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Thi s |nventhWMEQMQm@§ &@qprocess for formng a deposited film
particul arl yl I"m ,m form ng a deposited fil mconposed mainly of
A anc il
1 PROCESS FOR FORMING METAL DEPOUSITED FILM

CONTAINING ALUMINUM AS MAIN COMPONENT BY

USE OF ALKYL ALUMINUM HYDRIDE

5 BACKGROUND OF THE INVENTION

Field of the inventiqn
This inﬁention relates to a process for
forming & deposited £ilm, particulsrly a process for
bt forming a deposited film composed mainly of Al and
10 containing additives such as Ti, Cu, etc. which can be
ﬁreferably applied to eleotrodes:or wiring of a
semiconductor integrated ciréuit device, etec.

Related background art

In the prior art, in electronic devices or

15 integrated circuits by use of semiconductors, for

electrodes and wiring, aluminum (Al) or a metal
containing aluminum as main component such as A1-5i - -
and the like has been_pripgri;y used., Al has many
advantages such that it is inexpensive aﬁd high in

20 ' electroconductivity, that it can be also internally
chemically protected because a dense oxidized film can
be formed on the surface, and.théf it has good
adhesion to 8i, etc.

Ae the method for forming a film for
electrodes and wiring of Al or Al-Si as mentioned

25
above, there has been used in the prior art the
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applied to electrodes or wiring of a sem conductor integrated circuit
devi ce, etc. Rel at ed background art In the prior art, in
el ectronic devices or 15 integrated circuits by use of sem conductors,

for el ectrodes and wiring, alum num (A3 or a netal cont ai ni ng-

al um num as mai n conponent such as Al -Si and the |ike has been
primarily used. Al has many advant ages such that it is inexpensive and

o o012 % SobERERRELRL ek bR b4, SRR MRS Yo o,
the surface, and that it ﬁkﬁidﬁ@qdselect§$g“ﬂiﬂabﬂ¥ao§ian&tﬁelective
growth can not be realized by the suputtering method
which has been used in the pfior art. The sputtering
5§ 1s the physical deposition method based on flying of
sputtered particles in vacuum, the film thickness at
the stepped portiop or the insulating film side wall
becomes extremely thin, leading to wire breaking in an
~ extreme case. Nopuniformity of film thickness or wire
10 breeking bas the drawback that reliebility of LSI is
markedly lowered.
On the other hand, since the integration
" degree of the ihtegrated circuit such as LSI, eic. is
increased, and fine formation of ﬁiring or multi-layer
15 wiring has been particularly required in recent vears.,
there is an increasing severe demgnd not found up fo
date.for Al or ‘Al-51i wiring ¢of the prior art. With
finer dimensional formation by increased integration
degr;e, the surface of LSI, etc. is subject to

excessive unevenness due to oxidation, diffusion, thin

20
£ilm deposition, and etching, etc.' For example,
electroées or wiring metal must be deposited on the
surface with a ;tepped difference, or deposited in a
via-hole which is fine in diameter and deep. In 4
25 Mbit or 16_Mbit DRAM (dynamic RAM),. etc., the aspect

ratio (via-hole depth/via-hole diameter) of via;hole
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Al -Si as mentioned above, there has been used in the prior art the
- 2- 1 sputtering nethod such as nmagnetron sputtering, etc.

However, sel ective deposition and selective

by the suputtering nethod whi ch has -b&en used in the prior art. The
5 irs the physical deposition nethod based on flying of

Sputtering

1

[4,]

10

13

20

25

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

_etc. is to be deposited is 1.0 or more, and the.via-

hole diasmeter itself also becomes 1 pm or less.
Therefore, even for a via-hole with large aspect

ratio, the technique which can deposit an Al-S5i

compound is reguired.

Particularly, for performing sure electrical
connection to the devide under insulating film such as
8102, etc., rather than film formation, Al-Si is
required to be deposited so as to embed only the via-

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

"depositing an Al alloy only on 8i or metal surface and

not depositing it on an.insulating-film such_as Sioz.
etc. is required.

As the improved sputtering method, there has
been developed the bias sputtering method in which a
bias is applied on a substrate and deposition is
performed so as to embed Al or an Al-Si compoun& only
in the via-hole by utilizing the sputter etching
action and the deposition action on the substrate
surface. However, since the bias voltage of some 100
Vv or higher is applied on the substrate, deleterious
influence on the device occurs because of charged

particle damaging such as change in threshold of MOS-

_FET, etc. Also, because of presence of both etching

action end deposition action, there is the problem’

O T
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growt h can not be realized
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portion or the insulating filmside wall becones extrenely thin,

| eading to wire breaking in an extrenme case. Nonuniformty of film

t hi ckness or wire 10 breaking has the drawback that reliability of LSl is
mar kedl y | ower ed. On the other4 lrand, since the integration
degree of the |ntegrated circuit such as LSI, etc. is I ncreased, and
fine formation of mnrlng or nmulti-layer 15 mﬁring has been particularly
required in recen I.s, n |ncre er e, demand not
found up to %5% thi QQquﬁEAPngfpﬁﬁéi g? ¥1§f% Wth

finer dlnen3|onal %ﬁg d(Dﬂ by i ncreased |ntegrat|on degree, the
surface of LSI, - TS Subj ect to

In order to solve the preoblems as described
ahove, various types of CVD {Chemical Vapor
5 Deposition) methods bave been proposed. In these
methods, chemical reaction of the starting gas in some
fofm is utilized. 1In plasma CVD or optical CVD,
decomposition of the starting gas occurs in gas phase,
At and the active species formed there further rescts on
10 the substrate to give rise to film formation. 1Im
these CVD methods, surface covefage on unevenness on
the substrate surface is good. However, carbon atonms
conteined in the starting gas molscule are
incorporated into the film. Also, particularly in
15 plasma CVD, the problem remained that there was damage
by charged perticles {so called plasma damage) as in

the case of the sputtering method.

The thermal CVD method, in which the film
grows through the surface reaction primarily on the

substrate surface, is good in surface coverage on

20
unevenness such as stepped portion of the surface,
etc. Also, it can be expected that depositibn within
via~hole will readily occur. Further, wire breaking
at the stepped portion can be avoided. Furthermore,
25 | there are not ceaused damages by charged particles

which have been aobserved in the case of the plasma CVD

This Sheet Has Been Rep laced
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deposition, and etching, etc. For exanple, electrodes or wiring netal

nmust be deposited on the surface with a stepped difference, or

deposited in a via-hole which is fine in dianeter and deep. In 4 25

Moit .or 16 Moit DRAM (dynam c-RAM), etc.,-the-aspect ratio (via-hole
dept h/ vi a- hol e di aneter) of via-hole

- 3- 1 in which a netal conposed mainly of Al such as Al -Si

! or the sputtering method. The methods of such a kind
. include, for example, the method sewn in Journal of

Electrochemical Society, Vol. 131, p. 2175 (1984). 1In

this method triisobutyl aluminum (i—G¢H9)3A1 (TIBA) 1is

5 used as organic. aluminum gas and an Al film is formed

at a film formation temperature of 260 ¢ and a

reaction tube pressurs of 0.5 Torr. The substrate

temperatura is then mgintained at about 450°C and 81H4
~ is introduced to diffuse S1 in the Al film, thus

10 obtaining an Al-Si film.

When TIBA is to be used, a continucus film can
not be obtained unless pretreatment is effected in
which prior to film formation, TiCl, is flowed ta
aotivate the substraté surface to form nuclei.

15 Furthermore, in case where TIBA is used, there is a
problem that surface flatness i1s not sufficient even
when 11014 is used. By this method it is not possible
to effect selective growth such as Al-8i deposition
only in via-holes.

20 As enother method, there can be mentioned the
nmethaod @escribed in Japanese Journal of Applied
'Physics, Vol. 27, No. 11, p. L2134 (1988). In this
method, TIBA and SiZH6 diluted with Axr gas are
supplied, and the gases are heated hefore TIBA reaches
_ o5 the substrate. By this method, en Al-Si.film of a low
rasistivity can be epitaxially grown on a Si(100)

B o«
. R
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I tself also becones 1 [err]mor |ess. Therefore, even for a via-hole

with |arge aspect 5 ratio, the technique which can deposit an Al -S

conmpound i s required. * Particularly, for performng sure

el ectrical connection to the device ungler insulating filmsuch as
Sigerr], etc., rather than filmformation, Al-Si is 10 required to be
deposited so as to enbed only the via- - hol e of the device. In such

case, a nethod of depositing an Al alloy only on Si or netal surface

and - not depowafeng iAlthough |t|h9uiféﬂmngb¥$44ﬁ‘glm’ht&ésgn%bﬂﬂ]f}ﬂs

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

5 is complicated.

Jepanese Laid—-Open Paient Application No. 63—
33569 describes a method of forming & film by using no
TiCl4, but using in place thereof organic aluminum énd
s heating it in the vicinity of the substrate.

10 According to this method, Al can be deposited -
selectivaly only on the metal or semiconductor surface
from which the naturally oxidized film has been
removed.

In this case, it is clearly stated that the

15 step of removing the naturelly oxidized f£ilm 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
3r gas may be also used as the carrier gas. However,

the reaction of TIBA with another gas (e.g. Hz) is not

20
contemp;ated at all, and there is no description of
use of H, as the carrier gas. Also, in addition to
TIBA, trimethyl aluminum (TMA) énd triethyl alumninum
(TEA) are mentioned, but.there is no specific

a5 descxiption of other organic metals. This is because,

. . since the chemical properties of organic metals
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the bi as sputterlng met hod in which a bias is applied on a substrate
and deposition is performed so as to enbed Al or an Al -Si conpound
only in the via-hole by utilizing the sputter etching 20 action and
t he deposition action on the substrate surface. However, since the
bi as vol tage of sone 100 V or higher |% applied on the substrate
del.eteri ous i nfl uence on the device occurs because of charged

particle damagi ng such as change in threshold of MOS- 25 FET, etc. Al so,
because of prepengenéfaln} vetiyclgiragtly ;fEﬁﬁe(Hrgimicdenbatitﬁénact|on

there is the problem _
attached to the metal elemsnt wvaries little, it .is
necessary to invéstigate 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
£ilm must be removed, but alsc there is the drawback

~ that no surface smoothness can be obtained. Aalso,

10 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
exparimentally determined at what poximity to the
substrate heating must be done, whereby there is also

15 the problem that the place for setting the heater
cammot be necessarily freely chosen.

In the pre-text of the 2nd Symposium of
Electrochemical Society, Brench of Japan (July 7,

1989), on page 75, there 1s a description of £ilm

formation of Al according to the double wall CVD

20
method. In this method, TIBA is used and the device
is designed so that the gaé temperature of TBA can be
made higher than the substrate temperature. This
mathod may be also regarded as & modification of the
25 above-mentioned Japanese Laid—open Patent Application

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

heet Has Been R laced '
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In order t'o solve the problens as descri.bed _above, various types of

CVD (Chem cal Vapor 5 Deposition) nmethods have been proposed. In these

met hods, chemi 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 actTv%'Epecies formed there further
reacts on 10 the substrate to give rise to filmformation. In

i selectively grown only on a metal or eemicondgctor,
. but not only the difference beétween the ges
temporature and the substrate surface temperature can
be controlled with difficulty, but also there is the

drawback that the bomb and the pipeline must be

[ 5]

heated. Moreover, according to this method, there a;e
involved such problems that no uwnifoxrwm 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 difficult to
obtain a flat Al-Si film of a low resistivity and good
quality, that thers is considerable limitation in
apparatus and in f£film formation.

15 As described above; prior art methods camnot
necessarily effect woll selective growth of Al-8i, and
even if possible, there is a problem with respect to
flatness, resistance, pﬁrity, 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. |

Accordingly, the present inventors, in order
to investigate about the wiring material itself, have
made investigations by forming a deposited film of '51-

Ti, Al—Cu or Al-8i-Cu according to the sputtering

method by use of Al-Ti, Al-Cu or Al-Si-Cu as the

This Sheet Has Been Reﬂlaced a
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surfaCe 1 s good. However, carbon atons contained in the starting gas
nol ecul e are i ncorporated into the film Al so, particularly in 15

pl asma CVD, the problemrenai ned that there was danmage by charged
particles (so called plasm damage) as in the case of the sputtering
nmet hod. The thermal CVD method? Tn which the film gr ows
t hrough the surface reaction primarily on the. 20 substrate surface, is
good in surface coverage on unevenness such as stepped portion of the
surf ace, ftcrafh&®. it can be expected that deposition wthin

via-hole will readily occur. Further, wire breaking,
L. However, no Film of good gquality satisfying

the requirements as described asbove in flatness,
denseness, selectivity superior over Al could be

5 obtained in the metbod of the prior art.

