. 6. The
deposition conditions other than carrier gas were the
same as in Example 21.

10 The film quality of the obtained Al £ilm was
the same as shown in Table 1. When the plasma power
density during the surface modificétion step was 0.01

to 0.015 W/cm;, no Al film was formed om §10,. When

- the plasma power density was 0.02 W{cm3

or more, the

;s Second Al film was deposited on Si0,, but carbon was
detected in trace amount bf SIMS analysis at the interface
between the first Al film and the second Al film. The
‘rasistance value was sufficiently‘small.
Example 25

20 Al deposition was carried out according_to.the
same procedure as in Example 24. The deposition condi-
tions other than plasma application time during surface
modifiéation were the same as in Exsmple 24. Ali
deposition was carrxied out for plasma application

25 time of 10 seconds, 30 seconds, 3 minutes, S minutes'

and 10 minuges.

When the plasma application time was 10 seconds,
—_—
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art. 20 25 37 As described above, according to the CvD nethod utilizing
a gas of an al kyl alumi num hydride, particularly an al kyl al um num hydride
containing methyl group, a netal filmfgri sem conductor integrated circuit
device 5 excellent in flatness, mgration reS|stance el ectro-
conductivity, etc. can be forned '

1 30 seconds or 3 minutes, the film qualiiy obtained the
same as in Table 1. When the plasma'application tithe
wa; 5 nminutes of 10 minutes, the film quality othex
: than surface reflectance was the same as shown in
s Table 1 énd Table 3, but surface refleétance was inferior
to the value shown in Table 1, about 65 to 75 §, when
the substrate temperature was 160 - 350 °C. Not @epending
on the plasma application time, when the plasma power
density was 0.02 W/cm; or more, the sacond Al film was
10 2180 deposited on sioz. but carbon was detected in
trace amount by SIMS analysis at the interface between

the first Al £ilm and the secand Al film. However,

resistance was sufficiently small.

Example 26
15 According to the same procedure as in Example

24, Al deposition was carried out. The deposition
conditions during the first Al film deposition step,
the surface modification step and the second Al film
geposition step were the same as in Example 24 except
20 for DMAH partial préssure. The DMAH partial pressure
was made 1 x 10"5, 5 x 10-5, 1x 10“4 and 5 x 10-4-
- fold of the total pressuxe.
The film gquality of the film obtained was found
to be the same as shown in Table 1. When the plasma
o5 - power density during the surface modification step was
0.01 or 0.0L5 W/cm3, ne Al film was formed on Sioz.
When the plasma power density was 0.02 W/cm3 or more,
-
This Sheet Has Been
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In the foll ow ng, enbodi nents of the present invention are described in

detail. Figs. 4A - 4E are schematic views show ng the 10 nanner of
sel ective growmt h when DVAH and H2 or DM@ Si 2H6 and H2 are enpl oyed. Fig.
4A illustrates schematically a sectiona i ew of the substrate before

formation of Al or Al-Si deposited film 90 is a substrate conprising
electron 15 donative naterial such as Si wafer. 91 is a thin film
conprising a non-el ectron donative material such as thernally oxi di zed

Si fil fJ -Si fil
o ehbe 5 S YPESR AL B " belempal g, a1 111

carbon was detected in trace amount by SIMS analysis'

at the interface between the first Al film and the
{ second Al film. However, resistance was sufficiently
s small,

Example 27

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

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

In the first Al £ilm deposition step, Al film
wvas selectively deposited only on the electron donative
surface, but no Al film on the non-electron donative
surface. In the second Al filﬁ deposition step following

15 ‘the surface mndificatio; step, Al f£film was deposited

at substantially the same rate on the first Al film

-

and the non-electron donative surface. The film quality
of the Al film depogited was found as good as those
. in Examples 21, 22, 23, 24, 25, 26. |
so Example 28 |
' By use of the CVD device shown in Fig. 6, Al
was deposited on the Si substrate with sio, patterning
as in Exemple 1. According to the same deposition
procedure as in Example 21, DMAH was transported to
o5 @ Teaction tube, and SlZHS was added from the third
gas line to gffect Al-Si deposition.

In this Example, DMAH was fed from the first

This Sheet Has Been Reﬂlaced
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20 a gas mxture containing Herr] as the reactive gas are fed onto the
substrate 1 heated within the tenperature of the deconposition tenperature
of DVAH ~or higher and 450 [err]C or Igoyer, Al-Si is precipitated-on the
substrate 90 to forma continuous filmof A -Si as shown 25 in Fig. 4B
When deposition of Al-Si is continued, via the state shown in Fig. 4C, as
shown in Fig. 4D, Al-Si filmgrows to the | evel of the uppernost portion of
the thin 38

1 gas line., For the carrier gas of DMAH line, H2 was
employed. The second gas line was for H,. The thikd

gas line was for Sizne.

L]

The respective conditions for the first ALgSi
5 f£ilm deposition step, the surface modification step
and the second Al-Si film deposition step were as
follows:
the first Al1-S8i film deposition step:
total pressure: 0.1, 1.2, 5 Torr

-3

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

f total pressure
si2H6 partial pressure: 0.01-fold of DMAH
| partial pressure
tpe surface modification step:
15 total pre;suxe. DMAH partial pressure,
51236 partial pressure:
the same as in the firat Al-Si film
deposition step
plasma power density: 0.01, 0.015, 0.02,
o0 _ (Wem) 0.03, 0.04, 0.06,
0.07, 0.08, 0.10
0.2, 0.4
plasma applicatiqn time; 1 min.
the second Al-Si £ilm deposition step:
25 total pressure, DMAH partial pressure,
3 Sizus partial pressure;

the same as in the First Al-Si film

i



film9l. If it is permtted to further grow, as shown in Fig. 4F, A -S
filmcan grow to 5000 A substantially without growmh in the |ateral
direction. This is the nost salient fegigre of the deposited film by use of
5 DVAH and Herr] or DVMAH, Herr] and Sl[err]H[err] and it woul d be
understood that how a filmof good quality could be obtalned under good
selectivity. And, as the results of analyses by Auger's el ectron
spectrophotonetry and phot oel ectron spectrophotonetry, 10 no inpurity such
as carbon o oxygen is recogni zedeposhtioh xegep.) the film The resistivity
of the deposited filmthus fornmed is 2.7 to 3.0 [err].cmat room
tenperature with a fil rfer every combination of the total pressure-
(3" kinds) and the plasma application power (11 kinds),
- Al-8i film deposition was carried respectively at 13
5 levels of the substrate temparature from 150 °C to 470
*C. The £ilm quality of the deposited Al-si film was
the same as shown in Table 1, and measurement results
of carbon at the interface between the first Al £ilm
and the second Al-Si film were the same as shown in
10 Table 3. At a substrate temperature of 150 °C, no
£film was deposited on the substrate. When the plasma
application power density during the surface modifica-
tion step was 0.01 or 0.015 W/cm3, no Al-Si film was
deposited on the 810, surface irrespectively of the
;5  Substrate temperature. - When the plasma application
. power density during the surface modification step
.t was 0.08 W/cm3 or more, carbon was detected at the
interface between the first Al-Si f£ilm and the second
Al-Si film and the contact resistance at the interface
g9 Detween the first Al-Si film and the second Al-Si film
was higher than in the case of plasma power density

of 0.02 to 0.07 W/cm.

Example 28
Accordzng to the same procedure as in Example
25 28, Al-Si deposition was carried out varying the 812 6
partial pressure in the first Al-Si film deposition

< s e ‘0
step and the second Al-Si film deposition step.
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t hi ckness of 400 A which is substantially equal to the 15 resistivity of
Al bulk, and the film becones continuous and flat. Also, even with . a film
thickness of 1 [err]m its resistivity igGalso ca. 2.7.to 3.0[err].cm at
roomtenperature. Thus, sufficiently dense filmcan be also fornmed for a
thick film The reflectance in the visi-ble 20 wavel ength region is also ca.
80 % whereby a thin filmexcellent in surface flatness can be deposited.
In the mul'ti-layer wiring step as in ultra-LSlI, as shown in Fig. 4D, the
techni que of enbedding via- holes selectively with Al or Al -Si of high
quality is 5 essent iqﬁ’rel Feepeerisg. cepdihions fqr thaeFdxstyAld8posi - tion

as shown in Fig,. 4 in.the sane reaction vessel ... , -
£Elm[%ep051t on step, e surface modification step,

the second Al-Si film deposition step were as follows:

4]

the first Al-Si film deposition step:
5 total pressure: 0.1, 1.2, 5 Torxr
DMAH partial pressure: 1 x 10"3-fold of
total pressure
8L H, pértial pressure: 1 x 1073 to 1-fold of
DMAH partial pressure
10 the surface modification step:
total preséure, DMAH partial pressure,
Sizn6 partial pressure:
the same as in the first Al-8i £film
deposition step
15 plasma poﬁ;r density: 0.01, 0.015, 0.02,
(W/cm>) 0.03, 0.04, 0.06,
0.07, 6.08, 0.10,
0.2, 0.4
plasma application time: 1 min.
20 | the sacond Ki—Si £ilm deposition step:
total pressure, DMAH partial pressure,
Sizns partial pressure:
the same as in the first Al-Si film
deposition step.
25 . For every combination of the total pressure
{3 kinds) aqg the plasma application power (11 kinds},

Al-8i film deposition was carried out respectively at
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as shown in Fig. 4F, if Al or Al-Si can be deposited 39 on Al or Al-S
which is an el ectron donative material and a non-el ectron donative materi al
such as thermally oxidized Sigerr] filsmpr CvDBSG film a.multi-Iayer
wiring step of high reliability w thout occurrence of wiring 5 cutting,
etc. at the stepped portion can be realized. As described in detail above,
In sel'ective growh by use of an al kyl alum num hydride and Herr] onto an
el ectron donative surface at a tenperature of the deconposition

1 13 levels of the substrate temperature from 150 °C to

470 °C varying the 5i,H, partial pressure. In the first
AL-5i film deposition Stép, allsi was selectively deposited
: only at the Si surface exposed portion, and in the second
5 Al-8i film deposition sﬁep, Al-Si film was deéosited
at substantially the same deposition rate both on the
first Al-5i film and §i0,. The 5i content of the
deposited Al-5i film was substantially proportioa fo
the SiZH6 partial pressure added, varying from 0.005

10 * to5 &, The film quality of the Al-5i £ilm deposited
was found as good as that in the case of Example 21.
Example 30

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

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

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

25 the same as shown in Table 1 and Table 3, b§t the surface

reflectance was inferior to the value shown in Table

°
1, about 65 to 75 %, when the substrate temperxature
This Sheet Has B
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tenperature of the alkyl alum num hydride or higher 10 and 450 [err]C or

| ower, because selectivity of Al filmis excellent, a contrivance is
required for formation of Al filmontogthe thin film91l. Accordingly, in
view of this point, by surface nodification of the non-electron donative
surface, it becones possible 15 to formA filmon the non-electron
donative surface, on which no Al filmcould be deposited due to its
selectivity before surface nodification. As the nmethod for formng Al film
on the non- electron donative surface, there may be included the 20
sputtering iet HRF batweenyd§0,pndo358e Chy use of the methods as nenti oned
above, the follé¥ul1 1P%'nt I n _ .

According to the same procedure as in Example

- 28, Al-Si deposition was carried out. _

5 The deposition conditions except for. DMAH partial
pressure and sisz partial pressure during the first
Al-Si film depogition step, the surface modification
step, the second Al-8i film deposition step were the
same as in Example 21. The DMAH partial pressure was

10 Wade 1 x 1075, 1 x 107 and 5 x 107%-£01d of the total
pressure. The SiZHG partial pressure was 0.01-fold
of the DMAH partial prESSure.

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

;5 Example 32 | '

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

20 conditions except f&r cérrier gas were the same as in
Example 28.

The f£ilm quality of the obtained Al-si film
was found as good as in Table 1. When the plasma power
density during the surface modification step was 0.01

ps ©Or 0.015 W/em®, no Al-Si film was formed on $i0,.
When the pquma power density was (.02 W/cm3 or more,
the second Al-si film was deposited on Sioz, but carbon

\
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conmbi nation wth the sputtering nethod can be .i nproved: the point that sone
contrivance is required in realizing kﬁ@/resistance W ring, because during
conveyance of 25 the wafer into ano r sputtering device after the CVD
step, the wafer cannot but be exposed into air, whereby a high resistance

| ayer containi ng oxygen, 40 etc. is fornmed at the interface between the
Al filmselectively grown and the A f|In1fornEd non-sel ectively to readily
cause increase of contact resistance.

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

- Example 33

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

10 tion time of 10 seconds, 30 seconds, 3 minutes, 5 minutes

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

nlasma power density was 0.02 W/cm3 or higher, the

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

2'
carbon was detected in trace amount by SIMS analysis
‘at the interface between the first Al-$i film and the

25 second Al-Si film. However, resistance was sufficiently

small.
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Further, according one of the enbodinents of 5 the present invention, A or
Al -Si as shown in Fig. 4F can be al so deposited by one CVD device. The nbde
of operation of the present invention@ as described below. First, by use
of DMAH and H err], or DVAH, Si[err]H%#r] and Herr], a netal filmis
deposited so 10 as to enbed via-holes as shown in Figs. 4A to 4E. Then, the
non-el ectron donative surface conprising an insulating filmsuch as silicon
oxide, etc. is surface nodified practically effectively to make it an

el ectron dgzakhégﬁigrﬁgce. And, on the Al or A-Si surface having 15

initially onative surface and on the insulat- ing film which
becormes an el ectron dgpabrdendUEHafke same procedure as in Example .

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

5 5 x 1073,

DMAH partial pressure was made 1 x 10~
1 x 10-4, 5 x 10"4-fo14 of.the total pressure. The
10 Si,H, partial pressure was 1 x 107 3-fola of the DMAH
partial pressure. )

. The film quality of the Al-51 film deposited
was found to be good similarly as in Table 1. When,
the:plasma power density during the surface modification

15 Step was 0.01, 0.015 W/Emﬁ, no Al-gi film was formed

on 8102. When the plasma power density was 0.02 W/cm3
-or higher, the second Al-S$i film was deposited on $i0,,
but carbon was'deteéted in trace amount by SIMS analysis
at the interface between the first Al-5i film and the

g0 Second Al-Si film. However, resistance was sufficiently

small.

Example 35

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

25 and 34, Al-Si film deposition was carried out for wvarious
substrates gpown in Example 5 (samples 5-1 to 5-179

shown in Table'2].

-
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practically effectively by surface nodification, Al or Al-Si is deposited
honogeneously. Surface nodification is to convert even a non- 20 el ectron
donative surface to the state as if free ggpctrons were present and could
contribute to the surface reaction. For anple, on SiJerr], there is the
method in which irradiation of a Iight having an energy greater than the
forbi dden band width of SiJerr] is 25 effected to formfree el ectrons on

t he non-el ectron donative surface. Also, there is the nethod in which

el ectrons are char ged Sk &ﬁgef§£§gtﬂfu§3_qggng%ggbgﬁggon gtep, al-

Si film was selectively deposited only on the electron

donative surface, but no Al-Si film on the non-electron

"

donative surface. In the second Al-81i £ilm deposition
5 Step after the surface modification stpe, Al-Si film
was deposited at substantially the same rate on the
first Al-Si film and the ﬁon-electron donative su;face.
The film quality of the Al-Si film deposited was found
to be good similarly as in Examples 28, 29, 30, 31,
o 32, 33 and 34.
Example 36
By means of the CVD device shown im Fig. 6,
Al was deposited on an Si substrate with_patte:ning
of §i0,. | |
15 The preparatioﬂamethnd of the Si substrate with
patterning of 8i0, was similar to the case of BExample 1.
First, Al deposition procedure was aescribed.
aAfter washing of an Si wafer, the conveying
chamber 10 was released to atmospheric pressure, and
20 the_éi wafer was mounted in the conveying chamber.
The conveying chamber was evacuated to ca. 1 x 10-6
Torr, then the gate vaive 13 ﬁas opened and the wafer
was mounted on a wafer holder 3. After mounting of
the wafer on the wafer ﬁolder 3, the gate valve 13 was
25 closed,.and the reaction chamber 2 was evacnated to a
vacuum degree of ca. 1 x 10”2 Torr. However, Al can

be depousited even if thc reaction chamber cannot be
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41 by an adequately accelerated el ectron beamirradiation. It is also
possible to generate el ectrons with unbound arns by cleaving, for exanple,
Si - O bonds existing on the surface by io&J rradi ati on or plasnma treatnent.
5 Further, there is the method9¥ which an extrenely thin filmor
a nucleus of Ti or Si is forned on the non-el ectron donative surface,
thereby nodifying it to an el ectron donative surface practically effec-
tively. 10 O course, by sone neans, an extrenely very thin film

or a nucleus; of &aQiatdda Yo PWlnill d8gree of 1 x 1078 Torr.

In this Example, DMAH was fed through the first

gas line. For the carrier gas of the DMAH line, H2

was employed. The second gas line was for Hz‘

5 Through the second gaé line was flowed H,, and
the opening degree of the slow leak valve 8 was con-~
trolled to control thg pressure within the react%on

| tube 2 to s predetermined value. The pressure in this
Example was about 0.1 to 5 Torr. Then, the wafer was
10 heated by current passage through thé heater 4. After
the wafer has reached a predetermined temperature, a
plasma'wés generated within the reaction tube 2 by
applying high frequency power on the plasma generatian
electrodes 16, 16', 16". The plasma generation at. this

15  time was called “"the first plasma". The oscillation

frequency of the power source for plésma generation
o was ca., 13.56 MHsz.
| - After plasma generation, DMAH.was introduced
through the DMAH line into the reaction tube. The

3 te 2 x 1073-

g9 Dartial pressure of DMAH was ca. 1 x 10~
fold of the total pressure. When DMAH was introduced,
Al was deposited. The Al film deposited in this process
was called the first Al film.
After elapse of a predetermined time, while
o5  maintaining constantly the subsirate temperature, the
total présgure, the DﬁAﬂ partial pressure, the genera-

- tion power of plasma was increased. The plasma generation

T




formed to nodify the surface to an electron donative surface practically
effectively. For exanple, if a plasma i's generated while feedi ng DMAH and
H2 and 15 DMAH are excited or deconposglzin the plasma, whereby a nucl eus
or an extrenmely thin filmis deposited onto the non-el ectron donative '
surface. In this case, Herr] and DMAH is excited or deconposed by the

pl asma to becone non-el ectron donative nol ecul es, whereby the 20 reaction.
may be considered to progress with the starting nmaterial nolecules (excited

or deconposed %ﬂ?'%ﬁﬁé%a&&?ﬁ% il 26chhdpfhshadi Zede . nol ecul es

and H atons) thenselves, even if t e may be no electron contributing to

the substrate alapasecorVihederttdid Perdlc gfoRig@Nhe¥8, the time -
dﬁfing plasma generation was called the surface modifi-
:  cation gtep, and the certain period of time was called

5 the second plasma generation time), while ﬁaintaining
constantly the total pressure, the DMAH partial praessure
and the substrate temperature, again the plasma power
was made smaller. The plasma generation state made
smaller was called the third plasma. The Al film

10 deposited during tpg third plasma generation was
called the second Al. )

After elapse of a predetermined time, heating
of the heatexr 4 wﬁs stopped to cool the wafer. Feeding
of H, has was stopped, the reaction vessel 2 was inter-

15 nally evacuated and thé wvafer was delivéred to the
conveying chamﬁer. Only the conveying chamber was
opened to atmospheric, and the wafer was taken out.

- o By setting the substrate at 13 levels of 150
| °c, 160 °*c, 200 °C, 250 °C, 270 °C, 300 °c, 350 °C,
ap. 370 °C, 400 °C, 430 *c, 450 °C, 470°C, and the Al film

was deposited according to the procedure as described

above.
During thg first Al deposition step:
total pressure: 0.1 Torr, 1.2 Torr, 5 Torr
25 DEAH partial pressure: 1 x 10"3—fold of
3 total pressure
This Sheet Has Been Replaced
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25 surface is surface nodified and deposition of Al begins, A is deposited
conti nuously. Anong sone surface nodification nethods as 42 descri bed -
above, in view of crystallinity of A, the nmethod of form ng a nucl eus or
an extrenely thin filmof A or a.neté$dconposed mainly of Al may be nore
preferable than the nethods of fornming other nuclei 5 or extrenely thin
films. The basic filmformation. procedure of an

1 plasma generation power of the first plasma:
(W/em>)  0.01, 0.015, 0.03, 0.04,
) 0.06, 0.07, 0,08, 0.10,
e 0.20, 0.40
5 During the surface modification step:

total pressure and DMAH partial pressure:
the same as in the first Al film
deposition step
plasma generation power of the second plasma:s
10 (Wfem®)  0.01, 0.015, 0.03, 0.04,
- 0.06, 0.07,_0.08, 0.10,
0.20, 0.40
generation time of the second plasma: 1 min.
buring the second Al fiim deposition step:
15 total pressure and DMAH partial pressure:
the same as in the first Ai film
; ' | depositioh step
plasma generation power of the third plasma:
(W/cm3)

20 the same as in the firxst Al film

deposition step
The results of Al deposition were as follows:
In the first Al £ilm deposition step, the manner
of Al deposition depended on the first plasma generation
power. More specifically, when the first plasma genera-

tion power density was 0.0l and 0.015 W/cm3, Al was

>
deposited selectively only on Si as shown in Fig. 8A,
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enbodi nent utilizing formation of a nucleus or an extrenely thin film as
the surface nodification step is described below 10 When a gas

. mxture containing DMAH and H2 in the case of depositing A., or DVAH ,
Si2H6 and H2 in the case of depositing A4si is fed anto the substrate 1
heated to a tenperature range of the deconposition tenperature of DVAH or
hi gher and 450[err]C or lower, 15 AI-Si is deposited on the substrate 90 to
forma continuous filmof A or AI-Si as shown in Fig 4B. |f deposition of

e e R R P ABR ml il  0re

modification step was £lat as shown in Fig. 8C. -

On the other hand, as the power density was greater,

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

5 form a concavity of Al at the opening as shown in
Fig. 8B, and the second Al film formed thereafter
had excessive unevenness with inferior flatness as
shown in Fig. 8D. The deposition form, containment
of carbon, reflectance of the Al £film depositgd in

10 the first Al film deposition step were shown in Table
4. Also, the deposition form, containment of carbon,
reflectance of the Al film deposited in the first Al
film deposition step, the surface modification step,
thé second Al film deposition step were shown in

15 Table 5. In both caée;. the results of reflectance
were inferior as compared with Example 21. Also

substantially the same results were obtained when

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

20

25
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20 portion of the thin film91l, as shown in Fig. 4D. The selectively
deposited filmis a single crystal. Here, feeding of DVAH of Si[err]H[err]
is stopped to stop deposition of Al or Al-Si. Here, after .the "surface

nodi fication step"” causing the surface Bdhction to occur 25 onto the heated
non-el ectron donative surface is carried out by introducing the gas as
descri bed above, again DMAH and Si[err]Herr] are fed to deposit A or

Al -Si to such 43 1 a shape as shown in Fig. 4F.

1 Example 37
According to the same procedure as in Example
1, an Si substrate with pattcrned §i0, was prepared.
< Subsequently, by means of the device shown in Fig. 2,
5 the first al was deposited selectively only on 8i.
similarly as in Example 1. The Si substrate was set
in a sﬁuttering device, and RF sputtering etching was
effectad in an Ar atmosphere of 10-2 Torr. With ﬁhe
substrate holder maintained at 200 °C, etching was
10 effected by application of a high frequency power of
100 W on high frequency electrodes for 60 seconds.
As the Tesult, together with the oxide with an Al
surface thickness of about 100 3, also the surface of
810, was removed with the same thickness, and at the
15 ®ame time the 5i0, surface was modified. Next, by use
of Al 2s the target, Al film was deposited by direct
curreﬁt sputtering. The second Al film was deposited
~ uniformly on Si and §10, at a deposition rate of
1000 A/min. under the conditions of an Ar atmosphere
a9 ©F 1072 Torr, a ﬁemperature of the substrate holder
of 250 °*C, and a direct current power of 7 XW. No
high resistance layer existed at the interface between
the first Al film and the second Al film.
Selective growth of the first Al £ilm may be
‘26 practiced according.to any of the methods as previocusly

described ig the examples, and non-selective deposition

of the second AL film by sputtering etching and

M




As the substrate tenperature, the deconposition tenperature of the starting
gas containing Al or higher, and 450[err]C or |ower are desirable as
nmenti oned above, 5 but specifically a substrate tenperature of 200 to 450
[err]C is desirable, and when deposition is effected under the condition,
the deposition rate is very large as 1A/ nin. to 800 A/ nmin. when the
pressure within the reaction vessel is 10[err] to 760 Torr, and the DVAH
~partial.10 pressure is 1.5 x 10[err] to 1.3 x 10[err]-fold of the pressure
within the reaction vessel, whereby a sufficiently large deposition rate .as
the Al -Si ddpossputheniaghdegoeitden was nots|ligidde tobthenegadifbiens
preferably, the substrate tenperature is -

as described above, but can be performed under conven-

tional sputtering conditions.

It was of couxse possible to deposit selectively
5 a first Al-Si alloy film selectively on Si, remove the
surface oxide and the S5i0, surface on the first Al-Si
film by sputtering etching, and-depésit uniformly a
second Al-Si alloy film with an Al-Si alloy as the
target.
10 As described above, according to the present
invention, a low resisténce. dense and flat Al or
Al-5i film can be deposited selectively and at high
speed on a substrate.
'cOmparative experiments
15 Al film was for:med on a single crystalline
silicon under the fellowing conditions.
- By flowing Ar in place of Hys Al was deposited
by pyrolysis of DMAH. The total pressure at this time
was made 1.5 Torr, DMAH partial pressure 1.5 x 1074
9 Torr, and the substrate temperature 270 to 350 °C.
As the result of evaluation of the AL £ilm
thus formed, at least sbout 2 & of carbbn was found
to be contained. The resistivity bedamé 2-fold or
more of that when employing hydrogen.
o8 As to reflectance, it was lowered to about

1/3 to 1/9 Selative to the case when employing
hydrogea.
-_
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15 270 Cto 350 [err]C, and the Al-Si film deposited under the condition is
al so strongly orientatable, and the A.-Si filmon an Si single crystalline
or Si poly- crystalline substrate becomes an Al-Si filmof good quality

wi t hout generation of hillock, spike en when 20 subj ected to heat
treatment at 450[err]C for one hour. ‘Also, such Al-Si filmis excellent in
el ectrom gration resistance. The surface nodification step here is to form
an extrenely thin filmor nucl.eus of Ti, Si, etc. which 25 is electron

donative onto the non-el.e¢ctron donative surface by feedi g a s of
Tid[err], S [err]H[erﬁ??léFFﬁgrrfP°E¥%§T¥§rﬁ,feSPﬁEPPErFF,rE$€P€Yr]CI[err],

etc. 'SpeCifiCQ!k%’2b¥158891n9h21§1if3éﬂ’generation probability largex

by 2 or more ciphers, and a large number of spikes were
generated.

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

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

10 device.

Separately, with;ut use of H,, Al was deposited
by decomposition of DMAH according to the optical CVD
methed. As the result, more or less improvements can
be seen as compared with the case when employing no

15 light, such as no containment of carbon in the Al film
prepared, etc. However, other characteristics ware
not improved so much, and the film obtained was still .
unsatisfactory as the Al film for semiconductor device.

The mechanism of Al deposition according to

20' the present inventioﬁ as described above may be considered
as follows.

When DMAH reaches an electron donative substrate,
namely a substrate having electrons under the state
attached with hydrogen atoms (Figs. 92) with methyl

9s  groups directed toward the substrate side, the electron
of the substgate cuts the bond between Al and oﬁe methyl

group (Figs. 9B and 9C). The reaction scheme at this
[ —
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44 Si[err]Herr], SiHerr], SiC[err], SiHd[err], SiHerr]dJ[err] at the
sane substrate tenperature as during deposition of Al or Al -Si under a
partial pressure of 10 to 1 Torr, the non-el ectron donative surface
beconmes an el ectron donative surfaceg&;practlcally effectively, whereby
deposition as shown in Fig. 4F becones possible. An extrenely thin fil m of
a netal which is electron donative may be also forned on the non-él ectron
donative surface. As the surface nodification step, there is,

1 time may be as follows:

AlH + 2H + 2¢ % 20CH, + + Al-H.

’ (CH; ), - 4

“  Furtherxr, the sam§ reaction proceeds for;hydrogen atoms

5 remaining on deposited Al having free electrons (Fig.
9D). Here, when hydrogen atoms are deficient, hydrogen
molecules will be decompqsed on the substrate and_
supplied as hydrogen atoms. On the other hand, since |
there exists no electron on the non-electron donative

10 surface, no such reaction as described above proceeds
to effect no depoaition'of Al.

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

15 necessarily coincident; ‘

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

incorporated into Al in such reaction process.

-_—
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10 for exanple,

the nethod by use of charged particles such as pl asns,

etc. utilizing the deposited filmformation device shown in Fig. 5. Next,
the basic filmformation procedure of an enbodinment utilizing this surface

nodi fication step is described. 15

Fig. 5is a schematic view

showi ng an exanpl e of the deposited fil$ﬁ#ornation device to which the

present invention is applicable.

The difference fromFig. 2 is provision of

the el ectrode 16 as the plasnma form ng neans. 20 The el ectrode 16
I s used when generatlng a plasna for effecting surface nodification.

frequency o

10

20

Cac HYETE =

\Y:

apiment from't he power

-

>

An Al film was formed on a monocrystalline
silicon under the following conditions.
By passing Ar in place of HZ' Al was deposited

by pyrolysis of DMAH. The total preassure at this time

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

4 Tory, and the substrate temperature of 270 — 350 Cc.

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

Resistivity beceme greater by 2-fold or more
then the case when hydrogen was emploved.

As to reflectance, it was lowered to about 1/3
t0 1/9 relative the case when hydrogen was'employed.

Similarly, wiring life was shorter by 1 to 2
cipher, generation probability of hillock became
greater by 2 cipher or more, and a large number of

spikes were found to be generated.

As to the deposition speed, it was lowered to

1/2 to 1/4.

As described above, Al deposited only by
decomposition of DMAH without use of Hztis inferior in
film quality, and was unsatisfactory as the Al film

for a semiconductor device.
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source 14 on the electrode 16 to forma plasma. Wien a plasma i s enpl oyed,
Ar or ‘Herr] plasnma 25 can be enpl oyed, and an H2 pl asna wherein reactive
particles such as hydrogen ion, hydrogen radicals, etc. exist is
preferable. Surface nodification is 45 1 possible under a reaction tube
pressure of 0.1 to 5 Torr, and a plasma ?ng of 0.1 to 1 Wecnferr].
Desirably, it is 0.2 to 0.5 Wcnferr]. Bg edlng t he above- nenti oned
Tic[err], Si[err]Herr],

1 Separately, without use of H,, DMAH was

deconposed by.the bpt§Eal dVD method to deposit Al.s’

As the resﬁlt, sone iﬁprovement such as no containpment

of carbon, snd the 1i§e was obhsarved from as the Al

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

10 ' As described above, the mechanism of Al
deposition according to the present inveation may be
‘presently hypothesiied as follows.

J When DMAH reaches the electron donative
substrate, namely the substrate having electrous uander

15 the state om which hydrogen atoms are attached (Fig.
3A) with the methyl groups directed toward the
substrate side, one electron of the substrate cuts one
bond of Al and a methyl group {(Figs. QB and 9C).

The react:.og_ schene at this time is as
20 follows: _
(CHg) pA1H + 2H + 2e —» 2cH, T+ a1-H
Further, similar reactions will proceed for
the hydrogen atoms remaining on deposited Al ngv1ng
free electrons (Fig. 9D). Here, when hydrogen atoms
o5 are deficient, hydrogen molecules constituting the

reaction gag are decomposed on the substrate to supply

\
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5 SiHerr], Sid[err], SiHC[err], SiHerr]CJ[err] at the sane substrate
tenperatur€ as during deposition of Al or Al-Si under a partial pressure of
10[err] to 1 Torr, the non-el ectron donative surface becones an el ectron
donative surface practically effectively, whereby deposition as shown in

- Fi g. 4E becones possible. Wen DMAH + Herr] is used for formation of an
extrenmely thin filmof a nmetal which i s Fdctron donative on a non-el ectron
donative surface, carbon will be mxed therein, but it is also possible to
use the nethod in 15 which the substrate tenperature is el evated

monentarily 1t o bydesges aitdns.of o%&her blkhes hihghesindd Gherd sSanachermt ic
view of the device which
electfon on the electrbn non-donatxve surface the

above-mentioned reaction will not proceed and no Al

deposited.

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

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

10 incorporated into Al duqihg the process of the

reaction as described above.
| As described above, according to the present

1nwention, a low resistance, dense and flat Al or AL-8i

PR )

film can bhe deposlted selectively and at high speed on
& substrate.

15
)
20
3
e
-
This Sheet Has

[T



nucl eus by heating nonentarily the
for exanple, so as to
and feedi ng DMAH and
sive wi ndow, which is a
nonentarily heating. Xe |anp, Hg-He

substrate tenperature of 450[err]C to
et c.

is alighZransnis

Laser,

The portions having the sane function as in Fig. 6 are affixed
21 25
22 is a lanmp for

550[err] C only during surface nodification step,
obtain a tenperature elevation of 100[err]C/ mn.;

can forman A -C extrenely thin filmor

substrate tenperature to a 20
wi th the sane nunerals.
| anp, VVIaqp may be enpl oyed.

gl ass made of. quartz.

Herr].

’ . (£) pFIma
M~0 | 08~0 [8t~0 JOE~O [9E~0 0 o 0 g |9 0I~0 [01~0 -- uctazxauag
: . Iqrdg
N —t
T w07 w0t #01 #o? g0t a1 gl y nm..auw !
-~ o ~ r~ ~ 41~0 | 0T~0 |81~0 } 01~D ~ -~ ~ - £313uap
1] 0 L] o ¢ 0 0 0 NIOTTTH
oe goe a0y 11 oce go08 oee 203 [} poe {uresy)
9040t ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 6~1 - . ‘paodg
oot dot (] 31 11} ool o (113 [1]4 001t o0t uoT3 tecded
MQ—_ meﬂ maﬂ #nd #.ﬂ ﬂoﬂ #Bu 26_— i: *o— E.Gﬁ —16.— ' nh-.-ﬂnmv -haay
~F ~ ~ ~ o~ L4 ~y ~ -~ ~ )u ~ - M.Lﬂo-.ns
201 aot z0 £08 g07 gt gl ¢ @] oot ¢t g0t sdeaaay
.uwson. JYMROY . .
25 98] 2009 8l 8s~s0 ] 36~6% ] 98~99 | $6~883 | 98~99 | 9B~%F | 9688 | IE~5% | S8~ - (%)
PoUeIDTISH
_ . . .
¢t | U'¢ [ 38 4 e ) $°¢ t'e L't T ¢ 4 et 3¢ {uws - 8o
Eand Lo d Ay Ny L ~ e -~ o d L d ~ "~ -
L3 N R 4 [ 2 42 '3 47t | 3¢ L't 't [ 1 L't . £ITATIBESY
6~1 0 L4 0 0 0 4] 0 0 0 o o - {£) aus3uod
uogquae)
.5} 3T 7
.w.nsamf uwogie
' ~aadwes™ -npera
oLvioavjocv]{oov|ore|oocioeef00C|0LE{092]0028 091|091 | sqearpqng™ .
- .
" <
" B Im.!
. 1 ’Tqel nm..”
nm”l
753 ]
" w Il n 8 ™~ S —
) =
I
S ]
h - S—
.m



46 1 may be also enployed, but a lanp is preferablée for uniform and
nonentarily heating. The substrate is conveyed in the vertical direction to
the paper surface (conveying chanber not shown). 5 In the surface
nodi fication step, there is also the iggg in which DVAH nol ecul es or H2
nol ecul es are excited and deconposed by of a plasma into el ectron
donative nolecules to forma nucleus or extrenely thin layer of Al or A -S
onto the non- 10 electron donative substrate surface. Fig. 7 is a
schematic view showi ng an exanpl e of t he deposited filmformation device to

whi ch the present’ |nventtpn .
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is applicable. The difference fromFig. 5 is the point that 15 earth

el ectrodes 16' and 16" are provided in addition to the excitation el ectrode
16 as the plasma generation el ectrode. During the surface nodification
step, a plasma is fornmed by applying a Righ frequency power of ca. 13.56
MHz on the electrode 16. Since the 20 “tation electrode 16 is '
sandwi ched between the earth el ectrodes 16' and 16", the electric |ine .of
force termnates at the earth el ectrodes 16' and 16", whereby the plasm
will not contact the substrate 1. After selectively depositing Al or Al -S
on the electton 25 donative surface on the substrate having the el ectron
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and Si[err]Herr]

a plasma is

47 H err]

&hd deconposed to becone el ectron
5 tion of Al nucleus,

nucl eus of extrenely thin film

After forna-

19,

onto the non-el ectron donative surface.

Al

DVAH i s excit

donati ve surface and the non-el ectron donative surface,
In the plasma,

generated while feeding DMAH and H2 or

as such.
donati ve nol ecules to forman Al or

pressure
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pl asma i s stopped and deposition is continued. Since the partial
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of DVAH during Al




deposition is at nost 5 x 10[err]-fold relative to the reactive gas Herr],
the properties of the plasna are 10 extrenely simlar to those of H2

plasma. |f the plasna power is great, will be nore excited and
deconposed than necessary, whereby car Rill be nmixed in the Al or A -Si
formed in the surface nodification step. On the other hand, if the plasm
15 power is too snall, no DVAH is excited and deconposed, whereby no.

nucleus or extrenmely thin filmof Al or Al-Si is formed. Wen Ar is
enpl oyed as the carrier{gas, car b‘q’n‘"lTFﬁT‘éTﬂi n the nucl eus or extrenely
thin filmoftA or Al-§ for®d in the surfade nodification 20 step, and

therefore it is desirabletoZuse Herr] as the
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carrier gas. The reaction tube pressure during surface nodification may be
0.1 to 5 Torr, the applied plasma power 0.02 to 0.4 Wcnferr] in the device
shown in Fig. 5, and the surface nodifi #won time 10 sec..or longer. 25

At an applied plasma force of ca. 0.02 cnferr] or lower, no Al or Al -Si
nucl eus or extrenely thin filmcan be fornmed to effect no surface

nodi fication. - 48 1 The plasnma.force for surface m)dlflcatlon shoul d be
desirably 0.02 to 0.06 Wcnferr], After nodification
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of the non-el ectron donative surface, Al is deposited non-selectively on
the el ectron donative surface and 5 the non-el ectron donative surface.

At this tine, no carbon is detected at the interface between the Al or .

Al -Si selectively deposited and the A" ¢ Q& -Si non- sel ectively deposited.
After the surface nodification step, deposition 10 may be al so conti nued

W t hout stopping of plasma. The Al or Al-Si filmaquality deposited by
application of plasma as such is found to be substantially of the same kind
as the deposited without application of plasma. However, since it is
slightly iAferior in 15 surface fl atnegsplétsis desirable to apply plasnma

First and thizd
i plasma
geperation
5 Secoad \ -
power .
0.0t ]o.085 10.02 10,03 (8.0 Jo.08 (0.07 .jO.08 10,30 (0.2 [ XY
plasma wiemd) ! 3
genoratian-
pover (W/cmd)
Lo *
0,015 * L 3
10 0.0 I
4 R 01§
0.03 1 1 1 1
. Rn 3 i1 n
8.0 1 i ¢ i 1 .1
1] n u ;'8 [}
5,08 1 1 1 1 1 |
| R |8 1’ ) 11
15 0.07 ! 1 1 1 1 1 1
]l R 14 R R R Re
0.0 2 |12 |2 |2 2 2 i3 3
. it n R Rl Rt »n R R2
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R MRl IiR|IRIRR]R][
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only during surface nodification. The plasnma power density applied during
surface nodification is snaller than the plasma power used in general

pl asma CVD or reactive ion etching, and substantially no-.deposited 20
product onto the reaction tube surigp@ will be forned. In the device shown
in Fig. 7, a high frequency power ce of 13.56 MHz is used for plasm
generation, but discharging of direct current or frequency for comrerci al
use or mcrowave (e.g. 2.45 GHz) may be 25 also used. However, for direct

current discharging, electrodes nust be rovided within the reactlon
chamber. Table 5 (Continued)

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

* ne Al deposited on 3102

5 1l ne carhon detected iﬁ firgt and second Al films,
no carbon alsoc detected at the interface
. between first and second Al films
2 : no carbon detected in first and second AJ. films,
but carbon detected at the interface between
10 first and second Al films
3 : carbon detected in first and second Al filwms

Rl : reflectance 65 - 75 %

R2 : reflectance 60 % or less

15
- \
/

20

25
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49 1 On the other hand, when m crowave is enployed, a waveguide is

required. Therefore, |f sinplification of the device constitut+en—d-s____
desired, utilization of high frequency of 13.56 Mz Whl nwe uires only

provi sion of external 5 electrodes is preferable. The m "”M”Mt he

Al or Al-Si filmformation nmethod based on the present
characteristics that it is dense, the content of inpurities such" as® car bon,

etc. is also extrenely small, 10 the resistivity is simlar to that of
bul k, and al so - 110 -

CLAINMS

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

5 a) arranging a substrate having an electxon donative
surface (A} and a non-electron donative suxlace (B)
in a space for’deposited film formation,

- b} introducing a gas of an alkyl aluminum hydride.
and hydrogen gas into said space for deposited film-

10 formation,

c) maintaining the teﬁperature of said electron
donative surface (A) within the range of the
decomposition temperature of said alkyl aluminum
'hydride or higher and 450°C or lower, thereby forming

15 selectively an aluminum‘ film or othex metal film
composed mainly of aluminum on said electron donative
suxface (A}, and
d) modifying the surface of  said non-electron
donative surface (B), and forming an aluminum £ilm

20 or other metal film composed mainly of alumiaum on
said surface (B) and/ox on an aluminum film or other
metal £film compesed mainly of aluminum selectivaly

deposited.
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it has high surface flatness. Additionally, it has the marked effects as
shown below. (1) reduction of hillock generation durli s 15
(2) inprovenent of electromgration resistance, (3) reduction of alloy

at the contact portion, (4) inprovenent of\Mrlng P [m H “Wﬂ““a
ristic through surface snoothness inprovenent, aﬂ“m “F"

| mprovenent of resistance within via-hole and contact re%|§taﬂce

| owered tenperature of heat treatnent dW|ngvmer st ep.

- 111 -

2. A deposited film formation method according to

. claim 1, wherein step (b) comprises introducing a gas
of an alkyl aiuminum hydride, a éas containing

silicon atom and hydrogen gas into said space for

S deposited film formation, thereby forming a f£film

containing silicon.

3. A deposited f£film formation method according to

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

4. A deposited film formation method according to

claim 1 or 2, wherein said alkyl aluminum hydride is

mcnamethyl aluminum hydride.

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

and/oxr silicon atom. e

il i
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According to the nethod shown by the present 25 invention, even on a
Substrate in which an el ectron donative material and a non-el ectron

are included therein having an uneven HI[“
50 1 sub-mcron order, first a deposited fil n*nmmmm“'“ I“I
selectively at the concavity, and thereafter a uniformAk T¢Ik cdn l5e *

formed on the whol e substrate surface within the sane filmforning device.
In the multi-layer wiring formation step of

donati ve materi al
order,

5

10

15

26

25

- 112 -
6. A deposited film formation method according to
any' preceding claim, wherein said surface
modification is carried out by elevating the
temperature of said non-electron donative surface (B)

higher than the temperature during said selective

deposition of aluminum film oJpticnally containing:

silicon,

7. A deposited film formation method according to
any  preceding. claim, wherein said surface
modif;cation includes thg.step of irfadiating a light
having greater energy tham the optical foxbidden gap

width of the material constituting said surface

(B) -

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

beam.

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

the surface of said non-electron donative surface (B)
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ultra-LSlI, reduction of filmthickness of the netaf

portion Iomers reliability of the wiring formation step, but accordin
the Al filmor A-Si filmdeposition method of the prese n““ﬂ ll u |
there is no filmthickness reduction, etc. at the uneven

A, AI-Si filmof high reliability can be forned.
of the prior art,

with difficulty,

at the opening cross-sectional

In the sputterlng met hod

thin_LLLﬁ¥a%~%he—ﬂﬁeveﬁ

because filmformation onto uneven portion can be done 15

portion of an insulating

film the step of formng a slope accardijng-to such a nmethod as refl ow by
hi gh tenperature heat treatnent has been required.

10

15

25

being modified by generating a plasma in said device
while introducing said gas of alkyl aluminum hydride

and hydrogen gas.

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

selective formation step of said aluminum film.

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

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

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

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

hydride or higher and 450 ®C or lower, thereby
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‘Tbmever

prOV|5|on of a slope onto the opening 20 re
ar ea, mhlch IS a step contradictory to fine formatio
to the present

e A wma e
- W v e v

i nvention, the cross- section enbed A m,mw’
i n via-hol e whose cross-section is vertical, and al so I‘",’ﬁ"ﬂ
t Met

t hereafter

i deal

Is excellent in flatness, and therefore t he pr éseh

as the wiring netal dep05|t|on of finely formed ultra-LSI.

10

13

- 114 -

‘forming selectively an aluminwm £ilm oxr a metal f£ijn

composed mainly of aluminum on sajid electron donativa
sucface (A);

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

according to the deposited film formation step

different from said step.

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

deposited film formation.

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

the selective formation step of said aluminum film.

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

<

156. 2 depositad film formation method according to

unnecessary
n techni que. Accor

ded
d 25
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_Exanple 1 The procedure of Al filmformation was as described bel ow. By use

of the device shown in Fig. 2, the reaction 5 tube 2 was
evacuated to ca. 1 x 10[err] Torr by an evacuati on equi pne Ilmﬂw HIIII"IIII
filmformation of Al was possible, even if the vacuun1degre LN
reaction tube 2 may be worse than 1 x 10[err] Torr. After washing of Si
wafer, Si wafer was nounted 10 in the conveying chanber 10 by rel easing the

conveyrng chanber 10 to atnospheric pressure. After -evacuation of the
conveyi ng chanber to ca. 1 x 10[err] Tofrlibhe gate val ve 13 was opened and
t he wafer was nounted on _ :

any of claims 12 to 15, wherein said alkyl aleminum

hydride is dimethyl alﬁminum hydride.

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

deposition.
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t'he waf er_hol der 3. 15 After the wafer was nmounted on the wafer

hol der 3<Tthe gate valve 13 was cl osed, and the reaction chanber 2 was
evacuated to a vacuum degree of ca. 1 x 10[err] Torr. In this Exanple, DVAH
was fed through prhesiiEd S¥aabRMATON %%&ﬁm ough the DVAH
line, 20 H err] DRESSINIQN GYcosE TP arxec s tor Herr]. By
permtting H2 to flow through the second gas |1 ne, the opening of the slow
| eak val ve 8 was controlled to adjust the pressure within the reaction tube

2to a predeterg%g__gészg%gﬁnt | ssure 25 in this Exanpl e was nade
ca. 1.5 Tort. T &ﬂ e -—¥é£§§€é§@é§by current passage through the

heat er By providing 8 deposited film formation method

- in which aluminum or a metal composed mainly of aluminum
of.good guality is selectively dcpositedlaccording tu

5 | the CVD method utilizing an alkyl aluminum hydride
and hydrogen, and then pure aluminum or a metal
composed mainly of aluminum is non-selectively
deposited, it becomes possible'to form an electro-
conductive £ilm of gqood quality within fine openings

0 or on an insulating layer.

20

I

"l



4. After the wafer tenperature has teached:a predeternmined 521
tenperature, DVAH was introduced into:the reaction tube through the DVAH
line. The total pressure was ca. 1.5 Torr, and the DVAH pressure was nade
ca. 1.5 x 10ferr] Torr. \Wen DVAH was i ntroduced into the reaction tube 5
2, Al was deposited. After el apse of a jpy€8etermi ned deposition tine,
feedlng of DMAH was once stopped. The predeter- m ned deposition tinme of

the first Al film deposited
FI1G. 1A

'/ _ _ 82
Si02 1 sioz  {-91

FI1G. 1B

St

92 3 9?—1

\“\E})\\E)”) T
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in this process was the tinme until the thickness of 10 the Al filmon S
becones equal to the filmthickness of SiJQerr]. This tinme, if the
deposition rate was previously cal cul ated, can be determ.ned by the nethod
in which the deposition tine was set on the basis of the data. Wile

mai nt ai ni ng constantly the substrate %? tenperature, TiC[err] was
introduced into the reaction vessel 27~"The time for introducing Tid[err]
was ca. 10 mnutes. The step of introducing TiCJ[err] was the surface
nodification step. Feeding of Tid[err] was stopped, and again DVAH was
fed. By feeding of DMAH, Al was 20 deposited on the Al film already

deposited and the SiJerr] film After elapse of a predeterm ned deposition

FIG.2

10

11

~2
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time, feeding of DMAH was stopped. The Al filmdeposited in this process
was called the second Al film In the above-described sanple, in a
tenperature 25 range of 160[err]C to 450[err]C, in the first Al film
deposi - tion step, no Al was deposited on SiJerr], but Al with the same
filmthickness as SiJerr] was depositsd/@lly 53 1 at the portion where
Si was exposed, while in the second Al “filmdeposition step, A was

deposited at substantially the sanme deposition rate on the first Al film
and SiJerr].

FIG.3
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Next, heating by the heater 4 was stopped to cool the 5 wafer. After
feeding of H2 gas was stopped and the reaction vessel internally evacuated,
t he waf er was conveyed to the conveyi ng chanber, and only the con- veying
chanber was nade at nospheric, and then the wafer was taken out. The outline
of the Al film10 formation was as dedkri®Bed above. Next, the sanpl e of
which filmwas forned according to this Exanple IS descrlbed An Si

substrate (n type, 1 to 2 [err] c !ﬁ{? qﬁ%ed to thermal oxidation at a
~ tenperature of 15 1000[err]C accordi o the ydrogen conbusti on system
(Herr]: 4 liter/IM (Jerr]: 2 Ilter/h0
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The filmthickness was found to be 7000 A [err] 500 A, and the refractive

I ndex 1.46. A photoresist was coated on the whole surface of the Si

substrate, 20 and a pattern as descri bed bel ow was baked by an exposure

- machine. Said.pattern was such that various pores.of 0.25 [err] mx 0.25

~[err]mto 100 [err]m x 100 [err] m wer eSgf&hed. After devel opi ng of the
phot oresi st, the subbing SiJerr] was etched by reaction ion etching (R E),

25 etc. with the photoresist as the mask to have partially the substrate

Si exposed. Thus, 130 sheets of sanples having pores of SiJerr] with

various sizes of 0.25 [err]mx

FIG.5

10
J
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1 0.25 [err]mto 100 [err]mx 100 [err]mwere prepared. And, by setting
the substrate tenperature at 13 levels, Al was deposited according to the
procedure as descri bed above for 10 sheets of sanples at the 5 respective
substrate tenperatures. The respective caonditions for the first Al film
deposition step, the surface nDdificd5V6E’step and the second Al film

deposition step were nmade as follows: 10 - during the first Al film
deposition step, total pressure 1.5 Torr DVAH parti al
pressure 1.5 x 10[err] Torr

FI1G.6
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during surface nodification step, TiC[err] partial pressure 0.1
Torr 15 during the second Al film deposition step, total pressure
1.5 Torr DMAH partial pressure 1.5 x 10[err] Torr The Al filns
deposi.ted by varying the substrate tenperature at 13 | evels were eval uated
by use of various 20 evaluation nmetfpdsg The results are shown in Table
1. 25 In the above sanples, at a tenperature range of

FIG.7
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160[err]Cto 450[err] C, Al was dep05|ted in the first Al deposi- tion step
selectively only at the Si exposed portion with the sanme thickness as
Sigerr]. This filmwas found 5 to be a single crystal. Further, in the
second Al deposition step, Al was deposited at the same deposi- tion rate
on both of the SiJerr] surface and th gilmdeposited in the first
deposition step. Both of the Al film seléecfively deposited on 10 Si and
the Al filmdeposited on SiJerr] after the surface nodification step were
of good quality with respect to re&f jreﬁ gﬁectance hi | | ock
generation density after the heat treéat etc. Also, substantially
no i ncrease of resistance -

92 91
{ 4

77

) *o0

FIG. 8B
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FIG. 8C

FIG.8D
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15 occurred at the interface between the first Al filmand the second A
film Even when the TiC 4 partial pressure was varied from0.05 to 0.5
Torr, there was substantially no difference in deposition rate and the film
quality of Al film 20 Exanple 2 According to the sanme procedure as in
Example 1, Al filmwas deposited by i 8+ &lucing:Si[err]Herr] at a partia
pressure of 0.1 to 50 Torr in place of Tid[err] during the surface

nodi fication step. 25 . - In the first Al deposition step, only at the
Si exposed portion, Al filmwit tt%agmi ckness as SiJerr] .was

deposi ted, and when the substrate te Jerat’ur e ,
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56 during the surface nodification step of 200[err]C to 450 [err]C and t
Si2H6 partial pressure of 0.1 to 50 Torr, in the second Al deposi¥ER-
Al was deposited at the sane depoleon rate b.g'; %) mn:bm)rshebb fi rst
5 A-film The filmquality of*the Al film dep6Sited was found to be good

simlarly as in Exanple 1. Exanple 3 According to the @m MBPicedure as in
Exanpl e _ Date:

- — cnd

1 Deposited Film Formation Method Utilizing Selective

Deposition by Use of Alkyl Aluminum Hydride

BACKGROUND OF THE INVENTION

5 Field of the Invention

This invention relates to a deposited film
formation method, particularly to a deposited £ilm
formation method of Al or a metal composed mainly "of Al
which can be preferably applied to e.lectrodes or wiring

10 of a semiconductor int?grated circuit device, etc.

Related background art

In the i)rior art, in electrqnic. devices or
integrated circuits by use of semiconductors, for
eléctrodes and wiring,. aluminum (Al) or a metal

15 containing élumiﬁum as main component such as Al-Si

and the.like has been pr:unar:.ly used. Al has many _

J o advantages such that it is inexpensive and high in .
electroconductivity, that it can be also internally
chemically. protected because a dense oxidized film can

20 be formed on the s&face, and that it has good
adhesion to 8i, etc. .
lis the method for féming a fi.:l.m for
electrodes and wiring of Al or Al-Si as mentioned"
.above,

there has been used in the prior art the

25 sputtering method such as magnetron sputtering, etc.
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10 1, Al filmwas deposited by introducing SiC[err], SiHO[err] or
SiHerr]COJ[err] at a partial pressure of 0.1 to 50 Torr in place of
TiCd[err] during the surface nodification step. In the first A deposition
step, only at the Si exposed portion, Al 2filmw th the sane thickness 15
as SigJerr] was deposited, and when the substrate tenperature during the
surface nodification step was 200[err]C to 450 [err]C and.the parti al

‘pressure of Sid[err], SiHC [eééjleor .‘Sri H er?%%CI L.Lerr%aTtr f 0. lctQ 50 Torr, in
the second Al ‘deposi tl'i’%‘ﬁeg?’ép, &S 8e%1_8 Peedar e _§§r}§’_ Fé¥8§sition rate
B O, S Gkth B8 A5 BB 566 cbh b, Wpelubnt el (e A
: which has been used in the prior art. The: sputtering-is
the physical deposition method based on flying of
5 sputtered particles in vacuum, the film thickness at
the stepped portion or the -insulating film side wall .
becomes extremely thin, leading to wire breaking in an
extreme case. Nonuniformity of film thickness or ﬁ;.re
breaking has the drawback that reliability qf LSI is
10 markedly lowered. )
. On the other hand, since the integration
degree of the integrated circuit such as LSI, etc. is
increased, and f:lne formation of wiring or multi-layer
wiring has been particqlérly required in recent years,
15 there is an increasing severe demand not found up to
date for Al or Al-Si wiring of the prior art. ﬁith
J finér -dimensional formation by increased integra:cic;n
degree, the surface of LSI, etc. is subject to
ex&essive unevenness due to oxidat:lon, diffusion, thin
'20 £ilm deposition, and etching, etc. For example,
electrodes or wiring metal must be deposited on the -
surface w}.th a stepbed difference, or déposited in 'a
via-hole which is fine in diameter and deep. In 4
Mbit or 16 Mbit DRAM (dynamic RAM), etc., the asbect
25 ratio (via-hole depth/via—hole diameter) of wvia-hole

in which a metal composed mainly of Al such as Al-Si,
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Exanple 4 According to the sane procedure as in Exanples 25 1, 2 and 3
except for using Ar in place of Herr] as the carrier gas, A was deposited
on the Si substrate with the patterned SiQ2 thin film The preparation
method . 57 of the substrate was the sage as that shown in Exanple 1. The
deposited Al filnms all gave the same results as in Exanples 1, 2 and 3.
Exanple 5 B

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

Particularly, for performing sure electrical
connection to the device under insulating film-such as
Sioz, etc., rather than f£ilm formation, Al-Si is- “
required to bé deposited so as to embed only the via—

10 hole of the device. In such case, a metHod of
deposiflng an Al alloy only on Si or metal surface and
not depositing it on an insulating film such as 8102;
etc. is required.
. As the improved sputtering method, there has
15 been developed the bias sputtering method in which a

bias is applied on a substrate and deposition is

&

performed so as to embed Al or an Al-Si compound only
in the via-hole by utilizing the sputter etching.
_action and the deposition actiop on the substrate

o9 Surface. However, éince the bias voltage of some 100
V or higher is spplied on the substrate, deleterious
influence:on the device occurs because 6f charged
particle damaging such as change in threshold of MOS-
FET, etc. Also; because of presence of both etching

25 action and deposition action, there is the problem

that the deposition speed cannot be essentially
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5 Al films were forned on the substrates with the constitutions
as described bel ow (Sanples 5-1 to 5-179) by neans of the | ow pressure CVD
device shown in Fig. 3. Preparation of Sanple 5-1 10 On a single
crystalline silicon as the first substratge surface material which was

el ectron donative, a thermally oxidized SiJerr] filmas the second
substrate surface material which was non-el ectron donative was forned,

fol lowed by patterning according to the photo- 15 I|ithographic steps as
shown in Exan#®PrOve® have the single crystalline silicon surface

partially exposed. The filmthickness of the thernaJIg oxidized _-
In order to solve the problems &as described

above, various types of CVD (Chemicél Vapor
Deposition) methods héve been proposed. 1In these
5§ methods, chemical reaction of the starting gas in some
form is-utili#ed. In plasma CVD or optical CVD,
decomposition of the starting gas occurs in gas phase,
and the active species formed there further reactg;bn
~ the substrate to give rise to film formation. In
10 ‘these CVD methods, surfgce coverage on unevenness on
. the substrate surface is good. However, carbon atoms
contained in the starting gas molécule are
:lnc_orborated 1xito -the £ilm. Also, particularly in.
plasma CVD, the probléx_n. remained that tﬁer'e was damage
15 by charged particles (so called plasma damage) as in
the case of the sputtering method.

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

o0 uUnevenness such as étepped portion of the surface,
etc. Also, it can be expected that deposition within
via-hole will veadily occur. Further,. wire breaking
at the stepped portion can be avoided.

- Furthermore, there are not caused damages by
95 Charged particles which have been observed in the case

of the plasma CVD or the sputtering method. The
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SiJerr] filmwas found to be 7000 A, and the size of the exposed portion,
nanely the opening of the single 20 crystalline silicon 3 [err]mXx 3
[err]m Thus, Sanple 5-1 was prepared. (Hereinafter such sanple was
represented as "thermally oxidized SiJery] (hereinafter abbreviated as
T-Si2)/single crystalline silicon"). Preparation of Sanples 5-2 to 5-179
25 : Sanmpl e 5-2 was an oxidized filmformed by normal pressure CVD

(herei nafter abbi;l gl at SIai(S:hSIa ?.Enri éciluggl'efgg‘yset al Ip ne $tl | i con;

.method -:seen in Journal of Electrochemical Society, V&)l.-
131, p. 2175 (1984). In this method triisobutyl
aluminum (i-C 4H9)3A1 (TIBA) is used as organic

5 aluminum gas and an Al film is formed at a film
formation temperature of 260 °¢ and a reaction tube
pressufe of 0.5 Torr. The substrate temperature is then
maintained at about 450°C end SiH, is introduced to
diffuse Si in th‘e Al film, thus obtaining an Al-Si

»

When TIBA :i.s to be used, a continuous film can
-not be obtained unless prefreatment is effected in
which prior to film formation, TiCl, is flowed to
activate the substrate surface to form nuclei.