SUMMARY OF THE INVENTION
As described above, in the technical field of
semiconductors in which higher integration has been
10 degired in recent years, for providing inexpensively a
seniconductor device which is more highly integrated
and also made higher in performances, there remained
many rooms to be improved.
The present invention has been acconplished in
15 view of the technical tasks as described above, and an
ohject of the present invention is to provide a
process for forming a deposited film composed mainly
of Al and containing an additive which can form a film
of good quality as the electroconductive material at a
20 desired position with good controllability.

.Another object of the present invention is to
provide a process for forming a deposited film |
compeosed mainly of Al and containing an additive which
can obtain a film which has extremely broad general
purpose utility and vet is of good quality, without

25
requiring partiocularly no complicated and expensive

Kl

N This Sheet Has Been RTlaced :




{ RECEIVED @82/z28 15:13 1995 AT 5354864 PABE 7 (PRINTED PAGE 11) ]

at the. it ndBialon. A3 3281 8088 ded. . FurtABF ABFE:2 25 there are not @s1s

o 1 ave Wt o9,

caused darmges by charged particles whi ch have been observed in the
case of the plasma CVD ) - 5- 1
or the sputtering nmethod. The methods of such a kind i nclude, for
exanpl e, the nethod seen in Journal of El ectrochem cal Society, Vol.
131, p. 2175 (1984). In this net hod Ppllsobutyl al um num

(i-err]Herr])[err]A (TIBA) is 5 used as organic alum num gas and an
Al filmis formed

1 deposited film forming apparatus.

Stil1l another object of the present invention
is to provide @ process for forming a deposited film
composed mainly of Al and containing an additive which

5 can form a film excellent in surface characteristic,
electrical characteristics, purity, etc. according to
the CVD method utilizing alkyl 2luminum hydride,
hydrogen, and a gas containing et lesst one additive
element selected from Ti and Cu.

10 €till another objsct of the present invention
is to provide a process for forming a deposited film
composaed malinly of 4] and containing an additive
which is extremely broad in general purpose utility
and excellent in selectivity, without requiring

15 particularly a complicated and expensive deposited
film forming apperatus.

Still another object of the present invention
is to pravide a process for forming a deposited film
which can form an Al-Si film under good selectivity

op according to.the CVD method utilizing alkyl aluminum
hydride, hydrogen and a gas containing at least one
additive elemant selected.from Ti and Cu.

Another object of the present invention is ‘o
form a deposited f£ilm excellent in flatness,

'25 denseness, and also strong in elecromigration, stress

. migration.

i
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pressire of 0.5 Tort."YR& Substrat e tenperature is then naintai ned at

about 450[err]C and Si H4 is introduced to diffuse Si in the Al film

thus 10 obtaining an Al-Si " film Wien TIBAis to be used, a
continuous filmcan not be obtained unless pretreatnent is effected in
which prior to filmformation, TiC[errt 15 flowed to . activate the
substrate surface to formnuclei. 15. Furthernore, in case where TIBAis

used, there is a problen1that'surface flatness is not sufficient even

shen THOLerr] 19.used. Bleblls FEEIA0oES ARl ThlbGr1on 18T f ot
. form a deposited film sufficiently applicable to a
semiconductor integrated circuit device in which
~wiring of, for example, 1.0 pm or less is desired.

5 - Anothey object of the present invention is to
provide a process for forming a deposited film
comprising the steps of: |

| (a) providing a substrate having an electron
~ donative surface (A} and a electron non-donative

10 surface (B) in a space for formation of the deposited
fiim;

{b) introducing a gas of an alkyl alumipum
hydride, a gas containing titanium atoms and hydrogen
gas into the space for formation of the deposited

15 film; and

(c) ma;ntaining the temperature of the
electron donative surface (A) at a temperature not
lower than the decomposition temperature of the alkyl
aluminum hydridé and not higher than 450 9% to form an

20 aluminum f£ilm containing titanium selectively on the
electron donative surface (A).

Another object of the present invention is to
provide & process for forming a deposited film
comprising the steps of:

{a) providing a substrate having an ¢lectron

donative surface (A) and a electron non-donative .. ...\ ..’

: S O
ge s *
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the - nethod described in Japanese Journal of Applied Physi cs, Vol .
27, No. 11, p. L2134 (1988). In this nmet hod, TIBA and Si[err]H err]
diluted with Ar gas are suppl i ed, and the gases areheated before TIBA

reaches 25 the substrate. By this nethod, an Al-Si filmof a | ow
rgsistivity can be epitaxially grown on a B (400)
1 surface {B) in a space for formation of the deposited
film;

(b) intraducing a gas of an alkyl alunipum
hydride, a gas containing titanium atoms, a gas

5 containing silicon atoms and hydrogen gas into the
space for formation of the deposited film; and

{c) mainteining the temperature of the
electron donative surface (A) at a temperature ﬁot
Jower than the decomposition temperature of the alkyl

10 eluminum hydride and not higher than 450 °C to form
an aluminum film containing titanium and silicon
selectively on the electron denative surface (A).

Another object of the present invention is to

provide a process for forming & deposited film
15 comprising the steps of:

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

(b) introducing'a gas of an alkyl sluminum

20 hydride, a gas containing titanium atoms and hydrogen
gas into the space for formation of the deposited
film; and

{c) maintaining the temperature of the
electron donative surface at a temperature not lower
25 than the decomposition temperature of the alkyl

~ aluminum bydride and not higher than 450 0c.to form an

ThlS Sheet Has Been Rep




L RECEWBD @z2/28 15:15 1996 AT S354@6Y4 PABE 1@ (PRINTED PAGE 14) }

1 wofer— N OHA S M B9 AHANWRY by 1 i SKABEWEYPRas goad.high_ .. W@s22

qualify, there are involved the probl ens that control is difficult due
to necessity of heating t he gases and that apparatus for effecting

t his met hod 5 is conplicated. - Japanese Lai d- Open Pat ent
Application No. 63- 33569 describes a nethod of formng a film by

usi ng no Tid[err], but using in pladd thereof organic al um num and
heating it in the vicinity of the substrate. 10 According to this nethod,
Al can be deposited. selectively only on the netal or sem conductor

surface f[?n% %ﬁ%ﬁﬂl lgﬁéggga%% %glﬁgfgﬂé fiLH‘@ﬁé gfggkron renoved.

In this case,
. donative surfacs.

Another object of the present inventien is to
provide a process for forminé a depusited film
5 comprising the steps of:
| (aj providing a substrate having an electron
donative surface in a space for formation of the
deposited film;

{b) introducing a gas of an alkyl aluminum

—
10 hydride, a gas containing silicon atoms, & gas
containing titanium atoma and hydrogen gas into the
space for formation of the deposited film; and
{c) maintaining the temperature of thé
electron donative surface at a temperature not lower
15 than the decomposition teﬁparature of the alkyl
aluminum hydride and not higher than 4650 °C to form an
gluminum film containing silicon and titanium on the
- ‘electron donative surface.

Another object of the present invention is to

provide a process for forming a deposited film

20
compris;ng the steps of:

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

25 (b) introducing a gss of an- alkyl aluminum

hydride, a gas containing Cu and hydrogen gas into the

-

This Sheet Has Been Replaced
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surface 15 necessary before I'ntroduction of TIBA Also, it is

descri bed that, since TIBA can be used al one, no carrier gas is

required to be used, but * Ar gas may be al so used as the carrier gas.
However, 20 the reaction of TIBA with another gas (e.g. H2) is not
contenplated at all, and there is no descrli4ti on of use of Herr] as

the carrier gas. Also, in addition to TIBA, trinmethyl alum num (TMA)

and triethyl alum num (TEA) are nmentioned, but there is no specific

25 descriptiqgn of other an| net e since the

chem cal pr opgrt i RECH %SF ﬁb?'é % *he apos:.%eg Eﬂj

{¢) ma:ntaining the temperature of the -
electron donative surface at a temperature not lower
than the decomposition temperature of the alkyl

5 aluminum hydride and not higher then 450 ¢ to form en
aluninum film on the electron donative surface.

Another object of the present invention is to
provide a process for forming a deposited film
comprising the steps of:

10 {a) providing a substrate having an electron
donative surface in a spage for formation of the
depogited film;

{b) introducing a gas of an alkyl aluminum
hydride, a gas containing Si, a gas containing Cu and

15 hydrogen gas into the space for formation of the
deposited £ilm; and

{c) maintaining the temperature of the
electron daonative surface at a temperature not lower
than the decomposition temperature of the alkyl

alumjnum hydride and not higher than 450 °C to form an

20
aluminum film on the electron donative surface.
Another object of the present iavention is to
provide a process for forming a deposited film
comprising the steps of:
25 {a) providing a substrate having an electron

donative surface (A) and a.electron non-donative. . ... ... .- .

- . ]
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to the netal elenent varies little, it is necessary to investigate
i ndividual ly by detailed _experinentation to determ ne what .organic
nmetal  shoul d 5 be used. In the CVD nethod as descri bed
above, not only there is an inconveniegce that the naturally oxidized
filmnmust be renoved,. but also there is_Th% dr awback that no surface
snoot hness can be obtai ned. Al so, .

I aluminum hydride and not higher than 450 °C to form en
aluminum film selectively on the electron donative

surface (A).

5 BRIEF DESCRIPTION OF THE DRAWINGS

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

10 ' Fig. 2 is a schematic view for illustration of
enother suitable deposited film forming apparatus in
practicing the deposited £film forming process
ﬁccording to the present invention.'

Figs. 3A - 3E are schematic sectional views

15 for illustration of the depoeited film forming process

according to one embodiment of the present invention.

Figs. 4A - 4E are illustrations for explaining
formation of source and drain electrodes in contact
holes of a gate insulation type transistor.

o0 Figs. BA - 5D are illustrations for explaining
the mechanism of Al deposition according to the

present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

© 25 Preferred embodiments according to the present

invention are described in detail bélow. but the,

et e M I

This Sheet Has Been Re‘placed _ '.
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yet Ihreating nmust be done in the vicinity of the substrate. Besides, it
nmust al so be experinmental ly determ ned at what poximty to the
substrate heating nust be done, whereby there is al so t he probl em t hat
the place for setting the heater cannqly be necessarily freely chosen.
In the pre-text of the 2nd Synposi um of El ectrochem cal Society,
Branch of Japan (July 7, 1989), on page 75, there is a description of
film 20 formation of Al according to the double wall CVD met hod. In
this method, Tl Biyddedirednsadtibs fevicde 1initelisbgethewe eubbdihehtehe gas
tenperature of TBA can be made hi gher than the substrate tenperature.
Thi s .and it may have a constitution which acoomplishes the

object of the present invention.
One preferred embodiment of the present
§ -invention is a process for forming a deposited film
comprising the steps of:
{a) providing a substrate having an electron

donative surface (&) in a space ftor formation of the

~ deposited £ilm;

10 {(b) introducing a gas of an alkyl aluminum
hydride, a gas containing en additive such as Ti, Cu,
etc. and hydrogen gas into the space for formation of
the deposited film; and

(¢) maintaining the temperature of the

15 electron donative surface {A) within the range of from
the decomposition temperatﬁre of the alkvl aluminum
hydride to 450 ©C to form an aluminum £ilm containing

~ the additive such as Ti, Cu, etc. on the electron

donative surface (A).

20 It is also preferred to additionally use a gas
containing Si atoms to thereby form an Al film
containing Si atoms and the additive such as Al-8i-Ti,
Al=S$i-Cu and the like.

Further, another preferred embodiment of ihe

25 Present invention is a process for forming & deposited

film comprising the steps of:

cammrs o o

This Sheet Has Been Reﬂlaced
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met hod- galf. B 281 48:PegaBWad2td 30ndificat PH4RE 3PK¥0N2 25 above-nentioned @528

Japanese l-ai d- open Patent Application No. 63-33569. Also in this

met hod, Al can be . - 8- 1

sel ectively grown only on a netal or sem conductor, but not only the

di fference between the gas tenperature and the substrate surface

t enperat ure can be controlled witir&& 1 culty, but also there is the
1 (e} providing a substrate having an electron

. donative surface (A) and a electron non-donative

surface (B) in a space for formation of the deposited
Film; | |

5 (b) introducing & gas of an alkyl asluminum
hydride, a gas containing an additive such as Ti, Cu,
aete. and hydrcgeh gas into the space for formation of
the deposited film; and

~ (c) maintaining the temperature of the

10 electron donative surface (2) within the range of from
the decomposition temperature of the alkyl aluminum
hydride to 450 °C to form en aluminum film containing
the additive such as Ti, Cu, etc. selectively on the
electron donative surface (4).

15 It is also preferred to additiocnally use a gas
-containing Si atoms to thereby form an Al film
bontsining Si atoms and the additive such as Al—Si;Ti.
Al-S8i-Cu and the like.

In the following, prior to detailed

20 description. tirst, the process for forming a

deposited film by use of an organic metal is outlined.
The decomposition reaction of an organic

lmetal, and hence the thin film deposition reaction

will vary qreaflv depending on the kind of the metal

25 atom, the kind of the alkyl bonded to the metal atom,
the means of causing the decomposition reaction to

Y

Y . 3 . e .
LI LRI .o DR R
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accofﬁ"ng ‘to this nethod,” there are i nvol ved such probl ens 't hat no

uni form conti nuous film can be formed, that flatness of the filmis
poor, etc., unless the filmis nade thick to sonme extent. 10

As set forth above, the prior -art nethods have the problens to be
solved that it is difficult to obtai A% —flat Al-Si filmof a |ow
resistivity and good quality, that there is considerable limtation in
apparatus and in filmformation. As descri bed above, prior art
met hods canno e ri ective gromh of Al -Si, and
even if p055|éle ¢F¥: ii% ak%?o%%%%#ﬁ&%ﬁ% rgggect to fl at ness,

resistance, purity, etC-E%& bRemple [ iddNthe case of M-R, (M: the.group
IIX metal, R: alkyl group), trimethyl gallium:

CGHs

Clla-Ga”
3 ~gu

Gy

in thermal decomposition undergoes radical cleavage
wherein Ga—CI-I3 bond is cleaved, while triethvl

gallium:

Calls -
~ Czﬂq-ca/ 20s

T~ Cul,
10

in thermal decompo=sition is decomposed through 4~

elimination into:
Calg
H

Cofls—Ga

15 and C,H,. On the other hand, trietbyl aluminum

attached with the same ethyl group:

in thermal decomposition undergoes radical
20 decomposition in which Ai-CZH5 is cleaved. However,
tri-iso~butyl aluminum having 1G4H9 bonded therein:

. - iCy e .
iCqa— 42 o
~igy ﬂs

.
B

t is suhject to ﬂ-elimination-
25 Trimethyl aluminum (TMA) comprising 033 groups

and Al has a dimer structure at room tewperaxuré: Lt L

This Sheet Has Been Re
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for med, 94 02/201 BB ha®Wedilidibl ved t he®BPRIPEIN220 that- the film @sz2s
foramgtion nethod is conplicated and can be controlled with di-fficulty.
Accordinhgly, the present inventors, in order to investigate about the
wiring material itself, have nade i nvestigations by formng a

deposited filmof Al- 25 Ti, Al-Cu or Al-Si-Cu according to the sputtering
met hod by use of Al-Ti, Al-Cu or Al -Si—-@0 as the

. CHs
. Cﬂz e ap-
CHs

'/CHs-\_ l\ﬂ-::
~CHs " CHs

and thernal decomposition is radical decom position in

5

10

/

20

Sheet Has Been R aced
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1 t argete o0 02/20_16:24 | Q08 3311 §035¢ | m of OFABB TERA-Bty sati sfying
t he tegurrerent-s~as~destri-bed above'in fl-atness, dehseness,

selectivity superior over Al could be 5 obtained in the nethod of .the
As descri bed above,
field of " sem conductors in which higher integration

prior art.

in the technical

SUMVARY COF THE | NVENTI ON

has been 10 desired in recent years, forzgroviding | nexpensively a

sem conduct or device which is nore highly
hi gher in performances, there renai ned many roons to be inproved.

The present

I nvention has been acconplished in

]

10

15

20

which Al-cn3 group is cleaved, and at & tempexrature of

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

CH4. and forms finally Al.

However, at a high temperature of 300 % or

higher, even if HZ may be present in the atwmosphere,

UH3 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 Hz

atmosphare high frequency (ca. 13.56 MHz) plasma, 62H6

will be formed by the bridging CH3 between two Al's.
In essence, since even an organic metal
comprising CH3 group which the simplest alkyl group,
CZHS group or :104H9 group and Al or Ga has & reaction
mode depending on tﬁe kind of the alkyl group, the
kind of the metal atom, the excitation decomposition
means, for deposition of a wmetal atom from an organioc
metal on a desired substrate, the decomposition
reaction must be strictly controlled. For example,
when Al is to be deposited from triiscbutyl aluminum:
rroa: C*MTNa0 — 1ca1s)
iCqHa .
in the low pre;sur; CGD ma;;od conprising mainly
thermal reection, unevenness of pm order is formed on
the surfaca, whereby the surface morphology is

inferior.. Also, hillock generation by heat treatment,
. :,.-- 2. R '.:.,' .. . . . .:.'-' . - . ,_é_. - ..'

Wi

nT egr at ed and al so made
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film of good quality as the el ectroconductive material at a 20

desired position with good controllability.
I nvention is to

t he present

film conposed mainly of Al and contai ning an additive which

obtain a fil mwhich has extrenely broad general
I's of good quality, w thout '

expensi ve

-

.
Ll Tl ar
..

"'___'_-_____'_——-——————-.—-—‘——"‘

i

1

10

15

25

S8i surface roughening through 81 diffusion at the
interface between Al and S8i occur, end also migration
resistance is inferior, whereby it can be utilized for
ultra-LSI process with difficulty.

For this reason, a method for controlling
precisely both the gas temperature and the substrate
temperature has beon . attemptred. Howeyer, the device
is complicated, aend the methad is of the sheet .
treatment type in which deposition can be effected
only on one wafaer by one deposition process. Besides,
since the deposition speed is 560 A/min. at the
highest, the throughput necessary for bulk production
cannot be realized.

Similarly, when TMA is employed, Al depogition
has been attempted by use of plasma or light, the
device also becomes complicated due to use of plasma
or light, and also beceuse of the sheet type device,
thare remains room for improvement for sufficient
improvement of throughput.

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

deposited films are formed under all the conditions.

e it cal TR 28%%escri poPRABRTOOatd an__ ._obj ect of
process for formng a deposited
filmconposed nainly of Al and containing an additive which can forma

Anot her obj ect of
provi de g process for formng a deposited

can

25 purpose utility and yet
requiring particularly no conplicated and

530

For oxamﬁle, in an example of deposition Al by optical 2-£*$£2;ﬂ

. s
ORI 3 -
A .

haﬁ}hsBﬁmBmiﬂxd
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anot her obj ect of the present 1 nvention Is to provide a process for
form ng a deposited film conposed mai nly of Al and containing an
addi tive which 5 can forma filmexcellent in surface characteristic,
el ectrical characteristics, purity, etc. according to t he CVD net hod
utilizing al kyl alum num hydride, -h&3rogen, and a gas containing at
| east one additive el ement selected fromTi and Cu.
1 CVD from DMAH, the surface morphology is inferior, and
- the resistivity value was greater than the bulk value
{2.7 pohm.cm) as several nohm to 10 pohm ¢m, thus
being inferior in film quality.
5 Now, refer;ing.to the drawiags, preferred
embodiments of the present 1nventioﬁ are described in
- nore detail.'
. In the present invention, for depositing an Al-
~ Si f£ilm of good quality as the electroconductive
10 deposition film on a substrate, the CVD method is
used. .
More specificayly. by use of dimethyl alumipum
" hydride {DMAH):
Chx ) g
15 Chemical formula: CHs —
ar monomethyl aluminum hydride (MMAH, ) :
- Chenical formula: 833 :; lUZ/H
2p @S alkyl aluminum hydride which is an organic metal as
the starting gas containing at least one atom which
becomes the constituent of the deposited film, a gas
containing an additive as the starting gas and Hz a8
the reﬁction gas, an Al f£film is formed by gas phase
25 - Orowth with & gas mixture of these on a substrate.
. Furthermore, if desired, a gas containing si.'~...‘;su5$j
. . This Sheet Has Been Replaced
- SR 11
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provi'dé & process for forn1ng a deposited film conposed mai nly of Al

and contai ning an additive which is extrenely broad in general

purpose utility and excellent in selectivity, without requiring 15
particularly a conplicated and expensive deposited filmformng

appar at us. Still another o'bj"’éct‘ of the present invention

is to provide a process for formng a deposited film whi ch can form an

Al -Si filmunder good selectivity 20 according to the CVD nethod

utilizing al kyl um num r|de hydrogen and a gas contai ni ng at
| east one Ky a.%ﬁT?\ﬂ?%ﬂQﬁngaﬁgselected fromTi and Cu.

Another object of the prgseifs sU¥eetafd afplitable in the present
invention, a material having electron donative
property may be employed.

5 The electron donative material is described in
detail below.
The electron donative material refers to one
having free elactrons existing or free electrons
_intentionally formed in the substrate, for example, &

10 material having a surface ¢n which the chemical
reaction is promoted through give-and-take of
electrons with the starting gas molecules attached on
the substrate surface. For example, generally metals
and semiconductors such as p~, n— and i-type ones

16 correspond to such material. Those having very thin

oxidized film on the metal or semiconductor surface

are also included. For, with such thin f£ilm, the
chemical reaction can occur berween the substrate and
the attached starting molecules, |

. 20 Specifically, there may be included

éomicon@uctors such as single orystalline silicon,
polycrystalline silicon, amorphous silicon, etc.,
binary system or ternary system or qQuaternary system
III-V compound semiconductors comprising combinations
25 of Ga, In, Al as :the group IXII element and- P, Aé, N as
the group V element, or II-IV compcupd.semiconducterg,
I
asBeenReﬁaced
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form‘a"dﬁﬁztlg% 5938 ox PP 1384 309 11 arnesPRABBEOKYshseness, and al so @538
strong i n el ecromgration, stress m gration. )

Anot her object of the present invention is to forma deposited film
sufficiently applicable to a sem conductor integrated circuit device

i n which wiring of, for exanple, 1.25[err]n1or | ess is desired.

| or metals themselves such as tungsten, molybdenum,

. tantalum, aluminum, titanium, copper, etc., or -
gsilicidas of the above metals such es tungsten
silicide, molybdenum silicide, tantalum silicide,

5 aluminum silicide, titanium silicide, etc., further
metals containing eithér one of the constituent of the
above metals such as aluminum silicon, aluminunm
titanium, alumirmm copper, aluninum tentelum, aluminum
silicon copper, aluminum silicon titanium, aluminum

10 palladium, titanium nitride, etoc.

'On the substrate with such constitution, Al is
deposited only through simple thormal reaction in the
reactibn system of the starting gas and HZ' For
example, the thermal reaction in the reaction system

‘may be basicelly considered as -

15 betwoan DMAH and H,

follows:

o, - Jz”c“’-f H,> 248 & +4CU T +Ha?

~ ciy~ M7 TCHa |

DMAH assumes a dimer structure at room temperazture.

20
Also, with MMAHZ, a high quality Al film could be
formed by thermal reaction as shown below in Examplses.
Formation of Al-Ti (or Al-Si-Ti) by addition
of Ticl4 {or additionally Sizne) is due to the
25 phenomenon that ’1‘1614 {or additionally 512561 which . -

has reached the substrate surface is decomposed

e

"
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process for formng a deposited film conprising the steps of:

(a) providing a substrate having an el ectron donative surface (A) and

a el ectron non-donative 10 surface (B) in a space for formation of the

deposi ted film (b)_igﬁrgducing a gas of an al kyl

al um num hydri de, a gas containing trtani umatons and hydrogen

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

(c) maintaining the tenperature of the el ectron donative surface (A

at a tenperatyre ¢hebugh théO¥EFrddithchtcdCcrePposidn Orttieawpgr at ure of the
g . incorporating Ti {or additionally Si) into the film,
Also with MMAH,, A1-Ti of high quality (or Al-8i~Ti}
could be deposited by thermal reaction as shown below
5 in Bxamples.

| Also, formation of Al-Si-Cu or Al-Cu by

addition of siZHG, gto. and an alkyl copper compound

such as Cu(05H202)2. etc. is due to the phenomencon

~ that Si H, and Cu(CgH,0,), which have reached the

. 10 substrate surface are decomposed through the surface
chemical reaction, whereby Si and Cu are incorporated
into the film. Also with MMAH,, , Al-Cu and Al-Si-Cu of
high quality could be deposited by thermal reaction as
shown below in Examples.

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

In anothar embodiment of the present
inventioﬂ, the CVD method is used for selective
éeposition of a3 good Al film as the elactroconductive
deposition £ilm on the substrate.