15 Furthermore, in ;zase where TIBA is used, there is a
problem that surface flatness is not sufficient even |

Jo when TiCl, is used. By this method it is not possible
to effect selective growth such as Al-Si deposition
only in wvia-holes. _ _

20 As another niethod. there can be mentioned the
method desqribed in Japanese Journal of A;;plied-
Physics, Vol. 27, No. 11, p. L2134 (1988). In this. =
method, TIBA and 812!{6 diluted with Ar gas are
supplied, and the gases are heated before TIBA reaches

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

resistivity can be epitaxially grown on a Si(100)
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58 Sanple 5-3 was a boron doped oxidized filmformed by normal pressure CVD
(hereinafter abbreviated as BSG/single crystalline silicon; Sanple 5-4 was
a phosphorus doped oxidized - filmb5 fornmed by nornmal pressure CVD
(hereinafter abbreviated as PSG/single cgystalline silicon; Sanple 5-5 was
a phosphorus and boron doped oxidized filmformed by normal pressure.CVD
(herei nafer abbreviated as BSPG/single crystal silicon; 10 Sanmpl e
5-6 was a nitrified filmfornmed by plasma CVD (herei nafter abbreviated as
P- Si N)/ si dgl ew@f9x: a| Alfboygh dh¢ film obtained by this method has
good high quality, there are involved the problems )
that control is difficult due to necessity of heating
the gases and lthat apparatus for effeé_ting this method
5 is complicated.
| Japanese !f.aid—Open Patent Application No. 63—
33569 describes a method of -forming a film by using no
Ticl 4’ ‘but using in place ther_eof organic aluminum and
heating it in the vicinity of the substrate.
10 According to. th:is methoc}, Al can be _deposited
selectively only on the metal or semiconductor- surface
from whiéh the naturally oxidized film has been
| removed. ' | _ .
In this case, it is clearly stated that the
15° Sstep of removing the naturally oxidized film on the
substrate surface is necessary before introduction of. .
TIBA. Also, it is described that, since TIBA can be
used alone, no carrier gas is required to be used, but
Ar gas may be also used as the carrier gas. However,
20 the reaction of TIBA with anéther gas (e.g. Hé) is not
- contemplated at all, and there is no description of
use of Hzlas the carrier gas. Also, in é.ddition to
TIBA, trimethyl aluminum (TMA) and triethyl aluminum
(TEA) are mentioned, but there is no specific

95 description of other organic metals. This is because,

since the chemical properties of organic metals
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Sample 5-7 was a thermally nitrified film (hereinafter abbreviated as
T-SiN)/single silicon; 15 Sanple 5-8 was a nitrified filmforned
by | ow pressure DCVD (herei nafter abbreviat,ed as LP-SiN)/ single
crystalline silicon;, Sanple 5-9 was a nityified filmfornmed by ECR device
(hereinafter abbreviated as ECR-SiN)/single 20 crystalline silicon.

Further, according to conbinations of the first substrate surface nmateri al
whi ch was el ectron donative and the second substrate surface material which
was non- elect geneflanayi verySgnesadys-ilfl the brjadisheubsitdtentlabl e 2 were

pr epar ed. :

attached to the metal element varies little, it is
necessary to investigate individually by detailed
experimentation to determine-what organic metal should
:5 be used.

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

‘130 there is the restriction that heating of the gas is .
| necessary, and yet heating must be done in the
vicinity of the substrate. Besides, it must also be
experimentélly éeternined at what poximity to thp
substrate heating must be done, whereby there is also
15 ‘the problem that the place for setting the heater
cannot be necessarily freely chosen.

In the pre—-text of the 2nd Symposium of - _
Electrochemicai Society, Branch of Japan (July 7,-
1989), on page 75, thgre is a description of film'

oo formation of Al accéfding to the double wall GVD
method. .In this method, TIBA is used and the device
is designéd so that the gas temperature:of TBA can be
made higher than the substrate temperature. This
method may be also regarded as a modification of the

25 above-mentioned Japanese Laid—-open Patent Application

No. 63-33569. Also in this method, A1 can be
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59 In Table 2, as the first substrate surface material were enployed single
crystalline silicon (single crystalline Si), polycrystalline silicon
(polycrystalline Si), anmorphous silicon (amorphous Si), 5 tungsten (W,

mol ybdenum (M), tantalum (Ta), tungstengilicide (Wsi), titaniumsilicide

(TiSi), alumnum (A'), alum nunsilicon (A -Si), titaniumal umnum (A - Ti),

titaniumnitride (Ti-N), copper (Cu), alum num siliconcopper (Al -Si-Cu),

al um nunpal I adi um (Al - Pd),

1 selectively grown only on a metal or sem1conductor,

but not only the difference between the gas

temperature and the substrate surface temperature can

be controlled with difficulty, but also there is the

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

10 As set forth above, the prior art. methods have

~ the problems to be solved that it is gifficult to
obtain a flat Al-s:l £film of a low res:.st:.v:l.ty and good
quality, that there is considerable limitat:lon in
apparatus and in.film formation.

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

20 that the film formation method is complicated and can

be controlled with difficulty.

25
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10 titanium (Ti), nolybdenumsilicide (M-Si), tantalumsilicide (Ta-Si).
These sanples were placed in the |ow pressure CVD device, and Al filnms were
formed within the sane batch. Al was deposited under the follow ng

deposition conditions: 15 during the first Al filmformation step,
reaction tube pressure: 0.3 Torr DVAH partial pressure: 3 x 10[err]
Torr substrate tenperature: 300[err]C during surface nodification step,
20 Tid 4 partial pressure: 0.4 Torr during the second A

filmformekion step: Aesoridimgt tive threeswhhod desgribedr in Journal of
Electrochemical Society, Vol. 131, p. 2175 £i984), supra,
surface flatness of Al is poor, and yet Al within via-
hole cannot become.dense inadequately (see Fig. 1A).

"5  In Fig. 1A, 90 is a single crystalline Si substrate, 91
an insulating film comprising Sioz, and 92 a deposited
film of Al.

Also, in the method described in the techniéue
of Japanese Patent Application Laid-Open No. 63-33569,

10 since surface smoothness of Al within via-hole which
is a great premise is not sufficienf, increase of
resistivity at the interface between the Al film
according to the CVD method and the Al film according
to the sputtering method will be brought about (seée

15 Fig. lB);' In Fig. 1B, 92-1 shows the selectively |
deposited film of Al according to the CVD method, 92-2
deposited film of Al according to the spattering method,
and 92-3 the causes of characteristic deterioration
such as impurity at the interface, etc. |

20 As described above, the methods of the prior'
art cannot necessarily cause selective growth of Al '
to occur ;ucceséfuliy, or even if possiéle, problems
are involved with respect to flatness, purity of Al
film, and therefore, for further deposition of Al also

25 on an insulating film, there is fhe problem with respect
to continuity between the Al within via-hole and the

Al on the insulating film. Also, the film formation
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DVAH partial pressure: 3 x 10[err] Torr Substrate tenperature:
300[err] C 25 Under the above conditions, in the first Al
deposition step, no Al was deposited on the non-el ectron donative surface,
but Al with the sane thickness as the 1060 non-el ectron donative filmwas
deposited only at the portion where the electron donative surface was
exposed, while in the second Al filmdeposition step after the surface
nDdlfycatlfn ﬁégﬁbdéja¥gscgﬁgfféé gdaénaugifficulty'controllable,
and therefore they are not advantageous methods as the -
preparation technique of semiconductor integrated circuit
which require essentially preparation at low cost.
- 5 Particularly, the problems in performing multi-layer

wiring are great.

As described above, in the technical field of

semiconductors of which higher integration has beeﬁ_

desired, for providing a semiconductor device of higher
10 integration and higher performance inexpensively, there

-

existed many rooms to be improved.

SUMMARY OF THE INVENTION

The 'present invention has been accomplished
15 in view of the technical tasks as described above, and

is intended to provide a deposited film formation method

Nt

utilizing the method capable of forming a film of Al
or a metal composed mainly of Al which is excellent
in flatness and of good quality as electroconductive
20 material with good éontrollability at a desired position.
Another object of the present invention is to
provide a:déposited film formation method of a f£ilm
of Al or a metal composed mainly of Al which is very
broad in general purpose availability without requiring
25 a.complicated aﬁd expensive deposited film formation
device.

~ Another object of the present invention is to
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5 stantially the sane deposition rate on the first Al filmand the

non-el ectron donative surface. The filmaquality of the Al film deposited
was found to be very good, exhibiting the sane properties of that at the
substrate tenperature 300[ err] C shown i m110 Exanple 1. Exanple 6 According
to tthe same procedure as in Exanple 5, A filmwas deposited by introducing
Si2H6 at a partial pressure of 0.1 to 50 Torr in place of Tid[err] 15

O e S e Ralod! gl K% Bl L DRoRURSH! 3 miPSr ot ure during
' deposited film having.sufficiently excellent characteristics
also as the three-dimensional wiring by forming a film
enhanced in denseness, flatness within wvia-hole according
"5 to the selective deposition method and further depositing
non-selectively Al -of good quality contiﬁhously_from
via-hole also on an insulating film.
Further, énother object of the present invéhtion
is to ‘provide a method for forming an electroconduétive
10 ¢deposited film which becomes wiring of good quality
excellent in step cover;ge.
Another object of the present invention is to
ptovide a deposited film form&tion method comprising
the steps of:
15 arranging a substrate having an electron
donative surface (A) and a non-electron donative
surface (B) in a space for deposited film formation,
introducing at least a gas of an alkyl aluminum
hydride and hydrogen gas into said space for deposited
20 film ermation, :
maintaining the temperature of said electron
donative surface (A) within the range of the decomposi-
tion temperature of said alkyl aluminum hydride or
" higher and 450 °C or lower, thereby forming selectively
o5 @n aluminum film.or a metal film composed mainly of
aluminum on said electron donative surface (A), and

modifying the surface of said non-electron
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Si2H6 partial pressure of 0.1 to 50 Torr, in the second Al deposition step,
Al was deposited at the sane deposi- 20 tion rate both on the first Al film
and on-the non- electron donative naterial. The filmaquality of the Al film
deposited was found to be good simlarlyjas in Exanple 1. Exanple 7 25
According to the sane procedure as in Exanple 5, A filmwas deposited by
introducing SiCl[err], SiHO[err] or STH2O 2 at a partial pressure of 0.1

to 50 Torrlln donative surface (B), and forming an aluminum film or

a metal £ilm composed mainly of aluminum on said surface
.(é) and on said éluminum film or mefal film composed
- mainly of aluminum selectively deposited. |
5 Still:another object of the present invention
is to provide a deposited film formation method com-
prising the steps of;
arranging a substrate having an electron
‘donative surface (A) and a non-electron donative
10 éurface (B) in a space for deposited film formation
in the CVD device capaﬁie of generating a plasma,
introducing at least a gas of an alkyl aluminum
hydride and hydrogen gas ihto said space for deposited
film formation,

-

15 maintaining the tempe;ature of said electron
‘donative surface (A) within the range of the decom=
™y position temperature of said alkyl aluminum hydride
or higher and 450 °C or. lower, thereby forming selec-
tively an aluminum f£film or a metal £ilm composed mainly
20 of aluminum on said:electron donative surface (A),
modifying the surface of said non-electron
donative éﬁrface (B) by generating a plasma in
.said device while introducing at least a gas of alkyl
aluminum hydride and hydrogen gas, and
forming an aluminum film or a metal film

composed mainly of aluminum on said aluminum film

or metal film composed mainly of aluminum and said
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61 1 place of TiC[err] during the surface nodification step. In the first
Al deposition step, only at the electron donative nmaterial exposed portion,
Al filmwth the same thickness as the non-el ectron donative 5 material was
deposi ted, and when the substrate tenperggure during the surface

nodi fication step of 200 [err]C to 450 [err]C and the partial pressure of
SiC[err], SiHO[err] or SiHerr]COJerr] of 0.1 to 50 Torr, in the second

Al depOSittonmﬁhigieélnﬂ%se§3@%§bbeﬂo§5tang §g¥§Pg§szhtlon rate both on 10

t he non-el ctron native nater Im The film
quality of the Al fil 5d9Roghbhel@dbject of the present invention

is to provide a deposited film formation method by
feeding a gas of an alkyl aluminum hydride, or a gas
5 of an alkyl aluminum hydride and a gas containing
silicon onto a substrate of an electron donativé
surface (A) and a non-election donative surface (B)
to form an Al or Al-Si film only on the electron
donative surface (A), and yet after the selective
10 film formation modifying the non-electron donative
surface (B) to permit Ai or Al-Si to be aiso deposited
thereon, whereby a dense Al or Al-si £ilm can be formed
at high speed. B
. Still another object.of thg present invention
15 is to provide a'déposiféd film formation method which
can control selective/non-selective deposition by
controlling the applied power for plasma formation
and therefore can perform embedding within via-hole
and deposition onto an insulating layer in one reaction
o9 device and yet contihuously without change of gas species,
and consequently can form an electrocoﬁductive film -
excellent:iﬁ step coverage and electrocénductivity
and can form a good film as wiring for semiconductor

device such as LSI, etc.

25
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found to be good simlarly as in Exanple 1. Exanple 8 According to the sane
procedure as in Exanple 1, A deposition was carried out by use of

MVAH err] in place of DMAH-in the first Al deposition step and the second
Al deposition step. The deposition conditions and the surface 20

nodi fication step were as foll ows: duri&é the first Al filmformation step,
reacti on tube pressure: 1.5 Torr MVAH2 partial pressure: 5
X 10[err] Torr during surface nodification step, 25 Tid4
partial pressBRIEF DESCRIPTJON @&y FHE DRAWINGS

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

- the deposited film formation method of the prior art.

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

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

10 tion of the deposited film formation method according
to the present inventiéh.

Figs. 5, 6 and 7 are schematic views showing
the deposited film formation device suitable for
implementing the deposited film formation method

15 according to the present invention.

Figs. 8A - 8D are schem;tic sectional views

for illustration . of the deposited film'formation

method according to an exémple of the present invention

as compared with other methods.

Figs. 9A - 9D are schematic views for illustration

20
of the manner of selective deposition in the deposited
film formation method according to the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 preferred embodiments according'to the present

invention are described in detail below, but the present

invention is not limited to these embodiments, but
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during the second Al filmformation step: reaction tube pressure:

1.5 Torr 62 .1 MVAH2 partial pressure: 5 x 10[err]
Torr In the above sanples, within a tenmperature range of 160 [err]C to 400
[err]C A was deposited with the same thickness as. SiJerr] selectively at
only the Si exposed 5 portion in the fijgst Al deposition step, while in the

second Al deposition step, Al was dep05|ted at the sane dep05|t|on rate on
both the Si Q2 surface and the

1 any constitution accomplishing the object of the
present invention can be employed.

In the present invention, a metal is selectively
deposited by utilizing an alkyl aluminum hydride, parti-
5 cularly an alkyl aluminum hydride containing methyl

‘group, and then again the metal is deposited non-

selectively.

10

15

20°

25
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Al filmdeposited in the first deposition step. The sane results were al so
obt ai ned when Si[err]Herr], 10 Sic[err], SiHO[err] or SiH2O 2 was fed
at a partial pressure of 0.1 to 50 Torr in place of TiC[err] during the
surface nodification step. Exanple 9 By use of the device in Fig. 4, Al
deposition 15 was carried out. The device in Fig. 4 was a device shown in
Fig. 2 which was provided with the el ed®r ode 13 for pl asma generation and
t he power source 14 for plasna generation. Wien high frequency power was
applied on the plasma generation electrode 13 from20 the power source 14,
a plasma {shown by brakenel E8&lowing, prior to detailed :

description, first, the procéss for forming a
deposited film by use of an'organic metal is outlined.
The decomposition reaction of an organic

5 metal, and hence the thin film deposition reaction
will vary greatly depending on the kind of the metal
atom, the kind of the alkyl bonded to the metal atqy,
the means of pausing the decomposifion rgaction to"
occur, the atméspheric gas, etc.

10 For example: in the case of M-R3 (M: the broup

bd

III metal, R: alkyl group), trimethyl gallium:

/,ca,

CH;—Ga\\c

in thermal decomposition undergoes radical cleavage i
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was -generated wthin the reaction tube 2. According to the sane procedure
as in Exanple 1, the surface nodification was carried out only under the
conditions of the surface nodification step of: 25 - Herr] tota
pressur e: 1.0 Torr plasna power: : 0.3 WcenB
to effect Al deposition. The substrate enployed was This is the

repl acenent sheet Date: 63

1 wherein Ga--Ci{3 bond is cleaved, while t'riethyl
gallium:

- ) ~
Czls

5 in thermal decomposition is decomposed through g—

elimination into:

- .Czﬂs
C2Hs-Ga ~
{]
and C,H On the other hand, triethyl aluminum

27°4°
10 @attached with the same ethyl group:

Cals
CaHs -& 2= 2ns
~Calis
in thermal decoinposition undergoes- radical

-~

decompos:ltion in which Al—csz is cleaved.- ' However,- tri-
15 1so—buty1 aluminum hav:.ng ic 4Hg bonded therein:
i iC.He

. -~

iCaHl AJL

P40 BT N icats
is subject to g-elimination.

Trimethyl aluminum (TMA) comprising CH3 groups

20 and Al _has a dimer étructur_e at room temperature:

CHls —_ A_Q/CHS\ _-CHs

CHs — ~CHs — T CHs

and thermal decomposition is radic_al decomposition in

25
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the Si wafer with the patterned SiJerr] thin film prepared according to
the sanme procedure as shown in Exanple 1. At a tenperature range of 160
[err]C to 450 [err]C, 5 in the first Al deposition step, Al was deposited
with the same thickness as SiJerr] selectively only at the Si exposed
portion, while in the second Al depositign step, Al was deposited at the
sane deposition rate both on the SiQ2 sggface and on the Al filmdeposited
10 in the first deposition step. There was no difference in filmaquality
Wi th respect to resistivity, reflectance, hillock generation density after

the heat Hre@@a%ﬁ éﬁfﬁh effoupei¥e8iicaved, and at a temperature of
150 ¢ or lower, it reacts w1th atmospheric Hz to form
CH,., and forms finally Al.
However, at a high temperature of 300_°C or
s higher, even if H2 may be present in the atmoéphere,
CH, group will withdraw H from the TMA molecule, until
finally Al-C compound is formed.
Also, in the case of TMA, in light or a
certain region controlled in electric power in H,
10 @atmosphere high frequen?y (ca. 13.56 MHz) plaéma, CZHG
will be formed by the bridging CH3 between two Al's.
In‘essence, since even an organic metal
.compfising 083 Qroup which the simplest alkyl group,
.. C,H group or iG4H9 group and Al or Ga has a reaction
15 mode depending on-the kind of the alkyl group, the
kind of the metal atom, the excitation decomposition
means, for deposition of a metal atom from an organic
metal on a desired substrate, the decomposition
reaction must be strictly contfolled. For example,
, When Al is to be deposited from triisobutyl aluminum:
(TIBA: RCafla g0 — iCalts)
- iClla”
in the low pressure CVD method comprising mainly
thermal reaction, unevenness of um order is formed on

'és' the surface, whereby the surface morphology is

inferior. Also, hillock generation by heat treatment,
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the Al filmselectively deposited and the Al film 15 deposited on Sierr]
after the surface nodification step. A so, no increase of resistance
occurred at the interface between the first Al filmand the second Al film
Even when the conditions in the surface 20 nodification step were varied
with Herr] pressure from0.1 to 2 Torr .and the plasma power fromO0.2 to 1
Wcnferr], there was no difference in défosition rate and filmquality of
the Al film Exanple 10 25 By use of the device shown in Fig. 5,
Al deposition was carried out. In the device in Fig. 5,

1 Si surface roughening through Si diffusion at the

in?erface between Al and Si occur, and also migration

resistance is inferior, wherebylit‘can be utilized for

ultra-LSI -process with difficult&.

5 For this reason, a method for controlling
precisely both the gas teﬁperature and the substrate
temperature has been attempted. However, the device
'is complicated, and the method is of the shéet
treatment type in which deposition can be effected

10 only on one wafer by one deposition process. Besides,
since the deposition spééd is 500 A/min. at the
highest, the throughput necessary for.bulk production

" cannot be realiéed. |
. Similarly; wién TMA is emploved, Al deposition

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

20 Dimethyl alﬁminum hydride (DMAH) as the alkyl

aluminum hydride to be utilized in the present

invention:ié a substance known as alkyl-metal, but it
could not be estimated at all what Al thin film could
be deposited depending on what reaction mode, unless

25 " deposited films ére formed under all the.conditions.

For example, in an example of deposition Al by optical
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the substrate 1 can be heated by a heater 4, and can 64 1 be heated by a
| anp 22 to further higher tenperature. For the lanp, Xe |lanp was used. 21
was a light trans- m ssive wi ndow, which was made of quartz. In Fig. 5, the
conveyi ng chanber was nmounted 5 in the vertical direction to the paper
surface (not shown). The deposition pro&&dure was as descri bed-bel ow. The
substrate hol der was nounted on the waf hol der 3, H2 gas was i ntroduced
under a pressure of

1 CVD from DMAH, the surface morphology is inferio;, and
thg resistivity_value was greater than the bulk value .
(2.7 pohm.cm) as several pohm to 10 pohm cm, thus
being inferior in film quality.
5- ) ‘Now, referring to the drawings, preferred
embodiments of the preseht invention are described in
. more detail. |
In the present”invention, for depositing aﬁ-Al—
Si film of good quality as the electroconductive
10 deﬁosition film on a substrate; the CVD method is
used.
More specificél;y, by use of dimethyl aluminum

hydride (DMAH):

15 Chemical formula:  CHs —

or monomethyl aluminum hydride (MMAHZ):

Chemical formula: ~ 13~ , —H
Ho—

o0 @s alkyl aluminum h§dride which is an organic metal as
- a starting gas containing at least one atom which,
becomes the constituent of the deposited film,
optionally together with a gas containing Si atoms as
another starting gas, and by use.of Hz as the reaction

95 ~gas, an Al film or a metal film composed mainly of Al
is formed by gas phase growth with a gas mixture of

these on a substrate.

This is the replacement sheet

06 MAR 199y

Date:



1.5 Torr into the reaction vessel 2, and then heated 10 by current passage
through the heater 4. After it becane a predeterm ned tenperature, DVAH
was introduced into the reaction vessel 2 to forma first Al film After
el apse of a predeterm ned deposition tinme, feeding only of DVMAH was
stopped. The wafer was 15 quickly heatg by the lanp 22. After the
substrate surface tenperature becane 506ferr]C, again DMAH was i ntroduced
into the reaction vessel for 0.1 to 5 mnutes. Again feeding of DVAH was
stopped, the lanp 22 extingui shed and the substrate tenperature dropped to
a predetetnined 20 t efpetheusubs Thateuapntécablief inathenpsesentas as
descri bed .
invention, a material having electron donative '
property may be employed.
The electron donative material is described in
5 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
10° yreaction is promoted through give-and-take of
electrons with thé starting gas molecules attached on
_ the substrate surface. For example, generally metals
and semiconductors correspond to such material. Those
having very thin oxidized film on the metal or
15 semiconductor surface are also dincluded. For, with
such ihih f£film, the chemical reaction can occur
between the substrate and the attached starting
molecules.
Specifically, there may be included
20 = semiconductors such'as.singlé crystalline silicon,
polycrystalline silicon, amorphous silicon, etc.,
binéry system or ternary system or quaférnary_system
III-V compound semiconductors comprising combinations
of Ga, In, Al as the group III element and P, As, N as
25 ~ the group V element, or II-IV compound semiconducters,

or metals themselves such as tungsten, molybdenum,

tantalum, aluminum, titanium, copper, etc., or
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above, and thereafter again DMAH was introduced to deposit a second Al
film After conpletion of a predeterm ned deposition tinme, feeding of DVAH
was stopped and al so 25 current passage thorugh the heater was stopped,
foll owed by cooling. Al filmwas deposited under the follow ng conditions:
65 during the first Al filmformation step, total pressure 1.5
Torr DMVAH partial pressure 1.5 x 16@Rerr] Torr '

1 silicides of the above metals such as tungsten
'silicide, molybdenum silicide, tantalum silicide,
aluminum silicide, titenium silicide, etc., further
mefals containing either one of the constituent of the
5 above metals such as aluminum silicon, aluminum
titanium, aluminum copper, aluminum tantalum, aluminum
silicon copper, aluminum silicon titanium, aluminum
palladium, titanium nitride, etc. |
-On the substrate with such constitution, Al is
10 deposited only through §imp1e thermal reaction in the
reaction system of the starting gas and Hz. For
example, the thermal reaction in the reaction system
between DMAH and H2 may be basically considered as

follows:

15

AL Ui~ 280 ¢ +4CH T +H2 T
ClHs—  ~H- CHs

N P
DMAH assumes a dimer structure at room temperature.

Also, with MMAH,, a high quality Al film could be

2
20 formed by thermal réaction as shown below in Examples.
Since MMAH, has low vapor pressure as 0.01 to
0.1 Torr ét room temperature, a large aﬁount of tﬁe
starting material can be transported witﬁ difficulty,
and the upper limit value of the deposition speed is

25 several hundred i/min. in the present embodiment, and

preferably, it is most desirable to use DMAH of which
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during the surface nodification step, 5 substrate tenperature

500[err]C total pressure 1.5 Torr DVAH partial pressure
1.5 x 10[err] Torr during the second Al filmformation, total pressure
1.5 Torr 10 DVAH partial pressure 1.5 x 10[err] Torr

The substrate enployed was an Si wafer with the patterned SiJerr] thin
filmused in Exanple 1. At a tenperatur%?range of 160 [err]C to 450[err]C,
in the first Al deposition step, Al was deposited with 15 the sane
thickness as Si(Jerr] selectively only at the Si exposed portion, while in
t he second Al vapptspresaureeps 1 Torr at room temperature.

In another embodiment of the present invention,
tie CVD method is used for.selective deposition of a

- good Al film or metal film composed mainly of Al as
5 - the electroconductive deposition film on the
substrate.

More specifically, as described above, by use
of dimethyl aluminum hydride (DMAH) or monomethyl ~
alminum hydride (MMAHZ), optiocnally together with a

10 gas containing Si atoms as the starting gas, and by
used of H2 as the reacéion gas, an Al film or a metal
film cbmposed mainly Of Al is selectively formed on the
substrate-by gas phase growth with a gas mixture of |
.thése.

'15 The substrate ;pplicable in the present
invention has a first substrate surface material for
formation of the surface on which Al-Si is deposited,
and second substrate surface material on which no
metal is deposited. And, as the first substrate

20 surface ﬁaterial, é'material having the electron
donative surface is used.

in-contrast, as the material for forming the
surface on which Al or a metal composed mainly of Al is
not deposited selectively, namely the material for

25 - forming the electron non- donative surface, conventionél

insulating materials, oxdized silicon formed by thermal

oxidation, CVD, etc., glass or oxidized film such as
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Al was deposited at the sane deposition rate both on the SiQ2 surface and
on the Al filmdeposited in the first deposition step. 20 By SI M5
anal ysis, etc., presence of C was con- -firmed only at the interface between
the first Al filmand the second Al film but there was no increase of

resi stance at the interface between the first Al filmand the second Al
film The filmaquality of the 25 deposi%4d AI filmwas found to be
substantially the same as in Table 1

1 BSG, PSG, BPSG, etc., thermally nitrided film, silicon
nitrided f£ilm by plasma CVD, low pressure CVD, ECR—CQD
method, etc.
Fig. 2 is a schematic view showing a
5 preferable deposition film forming device for applying
the present invention..

.Here, 1 is a substrate for forming an Al-Si
film. The substrate 1 is mounted on-a substrate
holder 3 provided internally of the reaction tube 2

10 for forming a space for formation of a deposited film
“ which is substantially ciosed to Fig. 2. As the
material constituting the reaction tube 2, quartz is
preferable, Sut it may be also made of a metal. In
_ this case, it is preferable to cool the reaction tube.
15 - 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 tﬁat the substrate temperature can be controlled by
controlling the heat genération temperature of the
20 heater 4.
The feeding system of gases is constituted as
described below.
6 is a gas mixer, in which the first starting
gas, the second starting gas and the reaction gas are
25 mixed, and the mixture is fed into the reaciton tube
2. 6 is a starting gas gasifier prévided for gasificat-
ion of an organic metal as the first starting gas.
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66 Exanple 11 According to the same procedure as in Exanple 1, Si2H6 was
added through the third gas |ine during transportation of DMAH to the
reaction tube, and Al - 5 Si deposition was carried out. The respective
conditions for the first Al-Si filmdeposition step, the surface

nodi fication step and the second Al -Si filmdeposition step were nade as

follows: 10 during the first 28-Si filmdeposition step, tota
pressure 1.5 Torr DVAH partial- pressure 1.5 x.10[ err]
Torr :

The organic metal to be used in the present
inyention is liquid at room temperature, and is foried
into saturated vapor by passing a carrier gas through
the liquid of the organic metal within the gasifier 6,

S 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 lafge volume such as during

10 evacuation internally of the reaction tube 2 before
fofmation of the deposited film. 8 is a slow leak

valve, which is used when performing evacuation of a
small volume such as in controlling the pressure
1ntérna11y of the reac?ion tube 2 during formation of

15° the deposited film. 9 is an evacuation unit, which is
constituted of a pump for- evacuation such as turbo
molecular pump, etc. |
The conveying system of the substrate 1 is
constituted as descgibéd be;ow.

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

25 evacuation éuch as turbo molecular pump, etc.