- . - More specifically, as described above, By use - "

.3
EX

i
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fiInvc&htafning titanium sel ectively on the el ectron donative surface
(A). Anot her object of the present invention is to
provi de a process for formng a deposited film conprising the steps
of: - 25 (a) providing a substrate having an el ectron
donative surface (A) and a el ectron non—d8faTi ve
- 12 -
1 of dimethyl sluminum hydride (DMAH) or monomethyl
. @luminum hydride (MMAH,), a gas contalning Si atoms as
the starting gas and Hz as the reaction gas, an Al-8i
film is selectively formed on the substrate by gas
5 phase growth with a gas mixture of these.

The substrate applicable in the present
invention hags a first substrate surface material for
formation of the surface on which Al containing en

~ additive is deposited, and a second substrate surface
10 material on which Al containing en additive is not
deposited. And, as the first substrate surface
materizl, a material having the eloctron donative
surface is used.
In contrast, as the material for forming the
, surface on which Al containing an additive is not
deposited selectivel#; namely the material for forming
the electron non-donative surface, conventiongl
insulating meterials, oxidized silicon formed by
thermal oxidation, CVD, etc., glass or oxidized film
20 such as BS@, PSG, BPSG, etc., thermally nitrided f£ilm,
silicbn.nitrided £film by qlasma CVD, low pressure CVD,
ECR~-CVD method, etc.
Fig. 1 is a schematic view sho@inu a
preferable deposition £film forming device for applying
the progsent invention.

Here, 1'is a substrate for forming an additive— - i'..r s~

L . . . * . . “te 0 "o s
. « u . A .. AT S.e [
/ . . . . . . . TSt CR I D T e PRI T
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(b) introducing a gas of an al kyl al unmi num hydri de, a gas cont.ai ni ng
titaniumatons, a gas 5 containing silicon atons and hydrogen gas into the
space for formation of the deposited film and (c) maintaining
the tenperature of the el ectron donajjve surface (A) at a tenperature
not | ower than the deconposition ten% rature of the al kyl 10
.al um num hydride and not higher than 450[err] Cto form an al um num
filmcontaining titaniumand silicon selectively on the el ectron
donative surfpcecpAkaining Al film. AThehstbebiend fisg heuvareacoh anvention
Is to provi de a process for forning a deposited film :

. substrate holder 3 provided internally of the reaction

tube 2 for forming a space for formation of a
deposited film which is substantially closed to Fig.
5 1. As thes material constituting the reaction tube 2,
quartz is preferable, but it may be mlso made of a
metal. In this case, it is ﬁreferable to cool the
reaction tube. The substrate holder 2 is made of a
b metal, and is provided with a heater 4 so that tha
10 _substrate mounted thereon can be heated. And, the
constifution is made so that the substrate temperature
can be controlled by controlling the heat generation
temperature of the heater 4.
The feeding system of gases is constitutéd as
15 described below.
5 is a gas mixer, in which the first starting
gas, the second starting gas and the reaction gas are
mixed, and the mixture is fed into the reaction tube

2. © is a starting gas gasifier provided for

20 gasification of an organic metal as the first starting
gas. |
The organic metal to be used in the present
invention is liquid at room temperature, and is formed
into saturated vapor by psssing a carrier gas through
o5 the licuid of the 6rganic metal) within the gasjifier 6,

which is in turn introduced into the mixer 5.

heet Has Been Replaced
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15 compraeng$thelbtlps Bos 211 5035 ( &KABG; TOR¥@H2ng a substrate having @sar

an el ectr.on donative surface in a space for formati on of the

deposited film (b) introducing a gas of an al kyl alum num 20
hydride, a gas containing titanium atons and hydrogen gas into the
space for formation of the deposited film and (c)

mai ntai ning the tenperature of the -e&@%®ctron donative surface at a
tenperature not | ower 25 than the deconposition tenperature of the al kyl

al um num hydri de and not higher than 450[err]C to form an

1 The evacuation is constituted as desaribed
_ below. -
7 is a gate valve, which is opened when
berforming evacuation of a large volume such as during
5 evacuation internally of the reaction tube 2 before
formation of the depogited film. 8 is a slow leak
valve, which is used when performing evacuation of a
smell volume such as in controlling the pressure

~ internally of the reaction tube 2 during formation of

10 the deposited film. 9 is an evacuation unit, which is
constituted of a pump for evacuation such as turbo
molecular pump, etq.

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

15 10 is a substrate conveying chamber which can
house the substrate before and after formation of the
deposited £ilm, which is evacuated by opening the
valve 11. 12 is en evacuation unit for evacuating the |
conveying chamber, which is constitured of 2 punp for

20 evacuation such as turbho molecular pump, etc.

.The valve 13 is opened only when tha substrate
1 is transferred between the reaction chamber énd the
conveying space.
As shown in Fig. 1, in the starting gas
gegifier 6 which is the gas formation chamber Ffor

forming the starting gas, the ligquid DMAH maintained

e . .
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donati Ve surface. Anot her object of the present invention is

to provide a process for formng a deposited film 5 conprising the
steps of: (a) providing a substrate having an el ectron

donative surface in a space for formation of the deposited film
(b) introducing a gas of an al kyl alumi rmuP -

S

-
10
15

A
20
25

at room températura is bubbled with Hz or Ar {(or other
inert gas) as the carrier ges to form gassous DMAE,
which is transported to the mixer 6. The H2 gas as
the reaction gas is transported through another route
into the mixer 5. Similarly, a gas containing an
additive such as Ti, Cu, etc., optiomnally together
with a gas containing 81 atoms ere introduced into the
mixer 5. The gases are controlled in flow rates so
that the respective partial pressures may become
desired values.

In the case of forming & film by this dJdevice,
the first starting gas may be of course MMAHZ, but
DMAH with a vapor pressure enough to become 1 Torr at
room temperature is the most preferred. Also, DMAH
and MMAH2 may be used in a mixture.

As the seocond starting ges conteining Ti,
there can be used TiClg, TiCl4, TiBr, . Ti(CHs)A, etc.
0f these compounds, TiCl, and-Ti(cHs)4 which can be
easily decomposed at tha low temperature of 200 -
300°C are most preferabla. As the second starting gas
contain}ng si, there can be used Si HS' SiH,, SiSHS'
Si(CH,),, SiCl,, S5iH,Cl, end SiH Cl. Of these
compounds, Sizﬂs which can be easily decomposed at the

low temperature of 200 — 300°C &re most pfeferable.

" The gases such as TiCl4 (end Sizﬁa..if desired) are .. .. .. .

diluted with 'H2 or Ar, trensported to the mixer 5§ ,.-1.:%y wii.

P . . . .
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atons and hydrogen gas into the space for formation of the deposited
film and (c) maintaining the tenperature of the
el ectron donative surface at a tenperature not |lower 15 than the
deconposition tenperature of the al kyl « 31 -l um num hydri de and not hi gher
than 450[err]C to form an alum numfilmcontaining silicon and
titaniumon the el ectron donative surface. Anot her obj ect
of the present inventionis to 20 provide a process for, formng. a
deposited film thr@@Bbrﬁsl?EPtQﬁ?@?tébénoﬁhe DMAH line and BUPPLIBG ding a

substrate having an el ectron doaatlve surface in a space for formation
of the to the reaction tub

The deposited film fo?med at a substrate
_temperature of 160 % o 450 °c by use of such

starting gas and reaction gas, with a thickness of,

[+

for example, 400 A, has a resistivity at room
temperature of 3.0 - 6.0 pchm-cm which is
substantinlly equal to Al bulk resistivity, and is a
~ éontinuous and flat rfilm. At this time, the pressure
10 Guring film formation can be chosen within the range
from 10—3 Tory to 760 Torr. Also, even when the film
thickness may be, for sxample, 1 um, its resistivity
is ca. 3.0 - 8.0 pohm.cm, and a sufficiently dense
£film can be formed also with a relatively thickér
15 £ilm. Algo, the reflectance in the visiﬁle light
wavelength region is approximately 80 %, whereby a
thin film excellent in surface flatness can ba
deposited.
"The substrate temperature 1s desirably a

temperature which is not lower than the decomposition

20
tempera;ures of the starting gas containing A1 and the
starting gas containing Ti (and the gas containing Si,
if employed) and not higher than 450 % as described
above, but specifically the substrate temperature of

o 220 to 450 °c is more desirable, and when_deposition

is carried out under this condiﬁioﬁ, by making the E g{iﬁ:u

IﬁwBaijimm!
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PP et

hydri d&.a gas containing Cu and hydrogen gas into the

- 14 - 1 space for formation of the deposited film and
(c) maintaining the tenperature of the el ectron donative surface at a
t enperature not | ower than the deconposition tenperature of the al kyl

5 al um num hydride and not hi gher than‘@@OFérr]C to form an

1 DMAH partisl pressure 10-4 to 19—3 Torr, the
. deposition speed bacomes very.great as 100 A/min. to
706 A/min,, whereby sufficlent great deposition speed
ag the Al1-Ti (or Al-Si-Ti) deposition techmnique for

ultra-LSI can be obtained.

L4

A more preferable substrate temperature
condition is 260 °C to 350 ©0, and the Al-Ti film,
etc. deposited under this condition is also strongly

~ orientatable and, even when subjected to the héat

j0 ‘treatment at 450 °C for 1 hour, the Al-Ti film on the
81 monccrystalline or Si polycrystalline substrate
becomes a good Al-Ti £ilm without generation of
hillock or spike. Also, such Al-Ti film is excellent
in electro-migration resistance as compared to Al

15 £ilm.
As the gas containing Cu as the second

starting gas (additive gas), bisacetylacetomate copper

. Cu(c H 02)
Cu(C

¢ bisdipiveloylmethenate copper
1181905} bishexafluoroscetylacetonate copper

20 Cu(c5 5 2)2 can be employed.

.Among them, °“‘°2“z°z’z having the least
carbon content and containing no F is the most
preferable.

However, since the above material is solid at

room temperature and is required to.be transported by... P

1

sublimation, and it is necessary to heat prelimimarily : .-

This Sheet Has Been. Tlaced .
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obj ect of“the present invention is to provide a process for formng a
deposited film conprising the steps of: 10 . (a) providing a
substrate having an el ectron donative surface in a space for formation
of the deposited film - 3§bl I ntroduci ng a gas of an al kyl
al um num hydri de, a gas containing Si',, a gas containing Cu and 15
hydrogen gas into the space for formation of the deposited film and
(c) maintaining the tenperature of the el ectron donative surface at a

tenperature nqt | eN@'second starting gas (additive gas) line 23, the
. . mixer 5 end the reaction tube 2 to about 180°C. .
Also, it is more effective to flow a oérrier
gas such as Ar or Hz through the second starting gss
5 line 23. -
As the gas containing Si as the third gas,
Sizﬁs; 81H4, Sisﬁs, Si[CH3)4, SiCl4. SiH2012. SiHSCI
can be employed. Above all, Sizns which is readily
~ decomposable at a low temperature of 200 to 300°C is
1y the most desirable. The gases such as‘Sizﬁs are
diluted with Hz or Ar,_transported to the nixer §
through a line 22 other than the DMAH line and
supplied to the reaction tube 2.
| When & film formed at a substrate temperature
15 of 220 *C - 450°C by uee of 'such starting gas and
reaction ges is analyzed according to Auger's electron
spectroscopy or photoelectric spestroscopy, no
entrainment af an impurity suqh as carbon or oxygen is
recognized in this film.

The deposited film thus formed has a

20
resistiyity of, for example, with & film thiokness of
400 2 , 2.7 - 3.0 pohm.cm at room temperature which is
subgtantially equal to the bulk resistivity of Al, and
becones continuous end flat film. Also, even with a
25 film thickness of 1 pm, its resistance at-room

temperature is approximately 2.7 -~ 3.0 uohmobm dnd a .

This Sheet Has Been RTlaced
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t harrtfe—deco

not hi gher than 450[err]Cto forn1an alumnumfilmon the electron
donati ve surface. Anot her object of the present invention is
to provide a process for formng a_dgpasited film conprising the
steps of: 25 (a) providing a substrate having an electron

donative surface (A) and a el ectron non-donative

15 -

1

10

1

20

26

sufficiently dense film is formed with a relatively
thicker film. The reflectance in the visible .
wavelength region is approximately 80 %, and a thin
film with excellent gsurface flatness can be deposited.
The substrate temperature is desirably a
tomperature which is not lower than the decomposition
temperature of the starting gas containing Al and not
higher than 450 % as described above, but
specifically the substrate temperature of 220 to 450 °*C

is more desirable, and when deposition is carried

- out under this condition, by making the DMAH partial

pressure :I.(J-4 to :l()"3 Torr, the deposition speed

becomes very great as 400 A/min. to 1000 A/min.,

whareby sufficient great deposition speed ss the Al-Si-Cu
daeposition technigue for ultra-LSI can be

obtained,

A more prefersble substrate temperature
condition is 250 °C to 350 °C, and the Al-Si~Cu film
deposited under this condition is also strongly
orientataeble and, even when subjected to the heat
treatment at 450 °C for 1 hour, the Al—Si;Cu film on
the Si monccrystalline or Si polycrystalline substrate
or on an oxide film becomes a good Al-Si~Cu Film
without generation of hillock or spike. Also, such

Al-Si-Cu film is excellent in electro-migration

regsistance, and the contents of Si and Cu in the filnm

k542
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(b) Introducing a gas of an al kyl al umi num hydri de, a gas contai ning
copper atons and hydrogen 5 gas into the space for formation of the

deposi ted film and (c) maintaining the tenperature of

t he el ectron donative surface (A) atgg Lenperature not | ower’ t han

t he deconposition tenperature of the alkyl 10 alum num hydride and not

hi gher than 450 C to form an alum num filmselectively on the el ectron
donati ve surface (A). Anot her obj ect of the present

invention is 10 can bpr easfity acguiosadedf.or fornming a deposited film
In the device shown in PFig. 1, additive~
containing Al can be depoéited on only one sheet of
substrate in deposition for one time. Although a
5 deposition speed of ca. 800 &/min. can be obtained, it
is still insufficient for performing deposition of s
" large numbeér of éheets within s short time.
As the deposition film forming device for
~ improving this point, there is the low pressurs CVD
10 device which can'deposit additive—containing Al by
simultangous mounting of a lérge number of sheetrs of
wafer. Since the Al film formation according to the
present invention uwtilizes the surface resction on the
electron donative substrate surface, in the hot wall
15 type low pressure CVD method wherein only the
substrate is heated, Al can be depggited on the
substrate by use of DMAH and Hz and the addition gas.
For example, by adding DMAH, Hz and a T4 starting gas
such as TiCl4, etc., an Al-Ti film can be deposited
so Which contains 0.5 - 2,0 % of Ti.
_The pressure within the reaction tube is 0.05 -
760 Torr, preferably 0.1 - 0.8 Torr; the substrate
temperature is 160 "C - 450 °C, preferably 220 °C -

&

400 °C; the DMAH partiel pressure is 1 x 10 ° to 1.3 x

10-3 ~fold of the pressure within the reaction tube;

1

25
* and the TiCl4 partial pressure is 1 % 10 °

-1 x 1074

: -
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an el ec¢tron " donative surface (A) and a el ectron non-donative

surface (B) in a space for formation of the deposited film 20

(b) introducing a gas of an al kyl al um num hydri de, a gas containing S

and a gas containing copper atons and hydrogen gas into the space for
formati on of the deposited film and - 36 -~ (c) maintaining-the’

tenperature of the 25 electron donative surface (A) at a tenperaturetinot
| ower than the deconposition tenperature of the alkyl

1 fold of the pressure within the reaction tube. Under
a such condition, Al-T1 is deposited on an election
donative subsatrate. .

For example, by adding DMAH, Hz. a Cu starting

5 gas such as Cu(c H 02)2, etc. and an Si starting gsas
such as Si HS' etc., an Al-Si-Cu film can be deposited

which contains 0.5 — 2.0 % of Cu and 0.5 -2.0 % of 8i.

The pressure within the reaction tube is 0.05 -
760 Torr, preferably 0.1 - Q.S Torr; the substrate
10 temperature is 220 'C - 450 °*C, preferably 250 “C -~
400 *C; the DMAH partial pressure is 1 x 10 ° to 1.3 x
'.l()_3 —-fold of the pressure within the reaction tube:

partial pressure is 6 x 10 % - § x 10~ %

the Cu'_(cslizoz)2
-fold of the pressure within the reaction tube; and
15 the Si H. partial pressure is 1 x 10"7 to 1 x 1074
-fold of the pressure within the reactinon tube. Under
such a condition, Al-Si-Cu is deposited on an ¢lectron
~ donative. substrate.
Pig. 2 is a schematic illustration showing a
20 deposited film forming device to which such present
invention is applicable.
57 is a substrate for formation of additive-
containing Al film. 50 is an outside reaction tube
made of quartz for forming a space fror formetion of

25 deposited film substantially closed to the . f

______;______~___~;;.

lxalhmfkm1qu
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al umi'num fil mselectively-on the el ectron donative surface (A). 5
BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a schematic view
for illustration of a suitabl e deposited filmformng apparatus in
practicing the deposited filmformng proggss according to the

process of the present invention.

1 surrounding, 51 en ihnerside reaction tube made of
_quartz located for separating the flow of gas within
the outside reaction tube 60, 54 a flange made of a
metal for opening'and closing of the opening of the

5 outside reaction tube 50, and the subétrate 57 is
located within the substrate holding member 56

provided internally of the innerside reaction tube 51.

The substrate holding member 56 should be preferably
nade of quartz. /
10 Also, in the preseat device, the subétrate
temperature can be controlled by the heater portion
59. The pressure internally of the reéction tube 50
is constituted g0 as to be controllable by the
evacuation system connected through the gas evacuation
15 outlet 53.
The gas feeding system is constituted to have
a first gas system, m second gas system, & third gas
s system and a mixer (none are shown in Fig., 2}
similarly as the'deﬁica shown by the symbols & and 6
20 in Fig. 1, and the starting gases and_the raaotioq gas
are introduced into the reaction tube 50 through the
starting gas inlet 52. These gases react on the
surface of the substrate 57 during passage internally
of the innerside reaction tube 51 as shown by the
arrowhead 58 in Fig. 2 to deposit additivq-containing

Al on the substrate surface. The gases after the

eet Has Been R laced
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sui tabl e deposited filmform ng apparatus in practicing the deposited
filmform ng process according to the present invention.

Figs. 3A - 3E are schematic sectional views 15 for illustration of t he
deposited filmform ng process accorghng to one enbodi nent of the
present invention. Figs. 4A ““4E are illustrations for

expl ai ni ng formati on of source and drain el ectrodes in contact _
hol es of a gate insulation type transistor. 20 Figs. 5A - 5D are
i | lustrationsyforeetionnpags throvgle thec gapi Borméd Aetgansithizon accor di ng

to the present invention.
. innerside reaction tube §1 and the outside reaction

tube 50, and evactated through the gas evacuation
outlet 53,
5 In taking out and in the substrate; the flenge
54 made of a metal is permitted to fqll by an elevator
{not shown) together with the substratée holding member
56 and the substrate 57 to be moved to a predetermined
=~ position where the substrate is mounted and detached.
10 By forming a deposited film under the
conditions as described above by use of such device,
additive-containing 31 filims of .gocd quality dgn ba
formed in all the wafers within the device.
As described above, the film obtained
15 according to the additive-containing Al film formation
process based on the embodiment of the present
invention is dense with little content of impurity
such as carbon, etc. and resistivity ﬁhich is similar
to bulk, and also has high surface smoothness, and
20 therefore remarksble effects as described below cen be
obtained.
(1) Reduction of hillock
Hillock is occurrence of concavities on the Al
surface due to partial migration of Al when inner
stress during film formation is released in the heat

2%
treatment step. Also, similar phenomenon occurs -by LT

T
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enbodi nents according to the preésent I nvention are described in detai
bel ow, but the 1 present invention-is not limted by these
enbodi ment s, and it may have a constitution which acconplishes the
obj ect of the present I nventi on. - 39 - One preferred enbodi nent of
t he present

1 local migration by ourrent passage. The additive-
containing Al £ilm formed by the present invention has
little inner stress and is approximate to the state
of monocrystal. For this reason, in thé heat

5 treatment at 450 °C for one hour, as contrasted to
formation of 10* - 10%/cu? of hillocks in the Al film
of the prior art, the hilleck number could be greatly
inproved as 0 to 10/cm2. Thus, due to substantial
absence of additive-containing Al surface concavity,

10 the resist film thickness and the interlayer
‘insulating film can be made thin to bo advantageous
for'making it finer and more flat. Furthemmore, the
additive-containing Al has reproducibility superior to
that of Al-Si containing no additive.

15 {2) Improvement of ¢lectro-migration resistance

Electro-migraetion is the phéenomenon fhat the
wiring atoms moﬁe by pessage of a current of high
density. By this phenomenon, voids are generated and
grown along the grain boundary, whereby as accompanied

with reduction of the crouss—-sectional area, the wiring

20
generates heat to be broken. In the prior ert, the
anti-migration property has been improved by sdding
Cu, Ti, etc. to Al to form an alloy. However, the
alloy formation results in complication of the etching

25 step and difficulty of minute formation. . .

: Hiération'resistance is generally evaluated by’
- . _’________—_—_._—_.___ - . N :.:_-_':~ S “:_\:_:,.
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steps of: (a) providing a substrate having an el ectron

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

10 (b) introducing a gas of an al kyl al um num hydri de, a gas
contai ning an additive such as Ti, Cu, - 4g.etc. and hydrogen gas into the
space for formation of the deposited film and (c)

mai ntai ning the tenperature of the 15 electron donative surface (A within
the range of from t he deconposition tenperature of the al kyl al um num
hydride to 450-Canaﬁmmmvdniabuhiﬁmn1fiIn1containing t he additive such

as Ti, Cu, etc. on the el ectron
The wiring formed by the sputtering method or

the GVD method of the prior art has obtained anaverage

wiring life of i:x 102 to 103

hours {in the case of a

5 ﬁiring cross—sectional area of 1 umz) under the
current passage test conditions of 250 °G, 1x 106
A/cma. In contrast, the additive-~containing Al film
obtained by the additive-containing Al film formation
method based on the embodiﬁent of the present

10 invention could obtain an average wiring life of 103
to 104 hours with a wiring having a cross—sectional
area of 1 pmz.

Hence, according to the present invention, for

example, when the wiring width is 0.8 um, a wirihg

15 Jlayer thickness of 0.3 um can sufficiently stand
practical application. That is, since the wiring
layer thickness can be made thinner, unevenness.on the
semiconductor surface after arrangement of wiring can

bée suppressed minimum, and also high reliability in

passing ordinary current can be cbtained. Also, this

20
is poss;ble by a very simple process. Furthermore,
the additive-containing Al has reproducibility
superior to that of Al-Si containing nﬁ additive.
(3) Reduction of slloy pits in contact portion

25 By the heat treatment in the wiring step,

eutectic reéction between Al in the wiring material

This Sheet Has Been Rei
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donative surface (A). 20 It is also preferred to additionally use
a 935 CONLALAL NG S AL0NE.L 0 -t HETepy Tormanm Al 17| contarning
Si atons and the additive such as Al -Si-Ti, Al -Si-Cu and the |ike.
Further, another preferred enbodi nent of the 25 present invention is a
process for formng a‘deposited filmconprising the steps of:

- 41 -

1 and Si in the substrate may occur to result in
penetration of Al-8i eutectic called as alloy pit into
the substrate in-spike pattern, thereby destroying '
shallow junction.

5 As countermeasure, it is general to employ a
material other than pure Al wheﬂ the depth of Junction
is 0.3 um or more and to employ barrier metal
technlique of Ti, W, Mo type.

et | Hawever, there remain some points to bhe

10 imﬁroved such as complication of etching, rise of
contact resistivity and the like. In additive-
containing Al formed according to the present
invention, gensration of alloy pits in contact portion
with substrate crystal due to heat treatment in the

15 wiring step can be inhibited and wiring with good
contact can also be obtained. In other words, wiring
can he effected only with an Al-Si ma;erial without
ldestroving 5unction even.when the junction is formed
in a depth of a&bout 0.1 um.

(4) Improvement of surface smoothness (patterning

20
charactgristic improvement.of wiring}
In the prior art, roughness of the surface of
a metal thin £ilm had inconvenience in the alignmént
step for the mask and the substrate in the patterning
25 stap and in the etching step..

That is, there is unevenness extending to

e o0 . < . - JE s
. ! P . . . .t b, e el

- 2 ° hd o = 3 . . s "I
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surface (A) and a el ectron non-donstive surface (B) in a space for
formati on of the deposited film 5 (b) introducing a gas
of an al kyl al um num hydri de, a gas containing an additive such as
Ti, Cu, etc. and hydrogen gas into the space for formation of

the deposited film and (6)4ﬁarntaining the tenperature of
the 10 el ectron donative surface (A) within the range of from t he
deconposition tenperature of the al kyl al um num hydride to 450[err]C

to forman al yni mypdlhmgoghakfl Wartace otMR12¢51h! decoiifthg o kheQU et c.
sel ectively oh the
. prior art method, whereby the surface morphology is
poor, and therefore had the following disadvantages-
1) Alignment signals cause diffused reflection
5 to ogocur at the surface, whereby noise level becomes
higher and inherent slignment signals cannot be
- discriminated.
2) For covering large surface unevéhness, the
~ resist film thickness must be taken large, which is
| 10 ©Opposite to fine formation.