The valve 13 is opened only when the substrate

1 is transferred between the reaction chamber and the
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Si 2H6 partial pressure 2 x 10[err] Torr during the surfacé

nodi fi cation step, 15 Ti 4 partial pressure 0.1 Torr
during the second Al -Si filmdeposition step, total pressure

1.5 Torr DMAH par.tial pressure 1.5 x 10[err] Torr Siferr]Herr]
partial pressuré 2 x 10[err] Torr 20 At a tenperature

range of 160 C to 450 [err]C, Al -Si wasZ8leposited in the first A
deposition step selectively only at "the Si exposed portion with the sane
thickness as SiJerr], while in the second Al deposi- tion step, A -Si was

deposi te;{\I atcéH@e§§H§ gdgpeaition 25 rate on both of the Si(err] surface_
and the Si fil :

. As shown in Fig. 2, in the starting gas
gasifier 6 which is the gas formation chamber for
fofming the starting gas, the liquid DMAH maintained
5§ at room temperature is bubbled with H2 or Ar (or other
inert gas) as the carrier gas to form gaseous DMAH,
which is transported to thezhixer 5. The H2 gas as
the reaction gas is transported through another rod{é
into the mixer 5. The gases are controlled in flow
10 rates so that the respective partial pressures may
become desired values."
In the case of forming a film by this device,
the first starting gas may be of course MMAH,, but
DMAH with a vapor pressure enough to become 1 Torr at

-15 room temperature is the most preferred. Also, DMAH

and 'MMAHZ may be used in a mixture.

——

20

25
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deposited in the first deposition step. Both of the AI-Si filmselectively
deposi ted 67 on Si and the Al-Si filmdeposited on SiJerr] after the
surface nodification step were not different in filmaquality with respect
to resistivity, reflectance, hillock generation density after the heat
treatnent 5 step, etc. Also, substantially no increase of resistance
occurred at the interface -between the f#¥st AI-Si film

1 As the second starting gas containing Si which

can optionally be used, there can be used SijHg, Siﬁ4,

8’ 3)4, 4° 81H2C12‘and 81H3Cl. Of these

compounds SizH6 which can be easily decomposed at the

Si3H Si(CH SicCl

5 low temperature of 200 - 300°C. The gases such as
SiZHG are diluted with H2 or Ar and transported to the

mixer 5 through a system other than the DMAH system.
The deposited film formed at a substrate
temperature of 160 °¢ to 450 °c by use of such
10 sfarting gas and reaction gas, with a thickness of for
example 460 A, has a.resietivity at room temperature
of 2.7 — 3.0 pohm.cm which is substantially equal to
Al bulk resistivﬁty, and is a continuous and flat
fiin. At this.time, the pressure during film
15 formationfcan'be chosen within the range from 10“3
Torr to 760 Torr. Also, even when the film thickness
may be 1 uym, its resistivity is ca. 2.7 - 3.0 pohm-.cm,
and a sufficiently dense film can be formed also with
a relatively thicker film. Also, the reflectance in
20 the visible light w;velength region is approximately
80 %, whereby a {hie film excellent in surface
flatness Ean be deposited.
The substrate temperature is desirably the

decomposition temperature of the starting gas

25 containing Al or higher, and 450 °C or lower as:
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and the second Al-Si film Even when the Tid[err] partial pressure was
varied 10 from0.05 to 0.5 Torr, there was substantially no difference in
deposition rate, the filmquality of Al- Si film Exanple 12 According to
the sanme procedure as in Exanple 15 11, Al-Si filmwas deposited by
introducing Si[err]Herr], Sid[err], SiHC[err] or SiHerr]OJ[err] at a
total pressure of 0.1 to 50 Torr in plage of TiC[err] during the surface
nodi fication step. The respective conditions for the first Al-Si film
deposition step, the surface nodification step 20 and the second Al -S
fil mdepdsi déescribed aboeeasbhtl| spesifically the substrate
temperature of 200 to 450 9c is more desirable, and -
when deposition is carried out under this condition,
- by making the DMAH partial pressure 10—4 to.lom3 Torr,
5 the deposition spéed becomes very great as 100 iA/min.
to 800 &4/min., whereby sufficient great deposition
speed corresponding to the cost as the Al-Si
deposition technique for ultra-LSI can be obtained. -
A more preferable substrate temperature
10 condition is 270 °C to 350 °c, and the metal film
deposited under this condition is also strongly
orientatable and, even when subjected to the heat
treatment at 450 °C for 1 hour, the metal film on the
. Si monocrystalline or Si polycrystalline substrate
15 beconmes a good metal filh,without generation of
hillock, spike as seen in the film forming method of-
the prior art. Also, such metal film is excellent in .
electro-migration resistance.
In the dévice shown in Fig. 2, Al-Si can be
20 deposited on only one sheet of substrate in deposition
for one time. Although a deposition speed of ca. 800
A/min. can be 6btaiued, it is still insufficient for
performing deposition of a large number of sheets
within a short time. '

25 As the deposition film forming device_for

improving this point, there is the low pressure CVD
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during the first Al-Si filmformation step, total pressure 1.5
Torr DVAH partial pressure 1.5 x 10[err] Torr Si2H6 partial pressure
2 x 10[err] Torr 25 during the surface nodification step, parti al

pressure of Si[err]Herr], SiC[err], SiHd[err] or SiHerr]err] 0.1-- 50

Torr
1.5 Torr

68 duri ng the second Al -Si fil r7219deposition step, total pressure

1 device which can deposit a metal by simultaneous

mounting of a large number of sheets of wafer. Since-

‘the}hetal.film formation according to the present

- invention utilizes the surface reaction on the

5 electron donative substrate surface, in the hot wall

type low pressure CVD method wherein only the
substrate is heated, Al can be deposited on the
substrate by use of DMAH and H,. optionally together-with

the Si starting gas such as Sizﬂé, etc.

10 The reaction tube pressure may be 0.05 to 760

Torr, desirably 0.1 to 0.8 Torr, the substrate

temperature 160 °C to 450 °C, desirably 200 °C to 400

°c, the DMAH partial pressure 1 x 10~°

10 3~fold of the préssure in the reaction tube, the

-fold to 1.3 x

16 Si H, partial pressure 1'% 10 7-fold to 1 x 10 *-fo1a

of the pressure in the reaction tube, and under such
conditions, Al-Si can be well deposited on the
electron donative substrate.

Fig. 3 is a schematic illustration showing a

20 deposited film forming device to which such preéent

invention is applicable.
§7 is a substrate for formation of a metal film,
60 is an outside reaction tube made of quartz for

forming a space for formation of deposited film

25 substantially closed to the surrounding, 51 an

innerside reaction tube made of quartz located for
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DVMAH partial pressure 1.5 x 10[err] Torr Si[err]Herr] partial
pressure 2 x 10[err] Torr 5 In the case of using
Si[err]Herr] in the surface nodification step, A -Si was deposited in the
first Al deposition stpe selectively only at the Si exposed portion with
the sane thickness as SiJerr], and when the substrate tenperature during
the surface nodification 10 step was 30 [err]Cto 450 [err]C, and the
Si[err]H err] partial pressure was greater than the partial pressure during
Al -Si depositi'on as 0.1 to 50 Torr, in the second Al deposition step, A -S
was deposi sedanating theefdeopoof- gasowithin Shebowtsdfdet peaGitdoxn r]| surface
and the Al -Si 15 filmdeposited in the first deposition step.
tube 50, 54 a flange made of a metal for opening and -
clos&ng of the opening of the outside reaction tube
- 50, and the substrate 57 is located within the
5 substrate holding member 56 provided internally of the
innerside reaction tube 51. The substrate holding
nember 56 should be preferably made of qguartz.
Also, in the present device, the substrate
tenperature can be controlled by the heater portion
10 5§9. The pressﬁre internally of the reaction tube 50
is constituted so as to be controllable by the
evécuation system connected through the gas evacuation
outlet 63.
The gas feeding system is constituted to have
16 a first gas system, a second gas system, a third gas
systen and a mixer (none are shown in Fig. 2)
- similarly as the device shown by the symbols 5 and 6
in Fig. 2, and the starting gases and the reaction gas
- are introduced into the reaction tube 50 through the
20 starting gas iniet 52. These gases react on the
surface of the substrate $7 during passage internally
of the inneréide reaction tube 51 as shown by the
arrowhead 58 in Fig. 3 to deposit metal on the
substrate surface. The gases after the reaction pass

25 through the gap formed between the innerside reaction

tqbe 51 and the outside reaction tube 50, and
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The filmaquality of the AI-Si filmdeposited was found to be good simlarly
as in the case of Exanple 1. On the other hand, in the case of SiC[err],
SiHC [err] 20 or SiHerr]CJ[err], A -Si was deposited-in the first A
deposi- tion step selectively only at the Si exposed portion with the sane
thickness as SiJerr], and when the subgtrate tenperature during the
surface nodification step was 200 [err]C to 450 [err]C, and the parti al
pressure of SiC[err], 25 SiHC[err] or SiHerr]OJ[err] was greater than

L1 b W PIPRERRER LTS EEPRIELARR B Putphe 38T T e
o In taking out and in the substrate, the flange
54 m;de of a metal is permitted to fall by an elevator
- (not shown) together.with the substrate holding member
5 56 and the substrate 57 to be moved to a predetermined
position where the substrate is mounted and detached.
By forming a deposited film under the
qonditions as described above by use of such device;*
metal films of good gquality can be‘formed iﬁ all the
10 wafers within the device.
As described above, the film obtained
according to the film formation process based on
the gmbodinent of the present inyention is dense with
littlé content of impurity such as carbon, etc. and
16 resistivity which is_similar to bulk, and also has
.high surface smoothness, and thereforé remarkable
effects as described below can be obtained.
(1) Reduction of hillock
Hillock is occurrence of concavities on the Al
_20 surface due to partial migration of Al when
inner stress during film formation is released in the
heat treatmeﬁt step. Also, similar phenomenon occurs
by local migration by current péssage. “The Al film
formed by the present invention has little inner

25 stress and is approximate to -the state of
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69 1 deposition rate on both of the SiQ2 surface and the Al -S
deposited in the first deposition step.- The filmquality of the A -S
deposited was found to be good simlarly as in the case of Exanple 5

film

film
1

Exanpl e 13 According to the same procedures as in Exanple 11 and Exanpl e
12, Al-Si filnms were deposited by varyi?g the Si[err]H err] partial

pressure during Al -Si filmdeposition.
conditions for the first Al-S

1

10-

15

20.

25

L) The respective

monocrystal. For this reason, in the heat treatment
at 450 °C for one hour, as contrasted to formation of
10% - 105/cn? of hillocks in the Al f£ilm of the
prior art, the hillock number could be greatly
improved as 0 to 10/cm?. Thus, due to substantial
absence of Al surface concavity, the resist film
thickness and the interlayef insulating film can pe
made thin to be advantageous for making it finer éﬁd
more flat.
(2) Improvement of electro—-migration resistance
Electro—migrati;n is the phenomenon that the-
wiring atomé move by passage of a current of high
density.. By'this phenomenon, voids are generated and
grown along the grain boundary, whéreby as- accompanied
with reduction of the éross?sectional area, the wiring
generates heat to be broken. In the prior art, the
anti-migration property has been improved by adding
Cu, Ti, etc. to Al to form an alloy. However, the
alloy formation results in complication of the etching
step and difficulty.of minute formation.
Migration'resistance'is generally evaluated by
average wifing life. | |
The wiring formed by the sputtering method or
the CVD method of the prior art has obtained anaverage

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

. wiring cross—sectional area of 1 pmz) under the

bate: 06 MAR 1997

This is the replacement sheet



filmdeposition step, the surface nodification step and the second Al -S
filmdeposition step were as follows: the first Al-Si filmformation step,

15 total pressure 1.5 Torr DVAH partia
pressure 1.5 x 10[err] Torr Si[err]Herr] partial pressure 1.5 x
10[err] 1 x 10[err] Torr substrate tenpegrature 300 [err]C 20

the surface nodification step, partial pressure of Si[err]Herr],
Sicf[err], SiHC[err] or SiHerr]C[err] 0.1- 50 Torr, or
parti al pressure of TiC[err] 0.05 - 0.5 Tor 6

current passage test conditions of 250 °C, 1 x 10

A/cmz. In contrast, the Al or Al-Si film oﬁtained by the
.lfllm formation method based on the embodiment of

the present invention could obtain an average wiring

3 life of 103 to 104 hours with a wiring having a cross-

sectional area of 1 umz;

Hence, according torthe present invention,_for
example, when the wiring width is 0.8 ﬁm, a wiring =
layer thickness.of 0.3 pm can sufficiently stand

10 Ppractical 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 also high reliabiiify in
paséing ordinary current can be obtained. Also, this

15 1is possible b& a very simple process.

(3) Reduction of alloy pits in contact portion

By the heat treatment in the wiring step,
eutectic reaction between Al in the wiring material
and Si in the substrate may occur to result in.

20 penetratioh of Al—Si:eutectic'called as alloy pit into
the substrate in spike pattern, thereby destroylng
shallow Junctlon.'

As countermeasure, it is general to employ a
material other than pﬁre Al when the depth of junction

25 -is 0.3 uﬁ or more and to employ barrier metal

technique of Ti, W, Mo type.
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substrate tenperature 300 [err]C 25 the second AI-Si film

deposition step, total pressure 1.5 Torr DVAH partial pressure
1.5 x 10[err] Torr 70 Si[err]H err] partial pressure 0.05 x 0.5 torr
substrate tenperature 300 [err]C Si[err]H err] was nmade equal during

the first Al-Si deposition and during the second Al -Si deposition. 5
In either case of using TidJ[err], Si[eﬁﬂ]H[err], Sidferr],

1 . However, there remain some points to be
imgroved such as complication of etching, rise of.
contact resistivity and the like. In a metal film formed
according to the present inventidn, generation of
5 alloy pits in contact portion with substraté crystal
due to heat treatment in the wiring step can be
inhibited and wiring with good contact can also bg
obtained. In other words, wiring can be effected ohly
with a deposited material without destroyiﬁg.junction
10 even when the junction is formed in a depth of about
0.1 pm. ’
(4) Improvement of surface smoothness (patterning
characteri#tic improvement of wiring) :
- In the prior art, roughness of the surface of
15 a metal thin film had inconvenience in the alignment
step for the mask and the substrate in the patterning
step and in the etching step.
That is, there is unevenness extending to
several um on the surface of Al film according to the
20 prior art ﬁethod, wﬁereby the surface morphology is
poor, and therefore had the following disadvantages.
1) Alignment signals cause diffused reflection
to occur at the surface, whereby noise level becomes
higher and inherent alignment signals canhot be
25 discriminated. .

2) For covering large surface unevenness, the

resist film thickness must be taken large, which is
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SiHC [err] or SiHerr]C[err], in the first Al deposition step Al- Si was
deposited selectively only at the Si exposed portion with the sane
thickness as SiJerr], and while in the second Al -Si deposition step, Al -Si
was deposited 10 at the sanme deposition rate on both of the SiQ2 surface
and the AI-Si filmdeposited in the first deposition step. The Si content
(wt.% of the AI-Si filmforned at thi**inme was varied from0.005 %to 5 %
in substantially 15 - proportion to the Si 2H6 partial pressure

si mul taneously transported with DVAH. Exanple 14 During the first Al -Si
depositiohn Gpp@sﬁﬂd tdefine formation.

3) If the surface morphology is poor, halation

due to the resist internal reflection will occur

locally, whereby resist remaining occurs.

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

According to the present invention, the
surface morphology of metal film to be formed is
10 markedly improved to cancell all the drawbacks
described above. |
In other words, in the patterning step, at the
line width of the resolving power limit of the
exposure machine, the alignment precision.3 =0.15 pm.
15'¢an'be accomplished, whereby wiring having smooth side
" plane is rendered possibie without causing halation to
occur.
(5) Improvement of resistance in contact hole and
through hole and of contact resistance
20 In the prior.ért method, if the size of the
éontact hole becomes finer as 1 ym x 1 pm or 1less, éi
in the wiring is precipitated on the substrate at the
contact hole during heat treatment in the wiring step
to cover thereover, whereby resistance between the
. 25 wiring and the element becomes markedly larger.

According to the embodiment of the present
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second Al -Si deposition step of Exanple 11 and Exanple 20 12, the carrier
gas for DMAH transport was changed fromHerr] to Ar. Foll ow ng otherw se
entirely the same procedure,- A -Si was deposited. During the first Al -Si -
deposition and during the second Al -Si deposition, H2 was fed fromthe
second 25 gas line. Simlarly in this Eﬁgrrpl e, Al-Si deposited filnms could
be formed as in Exanple 11 and Exanpl e : 71

1 jinvention, since a dense film is formed according to

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

a resistivity of 2.7 - 3.3 pohn cn. Aiso, the contact

d resistivity can attain 1 x 10_6 ohm-cm2 at an area of

5 0.6 uym x 0.6 um when the Si portion has an impurity of
1029 cn™3,

That is, according t; the present invention, a
good contact with the substrate can be obtained. “
{(6) It Becomes possible to make heat treatment during

10 wiring step lower or abolish the heat treatment step.

As described in ;ietail above, by applying the
present invention to the wiring formation method of a'
seniconductor -integrated circuit, the yield can be

improved, and reduction of cost can be promoted to

15 great extent as compared with Al wiring of the prior

art.

20

25

.This is the replacement sheet

pate: 06 MAR 1997



1 Exanple 15 Al-Si was deposited according to entirely the sane procedure
as in Exanple 13, except for changing the carrier gas for DVAH transport
fromH2 to Ar during 5 the first Al -Si deposition step and during the
second Al -Si deposition step. During the first A -Si deposition and during
the second Al -Si deposition, Herr] was fed fromthe second gas line. 10
Smlarly in this Exanple, Al -Si depos??ed films could be fornmed as in
Exanpl e 13. Exanple. 16 According to the sane procedure as in Exanple
1 As described above, according to the CvD method
.utilizing a gas of an alkyl aluminum hydride, partibularly
an alkyl aluminum hydride containing methyl group, a
- metal film for semiconductor integrated circuit device
5 excellent in flatness, migration resistance, electro-
'conductivity, etc. can be formed.
In the following, embodiments of the present
invention are described in detail.
Figs. 4A - 4E are schematic views showing the
10 manner of selective growth when DMAH and H2 or DMAH,
Si Hg and H, are employed.
Fig. 4A illustrates schematically a sectional
view of the substrate before formation of Al or Al-Si
deposited film. 90 is a substrate comprising electron
35  donative material such as Si wafer. 91 is a thin film

comprising a non-electron donative material such as

thermally oxidized 5102 film or CVDBSG film.

In the case of deposition of an Al-Si film,

when DMAH, Si2H6 as the starting material gases and

20 a gas mixture containing H2 as the reactive gas are
fed onto the substrate 1 heated within Fhe temperafure
of the decomposition temperature of DMAﬁ' or higher
and 450 °C or lower, Al-Si is precipitafed on the
| substrate 90 to form a continuous film of Al-Si as shown
25 '

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

grows to the level of the uppermost portion of the'thin
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5, Exanple 6 and Exanple 7, Al -Si deposition was carried 15 out with
addition of Si[err]Herr] in the first Al-Si filmdeposition step and the
second Al -Si deposition step. The deposition conditions were as follows:
the first Al filmfornation step, reaction tube pressure 0.3 Torr 20
DMAH partial pressure 3 x 10[err], Torr substrate tenperature
300[err]C Si[err]Herr] partial pressuﬁ§ 1.5 x 10[err] Torr the surface
nodi fication step, TiC[err] partial pressure 0.05 - 5 Torr, or 25
Si[err]H err] 'partial pressure 0.1 to.50 Torr, or SidJ[err] partial
pressure 3 £ilmt®150 fHrit s permitted to further grow, as shown

in Fig. 4F, Al-si film can grow to 5000 A substantiélly

without growth in the lateral direction. This is the

most salient feature of the deposited film by use of
or DMAH, H

5 DMAH and H 2 and Si2H6' and it would be

2
understood that how a film'of good quality could be
obtained under good selectivity.

And, as the results of analyses by Auge:'s“electron
spectrophotometry and photoelectron spectrophotometry,

10 no impurity such as carbon or oxygen is recognized to
be mixed in the film. "

The resistivity of the deposited film thus formed
is 2.7 to 3.0 uﬂ-cm.at room temperature with a fiim
-thickness of 400 ; which is substantially equal to the

15 . resistivity of Al bulk, and the film becomes continuous
and flat. Aléo, even'with a film thickness of 1 Um,
its resistivity is also ca. 2.7 to 3;ou9 cm at room
temperature. Thus, sufficieﬁtly dense film can be also
formed for a thick film. The reflectance in the visible

20 wavelength region is also ca. 80 ¢, whereby a thin film
excellent iﬁ surface flatness can be deposited.

Ih.the multi-layer wiring step as in ultra-LSI,
as shown in Fig. 4D, the technique of embedding via-
holes selectively with Al or Al-éi of high quality is

25 essentially required. Further, after selective deposi-

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

as shown in Fig. 4F, if Al or Al-Si can be deposited
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SiHC [err] partial pressure 0.1 to 50 Torr, or 72 SiHerr]dJ[err]
partial pressure 0.1 to 50 Torr the second Al filmdeposition step,

reaction tube pressure 0.3 Torr DVAH partial pressure 3 x 10[err]
Torr 5 Si[err]H err] partial pressure 1 x 10[err] Torr
substrate tenperature 300 C Under the above conditions, in the first

Al - Si filmdeposition step, no Al -Si WS deposited on the

1 on Al or Al-Si which is an electron donative material
and a non-electron donative material such as therméily
oxidized Sioz'film or CVDBSG film, a multi-léyer wiring
step of high reliability without occurrence of wirihg

5 cutting, eté. at the stepped portion can be realized.

As described in detail-above, in selective growth
by use of an alkyl aluminum hydride and H2 onto an electron
donative surface at a temperature of the decomposiiion
temperature of the alkyl aluminum hydride or higher

10 and 450 °C or lower, because selectivity of Al film
is excellent, a contri;ance is required for formation
of Al film onto the thin film 91. Accordingly, in
view of thié point, by surface modification of the
non-electron donative surface, it becomes possible

15 to form Al film on the non-electron donative surface,
on which-no Al film could be deposited due to its
selectivity before surface modification.

As the method for forming Al film on the non-
electron donative surface, there may be included the

20 sputtering method, étc., and of course, by use of the
methods as mentioned above, the following point in
combinatioﬁ with the sputtering method ‘can be improved:
the point that some contrivance is required in realizing
low resistance wiring, because during conveyance of

25 ~ the wafer into another sputtering device. aftexr the

CVD step, the wafer cannot but be exposed into air,

whereby a high resistance layer containing oxygen,
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non-el ectron donative surface, but A -Si was deposited 10 only at the
exposed portion of the electron donative surface wwth the sanme thickness as
the non-electron donative film while in the second Al-Si filmdeposi- tion
step follow ng the surface nodification step, Al- Si was deposited on both
the first Al-Si filmand the 15 non-ele&%ron donative surface at o
substantially the sane deposition rate.”he filmquality of the Al-Si film
deposited was found excellent, exhibiting the same properties as those
prepared at the substrate tenperature 300 [err]C 20 shown in Exanple 1
Exanpl e 17 etc. is formed at the interface between the Al film
selectively grown and the Al film formed non-selectively
to readily cause increase of contact resistance.
Further, according one of the embodiments of
5 the present invention, Al or Al-Si as shown in Fig.
4F can be also depositéd by one CVD device.
The mode of operation of the present invention
is as described below. First, by use of DMAH and ﬂé,
_or DMAH, SiZHG and H2' a metal film is deposited so
10 as to embed via-holes as shown in Figs. 4A to 4E.
Thern:, the non-electron &onative surface comprising an
insulating film such as silicon oxide, etc. is surface
modified practically effectively to make it an electron
donative surface. AaAnd, on the Al or Al-Si-surface having
15 initially an electron éonative surface and on the insulat-
ing'fiih which becomes an electron donative surface
practicaliy effectively by surface modification, Al
or Al-Si is deposited homogeneously.
Surface modification is to convert even a non-
o0 ©lectron donative sﬁrface to the state as if free
electrons were present and could contribute to the
surface ré#ction. Foxr example,ion Siozj there is the '
method in which irradiatidn'of a light having an energy
greater than the forbidden b;nd width of SiO2 is
25 - effected to form free electrons on the non-electron

donative surface.- Also, there is the method in which

electrons are charged or free electrons are generated
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According to the sane procedure as in Exanple 1, except for using MVAH err]
in place of DMAH in the first Al -Si deposition step and the second Al -S
deposition 25 step, with Si[err]Herr] fed sinultaneously with MVAH err]
to the reaction tube, A -Si deposition was carried out. The deposition
conditions and the surface 73 nodification step were as follows: the
first Al-Si filmfornmation step, total 'pPressure 1.5 Torr
1 b& an adequately accelerated electron beam irradiation.
It is also possible to generate electrons with unbound
ar;s by cleaving, for example, Si-O bonds existing on
the surface by ion irradiation or plasma . treatment.
5 ' Further, there is the method in which an
extremely thin film or a nucleus of Ti or Si is formegf
on the non-electron dohative surface, thereby modifying
it to an electron donative surface practically effec-
tively. N
10 Of course, by some means, an extremely very
thin film or a nucleus éf Al or Al-Si may be also
formed to mbdify the surface to an electron donative
surface practicélly effectively. For example, if a
plasma is generated while feeding DMAH and-Hz, ﬁz and
15 DMAH are exéited or.deéomposed in the plasma, whereby.
 a nucleus or an extremely thin film is deposited onto
the non-electron donati&e surface. - In this case, H2
and DMAH is excited.or decqmposed by the plasma to
becOmé non-electron donative molecules, whereby the
20 reaction may be conéidered to progress with the starting
material molecules (excited or decomposed DMAH molecular
species, éﬁd excited or ionized H2 molebulés and H atoms)
themselves, even if there may be no electron contributing
to the substrate surface. When the non-electron donative
25 surface is surface modified and deposition of Al begins,

Al is deposited continuously;

Among some surface modification methods as
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MVAH[ err] partial pressure 5 x 10[err] Torr 5

Si[err]H err] partial pressure 1 x 10[err] Torr the surface

modi fication step, TiC[err] partial pressure 0.1 Torr the second Al -S
filmdeposition step, total pressure 1.5 Torr 10

MVAH2 partial pressure 5 x 10[err] .Torr Si2H6 partial pressure 1 x

10[err] Torr In the above sanples,\Mtrﬁ}la.tenperature-range of 160 [err]C
to 400 [err]C, "Al-Si was selectively deposited with the sane thickness as
Si2 at only the Si exposed 15 portion in the first A -Si deposition step,
whil e in the descnibéd - hoviepokn t view stE£psryétabbintbpsef el pnthe
method of forming a nucleus or an extremely thin film
of Al or a metal composed mainly of Al may be more
preferable than the methods of fo;ming other nuclei
5 Or extremely thin filws.
The basic film formation procedure of an
embodiment utiliiing formation of a nucleus or an
-extremely thin f£ilm as the surface modification stép
is described below.
10 When a gas mixture containing DMAH and H, in
the case of depositing‘gl, oxr DMAH', Si2H6 and H2 in
the case of depositing Al-Si is fed onto the substrate
1 heated to a temperature range of the decomposition
teﬁperature of DMAH' or higher an& 450 °C_or lower,
15 Al-Si is deposited on the substrate 90 to form a
continuous film of Al of Al-Si as shown in Fig. 4B.
If deposition of Al or Al-Si is coﬁtinued under
the above conditions, Al or Al-Si fiim grows via the
state shown in Fig. 4C up to the level at the uppermost
20 poxrtion of the thin:film 91, as shown in Fig. 4D. The
selectively deposited film is a single crystal.
ﬁe?e, feeding of DMAH of SiZHG‘is stopped to
stop deposition of Al or Al-Si. Here, after the “éurface
modification step" causing the surface reaction to occur
o5 onto the heated non-electron donative surface is carried

out by introducing the gas as described above, again

DMAH and SiZH6 are fed to deposit Al oxr Al-Si to such
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both the SiQ2 surface and the Al filmdeposited in the first deposition
step at the sane deposition rate. The sane results were al so obtai ned when
Si[err]Herr], 20 SiCl[err], SiHC[err] or SiHerr]C[err] was fed at a
partial pressure of 0.1 to 50 Torr in place of TiC[err] in the surface
nodi fication step. Exanple 18 According, o the sane procedures as in
Exanple 25 11 and Exanple 12, Al -Si was 4 eposited using SiHerr] in place
of Si[err]H err] added during transportation of DMAH Deposition was carried
out at a SiHerr] partial _

1 a shape as shown in Fig. 4F.

. As the substrate temperature, the decompoéiiion
temperature of the starting gas containing Al or higher,
and 450 °C or lower are desirable as mentioned above,

5 but specifically a substrate temperature of 200 to 450
°C is desirable, and when deposition is effected under
the condition, the deposition'rate is very large as
100 R/min..to 800 i/min. when the pressure within fhe

reaction vessel is 10>

5

to 760 Torr, and the DMAH partial

10 Ppressure is 1.5 x 10 3

to 1.3 x 10 “~fold of the pressure
within the reaction vessel, wheréby a sufficiently large
deposition'rate as the Al-Si deposition technique for
ultra-LSI can be obtained.
More préferabl¥, the substrate temperature is
15 270 °C to 350 °C, and the Al-Si film deposited under
the condition is also strongly orientatable, and the
Al-Si film on an Si single crystalline or Si poly-
crystalline substrate becomes an Al-Si film of good
quality without generation of hillock, spike even when
20 subjected to heét tfeatment af 450 °C for one hour.
Alsq, such Al-S8i film is excellent in electromigration’
resistance.
The surface modification step here is to form
an extremely thin film or nucleus of Ti, Si, etc. which
95  is electron donative onto the non-electron donative
surface by feeding a gas of TiCl4, Si,Hc, SiH,, sicCl,,

SiHC13, SiH2C12, etc. Specifically, by feeding TiCl4,
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74 | pressure of 1 x 10[err] Torr where DVAH partial pressure was 1.5 x

10[err] Torr.