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

4) If the surface morphology is poor, the eide

i wall becomes notched in the wiring etching ster
according to its unevenness. =

According to the present invention, the
surface morphology of additive-containing Al film to
be formed is markedly improved to cancell all the

drawbacks described above.

20
_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 unm
cen be accomplished, whereby wiring having smoath side
25 plane is rendered possible without ceusing halation to

occur. Furthermope,‘the edditive-containing A1 has . - . .-

This Sheet Has Been Rerlaced
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addi tionally use a gas

cont ai ni ng Si

the |ike.
descri ption,

an organi c netal

organic

vary greatly depending on the kind of the netal 25 atom the kind of the

50 trepr 1b§39E} superié} t OLfQEf%éf“%oﬂla;nx %np05|t|on

.no additive. _ -

al kyl bonded
reaction to

first, the process for forn1n%
I's outlined. 43The deconposition reaction of an

atoms and the additive such as Al-Si-Ti, Al -Si-Cu

In the foll ow ng, prior to detailed 20

metal , and hence the thin filmdeposition reaction

10

15

20

{(5) Improvement of éesistance-in contact hole and
through hole and of contact resistance

In the prior axrt method, if the size of the
contact hole becomes finer as 1 Hm X 1 um or less, Si
in the wiring ig precipitated on the substrate of the
contaot hole during heat treatment in the wiring step
to cover thereover, whereby resistance between the
wiring and the element becomes markedly larger.

Aécording to the present invention, since a
dense film is formed according to the surface
reaction, Al-Ti has beesn confirmed to have a
resigtivity of 3.0 ~ 6.0 Pohm'om. Also, the contact

resistivity cen attain 1 x 10 ° ohm-om®

at an area of
0.6 um x 0.6 um when the Si portion has en impurity of
10 cm .

According to the present inventio;, since a
dense film is formed by the surface reaction, it has
been confirmed that the Al-Si~Cu completely filled
within Fhe contact hole and through hole each has &
registivity of 2.7 - 3.3 pohm'cm. Also, the contact

-6 ohm~cm2 in the case

-3

resistivity cen attain 1 x 10
where the S$1 portion has an impurity of 102°cm in a
hole of 0.8 pm x 0.8 pm.

Thet is, according to the present inventionm, -

. “
E
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in the case of MR3 (M the group 11 netal, R alkyl group),

trimethyl gallium [err] ~in thermal
deconposi ti on under goes r adi cal cl eavage wherein Ga-CH err] bond is

cl eaved, while triethyl cgallium _ ., _ - .

1 the wiring material can be completely embedded only in
. the winute opening, and alsc good contact‘ﬁith the
substrate can be obtained. Therefore, the present
invention can cantribute greatly to improvemeant of
3 resistance within hole and contact resistance which
have been the greatest problems in the fine process of
1 nm or less,
Figs. 3A ~ 3E show how the additive—containing
Al film sccording to the present invention is
10 selectively grown.
Fig. 3A is an illustration showing
schematical;y the cross-section of the substrate
" before formation of the additive-containing Al
deposited film according to the present invention. 90
15 is the substrate comprising an electron donative
material, and 81 & thin film comprising an electron
non—donative material.
_In the case of using DMAH and a gas containing
an additive as the starting gases bptionally together

with a gas containing Si atoms, when.a gas mixture

20
containing H, as the reaction gas is fed onto the
substrate 1 heated to a température not lower than the
decomposition temperatures of DMAH and tha gas
bontaining an additive and not higher than 450 °c,

25 additive—containing Al is deposited- on th9 substrate

90, whereby a continuous film of additive—containing :- -

This Sheet Has Been Iﬂilaccd -
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elimnation into: [err] 15 and Cerr]JHerr]. On the

ot her hand, triethyl alum num attached with the sanme ethyl group:

[err] ©in thermal deconposition undergoes radical 20 deconposition

in which Al-C2H5 is cleaved. However, - _tri-iso-butyl alum num having
iCJerr]H err] bonded therein: - 45 -

1 Al is formed a&s ;hown in Fig. 3B.
For example, when a gas nixture containing
DMAH as the starting gase, :I.'iCl4 ag the addition gas
and H, as the reaoction gas is fed onto the substrate 1

heated to a temperature not lower than the

(4]

decomposition temperatureg of DMAH end ’.l'iCl4 aend not
higher than 450 °c, Al-Ti is deposited on the
substrate 90, whercby a continuous film of Al-Ti is
formed as shown in Fig. 3B. Here, the pressure within

10 the reaction tube 2 should be desirably 10'3 to 760
Torr, and the DMAH partial pressure preferably 1.5 x
1075 to 1.3 x 107 %-fo1d of the pressure within the
sbove reaction tube.

When deposition of Al-Ti is continuwed under

15 the above conditians, via the state of Fig. 3C, the Al-
Ti £film grows to the level of the uppermost portion of
the thin film 91 as shown in Fig. 3D. Further, when
grown under the seme conditions, as shown in Fig. 3E,
the Al-Ti film can gfow to 2000 X or more

substantially without growth in the lateral direction.

20
This is the monst characteristic point of the deposited
£film obtained by the present invention, and it will be
understood how e filh of good quality can be formed
under good selectivity.

25 Aé the result of analyais according to Apger's

electron. spectroscopy or photoelectric spectroscopy, :.ii. i+

« 0~
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( TMA)* conpri si ng CH3 groups and Al has a diner structure at room
t enper at ur e: - 20 - Jerr] and t her nal
deconposition is radical decdnposition in

- 45 -

1 no entrainment of an impurity such as carbon or oxygen
. ig raecognized in this film. .
The deposited film thus formed has &
resistivity of, for exampls, with a film thickness of
5 .400 X, 3.0 - 6.0 pohm.cm at room temperatura which is
substantially equél to the bulk resistivity of Al, and
becomes continuous and flat film. Also, even with a
£film thickness of 1 um, its resistance at room
temperature is approximately 3.0 - 8.0 pohm.cm and a
10 sufficiently dense film is formed with a relatively
thicker film. The reflectance in the visible
wavelength region is spproximately 80 %, and a thin
film with excellent surfece flatness caa be depusiteﬁ.
The substrate temperature in performing such
15 selective deposition should ba deeirably not lower
than the decomposition temperatures of the starting
gas containing Al and the starting gas containing Ti
and not higher than 450 % as mentioned above, but
specifically a substrate temperature of 220 to 450 °c
20 is desirable, and when deposition is performed under
such condition, the deposition speed is sufficiently
great as 100 A/min. to 700 A/min. when DMAH partial

3

pressure is 10 % to 1073 Torr. Thus a sufficiently

great deposition speed can ba obtained as the Al-Ti

95 deposition technique for ultra-LSI..

A more preferable substrate temperature

1. ¢ . - < - . v Lt TR S A S . . . I e . I
* P PR IR . .. S
- $
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condition iz 280 60 to 350 ‘C,'aﬁd the Al-Ti £ilm
deposited under this condition. is also strongly.
orientatable and, even when subjected to the heat
treatment at 450 °C for 1 hour, the AI-Ti film on the
Si monocrystalline or Si polvcryatalline substrate
becomes a good Al-Ti film without generation of
ﬁillook and spike. Also, such Al-Ti film is excellent
in electro—migration'resistanceaé as comparad with Al
film.

Also, when & gas mixture containing DMaH
optionally together with Si2H5 as the starting gass,
cu(canoélé es the addition gas and H, as the reection
gas is fed dato the substrate 1 heated within a
temperature range frqm the decomposition temperature
of DMRH to 450 °c,_A1—Si—Cu is deposited on the
substrate 90, whereby a continuous film of Al-Si-Cu
is formed as shown in Fig. 3B. Here, the pressure
within the reaction tube 2 should be desirably 10—3 to
760 Torr, and the DMAH partial pressure preferably 1.5
-5 -3

-fold of the pressure within the

x lq to 1.3 x 10

above reaction tube. The cu(CSH.ZOZ)2 pertial pressure

should preferably be § x 107° to 5 x 10 %*-fold of the

pressure within the reaction tube, end the Si 2Hs
-7

partial pressure should preferably be 1 x 10 to 1 x

10‘4—fold of the pressure within the reaction tube 2.

When deposition of Al-Si-Cu is continued under:

st am
¢

-ﬁ_\—h

This Sheet Has

[T e

@554



L BELELIVRL Ue/208 15:28 1996 AT 535486y PAGE 43
'98 02/20 o35 803 3 (PRINTED Pagg 48 .
9 o ‘ 211 5035 ORABE TOKYD-2. 27 - 1 which

) ]

20

1

5

-
10
15

~
20
25

Al - CH[err] group is cleaved, and at a tenperature of

@555

- 48 -~

the above conditions, via the state of Fig. 3C, the

,Al-8i-Cu film grows to the level of the uppermost portion

of the thin film 91 as shown in Fig. 3D. Further,
when grown under the same conditions, as shown in Fig.
3E, the Al-Si-Cu film can grow to 5000 X substantially
without growth in the lateral direction. This is the
most characteristic point of the deposited film
cbtained by the present invention, and it will be
understood how a film of good quality can be formed
under good selectivity.

As the result of analysis according to Auger's
electron epectroscopy Or photoelectrio spactroscopy,
no entrainment of an impurity such as carbon or oxygen
is recognized ip this filn.

The deposited film thus formed has e
raegistivity of, for exemple, with a film thickness of
400 3, 2.7 - 3.0 nohm-cm at room temperature which is
substantially equsl to the bulk resistivity of Al, and
becomes continuous and flat film, -Also, even with a
film thickness of 1 pm, its resistance at room
tembeﬁapure is approximately 2.7 - 3.0 uohm:-cm and a'
sufficiently dense film is formed with a relatively
thicker film. The reflectance in the visible
wavelength region is gpproximately 80 %, and a thin
£ilm with excellent surface flatness can ye deposited.

The substrate temperature in performing such

Sheet Has Been Re; laced
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CH err], and fornms finally Al. However, at a high tenperature

of 300 C or 5 higher, even if Herr] nmay be present in the atnosphere,

CH err] group will withdraw H fromthe TMA nol ecul e, until finally

Al - C conpound i s forned. ANgp,~in the case of TMA, in |ight

or a certain region controlled in electric power in Herr] 10

at nrosphere high frequency (ca. 13.56 N+E) pl asma, C2H6 will be forned

by the bridging CHerr] between two A I n essence, since

even an orgary ¢ selettive dennﬁﬁﬁigpngheriéubﬁ aeedEaPaRi thet he S|nplest

e Tooelion deShapb i edl2iReRte' & Sild ko gup 10 A or O

containing A1 or higher and 450 ¢ or lower as
mantioned above, but specifically a substrate

s temperature of 220 to 450 ©c is desirable, and when
aeposition is performed under such condition, the
deposition speed is sufficiently great as 400 A/min.
to 1000 A/min. when DMAH pertial pressure is 10"‘ to

~ ~3

10 Torr. Thus a sufficiently great deposition speed

10 can be obtained ae the Al-8i-Cu deposition technique
for ultra-LSI. .

A more prefersble substrate temperature
condition is 250 °C to 350 %, and the Al-Si-Cu film
deposited under this condition is also strongly

15 orientatable and, even when subjected to the heat
treatment st 450 °C for 1 hour, the A1-Si-Cu film on
the i monocrystalline or Si palycrystalline substrate
or an oxide film becomes a good Al-Si-Cu film without
generation of hillock end spike. Also, such A1-Si-Cu

£film is excellent in electro-migration resistance and

20
the contents of 8i and Cu of the film can easily be
controlled. e
It is possible to make the heat treatmegt
temperature during wiring step lower or to omit the
2% heat treatment step.

As described in detail above, by applying tpe;:.:l KPR

- .« TN
. ew e T e e -y .
K] . - . et N e

. This Sheet Has

i Ilﬁll



L EE0E Gaon0 — 1g 3218 AT S3SuBeY o35 FAEE s ibRlNTED PAGE S@) 1
15 mode, dependi ng on t h& 8 Att1%%Fhe al kyl %ﬁg&mﬁm—he kind of the @557
met al “atom the excitation deconposition nmeans, for deposition of a
nmetal atomfroman organic . metal on a desired substrate, the
deconposi tion reaction nust be strictly controlled. For exanple, 20
when Al is to be deposited fromtriisobutysnal um num
[err] in the | ow pressure CVD nethod conprising mainly t her mal
reaction, unevenness of [err]morder is formed on 25 the surface, whereby
t he surface norphology is inferior. Also, hillock generation by heat
t reat nent, 1 present invention to the wiring formation method of a

semiconductor integrated gircuit, particularly

embedding of contact hole or through hole, the yield

can be improved, and reduction of cost can be promoted
5 Tto great extent as compared with metallic wiring of

the prior art.

~
10
15
~
20
25
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interTace between Al and Si occur, and also mgration : resistance is
inferior, whereby it can be utilized for ultra-LSI process with
difficulty. 5 For this reason, a nethod for controlling
precisely both the gas tenperature and thesyubstrate tenperature has
been attenpted. However, the device Is conplicated, and the nethod is

of the sheet

1

5
st
10
15
20

treatnment type in which deposition can be effected
Example 1
First, the procedure for Al-Ti film formation
is as follows. By ugse of the device shown in Fig. 1,
the reaction tube ﬁ is interﬁally evacuated to ca. 1 x
10—8 Torr by the evacuation unit 9. However, Al-Ti
film can be also formed if the vacuum degrée within

-8 Torx-

tha reaction tube 2 may be worse than 1 x 10

After washing of 8i wafer,_tha conveying
chamber 10 is released to atmospheric pressure and 8i
wafer is mounted in the conveving chamber. The
conveying chember is evacuated to ca. 10_6 Torr, and
then the gate wvalve 13 is opened and the wafer is
mounted on the wafer holdex 3.

After mounting of the wafer on the wafer
holder 3, the gate valve 13 is closed, snd the '
reaction chamber 2 is evacuated to a vacuum degree of
ca. 1 x 10°% Torr.

In this Example, DMAH is fed through the first
ges line. As the cérrier gas of DMAH line, H2 is
emploved. The second gas ling is used for H2 and the
third gas line for TiCla. The carrier gas is also H,.

By passing H2 through the second gas line, the
pressure within the reaction tube 2 is made =a
predetermined value by controlling the opening of the
slow leak valve 8. A typical pressure in this Example

is made approximately 1.5 Torr. Then, the wafer is

Been Rep laced
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deposition speed is 500 A/nin. at the hi ghest, the throughput -

necessary for bul k production cannot be reali zed.

Simlarly, when TMA is enpl oyed, .Al deposition 15 has been attenpted by

use of plasma or light, the devi ce al 88 becones conplicated due to use

of plasma . or light, and al so because of the sheet type device,

there remains roomfor inprovenent for sufficient i nmprovenent of

t hroughput. 20 D net hyl al um num hydri de Cuwmgﬁas t he alﬁyl

al umi num hydrilde hestad Ry cursgnt ipasrags ddappgh the RRRiRT 4y | Affe

substance known ag 2l kg etal 2uld nas resiBlh”a"BhedbtGakidB o0 2t 4l

temperature, DMAH and '1'1014 are introduced into the
reaction tube through the DMAH line and the TiCl,

5 line. The total pressure is ca. 1.5 Torr, and the
DMAH partial pressure is made ca. 1.5 x 10~% Torr.
The TiCl4 partial pressure is made 1.5 x 10-6 Torx.
When TiCl, and DMAH are introduced into the reaction
tube 2, Al-Ti is deposited. After a predetermined

10 deposition time hags elapsed, feeding of DMAH and TiC1,
is stopped. Next, heating of the heater 4 is stopped
to cool the wafer. Feeding'of H, gas is stoﬁpgd; and
after evacuation internally of the reaction tube, the
wafer is transferred to the conveying chamber, and

45 only the conveying chamber is made atmospheric before
taking out the wafer, The outline of Al-Ti film
formation is as described abouve.

Al-Ti films were deposited at the respective

temperatures each for 10 sheet samples following the

same procedure as described in Example 1 under the

20
followipg conditions:
Total pressure: 1.5 Torr
DMAH partial pressure: 1.5 x 10 * Torr
TiCl, partial pressure: 2 x 10”8 Torr.
25 The Al-Ti. films deposited by varying the.

substrate temperature at 13 levels were evaluated by ._ . - .

4
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are fornmed under all the conditions. For exanple, in an exanpl e of
deposition Al by opti cal - 23 - 1
CvD from DVAH, the surface norphology is inferior, and t he
resistivity value was greater than the hulslg val ue (2.7 [err]ohmcm .
as several pohmto 10 pohmcm thus -being inferior in filmaquality.
5 Now, referring to the draw ngs, preferred

1 use of varicus evalvation methods. The results are

shown in Table 1. _
It has been confirmed from the results that
films of extremely excellent quality can be obtained
5 within the temperaturs range of 200 to 400 *C. '
Exemple 2
Following the same procedure as in Example 1
to set the paremeters as follows:
Total pressure; 1.5 Torr
10 DMAH partial pressure: 5 x 10 % Torr
Substrate temperature {Tsub): 300 °C
and the TiCl4 partial pressure was vériad from 1.6 x

10”7

Torr to 1 x 10”% Torr to effect deposition. The
Ti content (wt.%) of the Al-~Ti films were varied from

15 0.001 % to 4.2 % approximately in proportion to the
TiCl, partial pressure. 4&s to resistivity, carbon
content, average wiring life, deposition speed,
hillock density and spike generation, the same results

as in Example 1 were obtained. However, in samples

having a Ti content of 3.5 % or higher, the surface

20
morpholpgy beécame bad. thereby making the reflectence
65 % or lower. Semples having a Ti content of less
than 3 % exhibited & reflectance of 80 to 90 %, which
was the same as in Example 1.

08 Example 3 .
’ First, the procedure of Al-Ti film formation

hﬁﬁHmﬂ&wnR1immd
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In the present invention, for depositing an Al - Si fil.mof good
quality as the electroconductive 10 deposition filmon a substrate, the
CVD nethod is used. More specifically, by use of dinethyl
al um num hydri de (DVAH): - 54 - [err] 15
Chem cal formul a: or - nononet hyl al um num hydride (MVAH err]):

[err] Chem cal formul a:

1 ig as follows. By the evacuation unit 8, the reaction
tube js evacuated internally to ca. 1 x 11‘.)"8 TOTrY.
Al-Ti film can be formad even if the vacuum degree in
the reaction tube 2 may be hiﬁher then 1 x 10™° Tors.

5 After washing.of the Si wafer, the conveying
chamber 10 is released to atmospheric pressure and the

- Si wafer is mounted in the conveying chamber. The
conveying chamber is evacuated to ca. 1 x 107% Torr,
then the gate valve 13 is opened and the wafer is

10 mounted on the wéfer holder 3.
After mounting of the wafer holder 3, the gate

.valve 13 is evacuated to a vacuum degree in the
reaction chamber 2 of ca. 1 x 10 ° Torr.

_ In this Example, the first gas line is used
;5 for DMAH. As the carrier gas for the DMAH line, Ar is
employed. The second gas line Is used.for H,. The
third gas line is provided for Ti014.
By passing Hz through the second gas line, the
pressure within the reaction tube 2 is made a
20 predetermined value by ocontrolling the opening of the
slowllegk valve 8. A typical pressure in this Example
islmade approximately 1.5 Térr. Then, the wafer is
heated by current passage through the heater 4. After
the wafer temperature has re¢ached a predetermined

25 temperature, DMAH and TiCl4 are introduced into the

ea}hsBamRTimxd
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gas contai'ning at ‘| east one at om whi ch becones the constituent of the
deposited film a gas containing an additive as the starting gas and
H2 as the reaction gas, an Al filmis fornmed by gas phase 25 growth
with a gas m xture of these on a substrate55 _ Furthernore, if
desired, a gas contai ning Si - 24 -

1 reaction tube through the DMAH line and the Ticl4
line. The total pressure is c¢a. 1.5 Torr, snd the
DMAH partial pressure is made ce. 1.6 x 10"4 Torr.

The TiCl, partial pressure is made 1.5 x 10~5 rorr.

5 When TiCl4 end DMAH ere introduced into the reaction
tube 2, Al-Ti is depéeited. After a predetermined
deposition time has ¢lapsad, feeding of DMAH and Ticl4
is stopped. Next, heating of the heatexr 4 is stopped
to coul the wafer. Feeding of H2 gas is stopped, and

10 after svacuation internally of éhe reaction tube, the
wafer is transferrad to the conveying chamber, and
only the conveying chamber is made atmospheric
pressure before taking out the wafer. The outline of
Al-Ti film formation is as described ahove.

15 For deposited films thus formed concerning
resistivity, carbon content, average wiring life.
deposition speed, hillock density, generation of spike
and reflectance, the same results as in Example 1 were
obtained.

26 Example 4 .

_Eollowing the same procedure as in Example 3
to set the parameters as follows:
Total pressure: 1.5 Torr

DMAH partial pressure: 5 x 10”"% Torr

25 Subgtrate temperature (Tsub): 300 *C

Sheet Has Been Reﬂl
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present I nvention, a material having el ectron donative property
may be enpl oyed. 5 The el ectron donative material is described

in " detail bel ow. The el ectron donative material refers to
one - having free el ectrons existing arsgree el ectrons

intentionally formed in the substrate, for exanple, a 10 material having a
surface on which the chem cal reaction is pronoted through

gi ve- and-t ake of

1

15

20

el ectrons with the starting gas nol ecul es attached on
the substrat e IsuréadethddFiGhoapersialcpesssuse y@egveried from 1.5 x

10"7 Torr to 1 = 10-4 Torr to effect deposition. The
Ti content (wt.%) of the Al-Ti films were varied from

0.001 % to 4.2 % approximately in proporticn to the

,TiCl4 partial pressure. As to resistivity, carbon

content, average wiring life, deposition apeed,
hillock density and spike generation, the same results
as in Example 1 were obtained. However, in samples
having a Ti content of 3.5 % or highezr, the surface
morphology became bad, thereby making the reflectance
66 % or lower. -Samples having a Ti content of less
than 3 % exhibited a reflectance of 80 to 80 %, which
was the same &3 in Example 1.
Example S

A silicon substrats was placéd in the low
pressure CVD method shown in Fig. 2, and Al-Ti f£ilm
w#s formed within the same badge. The film formation
conditions were made a reaction tube pressure of 0.3
Torr, a DMAH partial pressure of 3.0 x 10”9 Torr, a

6

TiCl, partial pressure of 0.7 x 10 ° Torr, a substrate

temperature of 300 9c, and a film formatiph time of 10
minutas.

As the result of film formation under such
conditions, an Al-Ti £ilm of 7000 A wes deposited.
The film quality was very good, exhibiting the same .

properties as one prepared at a substrate temperature

This Sheet Has Been Reﬂlaced
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mat eri al . “Those havi ng very thin oxi dized filmon the netal or
sem conduct or surface are also included. For, with such thin film the
chem cal reaction can occur between the substrate and t he attached
starting nol ecules. 20 : Specificglg?,_there may be incl uded
sem conduct ors such as single crystalline silicon, pol ycrystalline
silicon, anorphous_ silicon, etc., bi nary systemor ternary system or
guat ernary system FI11-V conpound seni conductors conpri sing -
conbi nations 3125 of 330 °hghékmasnidyemspleud.l| | el ement and P. As, N as
the group V elenent, or I1-1V conpound sem conducters,

Example 6

The procedure of Example 1 was repeated to
effect deposition with the exception that MMAH2 was

5 used as the starting gas and the parameters were set

as follows:
Total pressure: 1.5 Torr
MMAH, partial pressure: 5§ x 10”4 Torr
'J.'it:l4 partial pressure: 0.7 = 16-5 Torr
10 As a result, Al-Ti thin films were deposited
within the substrate temperature range of 160 °C to
400 *C which contained no carbon impurity and were
excellent in flatness and denseness similarly as in

Example 1.

15 Exaﬁgle 7

‘The procedure of Exanmple 1 was repeated ro
effect deposition with the exception that Ti(CHa)4 was
used in place of T:LCI4 as the starting material
containing Ti and the parameters were set as follows:

Total pressure: 1.5 Toxr

_DMAH partial pressure: & x 1074 Torr

Ti(cHS)4 partial pressure: 1.5 x 10-5 Torr

Ag a result, Al-Ti thin films were deposited
within the substrate temperature range of 160 “C to

400 °C which contained nao carbon impurity and were

excellent in flatness and denseness similerly as in

This Sheet Has Been Replaced
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tantalun1 al um num titanium copper, etc., or sui ci des -of the above
nmetal s such as tungsten silicide, nnlybdenun1suicide, t ant al um
silicide, 5 alumnumsilicide, titaniumsilicide, etc., further
metal s containing either one of the constiguent of the above netal s
such as alum numsilicon, alum num titanium al um num copper, al um num
tantal um al um num silicon copper, alum numsilicon titanium alum num
1 Example 1.
' Example 8 -

-]

e
10
15

—
20
25

Formation of Al-Si-Ti is effected by use of
the device shown in Fig. 1. The reaction tube 2 is
internally evacuated to ca. 1 X 10-'8 Torx by the
evacuation unit 5. However, Al-Si-Ti film can be algo
formed even if the vacuum degree within the reaction
tube 2 may be worse than 1 X 10”% Torr. -

After washing of the Si wafer, the conveying
chamber 10 is released to atmospheric pressure and the
8i wafer is mounted in the conveying chember. The

-6
conveving chamber is evacuated to ca. 1 x 10 Torr,

" then the gate valve 13 is opened and the wafer is

mounted on the wafer holder 3.