Deposition of Al -Si was found the sane as in Exanple 11 and

Exanple 12. 5 Exanple 19 According to the sane procedure as in Exanple 9,
Al -Si deposition was carried out transporting Si[err]Herr] concurrently
with the transportation of DVAH In theﬂéirst Al -Si deposition step and the

10 second Al -Si deposition step, deposi

on was carried out under a

reaction tube pressure of 1.5 Torr, a DVAH

1

10

SizHG' SiH4, Ssicl SiHCl SiH.Cl, at the same substrate

4° 3’ 2772
temperature as during deposition of Al or Al-Si under
: 4

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

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

of a metal which is electron donative may be also formed
on the non-electron donative surface. |

As the surface modification step, there is,

for example, the method by use of charged particles

-

- such as plasma, etc. utilizing the deposited film

15

20

25

formation device shown in Fig. 5. Next, the basic
£film formation procedure of an_embodiment utilizing
this surface modification step is described.

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

The electroae 16 is used ﬁhen generating a
plasma for effecting surface modification. A high
frequency:ef ca. 13.6 MHz is applied from the power
source 14 on the electrode 16 to form a plaema.

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

etc. exist is preferable. Surface modification is
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partial pressure of 1.5 x 10[err] Torr and an Si[err]Herr] partial
pressure of 2 x 10[err] Torr. In the tenperature range of 160 [err]C to 450
[err]C, Al-Si was selectively deposited in the first Al deposi- tion step
only at the Si exposed portion with the same thickness as SiJerr], while
in the second Al deposition step,. Al -Si Qas deposited at the sane
deposition rate on both of the Si Q2 surfdce and the Al -Si filmdeposited 20
in the first deposition step. Both the Al-Si filmselectively deposited on
Si and the Al-Si filmdeposited on SiJerr] :follow ng the surface
nodi f i catji on poisaibler ander @ fdeactiion rtube presstirey ofi Ohlr &opdct to
resistivity, reflectance, 3 . -

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

it is 0.2 to 0.5 W[cm3.

By feeding the above-mentioned Tic14, SiZHG‘

4r 51Hc13, SlH2C12 at the same substrate

temperature as during deposition of Al or Al-Si underx
4

5 SiH4, Sicl
a partial pressure of 10 ° to 1 Torr, the non-electron
donative surfaée becomes an electron donative surféée
practically effectively; whereby deposition as shown

10 in Fig. 4E becomes possible. |

When DMAH + H2 ;s used for formation of an extremely
thin £film of a mefal which is election donative on a
non-electron donative surface, carbon will )be mixed
therein, but it is also possible to use the method in

ij5 which the substrate temperature,is elevated momentarily
to a temperature of 450 °C or highef.

Fig. 6 is a schematic view of the devicg which .
can form an Al-C extremely thin film or nucleus by
heating momentarily the substrate température to a

20 substrate temperatu¥e of 450 °C to 550 °C only during
sﬁrface modification step, for example, so as to obtain
a temperaiure elevation of 100 °C/min.;'and'feéding
DMAH and'Hz. The portions having the same function
- a@s in Fig. 6 are affixed with the same numerals. 21
25 is a light transmissive window, which is a glasé made
of quartz. 22 is a lamp for momentarily heating. Xe

lamp, Hg-He lamp, W lamp may be employed. Laser, etc.
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25 hillock generation density after the heat treatnment step, etc. Al so,
substantially no increase of resistance 75 1 occurred at the interface
between the first Al-Si filmand the second Al-Si film Even when the H2
pressure was changed to 0.1 -.2 Torr, and the plasma power to 0.2 - 1
Wcecnferr], there 5 was substantially no4gifference In the deposition rate
or the filmaquality of Al-Si film

1 may be also employed, but a lamp is preferable for uniform
agﬁ momentarily heating. | )
The substrate is conveyed in the vertical direction
to the paper Surface (conveying chamber not shown).
5 In the surface modificatioh step, there is
also the method in which DMAH molecules or H, molecules
are excited and decomposed by use of a plasma into
electron donative molecules to form a nucleus or
extremely thin layer of Al or Al-Si onto the non-
10 electron donative substrate surface. Fig. 7 is.a
schematic view showing ;n example of the deposited
£ilm fo:maiion device to which the present invention
is applicable.
The difference from Fig. 5 is the point that
15 _earth electrodes 16*' and 16" are provided in addition
-to the excitation electrqde 16 as the plésma generation
electrode. During the surface'modification step, a
plasma is formed by applying a high frequency pbwer
of ca. 13.56 MHz on the electrode 16. Since the
20 excitation electrod; 16 is sandwiched between the
earth electrodes 16°' and 16", the electric line:..of
force terminates at the earth electrodes 16' and 16",
whereby the plasma will not contact the substrate 1.
After selectively depositing Al or Al-Si on the electron
25' donative surface on the substrate having the electron

donative surface and the non-electron donative surface,

a plasma is generated while feeding DMAH and H2 or DMAH,
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Exanpl e 20 According to the same procedure as in Exanple 10, Al -S
deposition was carried out transporting Si[err]J]H err] 10 concurrently with
DVMAH in the first Al-Si deposition step and the second Al -Si deposition
step. The deposition conditions were as follows: the first Al film

formati on step, total pressure 1.5 Torr 15 DVAH
partial pressure 1.5 x 10[err] Toa Si[err]H err] partial pressure
1.0 x 10 Torr the surface nodification®Step, substrate tenperature

500 [err]C total pressure 1.5 Torr
1 H2 and SiZHG as such. In the plasma, DMAH is excited

and decomposed to become electron donative molecules

to form an Al or Al-Si nucleus of extremely thin film

onto the non-electron donative surface. After forma-

s tion of Al nucleus, plasma is stopped and deposition
is continued.

Since the partial pressure of DMAH during Al
deposition is at most 5 x 10-3-fold relative to thé
reactive gas H,, the properties of the plasma are

10 extremely similar to those of H, plasma. 1f the
plasma power is great, bMAH will be more excited and
decomposed than necessary, whéreby carbon will be
mixed in the Al oxr Al-Si formed in the.surfacé
modification step. On the other hand, if the plasma

15 power is too small, no DMAH islexcited and decomposed,
’whereby no nucleus or extremely thin film of Al or
Al-Si is formed. When Ar is employed as the carrier
gas, carbon is mixed in the nucleus or extremely thig
film of Al or Al-Si formed in the surface modification

20 step, and therefore:it is desirable to use H2 as the
carrier gas. The reaction tube pressure during surface
modificatién may be 0.1 to 5 Torr, the applied plasma
power 0.02 to 0.4 W/cm3 in the device shown in Fig.
5, and the surface modification.time 10 sec. or longer.

25 ‘At an applied plasma force of ca. 0.02 W/cm3
or lower, no Al or Al-S8i nucleus or extremely thin

film can be formed to effect no surface modification.
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20 DMAH partial pressure 1.5 x 10[err] Torr the second

Al -Si filmdeposition step, total pressure 1.5 Torr DMAH
partial pressure 1.5 x 10[err] Torr Si[err]Herr] partial pressure
1 X 10[err] Torr 25 The substrate enployed was an Si wafer

patterned with the Sigerr] thin filmused in Exanple 1

In the tenperature

range of 160 [err]C to 450 [err]C, in the first 76 Al -Si deposition
step, no Al -Si was deposited on SiJerrT,

10

15

20

25

The plasma force for surface modification should be

desirably 0.02 to 0.06 W/cm3. After modification

~ of the non-electron donative surface, Al is deposited

non-selectively on the electron donative surface and
the non-electron donative surface. At this time, no
cérbon is detected at the interface between the Al or
Al-Si selectively deposited and-the Al or Al-Si non-
selectively deposited. |

After the surface modification step, deposition
may be also continued withbut stopping of plasma. The
Al or Al-Si film qualit; deposited by application of
plasma as such is found to be substantially of the
same kind as the deposited without application of

plasma. However, since it is slightly inferior in

" surface flatness, it is desirable to apply plésma

only during surface modification. The plasma power
density applied during surface modification is smaller

than the plasma power used in general plasma CVD or

reactive ion etching, and substantially no deposited

product onto the reaction tube surface will be formed.
In the device shown in Fig. 7, a high frequency
power soufée of 13.56 MHz is used for plasma generation,
but discharging of direct current‘or freQuency for
commercial use or microwave (e.g. 2.45.GHz) may be
also used.
However, for direct current discharging,

electrodes must be provided within the reaction chamber.
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but Al -Si was deposited only at the Si exposed portion to the sane
thickness as Sierr], while in the second Al -Si deposition step, Al-Si was
deposited at the same 5 deposition rate both on the first Al-Si filmand
SiJerr]. By SIM5 analysis, etc., presence of Cwas confirmed only at the
interface between the first Al filmand the second Al film but there was
no increase of resistance at the interface between the first Al 10 film
and the second Al film The filmquality of the deposited Al film was _
found to be substantially the same as shown in Table 1. Exanple 21 By means
of the CVD device shown in Fig. 6,
1 on the other hand, when microwave is employed, a waveguide
is required. Therefore, if simplification of the device
constitution is desired, utilization of high frequency -
of 13.56 MHz which requires only provision of external
5 electrodes is preferable.
The film obtained by the Al or Al-Si film
formation method based on the present invention nés
such charaéteristics that it is dense, the content of
impurities such as carbon, etc. is also extremely small,
10 the resistivity is similar to that of bulk, and also
it has high surface flatness. Additionally, it has
the marked effects as shown below:
(1) reduction of hillock generation during
heat treatment,
15 . (2) improvement of electromigration resistance,
(3) reduction of alloy pit at the contact
portion,
(4) improvement of wiring patterning characte-
ristic through surface smoothness improvement,
20 (5) improvement of resistance within wvia-hole
and contact resistance,
(6) lowered temperature of heat treatment
during wiring step.
According to the method shown by the present
o5 invention, even on a substrate in which an electron
donative material and a non-electron donative material

are included therein having an unevenness of um order,
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15 Al was deposited on the same Si substrate with pattern- ing of SiQ2 as
i n Exanple 1. The deposition procedure was initiated by nounting the S
substrate on a wafer holder as in Exanple 1, followed by heating of the
substrate under a desired H err] pressure. Subsequently, 20 after
reaching a desired substrate tenperature, DMAH was fed to deposit Al
selectively only at the Si exposed surfgce which is an el ectron donative
surface. The Al deposited in this process was called the first Al. After
el apse of a predetermned tinme, while 25 maintaining the total pressure-and
the DMAH pressure constant a plasm was gener at ed. After el apse of a
pr edet er mi nedsub+eictde qfdany fiasststophephstiret] fikimeran be formed
selectively at the concavity, and thereafter a uniform
Al film can be formed on the whole substrate surface
within the same film forming device.
5 In the multi-layer wiring formation step of
ultra-LSI, reduction of film thickness of the metal
thin film at the uneven portion lowers reliability of
the wiring formation step; but according to the Al film
or Al-Si film deposition method of the present invention,
10 there is no film thickness reduction, etc. at the uneven
portion, whereby Al, Al-Si film of high reliability
can be formed.
In the sputtering method of the prior art,
because film formation onto uneven portion-can be done
15 with difficulty, at the opening cross-sectional portion
of an insulating film, the step of forming a slope
‘according to such a method as reflow by high temperature
heat treatment has been required.
However, provision of a slope onto the opening
20 requires unnecessary area, which is a step contradictory
to fine formation technique.
Aécording to the present invention, the cross-
section embed Al or Al-Si is embedded in via-hole whose
- cross-section is vertical, and also the Al film formed
25 thereafter is excellent in flathess, and therefore the

present method is ideal as the wiring metal deposition

of finely formed ultra-LSI.
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77 1 A was deposited. At this point, Al was deposited non- selectively
both on the Al selectively deposited and the Sierr] which was a

non-el ectron donative surface. The Al film deposited non-sel ectively was
called the 5 second Al. After elapse of a predeterm ned.tinme, feeding of
DVAH was stopped to conplete deposition. The deposition tinme of the first
Al filmwas the tinme necessary for the iln1thickness of the selectively
deposited Al filmto becone equal to the thickness of

1 Example 1

The procedure of Al film formation was as
described below. |
- By use of the device shown in Fig. 2, the reaction
5 tube 2 was internally evacuated to ca. 1 x 10”2 Torr
b& an evacuation eqﬁipment 9. However, film formation
of Al was possible, even if the -vacuum degree within

8 Torf.

the reaction tube 2 may be worse than 1 x 10
After washing of Si wafer, Si wafer was mounted
10 in the conveying chamber 10 by releasing the conveying

chamber 10 to atmospheric pressure. After evacuation

of the conveying chamber to ca. 1 x 1076

Torr, . the
gate valve 13 was opened and the'wafer was mounted on
the wafer holder 3.

15 ' .Aftei the wafer was mounted on the wafer holder
3, the gate valve 13 was closed, and the reaction chamber

8.Torr.

2 was evacuated to a vacuum degree of ca. 1 x 10~
In this Example, DMAH was fed through the first
gas line. As the carrier gas through the DMAH line,
20 H2 was employed. Tﬁe second gas line was for Hz.
By permitting Hz to flow through the second
gas line, the opening of the slow leak valve 8 was
controlled to adjust the pressure within the reaction
tube 2 to a'predetermined value. A typical pressure
25 in this Example was made ca. 1.5 Torr. Then, the
water was heated by current passage through the heater

4, After the wafer température has reached a predetermined
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10 Siderr]. In this Exanple, DVMAH was fed through the first gas line. For
the carrier gas of DMAH |ine, H2 was enpl oyed. The second gas |ine was for
H err]. The respective conditions for the first Al film 15 deposition step,
the surface nodification step, the second Al filmdeposition step were as
follows: the first A.-filmdeposition step: total pressure 0.1
1.2, 5 Torr DVAH partial pressure x 10[err]-fold 20

of total pressure the surface nodificatfon step: total pressure, DVAH
partial pressure: .

1 temperature, DMAH was introduced into the reaction tube
through the DMAH line. The total pressure was ca. 1.5
Torr, and the DMAH pressure was made ca. 1.5 x 1074
- Torr. When DMAH was introduced into the reaction tube
5 2, Al was deposited.
' After elapsé of a predetermined deposition
time, feeding of DMAH was once stopped. The predeter-
mined deposition time of the first Al film deposited
in this process was the time until the thickness of
10 the Al film on Si becomes equal to the film thickness
of Sioz. This time, ié the deposition rate was previously
calculated, can be determined by the method in which
the deposition time was set on the basis of the data.
While maintaining constantly the substrate

15 temperature, TiCl4 wae introduced into the. reaction
vessel 2. The time for introducing TiCl4 was ca. 10
minutes. The step of introducing TiCJ.4 was the surface
modification step. Feeding of TiCl4 was stopped, and
again DMAH was fed. By feeding of DMAH, Al was

20 deposited on the Ai film already deposited and the

Sio2 film. After elapse ef a pfedetermined deposition
time, feeding of DMAH was stopped. The Al film deposited
in this process was called.the second Al f£ilm.
In the above-described eaméle. in a temperature
és - range of 160 °C to 450 °C, in the first Al film deposi-
tion step, no Al was deposited on sioz. but Al with

the same f£ilm thickness as Sio2 was deposited only
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the sane as in the first Al filmdeposition step 25 pl asma
power density: 0.01, 0.0.15, 0.02, (Wcnferr]) 0.03, 0.04, 0.O06¢,
0.07, 0.08, 0.10, 0.20, 0.40 78 plasma application tinme: 1 mn. the
second Al filmdeposition step: total pressure and DVAH partial pressure:

53

1 at the portion where Si was exposed, while in the second
Al film deposition step, Al was deposited at substantially
the same deposition rate on the first Al film and Sioz.

- Next, heating by the heater 4 was stopped to cool the

5 wafer. After feeding of H2 gas was stopped and the
réaction vessel internally evacuated, the wafer was
conveyed to the conveying chamber, and only the con-
veying chamber was made atmospheric, and then the B
wafer was taken out. The outline of the Al film

10 formation was as described above.
Next, the sampi; of which film was formed
according to this Example is described.
An Si substrate (n type, 1 to 2 & cm) was
suﬁjected to thermél oxidation at a temperature of
15 1000 °C according to the hydroéen combustion system

(H2: 4 liter/M, O 2 liter/M).

53
The film thickness was found to be 7000 A *
500 5, and the refractive index 1.46. A photoresist
was coated on the whole surface of the'Si substrate,

20 "and a pattern as degcribed below was baked by an
exposure machine. Said pattern was such that various
pores of 0.25¥m x 0.25¥m to 100M m x ‘100 H m were
opened. After developing of the photoreSist, the
subbing Sio2 was etched by reaction ion etching (RiE),

25 etc. with the photpresist as the mask to have partially

_the substrate Si exposed. Thus, 130 sheets of samples

having pores of SiO2 with various sizes of 0.25 um x
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the sane as in the first Al film5 deposition step. For
every conbination of the total pressure (3 kinds) and the plasna
application power (11 kinds), A filmdeposition was carried out
respectively at 13 levels-of the substrate tenperature from150 [err]C to
470 10 [err]C The first Al filmselectively deposited was nono-
crystalline. The filmquality of the Al; deposited filmwas the sane as
shown in Table 1. The results of carbori neasurenent at the interface
between the first Al filmand the second filmwere shown in Table 3. At a
substrate 15 tenperature of 150 [err]C, no filmwas deposited on the sub-.
strate. Wen0:Ré BmaspalfpkmcEt L8R ponMeIge RFEPRIGAri ng

And, by setting the substrate temperature at
13 levels, Al was deposited according to the procedure -
- as described above for 10 sheets of samples at the
5 respective substrate temperatures.
The respective conditions for the first Al

£film depositidn step, the surface modification step

and the second Al film deposition step were made as

follows:
10 during the first Al film deposition step,
total preggure 1.5 Torx
DMAH partial pressure 1.5 x 10~ % Torr

during surface modification step,

TiCl4 pai?ial pressure © 0.1 Torrxr
15 . during the second Al film deposition step,
. total pressure 1.5 Torr
DMAH partial pressure 1.5 x 10~% Torr -

The Al films deposited by varying the substrate

temperature at 13 levels were evaluated by use of various

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

25
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the surface nodification step was 0.01 or 0.015 Wcnjerr], no Al filmwas
deposited on the SiQ2 surface, irres- pective of the substrate tenperature.
When the plasma 20 application power density during the surface
nodi fication step was 0.08 Wcnferr] or nore, carbon was detected at the
interface between the first Al filmand the second Al film and the contact
resistance at the interface between thefirst filmand the second Al film
was 25 higher than in the case of plasnd power density of 0.02 - 0.07
Wcecnferr]. '
1 In the above samples, at a temperature range of
160 °C to 450 °C, Al was deposited in the first Al deposi-
tion step selectively only at the Si exposed portion
with the same thickness as Sioz. This film was found
5 to be a single crystal. Further, in the second Al
deéosition step, Al was deposited at the same deposi-
tion rate on both of the'sibz surface and the Al film
deposited in the first deposition step. h
Both of the Al film selectively deposited on
10 Si and the Al film deposited on SiO, after the surface
modification step were ;f good quality with respect
to resistivity, reflectance, hillock generation density
after the heat treatment step, etc.
.Aiso, substantially no increase of resistance
15 .occurred at the interface between the first Al film
and the second Al film.

Even when the TiCl4'partial pressure was varied
from 0.05 to 0.5 Torr, there was substantially no difference
in deposition rate and the film quality of Al film.

o0 Example 2 '

According to the same procedure as in Example
1, Al film.was deposited by introducing’Si,H, at a
partial preésure of 0.1 to 50 Torxr in place of Ticl4
during the surface modification'step.

25. In the first Al deposition step, only at the
Si exposed portioﬁ, Al film with the saﬁe thickness

as Sio2 was deposited, and when the substrate temperature
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79 1 Exanple 22 According to the same procedure as in Exanple 21, Al
deposition was carried out. The deposition condi- tions during surface
nodi fication were the sane as in 5 Exanple 21 except for plasnma application
time. Al deposition was carried out with plasna application tinme of 10
seconds, 30 seconds, 3 minutes, 5 mnutes and 10 m nutes. Wen the plasma
application tine was 10 seconds, 10 30 conds, or 3 mnutes, the film
quality obtained was the sane as shownn Table 1, Table 3. Wen the plasma
application time was 5 mnutes or 10 m nutes,
1 during the surface modification step of 200 °C to 450
°C and the Si,H, partial pressure of 0.1 to 50 Torr,
in the second Al deposition step, Al was deposited'at
the same deposition rate both on'Sio2 and on the first
5 Al film.
| The film quality of the Al film deposited was
found to be good similarly as in Example 1.
Example 3
According to the same procedure as in Example
10 1., Al film was deposited by introducing SiCl4, SiHCl3
or SiH2012 at a partial pressure of 0.1 to 50 Torr in
place of ‘I'iCl4 during the surface modification step.
_In the first Al deposition step, only at the.
Si exposed portion, Al film with the same thickness
15 as sioz'was deposifed, and wheh the substrate temperature
during the surface modification step was 200 °C to 450
~°C and the partial pressure of SiCl4, SiHCl3 or SiH2C12

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

Al was deposited at the same deposition rate both on

20 Sio2 and on the first Al £ilm.

The film quality of_the Al film deposited was
found to Be.good simila;ly as in Example 1.
- Example 4 |
According to the same prbcedure.as in Examples
25 .1, 2 and 3 except for using Ar in place of H2 as the

carrier gas, Al was deposited on the Si substrate with

the patterned Sio2 thin film. The preparation method
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the filmquality other than surface reflectance was the sanme as shown in
Table 1, Table 3, but surface 15 reflectance was worse than the val ue
shown in Table 1, being approximately 65 to 75 % when the substrate
tenperature was 160 - 350 C. Exanple 23 According to the procedure of
Exanple 21, Al 20 deposition was carrjed out. The deposition conditions
during the first Al filmdeposition step, the surface nodification step and
the second Al filmdeposition step were.the same as in Exanple 21 except
for DMAH partial pressure. The DVMAH partial pressure was nmade 25 1 x
10[err], 5 x 10[err], 1 x 10[err] and.5 x 10[errl-fo|d of the

1 of the substrate was the same as that shown in Example

1. The deposited Al films all gave the same results

as in Examples 1, 2 and 3.

Example 5

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

Preparation of Sample 5-1

10 On a single crystélline silicon as the first
substrate surface material which was electron.donative,
a thermally oxidized sio2 film as the second snbstratg
surface material which was non-electron donative was
formed, followed by patterning_according'to the photo-

15 lithographic steps as shown in Example 1, to have the
single crystalline silicon surface parfially exposed.

The £ilm thickness of the thermally oxidized

§i0, £ilm was found to be 7000 A, and the size of the
exposed portion, namely thé opening of the single

20 crystalline silicon:3 Um x 3 Um. Thus, Sample 5-1 was
prepared. (Héreinafter'such sample was represented
as "therméliy oxidized Sio2 (hereinafter abbreviated
as T-Si0,)/single crystalline silicon").

Preparation of Samples 5-2 to 5-179

" o5 Sample 5-2 was an oxidized film formed by
normal pressure CVD (hereinafter abbreviated as Sioz)/

single crystalline silicon:;
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total pressure. The filmquality of the obtained fil mwas found 80 the
sane as shown in Table 1 and Table 3. The obtained filmaquality did not
depend on the DVAH partial pressure. Exanple 24 According to the sane
procedure as in Exanple 21,- Al deposition was carried out.. The difference
from Exanpl e 21 was the use of Ar for the carrier gas of the DMAH line in
the device shown in Fig. 6. The .38 '

1 Sample 5-3 was a boron doped oxidized film
formed by normal pressure CVD (hereinafter abbreviated
as‘BSG)/single crystalline silicon;

- Sample 5-4 was a phosphorus doped oxidized film

5 formed by normal pressure CVD (hereinafter abbreviated
as PSG)/single crystalline silicon:

Sample 5-5 was a phosphorus and boron dopgd
oxidized film formed by normal pressuré CVD (hereiﬂéfer
abbreviated as BSPG)/single crystal silicon;

10 . Sample 5-6 was a nitrified film formed by
plasma CVD (herein;fter'abbreviated as P-SiN)/single
crystalline silicon;

| Sample 5-7 was é thermally nitrified film
(hereinafter abbreviated as T-SiN)/single silicon;

15 Sampie 5-8 was-a nitrified film formed by
low pressure DCVD (hereinafter abbreviated as LP-SiN)/
single crystalline silicon:;

Sample 5-9 was a nitrified film formed by ECR
device (hereinafter abbreviated as ECR-SiN)/siﬁgle

20 crystalline silicon.

Further, according to combinations of the first
substrate‘sﬁrface material which was eléctron donative
aﬁd the second substrate surface material which was

non-electron donative, Samples 5-11 to 5-179 shown in

és Table 2 were prepared.
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deposition conditions other than carrier gas were the sane as in Exanple
21. 10 The filmaquality of the obtained Al filmwas the sane as
shown in Table 1. Wen the plasna power density during the surface

nodi fication step was 0.01 to 0.015 Wcnjerr], no Al filmwas fornmed on
Sigerr]. Wen the plasma power density was 0.02 Wcnierr] or nore, the 15
second Al filmwas deposited on SiC{errgg'but carbon was detected in trace
anount by SIMS analysis at the interface’between the first Al filmand the

second Al film The resistance value was sufficiently small. Exanple 25 20
Al deposition was carried out according to the
1 In Table 2, as the first substrate surface

material were employed single crystalline silicon

(single crystalline Si), polycrystalline silicon

(polycrystalline Si), amorphous silicon (amorphous Si),

5 tungsten (W), molybdenum (Mo), fantalum (Ta), tuﬁgsten
sllicidé (WSi), titanium silicide (TiSi), aluminum
(Al), aluminumsilicon (Al-Si), titaniumaluminum (Al-
Ti), titanium nitride (Ti-N), copper (Cu), aluminuﬁ;
siliconcopper (Al-Si-Cu), aluminumpalladium (Al-Pd4d),

10 titanium (Ti), molybdenum silicide (Mo-Si), tantalum
silicide (Ta-Si). Thes; samples were placéd in the
low pressure CVD device, and Al films were formed

within the same batch. Al was deposited under the

following deposition conditions:

15 during the first Al film formation step,
reaction tube pressure: 0.3 Torr
DMAH partial pressure: - 3 x 107 Torr
substrate temperafure: 300 ;C

during surface modification step,
20 TiCl4 partial pressure: 0.4 Torr

during the second Al film formation step:

reaction tube pressure: ‘0.3 Torr
DMAH partial pressure: ' 3 x 10™° Torr
-Substrate temperature: : 300 °cC
25 Under the above conditions, in the first Al

deposition step, no Al was deposited on the non-electron
donative surface, but Al with the same thickness as the
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sanme procedure as in Exanple 24. The deposition condi- tions other than
pl asma application time during surface nodification were the sane-as in
Exanpl e 24. Al deposition was carried out for plasma application 25 tinme of
10 seconds, 30 .seconds, 3 mnutes, 5 mnutes and 10 m nutes. Wen the
pl asma application tinme was 10 seconds, - 81 30 seconds or 3 mnutes, the
filmquality obtained the sane as in-T%?Ie 1. When the plasma application
time . 60
1 non-electron donative film was deposited only at the
portion where the electron donative surface was exposed,
while in the second Al film deposition step after the
- surface modification step, Al was deposited at sub-
5 stantially the same deposition rate on the first Al
fiim and the non-electron donative surface.
The film quality of the Al film deposited was
found to be very good, exhibiting the same prbpertiés
of that at the substrate temperature 300 °C shown in
10 Example 1.
Example 6
According to the same procedure as in Example
5, Al film was deposited by introducing SiZHS at a
- partial pressure of 0.1 to 50 Torr in place of ‘J.'iCl4

15 during the surface modification step.

When the substrate temperature during the
surface modification step of 200 °C to 400 °C and the
SiZH6 partial pressure of 0.1 to 50 Torx, in the second
Al depqsition step, Al was.deposited at the same deposi-

o9 tion rate both on the first Al film and on the non-
electron donative material.

The.film-quality of the Al film-'deposited was
found to be goed similarly as in Example 1.

Example 7
25 | According to the same procedure as in Example
5, Al film was deposited by introducing SiCl4, SiHCl3

oxr SiH2C12 at a partial pressure of 0.1 to 50 Toxrr in
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was 5 mnutes or 10 mnutes, the filmaquality other than surface

refl ectance was the sane as shown in 5 Table 1 and Table 3, but surface
reflectance was inferior to the value shown in Table 1, about 65 to 75 %
when the substrate tenperature was 160 - 350 [err]C.. Not.depending on the
pl asma application tinme, when the plasma power density was 0.02 Wcnferr]

or nore,

the second Al filmwas 10 also%feposited on SiJerr], but carbon
was detected in trace anount by SIMS an

ysis at the interface between the

first Al filmand the second Al film However, resistance was sufficiently
Exanpl e 26 15 According to the sane procedure.as in Exanple

smal | .

1

10

15

20

25

place of TiCl4 during the surface modification step.

. In the first Al_deposition étep, oniy at the
electron donative material exposed portion, Al film
with the same thickness as the non-electron donative
material was deposited, and when the substrate temperature
dufing the surface modification step of 200 °C to 450
°C and the partial preésure of SiCl4, SiHC13 or Si}{ZCl2
of 0.1 to 50 Torr, in the second Al deposition stepj
Al was deposited at the same deposition rate both on
the non-electron donative material and on the first
Al film. |

The film quality of the Al fiim depdsited was
fouhd to be Qood similarlj as in Examplé 1.
Exaﬁgle 8

According to the same procedure as in Example
1, Al deposition was carried out by use of MMAH2 in
place of DMAH in the first Al deposition step and’ the
second Al depositibn step.

The depositioh conditions and the surface
modification step wefe as follows:

during the first Al film formation step,

reactioﬁ tube pressure: : 1.5 Torx

4

MMAH., partial pressure: 5 x 10”* Torr

2
during surface modification step,

TiCl4 partial pressure:. 0;1 Torr
during the second Al film formation step:

reaction tube pressure: 1.5 Torr
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24, A deposition was carried out. The deposition conditions during the
first Al filmdeposition step, the surface nodification step and the second
Al filmdeposition step were the same as in Exanple 24 except 20 for DVAH
partial pressure. The DVAH partial pressure was made 1 x 10[err], 5 X
10[err], 1 x 10[err] and 5 x 10[err] fold of the total pressure. The film
quality of the film obtained was found t0 be the sane as shown in Table 1.
When the plasma 25 power density during the surface nodification step was
0.01 or 0.015 Wecnferr], no Al filmwas formed on SiJerr]. Wen the plasma
power density was 0.02 Wcnjerr] or nore, -4 )
1 MMAH2 partial pressure: S x 10 Torr
In the above samples, within a temperature range
of 160 °C to 400 °C, Al was deposited with the same
< thickness as Sio2 selectively at only the Si exposed
5 portion in the first Al deposition step, while in the
second Al deposition step, Al was deposited at the
same deposition rate on both the Sio2 surface and the
Al film deposited in the first deposition:step.
- The same results were also obtained when SiZHG'
10 SiCl4, SiHCl3 or SiH2012 was fed at a partial pressure
of 0.1 to 50 Torr in place of TiCl4 during the surface
modification step.
Exaggle 9
By use of the device in Fig. 4, Al ‘deposition
15 was carried out. The device in Fig. 4 was a device
shown in Fig. 2 whiéh was provided with the electrode
13 for plasma generation and the power source 14 for
plasma generation. When high frequency power was
applied on the plasma generation electrode 13 from
20 the power source 14.-a plasma (shown by broken line)
was generated within the reaction tube 2.
According to the same procedure ‘as in Exémple
1, the surface modification was carried out only under
the conditions of the surface modification step of:
25 : H2 total pressure: 1.0 Torrx

plasma power: 0.3 W/cm3

to effect Al deposition. The substrate employed was
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82 the second Al filmwas al so deposited on SiJerr], but carbon was
detected in trace anount by SIMS analysis at the interface between the
first Al filmand the second Al film However, resistance was sufficiently
5 small. Exanple 27 According to the sane procedures, and under the
conditions as in Exanples 21, 22, 23,- 24, 25, 26, Al filmdeposition was
carried out for various substrates 10 é?omn in Exanple 5 (sanples 5-1to

5-179).
1 the Si wafer with the patterned SiO2 thin film prepared
according to the same procedure as shown in Example”
1. .
At a temperature range of 160 °C to 450 °C,

5 in the first Al deposition step, Al was deposited with
tﬁe same thickness as 8102 selectively only at the Si
exposed portion, while in the second Al depositiop
étep, Al was deposited at the same deposition rate"“
both on the sio2 surface and on the Al film deposited

10 in the first deposition step.

There was no di%ference in film quality with
respect to resistivity,.reflecténce, hillock generation
density after the heat treatment step, etc. between
thé'Al film selectively deposited and the Al £ilm

15 .deposited on'SiO2 afte; the surface modification step.

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

Even when the conditions in the surface

20 modification step wére varied with H2 pressure from
0.1 to 2 Torr and the plasma power from 0.2 to 1 W/cm3,

there was no difference in deposition rate and film

quality of the Al film.

Example 10
25 By use of the device shown in Fig. 5, Al
deposition was carried out. In the device in Fig. 35,

the substrate 1 can be heated by a heater 4, and can
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In the first Al filmdeposition step, Al filmwas sélectively deposi ted
only on the electron donative surface, but no Al filmon the non-el ectron
donative surface. In the second Al filmdeposition step follow ng 15 the
surface nodification step, Al filmwas deposited at substantially the sane
rate on the first Al filmand the non-el ectron donative surface. The film
quality of the Al film deposited was fogyd as good as those in Exanples 21,
22, 23, 24, 25, 26. Exanple 28 20 By use of the CVD device shown in Fig. 6,
Al was deposited on the Si substrate with SiO2 patterning
1 be heated by a lamp 22 to further higher temperature.
For the lamp, Xe lamp was used. 21 was a light trars-
missive window, which was made of quartz.
- In Fig. 5, the conveying chamber was mounted
5 in the vertical direction to the paper surface (not
shown). The deposition procedure was as described below.
" The substrate holder was mounted on the wafer
holder 3, Hz gas was introduced under a pressure 6%
1.5 Torr into the reaction vessel 2, and then heatéd
10 DY current passage through the heater 4. After it
~ became a predetermined ;emperature, DMAH was introduced
into the reaction vessel 2 to form a first Al film.
After elapse of a predetgrmined deposition
timé, feeding only of DMAH was stopped. .The wafer was
15 Quickly heated by the iamp 22. After the substrate
surface'temperature became 500 °C, again DMAH was
introduced into the reaction vessel for 0.1 to 5 minutes.
Again feeding of DMAH was stopped, the lamp 22 extinguished
and the substrate temperature dropped to a predetermined
20 temperature.
The surface modification step was as described
above, and.thereafter again DMAH was.introduced to deposit
a second Al film. After completion of a predetermined
deposition time, feeding of DMAH was stopped and also
25. current passage thorugh the heater was stopped, followed
by cooling.
| Al film was deposited under the following conditions:
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as in Exanple 1. According to the sanme deposition procedure as in Exanple
21, DMAH was transported to 25 a reaction tube, and Si 2H6 was added from
the third gas line to effect Al-Si deposition. In this Exanple, DVAH was
fed fromthe first 83 1 gas line. For the carrier gas of DVAH |ine, H2
was enpl oyed. The second gas line was for Herr]. The third gas lI'ine was
for Si[err]H err]. The respective condigsi ons for the first A -S

1 during the first Al film formation step,
total pressure 1.5 Torrxr
DMAH partial pressure 1.5 x 10”4 Torr

y during the surface modification step,

5 substrate temperature 500 °C
total pressure 1.5 Torr
DMAH partial pressure 1.5 x 10?? Torxr
during the second Al film forﬁation, y
total pressure 1.5 Torr
10 | . DMAH partial pressure 1.5 x 10~ Torr.

L d

The substrate employed was an Si wafer with
the patterned sio2 thin film used in Example 1. |

At a temperature range of 160 °C to 450 °C,
in the first Al deposit}on step,_Al was deposited with

15 ‘the same thickness as SiO, selectively only'at the Si
exposed portion, while in the second Al deposition step,
Al was depos;ted at the same deposition rate both on
the sio2 éurface.and on the Al film deposited in the
first deposition step.

20 By SIMS anal&sis, etc., presence of C was con-
firmed only at the interface between the first Al film
and the second Al film, but there was no increase of
resistance at the interface between the first Al film
and the second Al film. The film quality of the

25 -deposited Al film was found to be substantially the

same as in Table 1.

This is the replacement sheet

Date: 06 MAR EEW



5 filmdeposition step, the surface nodification step and the second Al -S
filmdeposition step were as follows: the first Al-Si filmdeposition step:

total pressure: 0.1, 1.2, 5 Torr 10 DVAH partial pressure:
1 x 10[err]-fold of total pressure Si2H6 partial pressure:  0.01-fold of
DVAH partial pressure the surface nodifrcation step: 15 tota

pressure, DVAH partial pressure, Si[errPB[err] partial pressure: the sane
as inthe first Al-Si film :

1 Example 11

. According to the same procedure as in Example
1, SizHG was added through the third gas line durihg
o transportation of DMAH to the reaction tube, and Al-
5 Si deposition was carried out. |
The respective conditions for the first Al-Si
film deposition sfep, the surface modification step

and the second Al-Si film deposition step were maée o

as follows:

10 during the first Al-Si film deposition step,
total pressure 1.5 Torr
DMAH partial pressure 1.5 x.:!.O“4 Torr
SiZHé partial pressure 2 x 10°° Torr

during the surface modification step,
15 TicCl, partial pressure 0.1 Torr

during the second Al-Si film deposition step,

total pressure ' 1.5 Torr

DMAH partial pressure 1.5 x 1074 Torr

Si,H, partial pressure 2 x 107° xé?r |
20 At a temperature range of 160 °C to 450 °C;

Al-Si was deposited in the first Al deposition step
selectively only at the Si exposed portion with the
same thickness as_SiOé, while in the second Al deposi-
tion step, Al-Si was deposited at the same deposition

25 ~ rate on bofh of the 8102 surface and the Al-Si film
deposited in the first deposition step.

Both of the Al-Si film selectively deposited
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deposition step plasma power density: 0.01, 0.015, 0.02, 20
(Wenferr]) 0.03, 0.04, 0.06, 0.07, 0.08, 0.10 0.2, 0.4 plasma
application tine: 1 min. the second Al-Si filmdeposition step: 25

total pressure, DVAH partial pressure, Si[err]Herr] partial pressure: the
sane as in the first Al-Si film _ ' '
67

1 on Si and the Al-Si film deposited on Sio2 after the
surface modification step were not different in film
quality with respect to resistivity, reflectance,

- hillock generation density after the heat treatment

5 step, etc.

Also, substantially no increase of resistance
occurred at the interface between the first Al-si.film
and the second Al-Si film. -

Even when the TiCl4 partial pressure was varied

10 from 0.05 to 0.5 Torr, there was substantially no
difference in depositio; rate, the film quality of Al-
si film. |

Example 12

According to thg same procedure as ‘in Example
35 11, Al-Si film was deposited by introducing.SizHG; sicl,,
siHc13 or.SiHZCl2 at a total pressure of 0.1 to 50 Torr
. in place of TiCl4 during the surface ﬁodification step.
The respective conditions for the first Al-Si
film deposition step, the surface modification step
20 and the second Al-Si'film deposition step were as follows:

during the first Al-Si film formation step,

total pressure ‘1.5 Torrxr

DMAH partial pressure 1.5 x 10~4 Torr

Si,H, partial pressure | 2 x 10°% Torr
25 | during the surface modification step,

partial pressure of SiZHG' SiCl4, SiHCl3

or SiH,C, 0.1 - 50 Torr
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84 1 deposition step. For every conbi nation of the
total pressure- (3 kinds) and the plasnma application power (11 ki nds),

Al -Si filmdeposition was carried respectively at 13 5 levels of the
substrate tenperature from 150[err]C to 470 [err]C. The filmaquality of the
deposited AI-Si filmwas the sane as shown in Table 1, and neasurenent
results of carbon at the interface betfen the first Al filmand the second
Al-Si filmwere the sane as shown in 10 Table 3. At a substrate
tenperature of 150 [err]C, no fil mwas deposited on the substrate. Wen the

pl asma application poRiridRNYHe/ sddd® Ahgis Fillac Aopodifticar step,

total pressure 1.5 Torrxr

DMAH partial pressure 1.5 x 10"4 Torr
3 Sizf{6 partial pressure 2  x 10°% Torr
5 | In the case of using Si,H, in the surface

modification step,'Al-si was deposited in the first
Al deposition stpe selectively only at the Si exposed
portion with the same thickness as‘sioz, and when-fhe
substrate temperature during the surface modification
10 step was 200 °C to 450 °C, and the SizHG partial
pressure was greater tﬂan the partial pressure during
Al-Si @eposition as 0.1 té 50 Toxrr, in the second Al
deposition étep,'Al-Si was deposited at the same deposi-
.tidn rate on both of the SiO, surface and the Al-Si
15 . film deposited_in the first deposition step. o
The f£film quality of the Al-Si film deposited
was found to be good similarly és in the case of Example
1.
On the other hand, iﬁ the case of sic14, SiHCl3
20 .ox SiHZClz, Al-Si wés deposited in the first Al deposi—
tion step selectivély only at the Si exposed portion
" with the S$me thickness as sioz, and when the substrate
temperaturé during the surface.modification step was
200 °C to 450 °C, and the partial pressure of SiCl4,
25 ' SiHCl3 or SiH2013 was greater than thg partial pressure
during Al-Si deposition as 0.1 to 50 Torr, in the second

Al deposition step, Al-Si was deposited at the same
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tion step was 0.01 or 0.015 Wcnferr], no Al-Si filmwas deposited on the
SiJerr] surface irrespectively of the 15 substrate tenperature. Wen the

pl asma appl

i cati on power density during the surface nodification step was

0.08 Wcnferr] or nore, carbon was detected at the interface between the

first Al-Si

filmand the second Al -Si filmand the contact resistance at

the interface 20 between the first Al -6 filmand the second Al-Si film
was higher than in the case of plasna power density of 0.02 to 0.07

Wcnferr].

Exanpl e 29 According to the same procedure_as in Exgggle 25 28,

Al -Si depasitidepoaitianrrate ok RRERiaf the 1Pz Fyrfase|and

10

20

25

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

The film quality of the Al-Si film deposited
was found to be good similarly as in the case of Example
1.

Example 13

According to the same procedﬁres as in Example
11 and Example 12, Al-Si films were depoéited by.varying
the SiZHG.pa;tial-pressure during Al-Si film deposition.
The respective conditions for the first Al-Si
film deposition step, the surface modification step
and the second Al-Si film deposition step were as
follows: .

the first Al-si film formation step,

total préssure 1.5 Torr
DMAH partial pressure 1.5 x 10~% Torr
Si,H. partial pressure 1.5 x 1077 -

1 x 10-4 Torx
substrate temperature -300 °C
the surfacé modification step,
p;rtial pressufe of SiZHG' SiCl4, SiHCl3
or SiH2Cl2 ) . 0.1-- 50 Toxr, or.

partial pressure of Tic14 ~0.05 - 0.5 Torr

substrate temperature 300 °C
the second Al?Si_film deposition step,
total pressure - 1.5 Torrx
DMAH partial pressure 1.5 x 10”4 Torr
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partial pressure in the first Al-Si filmdeposition step and the second

Al -Si filmdeposition step. 85 The respective conditions for the first

Al -Si filmdeposition step, the surface nodification step, the second Al -S
fil mdeposition step were as follows: the first Al-Si filrmdeposition step:
5 total pressure: 0.1, 172, 5 Torr DVAH partial pressure: 1
x 10[err]-fold of total pressure 70

1 Sisz partial pressure 0.05 x 0.5 torrxr
substrate temperature 300.°C -
SiZHG was made equal durigg the first Al-Si
-  deposition and during the second Al-Si deposition.
5 In either case of using TiCl,, Si2H6, SiCl4,
SiHCl3 or SiH2C12, in the first Al deposition step Al-
Si was deposited selectively only at the Si exposed
portion with the same thickness as $iO,, and while”in
the second Al-Si deposition step, Al-Si was deposited
10 Aat the same deposition rate on both of the siO2 surface
and the Al-Si film depoeited in the first deposition
step.
The Si content (wt.%) of the Al-Si film formed
at ihis'time was varied from 0.005 $ to 5 $ in substantially
15 propertion_to the Sizﬁé partial pressure simultaneously
transported with DMaH.

- Example 14

During the first Al-Si deposition step and the
second Al-Si deposition step of Example 11 and Example
20 12, the carrier gas'for'DMAH transport was changed from
H, to Ar. Following otherwise entirely the seme
procedure;'Ai-Si was deposited. -
During the first Al-Si deposition and during
the second Al-Si deposition, H2 was fed from the second
95 = g9as line.
Similarly in this Example, Al-Si deposited

films could be formed as in Example 11 and Example 12.
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Si[err]H err] partial pressure: 1 x 10[err] to 1-fold of DVMAH parti al
pressure 10 the surface nodification step: total pressure, DVAH
partial pressure, Si[err]Herr] partial pressure: the sane as in the first
Al -Si filmdeposition step 15 pl asma power density: 0.01,

0. 015, 0.02, (Wcnjerr]) 0.03, 0.04, 0.06, 0.07, 0.08, 0.10, 0.2,
0.4 plasma application time: 1 mn. 2071 the second Al -Si film
deposition step: :

1 Example 15

'~ Al-Si was deposited according to entirely .the
s;me procedure as in Example 13, except for changing
- the carrier gas for DMAH transport from H2 to Ar during
5 the first.Al-Si deposition step and during the second
Al-Si deposition step.
During the first Al-Si deposition and during
- the second Al-Si deposition, H, was fed from the second

gas line.

10 . Similarly in this Example, Al-Si deposited films

could be formed as in éiample 13.

Example .16

According tb the same procedure as in Example
5, Example 6 and Example 7, Al-Si deposition was carried
15 out with addition of s:i.zl{6 in the first Al-si film
deposition step and the second Al-Si deposition step.
The deposition conditions were as folloys:

the first Al film formation step,

reaction tube pressure 0.3 Torr

20 DMAH partial pressure 3 x 107° Torr
substrate temperature | 300 °C
si,H, partial pressure  : 1.5 x 1076 Torr._:

the surface modification step,

TiCl, partial pressure 0.05 - 5 Torr, or
25 . Sisz partial pressure 0.1 to.50 Torxr, or

SiCl4 partial pressure 0.1 to 50 Torr, oOr

SiHCl3 partial pressure 0.1 to 50 Torr, or
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total pressure, DVAH partial pressure, Si[err]Herr] partial pressure: the
sane as in the first Al-Si filmdeposition step. 25 For every
conbi nation of the total pressure (3 kinds) and the plasna application
power (11 kinds), Al -Si filmdeposition vas carried out respectively at

86 1 13 levels of the substrate tenperature from 150[err]C to 470 [err]C
varying the Si[err]Herr] partial presgare. In the first

1 SiH2C12 partial pressure 0.1 to 50 Torr

the second Al film deposition step,

reaction tube pressure 0.3 Torx
: DMAH partial pressure 3 x 107° Torr
5 si,H, partial pressure 1 x 10°% Torr
substrate temperature 300 °C

Under the above conditions, in the first Al-
S8i film deposition step, no Al-Si was deposited onﬁfhe
non-electron donative surface, but‘Al-Si was deposited
j0 ‘only at the exposed portion of the electron donative
surface with the same tﬂickness as the non-electron -
donative film, while in the second Al-Si film deposi-
| tion step fbilowing the surface modification step, Al-
si &as deposited on both the first Al-Si film and the
15 hon-electron donative éﬁrface_at substantially the same
deposition rate.
| The film qﬁality of the Al-Si film deposited
was found excellent, exhibiting the same properties |
as those prepared at the substrate temperature 300 °C
20 shown in Example 1..

Example 17

According to the same procedure‘as in Example
1, except for using MMZ-\H'_2 in place of DMAH in the first
Al-Si deposition step and the second Al-Si deposition

o5 ~ Step, with Si H_. fed simultaneously with MMAH ‘to the

276 2
reaction tube, Al-Si deposition was carried out.

The deposition conditions and the surface

This is the replacement sheet

0 6 MAR 1997

Date:



. Al-Si filmdeposition step, Al-Si was selectively deposited only at the Si
surface exposed portion, and in the second 5 AI-Si filmdeposition step,

Al -Si filmwas deposited at substantially the sanme deposition rate both on
the first Al-Si filmand SiJerr]. The Si.content of the deposited Al -Si
filmwas substantially proportion to t Si 2H6 partial pressure added,
varying fromO0.005 10 %to 5 % The filmquality of the Al-Si film
deposited was found as good as that in the case of Exanple 21. Exanple 30

Al - Si dep03|t|%nﬁmas carried out accor to the sanme procedure as in
Exanpl e 28. i'!? 1ficatiop, step yens &7 AS3ns ot her than plasnma
the first Al-Si film formation step, -
total'pressure , 1.5 Torrxr
s MMAH, partial pressure 5 x 10”4 Torr.
5 Si2H6 partial pressure 1x 10"5 Torr

the surface modification step,
TiCl4 partial pressure 0.1 Torxx

the second Al-Si film deposition step,

total pressure : 1.5 Torr
10 ' MMAH, partial pressure 5 x 1074 Torr
Si,He partial pressure 1 x 107> Torr

In the above samples, within a temperature range
of 160 °C to 400 °C, Al-Si was selectively deposited
with the same thickness as §io, at only the Si exposed.

15 portion in the first Al-si deposition step, while in

| the second Al-Si deposition step, Al was deposited.on
both the Sio2 surface and the Al film deposited in the
first deposition step at the same deposition rate.:

The same results were also obtained when si,H,,

20 SiCl4, S:LHCl3 or S:LHZC].2 was fed at a partial pressure
of 0.1 to 50 Torr in place of TiCl4-in the surface
modificatioh step.

Example 18

According to the same procedures as in Example
o5 11 and Example 12, Al-Si was deposited using SiH, in
place of SiZHG added during transportation of DMAH

Deposition was carried out at a SiH4 partial
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application tinme during surface nodification were the sane as in Exanple
1 28. Al -Si deposition was carried out with plasma application tine of 10
seconds, 30 seconds, 3 minutes, 5 mnutes and 10 m nutes. 20 When
the plasma application time was 10 seconds, 30 seconds or 3 mnutes, the
filmaquality obtained was the sanme as %gomn in Table 1 and Table 3. Wen
the plasnma application time was 5 m nut@s or 10 mnutes, the filmaquality
ot her than surface refl ectance was 25 the same as shown in Table 1 and
Tabl e 3, but the surface reflecgance was inferior to the value shown in
Tabl e 1, labopressure ¢ I, xwhen  t Fersuwheret BMARpartial coressure

-

was 1.5 x 10~ % Torr.
Deposifion of Al-Si was found the same as in
- Example 11 and Example 12.

5 Example 19

According to the same procedure as in Example
9, Al-Si deposition was carried out transporting §12H6
concurrently with the transportation of DMAH.
In the first Al-Si deposition step and the
10 second Al-Si deposition step, deposition was carried
out under a reaction tuﬁé pressure of 1.5 Torr, a DMAH
partial pressure of 1.5 x 10-5 Torr and an 812H6 partial
pressure of 2 x 107% Torr. |
In the temperature fange of 160 °C to 450 °C,
15 Al-Si was selectively déposited in the first al deposié
tion step only at the Si exposed portion with the same
thickness as Sioz, while in.the second Al deposition
step, Al-Si was deposited at the same deposition rate
on both of the $i0, surface and the Al-Si film deposited
20 in the first depositioq step.
Both the Al-Si film selectively deposited on
Si and the Al—si film deposited on sioiifollowing-the
surface modification step were not different in film
quality with respect to resistivity, reflectanée,
25 -hillock generation density after the heat treatment
step, etc.

Also, substantially no increase of resistance
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87 was between 160 and 350[err] C. Exanpel 31 According to the sane
procedure as in Exanple 28, Al -Si deposition was carried out. 5

The deposition conditions except for DMAH partial pressure and

Si[err]H err] partial pressure during the first Al-Si filmdeposition step,
the surface nodification step, the-sec? d Al-Si filmdeposition step were
the sane as in Exanple 21. The DMAH partial pressure was 10 nmade 1 x
10[err],1 x 10[err] and 5 x 10[err]-fold of the total

1 occurred at the interface between the first Al-Si
film and the second Al-Si film. ' :
' Even when the H2 pressure was changed to 0.1
- - 2 Torxr, and the plasma power to 0.2 - 1 W/cm3, there
5 was substantially no difference in the deposition rate

or.  the film quality of Al-Si film.

Example 20

Acéording to the same procedure as in Exampie
10, Al-Si deposition was carried out tranéporting SiZHG
10 concurrently with DMAH in the first Al-Si déposition
step and the second Al-éi deposition step.
The deposition conditions were as follows:

the first Al film formation step,

total pressure 1.5 Torrxr
15 DMAH parti;l pressure 1.5 x 10~% Torr
Si,H. partial pressure 1.0 x 10°% Torr
the surface modification step,
substrate temperature 500 °cC
total pressure 1.5 Torr
20 DMAH pértial pressure 1.5 x 10"5 Torr
the second Al-Si film depositioﬂ step,
. total pressure 1.5 Torr .
DMAH partial pressure - 1.5 x 10~* Torr
si,Hg partial pressure 1 x 1078 Torr
25 ' The substrate employed was an Si wafer patterned

with the sj_o2 thin f£ilm used in Example 1. 1In the

temperature range of 160 °C to 450 °C, in the first
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pressure. The Si[err]Herr] partial pressure was 0.01-fold of the DVAH
partial pressure. The filmquality of the deposited Al-Si filmwas found as
good as that in the case of Exanple 21. 15 Exanple 32 According to the sane
procedure as in Exanple 28, Al -Si deposition was carried out. The

di fference from Exanpl e 28 was the use_of Ar for the carrier gas of DMAH in
the device shown in Fig. 6. The deposig on 20 conditions except for
carrier gas were the sane as in Exanple 28. The filmquality of the

obtained Al-Si filmwas found as good as_in. Tabl 1.
1 Al-Si- deposition step, no Al-Si wasedepogyggdtgg Bi@g?a power

but Al4si was deposited only at the Si exposed portion
ta the same thickness as Sioz, while in the second
J Al-Si deposition step, Al-Si was deposited at the same
5 deposition rate both on the first Al-Si film and §i0,.
By SIMS analysis, etc., presence of C was
confirmed only at the intexrface between the first Al
£ilm and the second Al f£ilm, but there was no increase
of resistance at the interface between the first Al
10 film and the second Al film. The film quality of the
deposited Al film was found to be substantially the
same as shown in Table 1.

Example 21

By means of the CVD device shown in Fig. 6,

15 Al was deposited on thé same Si substrate with pattern-
ing of sioz as in Example 1. The deposition procedure
was initiated by mounting the Si substrate on a wafer
holder as in Example 1, followed by heating of the
substrate under a desired HZ pressure. Subsequently,

after reacﬁing a desired substrate temperature, DMAH

20
was fed to deposit Al selectively only at the Si
exposed surface which'is an electron donative surface.
The Al deposited in this process was called the first
Al. After elapse of a predeterminéd_time, while

o5 maintaining the total pressure and the DMAH preségre

constant a plasma was generated. After elapse of a

predetermined time, the plasma was stopped, and further
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density during the surface nodification step maé 0.01 25 or 0.015 Wcm,
no Al-Si filmwas forned on SiJerr]. Wen the plasna power density was
0.02 Wcnferr] or nore, the second Al-Si filmwas deposited on SiJerr],

but carbon 88 was detected in trace anmount by SIMS analysis at the
interface between the first Al-Si fil nd the second Al-Si film However,
resi stance was sufficiently small. Exanmple 33 5° Al -Si deposition

was carried out according to
1 Al was deposited. At this point, Al was deposited non-

selectively both on the Ai selectively depbsited and
thé SiO2 which was a non-electron donative surface.

-~ The Al film deposited non-selectively was called the

5 second Al. After elapse of a predetermined time,
feeding of DMAH was stopped to complete deposition.
The depositioﬂ time of the first Al film was the ?ime
necessgry for the film thickness of the selectively
deposited Al film to become equal to the thickness of

10 Si0,.

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

The respective conditions for the first Al film

15 deposition step; the,suiface modification step, the
second Al film deposition step were as follows:

the first Al £ilm deposition step:

total pressure 0.1, 1.2, 5 Torr
DMAH partial pressure 1 x 10 3-fo1a
20 of total pressure
the surface modification step:
total pressure, DMAH partial pressure:
the same as in the first Al film
deposition step |
25 - plasma power density: 0.01, 0.015, 0.02,

(W/cm3) 0.03, 0.04, 0.06,
0.07, 0.08, 0.10,

0.20, 0.40
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the sane procedure as in Exanple 29. The deposition conditions except for
pl asma application time during surface nodification were the sane as in
Exanple 24. Al -Si deposition was carried out with plasma applica- 10 tion
time of 10 seconds, 30 seconds, 3 mnutes; 5 mnutes and 10 m nutes. Wen
the plasma application time was 10 SECOﬂgS, 30 seconds or 3 mnutes, the
filmquality obtained was the sane as shown in Table 1. Wen the plasm
applica- 15 tion tinme was 5 mnutes or 10 mnutes, the filmaquality other
than surface refl ectance was the sane as in Table 1, Table 3, but surface
refl ectante was worse thapleRmavappdicathmni himepl elimipei ng about 65 to 75
% when :

-

the second Al film deposition step:
total pressure and DMAH partial pressure:
- : the same as in the first Al film
5 deposition steé.
For every combinatien of the total pressure
(3 kinds) and the plasma application power (11 kines),
Al film deposition was carried out respectively at 13
levels of the substrate temperature from 150 °C to 470
10 °C. The first Al film selectively deposited was mono-
crystalline. The film qﬁality of the Al deposited £ilm
.was the same as shown in Table 1. The results of carbon
measurement at the interface between the first AL film
and %he_second £ilm were shown in Table 3. At a substrate
15 temperature of 150 °cC, eo film was deposited on the sub-
strate. When the plasma application power density during
the surface modification step was 0.01 or 0.015 W/cm3,
no Al film was deposited on the Sio2 surface, irres-
pective of the substrate temperature. When the plasma
20 ‘application powef deﬁsity during the surface medification
step was 0.08 W/em3 or more, carﬁon was deteeted at
the interface between the first Al film and.the second
Al film, and the contact resistance at the interface
between the first film_and the second Al'fiim was

25 -higher thén in the case of plasma power density of

0.02 - 0.07 W/cm>.
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the substrate tenperature was 160 to 350[err]C. Not 20 depending on the

pl asma application tinme, when the plasma power density was 0.02 Wcnferr]
or higher, the second Al -Si filmwas deposited also on SiJerr], but carbon
was detected in trace anount by SIM analysis at the interface between the
first Al-Si filmand the 25 second Al -5 film However, resistance was
sufficiently small. 89. 1 Exanple 34

1 Example 22

According to the same érocedure és in Example
21: Al deposition was carried out. The deposition condif
- tions duringhéﬁiface modification were the saﬁe'as in
5 Example 21 except for plasma application time. AL
deposition was carried out with plasma application time
of 10 seconds, 30 seconds, 3 minutes, 5 minutes agd
10 minutes.
When the plasma application time was 10 seconds,
10 30 seconds, or 3 minutes, the film quality obtainéd
was the same.as shown iﬁ Table 1, Table 3. When the
plasma application time was 5 minutes or 10 minutes,
the film quality other than surface reflectance was
the same as shown in Table 1, Table 3, but surface
15 Treflectance was worse fhan the value shown in Table
1, being approximately 65 to 75 % wheﬁ the substrate
temperature was 160 - 350 °C.

Example 23

According to the procedure of Example 21, Al
26 deposition was carriéd out. The depqsition conditions
during the first Al film deposition step, the suiface
modificatioﬁ step and the second Al film deposition
step were the same as in Examplé 21 except for DMAH
partial pressure. The DMAH partial pressure was made

5 5

1x1072, 5% 1072, 1 x10¢ and 5 x 10°%-fo1d of the

25
total pressure.

The film gquality of the obtained film was found
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According to the sane procedure as in Exanple 28, Al -Si deposition was
carried out. The deposition conditions except for DMAH partial 5 pressure

during the first Al-Si filmdeposition step, the surface nodification step

and the second Al -Si filmdeposition step were the sane as in Exanple 28.
The DMAH partial pressure was nmade 1 x 10[err], 5 x 10[err], 1 x 10[err],
X 10[err]-fold of the total pressure. 8he 10 Sl[err]H[err] partia
pressure was 1 x 10[err]-fold of the DVAH partial pressure. The film

quality of th Al - Sl film 03|t s f oun sim IarJ s in
Tabl e 1. Wleneh l't?d&k ]dLﬁ*I}‘ﬂgltﬁqﬁg S 'rfg‘;:ké r?o%’f? i on
film quallty did not depend on the DMAH partial pressure.

'Exémple 24

. According to the same procedure as in Exaﬁple

5 21, Al deposition was carried out. The difference from
Example 21 was the use of Ar for the carrier gas of
the DMAH line in the device shown in Fig. 6. The
deposition conditions other than carrier gas were the
same as in Example 21.

10 The film quality of the obtained Al film was

the same as shown in Table 1. When the plasma power

density during the surface modification step was 0.01

to 0.015 W/cm3, no Al film was formed on SiO,. When

‘the plasma power density was 0.02 W/cm3 or more, the

15 second Al film was deposited on sioz. but carbon was
detected in trace amount by SIMS analysis at the interface
between the first Al £ilm and the second Al film. The

resistance value was sufficiently small.

Example 25

20 Al depositidn was carried out according.to the
same procedure as in Example 24. The.deposition condi-
tions other than plasma application time during surface
modification were the same as in Example 24. Al.
deposition was carried out for plasma application

o5 ~time of 10 seconds, 30 seconds, 3 minutes, 5 minutes'

and 10 minutes.

When the plasma application time was 10 seconds,
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15 step was 0.01, 0.015 Wcnferr] , no Al-Si filmwas formed on Sierr].
When the plasma power density was 0.02 Wcnferr] or higher, the second

Al -Si filmwas deposited on SiJerr], but carbon was detected in trace
anount by SIMS analysis at the |nterface between the first Al-Si filmand
the 20 second Al-Si film However, gzlstance was sufficiently smal
Exanpl e 35 According to the sane proceflures, and under the conditions as I n
Exanpl es 28, 29, 30, 31, 32, 33 25 and 34, A -Si filn1deposition was

carried out for various substrates shown i n_Exanple 5 3 5-1 to 5-179
shown i n ITabP® gyconds or 3 minutes, the film quality bta ne the

same as in Table 1. When the plasma application tire
wa; 5 minutes of 10 minutes, the film gquality other
: than surface reflectance was the same as shown in
. 5 Table 1 and Table 3, but surface reflectance was inferior
to the value shown in Table 1, about 65 to 75 %, when
the substrate temperature was 160 - 350 °C. Nof erending-
on the plasma application time, when the plasma poWér
dénsity was 0.02 W/cm3 or more, the second Al film was
10 also deposited on-Sioz, but carbon was detected'in
trace amount by SIMS anéiysis at the interface between
the fixrst Al film and the second Al film. However,
resistance was sufficiently small.

Example 26

15 According to thé same procedure as in Example
24, Al deposition was carried out. The deposition
conditions during the first Al film deposition step,
the surface modification step and the second Al film
deposition step were the same as in Example 24 except

20 for DMAH partial préssure. The DMAH partial pressure

was made 1 x 107>, 5 x 107>, 1 x 107% and 5 x 107%-
foid of the.total pressure.

The film guality of .the film obtained was found
to be the same as shown in Table 1. When the plasma

. power density during the surface modification step was

3

0.01 or 0.015 W/cm™, no Al film was formed on Sioz.

When the plasma power density was 0.02 W/cm3 or more,

25
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90 In the first Al-Si filmdeposition step, Al- Si filmwas selectively
deposited only on the el ectron donative surface, but no Al-Si filmon the
non-el ectron donative surface. In the second Al-Si filmdeposition 5 step
after the surface nodification stpe, Al-Si filmwas deposited at
substantially the same rate on the fir Al -Si filmand the non-el ectron
donative surface. The filmaquality of tte Al -Si film deposited was found to
be good simlarly as in Exanples 28, 29, 30, 31,

1 the second Al film was also deposited on Si0,, but
carbon was detected in trace amount by SIMS aﬁalysis'
at‘the interface between the first Al film and the

- second Al film. However, resistance was sufficiently

5 small.

Example 27

According to the same procedures, and under

the conditions as in Examples 21, 22, 23, 24, 25, 26,

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

| In the first Al film deposition step, Al film

was selectively deposited only on the electron donative

surface, but no Al film on the non-electron donative

surface. In the second Al filﬁ deposition step following
15 the surface modificatioﬁ step, Al film was deposited

at substantially the same rate on the first Al film

and the non-electron donative surface. The film quality

of the Al film deposited was found as good as those

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

20 Exgmple 28

By use of the CVD device shown in Fig. 6, Al
was deposiiéd on the Si substraté with S'io2 patterning
as in Example 1. 'According to the same deposition
procedure as in Example 21, DMAH was fransported to

o5 @ reaction tube, and SiZH6 was added from the third

gas line to effect Al-Si deposition.

In this Example, DMAH was fed from the first
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10 32, 33 and 34. Exanple 36 By neans of the CVD device shown in Fig. 6, Al
was deposited on an Si substrate with patterning of SiJerr]. 15

The preparation nethod of the Si substrate with patterning of SiJerr] was
simlar to the case of Exanple 1. First, Al deposition procedure was
described. After washing of an Si waferg,, the conveyi ng chanber 10 was

rel eased to atnospheric pressure, and 58 the Si wafer was nounted in the
‘conveyi ng chanber. The conveyi ng chanber was evacuated to ca. 1 x 10[err]

Torr, then the gate valve 13 was opened and the mafei,
1 gas line. For the carrier gas of DMAH line, H2 was

- employed. The second gas line was for H,. The third
géé 1iné was for SiZHG‘

- The respective conditions for the first AL?Si
5 film deposition step, the surface modification step
and the second Al-Si film deposition step were as

follows:
the first Al-Si film deposifion step:
total pressure: 0.1, 1.2, 5 Torr
10 DMAH partial pressure: 1 x 10" 3-fo1d of

L d

total pressure

Si partial pressure: 0.01-fold of DMAH

2%
partial pressure
the suiface modification step:

total pressure, DMAH partial pressure,

15
SiZH6 partial pressure:
the same as in the first Al-Si film
deposition step
plasma power density: 0.01, 0.015, 0.02,
20 (W/cm®) 0.03, 0.04, 0.06,
0.07, 0.08, 0.10
0.2, 0.4
plasma application time:. 1 min.
the second Al-Si film deposition step:
251 total pressure, DMAH partial pressure,

Si2H6 partial pressure:

the same as in the first Al-Si film
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was nmounted on a wafer holder 3. After nounting of the wafer on the wafer

hol der 3,

the gate valve 13 was 25 cl osed,

evacuated to a vacuum degree of ca. 1 x 10[err] Torr. However, Al

deposited even if the reaction chanbér ‘cannot be

and the reaction chanber

2 wWas
can be

91 evacuated to a

vacuum degree of 1 x 10[err] Torr. In ?Qis Exanpl e, DMAH was fed through
ga

the first gas line. For the carrier
The second gas line was for Herr].

enpl oyed.
1

10

20

25

dgposition step.

For every éombination of the total pressure-
(3'kinds) and the plasma abplication power (11 kinds),
Al-Si film deposition was carried respectively at 13
levels of the substrate temperature from 150 °C to 470
‘C, The film quality of the deposited Al-Si film was
the same as shown in Table 1, and measurement results
of carbon at the interface between the first Al.film
and the second Al-Si film were the same és shown in
Table 3. At a sﬁbstrate temperature of 150 °C, no
film was deposited on the substrate. When the plasma
application power density during the surface modifica-
tion step was 0.01 or 0.015 W/cm>, no Al-si film was

deposited on the Sio2 surface irrespectively of the

substrate temperature. ' When the plasma application

power dehsity during the surface modification step
was 0.08 W/cm3 or more, carbon was detected at the
interface betweenlthe first.Al-Si film and the second
Al-Si film and the contact resistance at the interfacé
between the first AIL-Si film and the éecond Al-Si film
was higher than in the case of plasma power density

of 0.02 to 0.07 W/cm>.

Example 29

According to the same procedure as in Example

28, Al-Si deposition was carried out varying the SiZHG

partial pressure in the first Al-Si film deposition

step and the second Al-Si film deposition step.

of the DVAH line, Herr] was
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5 Through the second gas line was fl owed H2, and the opening
degree of the slow | eak valve 8 was con- trolled to control the pressure
within the reaction tube 2 to a predeterm ned value. The pressure in this
Exanmpl e was about 0.1 to 5 Torr. Then, the wafer was 10 ~“heated by current
passage through the heater 4. After the wafer has reached a predeterm ned
tenperature, a plasma was generated w 88in the reaction tube 2 by applying
hi gh frequency power on the plasma generation electrodes 16, 16', 16". The
pl asma generation at this 15 time was called "the first plasma”. The

ggciS'G' m pn frequencyngf (LOB-ROYGL S8HASEibAE Bb2SFReIERER! ADSWAS ca.

film deposition step, the surface modification step,
thé second Al-Si film deposition step were as follows:
- the first Al-Si film deposition step:
5 total pressure: 0.1, 1.2, 5 Torr
DMAH partial pressure: 1 x 10-3—fold of
total pressure

3 to 1-fold of

Si,H. partial pressure: 1 x 10~
DMAH partial pressure
10 the surface modification step:
total preséure, DMAH partial pressure,
Si2H6 partial pressure: |
the same as in the first Al-Si film
deposition step
5 . plasma power density: 0.01, 0.015, 0.02,
(W/em>) 0.03, 0.04, 0.06,
0.07, 0.08, 0.10,
0.2, 0.4
plasma application time: 1 min.
20 the second Ai-si_film deposition step:
total pressure, DMAH partial pressure,

Si partial pressure:

2fe
the same as in the first Al-Si film
deposition step.

25 For every combination of the total pressure

(3 kinds) and the plasma application power (11l kinds),

Al-Si film deposition was carried out respectively at
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After plasma generation, DVAH was introduced through the DMAH |ine into the
reaction tube. The 20 partial pressure of DMAH was ca. 1 x 10[err] to 2 X
10[err]- fold of the total pressure. Wien DMAH was introduced, Al was
deposited. The Al filmdeposited in this process was called the first A
film After elapse of a predetermned tinme, while 25 mai nt ai ni ng
constantly the substrate tenperature, 8B6e total pressure, the DVAH parti al
pressure, the genera- tion power of plasnma was increased. The plasna

eneration -
9 1 13 levels of the substrate temperature from 150 °C to

470 °C varying the SiZHG partial pressure. In the first
AL-5i film deposition step, Al-Si was selectively deposited
- only at the Si surface exposed portion, and in the second
5 Al-Si film deposition step, Al-Si film was deposited
at substantially the same deposition rate both on the
first Al1-Si film and Sioz. The Si content of the
- deposited Al-Si film was substantially proportion éo:
thé Si2H6 partial pressure added, varying from 0.005
10 ® to 5 8. The film quality of the Al-Si film deposited
was found as good as that in the case of Example 21.

Example 30

Al-Si deposition was carried out according to
the same procedure as in Example 28.
15 ) .The deposition c¢onditions other than plasma
application time during surface modification werxre the
same as in Example 28. Al-Si deposition was carried
out with plasma application time of 10 seconds, 30 seconds,
3 minutes, 5 minutes.and 10 minutes.
20 When the plasma application time was 10 seconds,
30 seconds or 3 minutes, the film quality obtained was
the same as shown in Table 1 and Table 3. When the
plasma application time was 5 minutes or 10 minutes,
the film quality other than surface reflectance was
25 the same as shown in Table 1 and Table 3, but the surface

reflectance was inferior to the wvalue shown in Table

1, about 65 to 75 %, when the substrate temperature
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92 at this tinme was called "the second plasma". -After elapse of a certain
period of time (here, the tinme during plasma generation was called the
surface nodifi- cation step, and the certain period of tine was called 5
the second plasma generation tinme), while maintaining conStantly the total
pressure, the DVMAH partial pressure and the substrate tenperature, again

t he plasma power was made snal |l er. The8@l asnma generation state.nade small er
was called the third plasma. The Al film 10 .deposited during the third

pl asma generation was called the second Al . After el apse of a predeterm ned
tinme, hegtingas between 160 and 350 °C.

Exampel 31

-

Accordipg to the same procedure as in Example
- 28, Al-Si deposition was carried out.
5 The deposition conditions except for DMAH partial_
pressure and SiZHG partial pfessure during the first
Al-Si film deposition step, the surface modification
| step, the second Al-Si film deposition step were the
same as in Example 21. The DMAH partial pressure was

5 4--fol'd of the total

o made 1 x 107>, 1 x 10™* and 5 x 10~
pressure. The Sizﬂé partial pressure was 0.01-fold
of the DMAH partial preséure.

The film quality of the dgposited Al-Si film
was found as good as that in the case of Example 21.

15 “Example 32

~According to the same procedure as in Example -
28, Al-Si deposition was carried out. ' The difference
from Example.ZS was the use of Ar for the carrier gas
of DMAH in the device shown in Fig. 6. The deposition
20 conditions except f6r carrier gas were the same as in -
Example 28.

The f£ilm quality of the obtained Al-Si film
was found as good as in Table 1. When the plasma power
density during the surface modification step was 0.01
‘or 0.015 W/cm>, no Al-Si film was formed on SiO..

2
When the plasma power density was 0.02 W/cm3 or more,

25

the second Al-Si film was deposited on Si02, but carbon
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of the heater 4 was stopped to cool the wafer. Feeding of Herr] has was
stopped, the reaction vessel 2 was inter- 15 nally evacuated and the wafer
was delivered to the conveying chanmber. Only the conveyi ng chanber was
opened to atnospheric, and the wafer was taken out. By setting the
substrate at 13 levels of 150 [err]C, 160[err]C, 200[err]C, 250 °C
270[err]C, 300[err]C, 350[err]C, 20 389 [err]C, 400 [err]C, 430 C, 450
[err]C, 470[err]C, and the Al filmwas deposited according to the procedure
as descri bed ‘above. During the first A deposition step: total pressure:
0.1 Torry lwasTeleteddefordn AFace amount by IWEH analyisdls @tedthee: 1 x
10[err]-fold of g

[ ] interface between the first Al-Si film and the second

Al-Si film. However,. resistance was sufficiently small.

-~ Example 33

5 Al-Si deposition was carried out according to
the same procedure as in Example 29. The deposition
conditions except for plasma application time during
surface modification were the same as in Example 54;
Al-Si deposition was carried out with plasma applica-

10 tion time of 10 seconds, 30 seconds, 3 minutes, 5 minutes
and 10 minutes. v

When the plaéma application time was 10 secondg,
30 seconds or 3 minutes, the film quality obtained was
the same as shown in Table 1. When the plaéﬁa applica-~

;5 tion time was 5 minutes or 10 minutes, the film quality
other than surface reflectance was the same as in Table
1, Table 3, but surface reflectance was worse than the
value shown iﬁ Table 1, being about 65 to 75 %, when
the substrate temperature was 160 to 350 °C. Not

depending on the plasma application time, when the

20
plasma power density was 0.02 W/cm3 or higher, the
second AL-Si film was deposited also on -§i0,, but
carbon was detected in trace amount by SIMS analysis
at the interface between the first Al-Si film and the
o5 second Al-Si film. However, resistance was sufficiently

small.
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total pressure 93 pl asna generation power of the first plasnma:

(Wcnferr])
5

0.01, 0.015, 0.03, 0.04, 0.06, 0.07, 0.08, 0.10, 0.20, 0.40
During the surface nodification step: total pressure and DVAH

partial pressure: the same as in the4+rst Al filmdeposition step

10

15

20

25

89

Example 34

According to the same procedure as in Example

28, Al-Si depqsition was carried out.

The deposition conditions except for DMAH partial
pressure during the first Al—Si.film depositionlstep,
the éurface modification step and the second Al-Si film

deposition step were the same as in Example 28. The

5 5

DMAH partial pressure was made 1 x 10 ~, 5 x 10 ~,

4

1x10 7, 5 x 10"%4-£01d of the total pressure. The

Si2H6 partial pressure was 1 x 10-3-fold of the DMAH
partial pressure. ’
The film quality of the Al-Sl film deposited

was found to be good similarly as in Table 1. When,

_the‘plasma power density during the surface modification

step was 0.01, 0.015 W/cm>, no Al-Si film was formed

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

-or higher, the second Al-Si film was depdsited on sioz,

but carbon was detected in trace amount by SIMS analysis
at the interface between the first Al-Si film and the
second Al-Si film. however, resistance was sufficiently
small.

Example 35

According to the same procedures, and under

the conditions as in Examples 28, 29, 30, 31, 32, 33

~‘and 34, Al-Si film deposition was carried out for various

substrates shown in Example 5 (samples 5-1 to 5-179°

shown in Table 2).
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pl asma generati on power of the second plasma: 10
(Wcenferr]) 0.01, 0.015, 0.03, 0.04, 0.06, 0.07, 0.08, 0.10, 0.20, 0.40
generation time of the second plasma: 1 mn. During the second Al film

deposition step: 15 total pressure and DVAH partial pressure:
the same as in the first Al filmdeposition step plasma generation power of
the third plasma: (Wcnjerr]) 20 o0 the sanme as in the

first Al filmdeposition step

1 In the first Al-Si f£ilm deposition step, Al-
Si film was selectively deposited only on the electron
donative surface, but no Al-Si film on the non-electron
* donative surface. In the second Al-Si film deposition
5 step after the surface modification stpe, Al-Si film
was deposited at substantially the same rate on the
firét AL-Si film and the ﬁon-electron donative su;face.
The film'quality of the Al-Si film deposited was found
to be good similarly as in Examples 28, 29, 30, 31,
10 32, 33 and 34.

Example 36

By meahs of the CVD device shown in Fig. 6,
Al was depositéd on an Si substrate with patterning
of éioz; :
15 ' The preparafioﬂimethod of the Si subétrate with
patterning of sioz'was éimilar to the case of Example 1.
First, Al deposition procedure was described.
After washing of an Si wafer, the conveying
chamber 10 was released to atmospheric pressure, and
20 the Si wafer was mounted in the cohveying chamber.
The conveying chamber was evacuated to ca. 1 x 10-6
Torx, then: the gate valve 13 was opened ‘and the wafer
was mounted on a wafer holder 3. After mounting of
the wafer on the wafer holder 3, the gate valve 13 was
25 ‘closed, and the.reaction chamber 2 was evacuated to g

vacuum degree of ca. 1 x 10"8 Torr. However, Al can

be deposited even if the reaction chamber cannot be
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The results of Al deposition were as follows: In the first Al film
deposition step, the manner of Al deposition depended on the first plasma
generation 25 power. Mre specifically, when the first plasma genera- tion
power density was 0.01 and 0.015 Wcnjerr], Al was deposited selectively
only on Si as shown in Fig. 8A 94 1 and the second Al fil mdeposited
via the surface nodification step was f9lat as shown in Fig. 8C. On the

ot her hand, as the power density was greater,

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

In this Example, DMAH was fed through the first
g;s line. For the carrier gas of the DMAH line, ﬂz
< was employed. The second gas line was for Hz.

5 Through the second gas line was flowed H2' and
the opening degree of the slow leak valve 8 was con-
trolled to control the pressure within the react%on
tube 2 to a predetermined value. The pressure in this
Example waé about 0.1 to 5 Torr. Then, the wafer.was

10 heated by current passage through the heater 4. After
the wafer has reached é predetermined temperature, a
plasma was.generated within the reaction tube 2 by

-applying_high frequency power on the plasma generation
eléctrodes 16, 16°', 1lé6". Tpe plasma generation at this

'15 time was called "the first plasma®. The oscillation

o frequency of the power source for plasma generation

. was ca. 13.56 MHz.
| After plasma generation, DMAH'was introduced
through the DMAH line into the reaction tube. The

20 partial pressure of DMAH was ca. 1 x 1073 to 2 x 1073-
fold of the total pressure. When DMAH was introduced,
Al was dépésited. The Al film deposited in this process
was called the first Al film.

Aftexr elapse of a predetermined time, while

25 maintaining constantly the substrate temperature,; the

total pressure, the DMAH partial pressure, the genera-

tion power of plasma was increased. The plasma generation
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Al was deposited not only on Si, but also on SiJerr] to 5 forma concavity
of Al at the opening as shown in Fig. 8B, and the second Al filmforned

t hereafter had excessive unevenness with inferior flatness as shown in Fig.
8D. The deposition form contai nnent of carbon, reflectance of the Al film
deposited in 10 the first Al filmdeposition step were shown in Table 4.

Al so, the deposition form containnment 2% carbon, refl ectance of the A
filmdeposited in the first Al filmdeposition step, the surface

nodi fication step, the second Al filmdeposition step were shown in 15

Tabl e 5. 1 n ladt tthdiss dimet vas esallliesl dftheefdessinghpdasmat .i nfAdfitierr as

conmpared with Exanple 21. Al so
elapse of a certain period of time (here, the time -

ddfing plasma generation was called the surface modifi-
: cation step, and the certain period of time was called
5 the second plasma generation time), while maintaining
constantly the total pressure, the DMAH partial pressure
and the substrate temperature, again the plasma power
was made smaller. The plasma generation state madé
smaller was called the third plasma. The Al film
10 deposited during the third plasma generation was
_called the second Al. |
After elapse of a predetermined time, heating _
of the heater 4 was stopped to cool the wafer. Feeding
of H, has was stopped, the reaction Vessel.z was inter-
15 nally evacuated and thé wafer was delivéred to the
conveying chamber. Only the conveying chamber was
opened to atmospheric, and the wafer was taken out.
By setting the substrate at 13 levels of 150
;C, 160 °c, 200 °c, 250 °c, 270 °C, 300 °c, 350 °C,

370 °C, 400 °c, 4302°C, 450 °C, 470°C, and the Al film

20
was deposited according to the procedure as described
above.
puring the first Al deposition step:
total pressure: 0.1 Torr, 1.2 Torr, 5 Torrxr
25 DMAH partial pressure: 1 x 1073-fo1d of

total pressure
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substantially the sane results were obtained when Al -Si was deposited with
addition of Si[err]Herr]. 20 25 95 1 Exanple 37 According to the sane
procedure as in Exanple 1, an Si substrate with patterned Si Q2 was '
prepared. Subsequently, by neans of the device shown in Fi'lg. 2, 5 t he
first Al was deposited selectively only on Si

10

15

20

25

93

plasma generation power of the first plasma:
(W/em®>)  0.01, 0.015, 0.03, 0.04,
) 0.06, 0.07, 0.08, 0.10,
0.50, 0.40
During the surface modification step:
total pressure and DMAH partial pressure:
the same as in the first Al film
deposition step -
plésma genefation power of the second plasma:
(W/em3)  0.01, 0.015, 0.03, 0.04,
; 0.06, 0.07, 0.08, 0.10,
0.20, 0.40
generation time of the second plasma: 1 min.
During the second Al fiim deposition step:
total pressure and DMAH partiai pressure:
the same as in the first Al £ilm
depositioﬁ step
plasma generation power of the.third plasma:
(W/cm®)
the same as in the first Al £film
deposition step'
The results of Al depositioﬁ were as follows:

In the first Al film deposition step, the manner

.of Al deposition depended-on the first plasma generation

. power. More specifically, when the first plasma genera-

tion power density was 0.01 and 0.015 W/cm3, Al was

deposited selectively only on Si as shown in Fig. 8A,
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simlarly as in Exanple 1. The Si substrate was set in a sputtering device,
and RF sputtering etching was effected in an Ar atnosphere of 10[err] Torr.
Wth the substrate hol der naintained at 200[err]C, etching was 10 effected
by application of a high frequency power of 100 Won high frequency

el ectrodes for 60 seconds. As the result, together with the oxide with an
Al surface thickness of about 100 A alggo the surface of SiJerr] was
renoved with the same thickness, and at the 15 sane tinme the Sigerr]
surface was nodified. Next, by use of Al as the target, A filmwas

deposi t ed by agliar atle @éiconid AIPHiler idiposiededendhd shirfaceas deposited .
uniformy on Si and SidJerr] at a deposition rate of
modification step was flat as shown in Fig. 8C.

OJ the other hand, as the power density was greater,
- Al was deposited not only on Si, but alsé on SiO2 to
5 form a concavity of Al at the opening as shown in
Fig. 8B, and the second Al film formed thereafter
had excessive unevenness with inferior flatness as
shown in Fig. 8D. The deposition form, containment
of carbon, reflectance of the Al film deposited in
10 the first Al film deposition step were shown in Table
4. Also, the depositidh form, containment of carbon,
reflectance of the Al f£ilm deposited in the fifst Al
film deposition step, the surface modification step,
thé second Al film deposition step were shown in
15 Table 5. In both caseé,'the results of reflectance

were inferior as compared with Example 21. Also

substantially the same results were obtained when

Al-Si was deposited with addition of SizHG'

20

25

This is the replacement sheet

Dete: ) 6 MAR 1997



1000 A/ m n. under the conditions of an Ar atnosphere 20 of 10[err] Torr,
a tenperature of the substrate holder of 250 [err]C, and a direct current
power of 7 KW No high resistance |ayer existed at the interface between
the first Al filmand the second Al film Selective growh of the first Al
filmmay be 25 practiced according to any of the nethods as previously
described in the exanpl es, and non-sel eg%ive deposition of the second Al
filmby sputtering etching and

1 Example 37

According to the same procedure as in Example
l,‘an Si substrate with,patterned Sio2 was prepared.
< Subsequently, by means of the device shown in Fig. 2,
5 the first Al was deposited selectively only on Si
similarly as in Example 1. The Si substrate was set
in a sputtering device, and RF sputtering etching was
effected in an Ar atmosphere 6f 10"2 Torr. With éhe
substrate holder maintained at 200 °C, etching was
10 effected by application of a high frequency power of
100 W on high frequency electrodes for 60 seconds.
As the result, together with the oxide with an Al
surface thickness of about 100_3, also the surface of
Sid2 was removed with the same thickness, and at the
15  same time fhe Sio2 surface was modified. Next, by use
| of Al as the térget, Al film was deposited by direct
current sputtexing. The-second_Al film was deposited
uniformly on Si and Si02 at a deposit;on rate of
1000 A/min. under the conditions of an Ar atmosphere

2 Torr, a temperature of the substrate holder

o9 ©f 107
of 250 °C, and a direct current power of 7 KW. No
"high resistance layer existed at the interface between
the first Al film and the second Al film.

Selective growth of the first Al film may be
‘o5 - practiced according to any of the methods as previously

described in the examples, and non-selective deposition

of the second Al film by sputtering etching and
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96 1 sputtering deposition was not limted to the conditions as described
above, but can be perforned under conven- tional sputtering conditions. It
was of course possible to deposit selectively 5 a first Al-Si alloy film
selectively on Si, renove the surface oxide and the Si(Jerr] surface on the
first Al-Si filmby sputtering etching, and deposit uniformly a second

Al -Si alloy filmwith an Al-Si alloy -asbd he target. 10 As

descri bed above, according to the present invention, a |ow resistance,
dense and flat Al or Al-Si filmcan be deposited selectively and at high

1 sputtering deposition was not limited to.the conditions
as described above, but can be‘performed under conven-
tional sputtering conditions. -
It was of course possible to deposit selectively

5 a first.Al-Si alloy film selectively on Si, remove the
surface oxide and the Sio2 surface on the first aAl-Si
film by sputtering etching,'énd-deposit uniformly a
second Al-Si alloy film with an Al-Si alloy as the =
target.

10 As described above, according to the present
invention, a low resist;nce, dense and flat Al or
Al-Si film can be debosited selectively and at high
speed on a substrate.

Coﬁparafive experiments

15 ' Al film was_fbémed on a single crystalline
silicon under the following.conditions.

. By fiowing Ar in place of H2, Al was deposited
by pyrolysis of DMAH. The total pressure at this time
was made 1.5 Torr, DMAH partial pressure 1.5 x 1074

20 Torr, and the substéate temperature 270 to 350 °C.

As the result of evaluation of the Al film
thus erméd; at least about 2 § of carbon was found
to be contained. The resistivity became 2-fold 6r
more of that when employing hydrogen.

25 _ As to reflectance, it was lowered to about
1/3 to 1/9 relative to the case when employing

hydrogen.

a,
“
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speed on a substrate. Conparative experinments Al filmwas forned on a
single crystalline silicon under the follow ng conditions. By flowng Ar in
pl ace of Herr], A was deposited by pyrolysis of DVAH The total pressure
at this-tine was made 1.5 Torr, DMAH partial pressure 1.5 x 10[err] 20
Torr, and the substrate tenperature 270 to 350[err]C. As the result of

eval uation of the Al filmthus forned, 91 |east about 2 % of carbon was
found to be contained. The resistivity becane 2-fold or nore of that when
enpl oyi ng hydrogen. 25 . As to reflectance, it was | owered to about

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

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

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

10 device. |

Separafely, without use of HZ,.Al was deposited
bj decomposition of DMAH according to the optical CVD
method; As the result, more or less improvements can
be seen as compared with the ease when employing no

15 light, such as no'containment of carbon in the Al film
prepared, etc. However, other characteristics were
not improved so much, and the film obtained was still
unsatisfactory as the Al film for semiconductor device.

The mechanism of Al deposition according to

20 the present inventioo es described above may be considered
as follows.

Wheo DMAH reaches an electron donative substrate,
namely a substrate having electrons under the state
attached with hydrogen atoms (Figs. 9A) with methyl

95 groups directed toward the substrate side, the electron
of the substrate cuts the bond between Al and one methyl

group (Figs. 9B and 9C). The reaction scheme at this
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1/3 to 1/9 relative to the case when enpl oyi ng hydrogen. 97 Simlarly,
the wiring |ife becane shorter by 1 to 2 cipher, the hillock generation
‘probability larger by 2 or nore ciphers, and a | arge nunber of spikes were

generated. 5 As to deposition rate, it was lowered to 1/2 to 1/4.
As descri bed above, Al deposited only by decom
98

1 time may be as follows:

. (CH3)2A1H + 2H + 2e * 2CH4'f + Al-H.-

© Further, the samé reaction proceeds forjhydrogen atoms

5 remaining on deposited Al having free electrons (Fig.
9D). Here, when hydrogen atoms are deficient, hydrogen
molecules will be decomposea on the substrate and.
supplied as hydrogen atoms. On the other hand, sinée
there exists no electron on the non-electron donative

10 surface, no such reaction as described above proceeds
to effect no deposition’of Al.

Figs. 9A to 9D are illustrations for bettér
understanding of the reaction mechanism, and the numbers
of ﬁ, e and Al represented in Figs. 9A to 9D'were not

15 hecessarily coincident: -

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

incorporated into Al in such reaction process.
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posi tion of DVAH wi thout use of H2 was inferior in filmquality and
unsatisfactory as the Al filmfor sem conductor 10 device. Separately,

wi t hout use of Herr], A was deposited by deconposition of DVMAH accordi ng
to the optical CVD nethod. As the result, nore or |ess inprovenents can be
seen as conpared with the case when enpl oying-no 15 light, such as no
cont ai nnment of carbon in the Al film pPgpared, etc. However, other
characteristics were not inproved so nmuch, and the film obtained was stil
unsati sfactory as the Al filmfor sem conductor device. The nechani sm of Al

depositiqn accordin% to 20 the present invention as described above may be
consi der éd 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
by pyrolysis of DMAH. The total pressure at this time
- was made 1.5 Torr, the DMAH partial pressure 1.5 x 10
4 forr, and. the substrate temperature of 270 - 350 ?C.
When the Al film thus formed was evaluated,
about 2 % of carbon waé found to be contained at the
10 minimum. i
Resistivity became greater by 2-fold or more
. than the case when hya?ogen was employed.
As to reflectance, it was lowered to sbout 1/3
- to 1/9 relative the_qase.wben hydrogen was'employed.
15 Similaély, wiring 1ife was shorter by 1 to 2
cipher, generation probability of hilloék became
greater by 2 cipher or more, and a large number of
spikes were found to be generated.
As to the'éeposition speed, it was lowered to
20 1/2 to 1/4. |
As Qescribed above, Al depoéited only by
decomposition of DMAH without use of H2 Es inferior in
film quality, and was unsatisfactory as the Al film
for a semiconductor device. |

25
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as follows. When DVMAH reaches an el ectron donative substrate, nanely a
substrate having el ectrons under the state attached with hydrogen atons
(Figs. 9A) with nethyl 25 groups directed toward the substrate side, the
el ectron of the substrate cuts the bond between Al and one nethyl group
(Figs. 9B and 9C). The reaction schene-at this 98 1 tinme may be as
follows: (CHerr])[err]AIH + 2H + 2e [etx]. 2CH err] [err]. + A -H

1 Separately, without use of HZ' DMAH was

decomposed by.the optféal CVD method to deposit Al. ’
As the resﬁlt, some iﬁprovement such as no containment
of carbon, and the like was observed from as the Al

5 film prepared as compared with the case when no light

was employed, but other characteristics were not

A

* improved so much, aqd the Ai £ilm was still_
unsatisfactory as the Al film for a semiconductor
device.

16 As described above, the mechanism of Al
- deposition according to the present invention may be
‘presently hypothesized as follows.
< When DMAH reaches the electron donative
substrate, namely the substrate having electrons undér
15 the state on which hydrogeh atoms are attached (Fig.
937) with the methyl groups directed toward the
sﬁbstgagé side, one electron of the-supstrate cuts one

bond of Al and a methyl group (Figs. 9B and 9C).
The reaction scheme at this time is as
20 follows:

(CH4) ,AlH + 2H + 2e —2 2CH, T+ Al1-H

N 3)2 -
Further, similar reactions will proceed for
-
the hydrogen atoms remaining on deposited Al having
free electrons (Fig. 9D). Here, when hydrogen atoms

25 are deficient, hydrogen molecules constituting the

reaction gas are decomposed on the substrate to supply
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Further, the sanme reaction proceeds for hydrogen atons 5 renai ning on
deposited Al having free electrons (Fig. 9D). Here, when hydrogen atons are
deficient, hydrogen nolecules wi'll be deconposed on the substrate and
supplied as hydrogen atons. On the other hand, since there exists no

el ectron on the non-el ectron donative 10 surface, no such reaction as
descri bed above proceeds to effect no d&bosition of Al. Figs. 9A to 9D are
illustrations for better understandi ng of the reaction nechanism and the
nunbers of H e and Al represented in Figs. 9A to 9D were not 15

necessarlly coincident. And, in the case of AI-Si film Si atons are
hydrogen atoms. On the other hand, since there is no

electi¥on on the eleetron non—donative surface, the ’

above—-mentioned reaction will not proceed and ne Al

deposited. ) '

5 Figs. 9A - 9D are illustrations for better
understanding of the reacion mechanism, and the
numbers of H, e and Al shodn in Figs. éA - 9D are not
necessarily coincideht. | "

Iﬁ the case of an-“X1-Si film, Si atoms are

10 ihcdrporated into Al dugihg the process of the
reaction as described above.

As described above, accordlng to the present
1nvention, a low resistance, dense and flat Al or Al-Si

.. Tt @

film can be depos1ted selectlvely and at hlgh speed on

a subs .
15 trate

20

25
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was deposited 5

Conmparative

I n such reaction process
experinment An Al filmwas forned on a nonocrystalline silicon under the
Al

pressure at this tinme was made 1.5 Torr
and.the substrate

20 25

in place of Herr],
102
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Wien the Al filmthus formed was eval uated, about 2 % of carbon was found
to be contained at the 10 mninmum Resistivity becane greater by 2-fold or
nore than the case when hydrogen was enployed. As to reflectance, it was

| owered to about 1/3 to 1/9 relative the case when hydrogen .was enpl oyed.
15 Simlarly, wiring life was shorter by 1 to 2 cipher, generation
probability of hillock becane greater BB 2 cipher or nore, and a | arge
nunber of spikes were found to be generated. As to the deposition speed, it
was |owered to 20 1/2 to 1/4. '
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i ke was

wi t hout use of Herr],

and the

and was unsatisfactory as the Al

Separ at el y,

CVvD nethod to deposit Al. As the result,

25

devi ce.

Al deposited only by deconposition of DVAH wit hout use
in filmquality,

i nferior

S

a sem conduct or
observed fromas the Al 5 film prepareibdas conpar ed with the case when no

sone i nprovenent such as no contai nnment- of carbon,
| i ght

As descri bed above,
DVAH was deconposed by the opti cal

of H err]
filmfor
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was enpl oyed, but other characteristics were not inproved so nmuch, and the
Al filmwas still unsatisfactory as the Al filmfor a sem conductor device.
10 As descri bed above, the nmechanismof A deposition according to
the present invention may be presently hypothesized as foll ows. Wen DVAH
reaches the el ectron donative substrate, nanmely the substrate having
el ectrons under 15 the state on which hY¥rogen atoms are attached (Fig. 9A)
with the nethyl groups directed toward the substrate side, one el ectron of
t he substrate cuts one bond of Al and a nethyl group (Figs. 9B and 9C).
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The reaction schene at this tine is as 20 follows: (CHerr])[err]AIH + 2H +
2e [err] 2CH err]+ Al-H Further, simlar reactions wll proceed for. the
hydrogen atonms remai ning on deposited Al having free electrons (Fig. 9D)
Here, when hydrogen atons 25 are deficient, hydrogen nol ecul es constituting
the reaction gas are deconposed on the @gbstrate to supply 1 hydrogen
atoms. On the other hand, since there 1% 1o el ectron on the el ectron
non-donati ve surface, the
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above-nentioned reaction will not proceed and no Al deposited. 5

Figs. 9A - 9D are illustrations for better understanding of the reacion
mechani sm and the nunbers of H, e and Al shown in Figs. 9A - 9D are not
necessarily coincident. In the case of an-Al-Si film Si atons are 10

i ncorporated into Al during the proceSf f the reaction as described above.
As descri bed above, according to the pt&sent invention, a | ow resistance,
dense and flat Al or Al-Si filmcan be deposited selectively and at high

speed on a substrate. I N I A M A
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15 20 25 102 [err] 103 [err]

108

1 Table 5

First and third
plasma

generation

5 Second - )

pover .
0,01 }0.015 {0.02 jo0.03 |0.04 }jO.06 [0.07 .Jo.08 (0.10 (0.2 0.4

plasma W/ cad) )

generation-

power (W/cm3)

. 0.01 *
0.015 * ®
10 0.02 IO FU W
R R[N
0.03 1 1 1 1
. R | R R
0.04 1 1 1 1 .1
Ml R R
0.08 1 1 1 1 1 1
A J R |- MM R
15 'Y A EYR EUR E U P EUN FU B
- f R Rt RO R| R R
0.08 2 12 2 2 2 2 j2 3
C- Rl m &t | MR R R | R
0.10 2 |2 2 2 2 2 2 3 3
MM MM |R|R|R|R|R
0.2 2 2 2 2 2 2 2 |8 3 3
R R R R R R R R R R
20 0.4 2 2 2 2 2 2 2 3 3 3 3
iy R R R R R R R R R
Deposition form |pigp 7¢ ) Fig. 7D
25
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104 [err] 105 [err]

109

1 _ Table 5 (Continued)

When the.substrate temperature was 160°C to 400°C,
* : no Al deposited on Sio2 |
5 1 : no carbon detected iﬁ first and second Al films,
no carbon also detected at the interface
between first and second Al films
2 : no carbon detected in first and second Aiifilms,
| but carbon detected at the interface between
10 first and second Al films

3 carbon deteéted in first and second Al films

Rl : reflectance 65 - 75 %

R2 : reflectance 60 % or less

15

20

25
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106 [err] 107 [err] 108 Table 5 First and third

_,_——————"-—”/,

AR R W

- 110 -

CLAIMS

1. A deposited film formation method comprising the
steps of:
5 a) arranging a substrate having an electron donative
| surface (A) and a non-electron donative surféce (B)
in a space for deposited film formation,
b) introducing a gas of an alkyl aluminum hydride
and hydrogen gas into said space for deposited £film-
10 formation,
c) maintaining the teﬁperature of said electron
donative surface (A) within the range of the
decomposition temperature of said alkyl aluminum
hydride or higher and 450°C or lower, thereby forming
15 = selectively an aluminum film or other metal film
composed mainly of aluminum on said electron donative
surface (A), and
d) modifying the surface of said non-electron
donative surface (Bj, and forming ar aluminum film
20 or other metal film composed mainly of aluminum on -
said surface (B) andfor on an aluminum film or other

metal film composed mainly of aluminum selectively

-

deposited.
This Sheet Has Been RTlace This is the replacement sheet
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pl asma generation 5 Second power pl asma (VVcn{err]) 0.01
0.015 0.02 0 0.06 0.07 0.08 0.10 0.2 0.4
generatlon power (m/an 0. 01* 0 015 * * 10
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2. A deposited film formation method according to
. : claim 1, wherein step (b) comprises introducing a gas
of an alkyl aluminum hydride, a Qas containing
silicon ~atom .and hydrogen gas into said space for
5 deposited film formation, thereby fofming a film

containing silicon.

3. A deposited £film formation method according to
claim 1 or 2, wherein said alkyl aluminum hydride is-

10 dimethy aluminum hydride.

4. A deposited film formation method according to
claim 1 or 2, wherein said alkyl aluminum hydride is

monomethyl aluminum hydride.

-

15
5. 4 deposited film formation method according to
any preceding claim, wherein said surface
modification comprises one or mdfg of:
a) formation of a nucleus containing free elaectrons
20 onto said surface (B);
b) formation of a +thin film containing free
electrons onto said surfaée_(B);
c) the step of ﬁreéting said surface (B) wi;h the
use of a plasma; and
25 d) the step of introducing a gas containiﬁé titanium

and/or silicon atom.

I T
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6. A deposited film formation method according to

. any preceding claim, wherein said surface
modification is carried out by elevating the
temperature of said non-electron donative surface (B)

5 higher than the temperature during said selective
deposition of aluminum film optionally cdhtaining-

silicon.

7. A deposited film formation method accoxding to
10 any ~ preceding. claim, wherein said surface
modification includes the'step of irradiating a light
having greater emergy than the optical forbidden gap
width of the material constituting said surface
(B).
15
8. A deposited film formation method accoxding to
any preceding claim, wherein said suéface
modfication includes the step of irradiating said
surface (B) with. ions and or with an electron

20 beam.

9. A deposited film formation method according to
any preceding claim, wherein the space for deposited
film formation is in a deposited film formation

25 device equipped with a plasma generation. means;

|0 R o | e
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Ta nti nued) Wen the substrate tenperature was 160[err]C to
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I n f| mAI films, no carbon al so detected at the interface
betvve Wmﬁ\m cond_Al fllms
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being modified by generating a plasma in said device
while introducing said gas of alkyl aluminum hydride

and hydrogen gas.

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

selective formation step of said aluminum film.

11. A deposited film formation method according to
claim 9, wherein a plasma is generated with a low
power = which does not éeposit aluminum on said
non-electron donative  surface (B} during the.
selective fofmation step of said aluminum filh.

12. A deposited film forﬁetion method comprising the

steps of:

'a) arranging a substrate having an electron donative

surface (A) and a non-electron donative surface (B)
in a space for deposited film formation;

b) introducing a gas of an alkyl aluminum hydride
and hydrogen gas into said space for deposited film
formation;
c) mainﬁaining the temperature of said electron
donative  surface (A) within the range of the

decomposition temperature of said alkyl aluminum

hydride or higher and 450 °C or lower, thereby

0 6 MAR 1997

This is the replacement sheet

A R .



—————————
2 : no carbon detected in first and second Al filns,'but carbon detected at

the interface between 10 first and second Al filnms 3 : carbon
detected in first and-seconmd Al films RL : reflectance 65 - 75 % R2
refl ectance 60 @6or Iess 15 ac%d d ai s

\\\\\\\\\\\\\\\\\\\\\ |

- 114 -

.fo:ming selectively an aluminum film or a metal film

composed mainly of aluminum on said electron donative

-surface (A);

d) forming an aluminum film or a metal film composed
S | mainly of aluminum on said aluminum film or metal

film composed mainly of aluminum and said sufface (B)

according to the deposited film formation step

different from said step.

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

deposited film formatiomn.

15
14, A deposited film formation method according to
claim 12 or 13, wherein no plasma is generated during
the selective formation step of said aluminum film.

20 15. A deposited film formation method according to
any of claims 12 to 14, wherein a plasma is generated
with a low power which does not deposit aluminum on
said non-electron donative surface (B) during the
sélective formation step of said aluminum £film.

25

16. A deposited film formation method according to
- This i$ the replacement sheet
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f depositing a filmconposed wholly or mainly of alum nium
Iudlng AlSI) on a surface of a substrate. which surface has

|
el e jadsg Or sem conductive regions and electrically
i ns ulat he nmet hod conprising: (a) arranging the substrate in a
filmfo mhlch is evacuated for the formation of deposited

| m (b) |ntro Into said space an al kyl alum nium hydride in

fi

gaseous form gaseous hydrogen and optionally a silicon containing gas;
(c) maintaining the surface of the substrate at a tenperature at which the

al kyl al um ni um hydri de deconposes but not nore than 450[err]C, so that the
f

i l'm . ' : - 115 -
any of clalms 12 to 15, wherein said alkyl alumlnum

hydride is dlmethyl alumlnum hydrlde

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

- deposition.

_—_————f~—*~““"’i o |
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conpesed-wholly or mainly of alumniumis selectively formed by chem cal

vapour_deposition on the electrically conductive or sen conductive regions;
(d) noddjsShee rically insulating regions of the surface to permt
a fil mH y or mainly of alum niumto be al so deposited thereon;
and (e) |y depositing further film conposed wholly or mainly
of alum niumon the selectively fornmed filmand on the nodified '
electrically insulating region. 2. The method of clarm1l, wherein the
substrate is.of CGSi, poly-Si, a-Si, W M, Ta, Wi, TiSi, A, ASi, AT,
Ti-N, Cu, A-Si-Cu, AlPd, Ti, MSi_gygTaSi, and the electrically. '
I nsul ating regk&%sng%l_ggfl Eedn%& t her mul'rlmylzonxllc;désed IS\I’Bq err],

DEPOSTTION BY USE OF ALKYL ALUMINUM HYDRIDE

ABSTRACT OF THE DISCLOSURE

By providing a deposited film formation method
- in which aluminum or a metal composed mainly of aluﬁinum

éf godd quality is selectively deposited according to
the CVD method utilizing an élkyl aluminum hydride
and hydrogen, and then pure aluminum or a metal
composed mainly of aluminum is non-selectively
deposited, it becomes possible to form an electro-
conductive film of good quality within fine openings

or on an insulating layer.

FIGURE 7
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normal pressure CVD SiJerr], BSG PSG BSPG p-SiN, T-SiN, LP- SIN or
ECR-SIN. 3. The nethod of claim1l or 2, wherein the al kyl al um nium
hydride i s nmonomet hyl al um ni um hydride or dinethyl alum niumhydride or a
m xture thereof. 4. The nethod of any preceding claim wherein there is
present a silicon-containing gas whi CFJ SiHerr], Si[err]Herr],
Si[err]Herr], Si(CHerr])[err], Sid % Si H[err]CI[err] or SiHerr]d.
5. The nethod of any preceding claim wherein the surface of the substrate
is maintained at 270-350[err]C. 6. The nethod of any preceding claim

wherein the selective formation ?FAL Alﬂ is carried out by hot wall.
| ow pressure CVD in which only t S t@xat s heat ed.

Si02 " sioz -9t

Si Lgo

FIG. 1B
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7. The nethod of any preceding claim wherein the substrate has a covering
of electrically insulating material fornmed with contact-holes through which
electrically conductive or sem conductive naterial is exposed, and the Al

or Al-Si-is selectively deposited in the contact-hol es. 8. The nethod
of claim?7, wherein the size of the c ?@t holes is 1[err]mx 1[err]mor

| ess. 9. The met hod of any precedi n? l&i m wherein the electrically
insulating regions are nodified to permit a film conposed wholly or mainly
of alum niumto be deposited thereon by one '

| FIG.2

5
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of the following steps: (a) formation of free electrons at the insul ating
regions by electron beamirradiation, ion irradiation or plasm treatnent.
(b) formation of an extrenely thin filmor nucleus of Ti or Si .on the
insulating regions; or (c) formation of an extrenely thin filmor nuclei
of Al on the insulating regions. 10. §h égethod of any of claims 1 to 9,
wherein the electrically insulating r g? s are nodified to permt a film
conposed wholly or mainly of alum niumto be deposited thereon by: (a)
irradiating the substrate with an el ectron beam and/or with ions;

FIG.3
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(b) irradiating the substrate with |ight having a greater energy than the
for bi dden band width of the material defining the electrically insulating
regions; (c) elevating the tenperature of the substrate surface to a value
above that at which deposition is selective; (d) introducing a gas
containing titaniumand/or silicon at ? or (e) treating the surface of
the substrate with a plasma; and (f) % (gating plasma in the gases in the

reaction space so as to i nduce nﬁl-reg?ta?\deposition of
( - 7591
| l fo0
FIG. 4B
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alum niumon the substrate. 11. A nmethod according to any of clains 1 to
10, wherein the non- selective deposition is by reaction of the al kyl

al um ni um hydri de, gaseous hydrogen and optionally a silicon containing gas
inthe filmformng space so that further filmdeposits by chem cal vapour
deposition, with the surface of the sgﬁzf ate being maintained at a
tenperature at which the al kyl al um ni dri de deconposes but not nore

t han 450C. 12. A nethod according to claim 11, wherein the surface of the
substrate is maintained at 270-350[err]C. * C L M S *

FIG.5
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-112- 13. A nethod according to any of clains 1 to 10, wherein the

non-sel ective deposition of further filmis by sputtering of alumnium 14.
A deposited filmformation nethod according claim1l, wherein the space for
deposited filmformation is in a deposited filmformation. device equipped
with a plasma generation neans; the igsw@gting regions of said surface
bei ng modi fied by generating a plasma i'n Said device while introducing sald
gas of al kyl aI um ni um hydri de and hydrogen gas.

FIG.6
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15. A deposited filmformation nethod according to claim 14, wherein no

pl asma is generated during the selective formati on step of said al um nium
film 16. A deposited filmformation nethod according to claim 14, wherein
a plasma is generated with a | ow power which does not deposit al unmi ni um on
said insulating regions during the se}.e give formation step of said
alumniumfilm- 17. A method for { sem conductor integrated circuit
including the step of formng wiring by the nethod clained in any of clains
1-16. :

FIG. 7
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1. A method of depositing a film composed wholly or mainly of
aluminium (including AISi) on the surface of a substrate
which surface has electrically conductive or semiconductive
regions and electrically insulating regions, the method
comprising: :

(a) arranging the substrate in a film formation space which
is evacuated for the formation of deposited film; .

(b) introducing into said space an alkyl aluminium
hydride in gaseous. form, gaseous- hydrogen and
optionally a silicon containing gas;

(c) maintaining the surface of the substrate at a
temperature at which the alkyl aluminium hydride
decomposes but not more than 450°C, so that the film
composed wholly or mainly of aluminium is selectively
formed by chemical vapour deposition on the
electrically conductive or semiconductive regions;

(d) modifying the electrically insulating regions of the
surface to permit a film composed wholly or mainly of
aluminium to be also deposited thereon; and

(e) non-selectively depositing further f£ilm composed wholly
or mainly of aluminium on the selectively formed film
and on the modified electrically insulating region.

2. The method of claim 1, wherein the substrate is of C-Si,

- poly-Si, a-Si, W, Mo, Ta, WSi, Tisi, Al, Alsi, AlTi, Ti-N,
Cu, Al-Si-Cu, AlPd, Ti, MoSi or TaSi, and the electrically .
insulating regions are defined by thermally oxidised SiO,, : .
normal pressure CVD SiO,, BSG, PSG, BSPG, p~SiN, T-SiN, LP-.
SIN or ECR-S| N.

3. The method of claim 1 or 2, wherein the alkyl aluminium
hydride is monomethyl aluminium hydride or dimethyl
aluminium hydride or a mixture thereof.

4. The method of any preceding claim, wherein there is present
a silicon-containing gas which is SiH,, Si,H,, Si;H,,
Si(CH,),, SiCl,, SiH,Cl, or SiH,Cl.

5. The method of any preceding claim, whereiﬁ the surface of
the substrate is maintained at 270-350°C.

6. The method of any preceding claim, wherein the selective
formation of Al or Al-Si is carried out by hot wall low
pressure CVD in which only the substrate is heated.

7. The method of any preceding claim, wherein the substrate has
a covering of electricdlly insulating material formed with
contact-holes through which electrically conductive or
semiconductive material is exposed, and the Al or Al-Si is
selectively deposited in the contact-holes.
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8. The method of claim 7, wherein the size of the cdntact holes
is 1ym x 1um or less.

9. The method of any preceding claim, wherein the electrically
insulating regions are modified to permit a film composed
wholly or mainly of aluminium to be deposited thereon by one
of the following steps:

(a) formation of free electrons at the insulating
regions by electron beam irradiation, ion
irradiation or plasma treatment.

(b) formation of an extremely thin f£ilm or nucleus of
Ti or Si on the insulating regions; or

(c) formation of an extremely thin film or nuclei of
Al on the insulating regioms.

10. The method of any claims 1 to 9, wherein the electrically
-insulating regions are modified to permit a film composed
wholly or mainly of aluminium to be deposited thereon by:

(a) irradiating the substrate with an electron beam
and/or with ions; _

(b) irradiating the substrate with light having a
greater energy than the forbidden band width of
the material defining the electrically insulating
regions;

(c) elevating the temperature of the substrate surface.
to a value above that at which deposition is
selective;

(d) introducing a gas containing titanium and/or
silicon atoms; or

(e) treating the surface of the substrate with a
plasma; and

(f) generating plasma in the gases in the reaction
space so as to induce non-selectlve deposition of
aluminium on the substrate. :

11. A method according to any of claims 1 to 10, wherein the
non- selective deposition is by reaction of the alkyl
aluminium hydride, gaseous hydrogen and optionally a silicon -
containing gas in the film forming space so that further

- film deposits by chemical vapour deposition, with the
surface of the substrate being maintained at a temperature
at which the alkyl aluminium hydride decomposes but not more
than 450°C.

12. A method according to claim 11,wherein the surface of the
substrate is maintained at 270-350°C.
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'13. A method according to any of claims 1 to 10, wherein the
non-selective deposition of further film is by sputtering
of aluminium. :

14. A deposited film formation method according claim 11,
wherein the space for deposited film formation is in a
deposited film formation device equipped with a plasma
generation means;

the insulating regions of said surface being modified
by generating a plasma in said device while introducing
said gas of alkyl aluminium hydride and hydrogen gas.

15. A deposited film formation method .according to claim 14, -
- wherein no plasma is generated during the selective -
formation step of said aluminium film.

16. A deposited film formation method according to claim 14,
wherein a plasma is generated with a low power which does
not deposit aluminium on said insulating regions during the
selective formation step of said aluminium £ilm.

17. A method for making a semiconductor integrated circuit
:anludJ.ng the step of form:.ng wiring by the method claimed
in any of claims 1-1¢

—————————
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ABSTRACT REPLAGE

DEPOSITED FILM FORMATION METHOD UTILIZING SELECTIVE DEPOSITION
BY USE OF ALKYL ALUMINIUM HYDRIDE

By providing a deposited film formation method in which aluminium
or a metal composed mainly of aluminium of good gquality is
selectively deposited according to the CVD method utilizing an
alkyl aluminium hydride and hydrogen, and then pure aluminium or
a metal composed mainly of aluminium is non-selectively
deposited, it becomes possible to form an electroconductive f£ilm
of good quality within fine openings or on an insulating layer.

Figure; 7
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1. A method of depositing a film composed wholly or mainly of
aluminium (including AISi) on _a_surface of a substrate.
which surface has electrically conductive or semiconductive
regions and electrically insulating regions, the method
comprising: _

(a) arranging the substrate in a film formation space which
is evacuated for the formation of deposited film; -

(b) introducing into said space an alkyl aluminium
- hydride in gaseous form, gaseous hydrogen and
optionally a silicon containing gas;

(c) maintaining the surface of the substrate at a
temperature at. which the alkyl aluminium hydride
decomposes but not more than 450°C, so that the film
composed wholly or mainly of aluminium is selectively
formed by chemical vwvapour deposition on the
electrically conductive or semiconductive regions;

(d) modifying the electrically insulating regions of the
surface to permit a film composed wholly or mainly cf
aluminium to be also deposited thereon; and

(e) non-selectively depositing further filﬁ composed wholly
or mainly of aluminium on the"selectively formed film
and on the modified electrically insulating region. .

2.  The method of claim 1, wherein the substrate is of C-Si,
p°1Y"Si' a-Si' W' MO' Ta' WSi' TiSip Al' MSi' AlTi' Ti-N,'.
Cu, Al-Si-Cu, AlPd, Ti, MoSi or TaSi, and the electrically.:
insulating regions are defined by thermally oxidised Sio,,
normal pressure CVD §iO,, BSG, PSG, BSPG, p-SiN, T-SiN, LP~-
SIN oxr ECR-S|I N. .

3. The method of claim 1 or 2, wherein the alkyl aluminium
hydride is monomethyl aluminium” hydride or. dimethyl
aluminium hydride or a mixture thereof.

4. The method of any preceding claim, wherein there is present
a silicon-containing gas which is SiH,, SiH¢, Si,H,,
Si(CH,;),, SicCl,, SiH,Cl, or SiH,Cl.

5. The method of any preceding claim, wherein the surface of
the substrate is maintained at 270-350°C.

6. The method of any precedinq claim, wherein the selective
formation of Al or Al-Si is carried out by hot wall low
pressure CVD in which only the substrate is heated.

7. The method of any preceding claim, wherein the substrate has-
a covering of electrically insulating material formed with
contact-holes through which electrically conductive or
semiconductive material is exposed, and the Al or Al-Si 1is
selectively deposited in the contact-holes.
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10. The method of any of claims 1 to 9, wherein the electriéa]:ly'

REPLACEMENT SHEET

The method of claim 7, whe-rlelftf the size of the contact holes
is luym x 1ym or less. _

The method of any preceding claim, wherein the electrically
insulating regions are modified to permit a film composed
wholly or mainly of aluminium to be deposited thereon by one
of the following steps:

(a) formation of free electrons at the insulating
regions by electron beam irradiation, ion
irradiation or plasma treatment.

(b) formation of an extremely thin £ilm or nucleus of
- Ti or Si on the insulating regions; or '

(c¢) formation of an extremely thin film or nuclei of
Al on the insulating regions. _

insulating regions are modified to permit a film composed
wholly or mainly of aluminium to be deposited thereon by:

(a) irradiating the substrate with an electron beam
and/or with ions;

(b) irradiating the substrate with.light having a
greater energy than the forbidden band width of
the material defining the ®lectrically insulating
regions;

(c¢) elevating the temperature of the substrate surface.
_to a value above that at which deposition is '
selective; -

(d) introducing a gas containing titanium-and/or -
silicon atoms; or

(e) treating the surface of the substrate with a
plasma; and a )

. (f) generating plasma in the gases in the reaction
space so as to induce non-selective deposition of
aluminium on the substrate. :

11. A method according to any of claims 1 to 10, wherein the

non- selective deposition is by reaction of the alkyl
aluminium hydride, gaseous hydrogen and optionally a silicon -
containing gas in the film forming space so that further
film deposits by chemical vapour deposition, with the
surface of the substrate being maintained at a temperature
at which the alkyl aluminium hydride decomposes but not more
than 450°C. -

12. A method according to claim 11,wherein the surface of the

substrate is maintained at 270-350°C.
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13. A method according to any of claims 1 to 10, wherein the
non-selective deposition of further film is by sputtering
of "aluminium.

14. A deposited f£film formation method according claim 11,
wherein the space for -deposited film formation is in a
deposited film formatJ.on device equipped with a plasma
generation means;

the insulating regions of said surface being modified
by generating a plasma in said device while introducing
said gas of alkyl aluminium hydride and hydrogen gas.

15. A deposited film formation method according to claim 14,
wherein no plasma is generated during the selective
formation step of said aluminium f£ilm.

16. A deposited film formation method according to claim 14,
wherein a plasma is generated with a low power which does
not deposit aluminium on said insulating regions during the
selective formation step of said aluminium film.

17. A method for making a semiconductor integrated circuit
: J.ncludlng the step of forming w:.r:.ng by the method claimed
in any of cla:Lms 1-16.
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