After mounting of the wafer on the wafer
holder 3, the gate valve 13 is closed, and the
reaction chamber 2 is evacuated to a vacuum degree of

ca. 1 x 10~8

Torr.

In this Example, DMAH is fed through the first
gas line. BAs the carrier gas of DMAH line, H, is
employe@. The sescond gas line is used faor Hz and the
third gas line for 11014 diluted with Hz. The fourth
gas line is provided for S8i,H.. The third gas line,
the mixer and the reaction tube are previously heated

to 180 *C * 10 *C.

By passing Hi‘through the second gas line, the

This Sheet Has Been Replaced
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such constitution, Al is deposited only through sinple thernal

reaction in the

exanpl e, the thernmal

H err] may be basically considered as - s34allows: [err]
20 DVAH assunes a dinmer structure at roomtenperature. Al 'so, with
MVAH  err], a high quality Al filmcould be formed by thermal .reaction

reaction systemof the starting gas and Herr].

as shown bel ow in Exanpl es.

1

5
S
10
15
N
20
25

pressure within the reaction tube Z i& made a
predetermined value by controlling the opening of the
slow léék valve é. A typical pressure in this Example
is made approximately 1.5 Torr. Then, the wafer is
heated by current passage through the heater 4. Aftex
tha wafer tempefature has reached a predetermined
temperature, DMAH , TiCl, and Sizﬂs'are introduced
into the reaction tube through the DMAH line, the
TiCl4 line and tne-Sizﬂ6 line. The total pressure is
ca. 1.5 Torr, end the DMAH partial preséure is meade
ca. 1.5 x 10”% Torr. The TiCl, partial pressure ia
made 1 x 10 ° Torr end the $iH, partial pressure is
-8

Torr. When s:zﬂs and DMAH are

introduced into the reaction tube 2, Al-Si-Ti is

made 1 x 10

deposited. After a predstermined deposition time has
elapsed, feeding of DMAH, 'ricl4 and Sizne is stopped.
Nekt. ﬁeating aof the heater 4 is stopped to ¢ool the
wafer. Feeding of H2 gas is stopped, and after
evecuation internally of the reaction tube, the wafer
is transferred to the conveying chamber, and ouly the
conveying chamber is made atmospheric before taking
out the wafer. The outline of Al-Si-Ti film formation
is as described above.

Wafers were provided to deposit Al-Si-Ti films
of 5000 A thickness following the above descoribed

procedure under the following conditions.,

This Sheet Has Been Tlaced

(I |||I|| Al

For

reaction in the reaction system 15 between DVAH and

dsss



[ RECEIVED ©@2/20 15:32 199g AT S354B6%

PAGE 55 (PRINTED PAGE &@) ]

For matior- 0 Ale 1808 A8 32 5038, addi t i JWKABE TORYYr2 Ti Ol [err] (or

additionally Si[err]Herr]) is due to the
(or additionally Si[err]H err]) which
surface i s deconposed

t hrough the surface chem cal reaction
additionally Si) into the film
quality (or Al -Si-Ti)

bel ow
p) Total pressure

DMAH partial pressure
TiCl4 partial pressure

Sizﬁs partial prassure

théoeby
Also with MVAH err],
coul d be deposited by-thermal

25 phenonenon that Tid[err]
has reached the substrate

- 26 - 1
I ncorporating Ti (or
Al -Ti of high
reacti on as shown

1.5 Torr
1.5 x 102 Taorr
1 x 10°°% Torr

1'% 10~° Torr

5 The Al-S8i-Ti films thus formed were subjected

to patterning according to conventional

photalithogrephic technique to obtain test samples in

which Al-Si-Ti remained in the widths of 2, 4 and 6 pm.

~ When the temperature (Ts) of substrate for
10 deposition was varied to evaluate the characteristics
‘of the deposited films, substantially the sawme results
as thosae shown in Table 1 were obtained.
Example 9
Followiﬁg the same procedure as in Example 8
15 to set the ﬁarameters as follows:
Total pressure: 1.5 Torr
DMAH partial pressure: 5 x 10°¢ Torr
- $1,H. partial pressure: 1 x 10‘? Torr

Subhstrate temperature (Tsub):

20

300 *C

and the TiCl4 partiel pressgsure was varied from 5§ x

1057 Torr to 1 x 10~4 Torr to effect deposition. The Ti

content (wt.%) of the Al-8i-Ti films were varied from

0.3 % to ¢ %.

As to resistivity, carbon content,

average wiring life, deposition spaed, and hillock

gbtained.
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5 ﬁtn—aagrle'pgzelg‘.’ 16:30  TO3 3211 2038, f or rrat RABE APEYRF2 Si - Cu or Al-Cu by @ses
addition of Si[err]Herr], etc. and an al kyl copper conpound such as
Cu(Clerr]Herr]gerr])[err],-etc. is due to the phenonenon that S

[err]H err] and CQu(Cerr]Herr]dJerr])[err] which have reached the 10
substrate surface are deconposed through é6he-surface chem ca

reaction, whereby Si and.Cu are incorporated into the film Also

with MVMAH2, Al -Cu and Al -Si-Cu of high quality could be deposited by

t hermal reaction as shown bel ow i n Exanples. 15 . Si nce

MVRH] err] has 1l oExgaRd® 39 ssure as 0.01 to 0.1 Torr at room

tenperature, a large amwﬂ;lgaiﬁget%%ds%es&,@5&58%.%?riﬁ'szgﬁﬂﬂl&eB

transported with difficu evupper val ue of the
deposi tion speed o set the perameters as follows:

Total pressure: 1.5 Torr

5 DMAH partial pressure: 5 x 107¢ Torr
TiCl, partisl pressure: 1 x 10~% Torr
Substrate temperature (Tsub): 300 *C

end the SiZH5 partial pressure wes varied from 1.5 x
~ 10~7 Torr to 1 x 10~% Torr to effect deposition. The
10 i coantent {wt.%) of the Al-Si~-Ti films were varied
from 0.005 % to 5§ % epproximately in proportion to the
SiZHE partial pressure. As to resistivity, average
wiring life, deposition speed and hillock density, the
same results as in Bxample 8 were obtained. However,
15 in samples having a Si content of 4 % or higher,
deposition was generated in the films which appeared
to be Si to worsen surface morphology. thereby making

the reflectance 60 ¥ or lower. Samples having & Si

L
content of less than 4 ¥ exhibited a reflectance of 80
20 to 95 ¥, which was the same as in Fxample 6.
Exemple 11
The procedure of Example 6 was repeated tO .
effect deposition Al-8i-Ti under the following
conditions .
25 Total prassure: 1.5 Torr
. DMAH partial pressure: 5 x 1074 Torr
-
This Sheet Has Been
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sevet al=tundr 6di ert] % nBPn3tSBP esent enPMBEMORY0-2and 20 preferably,  @ses

it is nost desirable to use DMAH of which vapor pressure is 1 Torr at
room t enper at ure. . I n anot her enbodi nent of the present
i nvention, the CVD nmethod is used for selective deposition of a good

Al filmas the electroconductive 25 -<ddosition filmon the substrate.
More specifically, as described above, by use
- 27 -

1 Sizl-t6 partial pressure: 1 x 1073 Torr
TiC1, partial pressure: 1 x 107° Torr
As a result, Al-S5i-Ti films were déposited
within the subst;ate temperature range of 160 °C to
5 400 "C which were excellent in migration resistance,
£latness and denseness similarly as in Eample 6.
Example 12
Firgt, the procedure for Al-Ti film formation
b  is as.follows. By use of the device shown in Fig. 1,
10 the reaction tube 2 is internally evacuated to ca. 1 x
1078 Torr by the evacuation unit 9. However., Al-Ti
film can be also formed if the vacuum degree within
the reaction tube 2 may be worse than 1 x 10_8 Torr.
After washing of Si wafer, the conveying
15 chamber 10 is relessed to atmospheric pressure snd Si

wafer is mountad in the cbnve?ing chamber. The

6_ Toxr, and

conveying chamber is evacuated tao ca. 10
then the gate valve 13 is opened and the wafer is
mounted on the wafer holder 3.

After mounting of the wafer on the wafer

20
halder 3, the gate valve 13 is closed, and the
-reaction chamber 2 is evacuated to a vacuum degree of
ca. 1 x 10~% rorr,
In this Example, DMAH is fed through the first
25 gas line. As the carrier gas of DMAH line, Hz is

employed. The second gas line is used for H2 and the.

This Sheet Has Been RTlaced
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ubt:Alim nPaRi3dEt EEAH) or .mOR&HReTORYP-2 al umi num hydri de @s7o

1 of—di n‘e'tgﬁyqz/%t

(MVAH errq), a gas containing Si atons as the starting gas and Herr].
gas, an Al -Si filmis selectively forned on the "

as the reaction
substrate by gas

5 phase growth with a gas mxture of these.

The substrate applicable in the present i nvention has a first

substrate surfac
cont ai ni ng an

e material for fd?%%i?wlof the surface on which A
additive is deposited, and a second substrate surface
10 material on which Al containing an additive is not

as the first subshihahegad i 96€ for TicIt @lldted ded® @ j.al having the
el ectron donative surface i s usel.

By passing Hz through the second gas line, the
pressure within the reaction tube 2 ie made a
predetermined véiue by controlling the opening of the
slow leak valve 8. A typical pressure in this Example
is made approximately 1.5 Torr. Then, the wafer is
heated by current passagé through the heater 4. After
the wafer.temperature has reached a predetermined
temperature, DMAH and TiCl4 are introduced into the
reaction tube through the DMAH line and the TiCl,
line. The total pressure is ca. 1.5 Torr, and the

4

DMAH partial pressure is made ca. 1.5 x 10 = Torr.

When DMAH is introduced.into the reaction tube 2, Al-Ti .

is deposited., The TiCl, partial pressure is made

6 Torr. After a predetermined deposition

1.5 x 10~
time has elapsed, feeding of DMAH and TiCJ.4 is
stopbed. Next, heating of the heater 4 is stopped to
cool the wafer. Feeding of H, gas is stopped, and
after evacuation internally of the reaction tube, the

wafer is transferred to the conveying chamber, and

only the conveying chamber is made atmospheric before

" taking out the wafer. The outline of Al-Ti fiim

5

h g
10
15

‘v'
20
25

formation is as described above.
Next, preparation of samples in this Example
is explained below.

Si substrates (N type, 1 — 2 ohm-cm) were

T .
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In contrasts "4&% HE: 4t o/ B 331,598 i ng { heKABE S0K¥u ace on whi ch Al
containing an additive is not deposited selectively, nanely the
material for formng t he el ectron non-donative surface, conventional
insulating materials, oxidized silicon forned by t hermal oxi dati on,
CVD, etc., glass or oxidized film 20 sucdy as BSG PSG BPSG etc.,
thermally nitrided film silicon nitrided filmby plasma CVD, | ow
pressure CVD,

vi ew show ng

a

ECR- CVD net hod, etc. : Fig. 1 is a schemtic
preferable deposition filmform ng device for applying

25 the present ieukikéte to thermal oxidation &tsa,yteWPeTaIMEe fQF forning

an additive-

10

15

20

1000 ©C according to the hydroéen combustion system
(H,: 4 liters/M, 0,: 2 liters/M).
The film thickness was 7000 & + S00 A. end the
refractive index 1.46. A photoresist was coated on
the whole S5i substrate, and a desired pattern was‘
baked by an exposufe machine. The pattern was such
that various holes of 0.25 um x 0.25 ym - 100 pwm x 100 pm

were opened. - After development of the resist, with .

the photoresist as the mask, the subbing $10, was

etched by the reactive ion etching (RIE), etc. to have
the substrate Si partially exposed. Thus, 130 sheets.
of samples heving various sizes of SiO2 holes of 0.25 pm x
0.25 pm - 100 pm x 100 pm were prepared, the
substrate temperature was set at 13 levels, and for
the samples at the respective temperatures, Al-Ti
films were selectively deposited following the
procedure as described ebove undér the following
conditions:

Total pressure: 1.5 Torr

4 Torr

_DMAH partial pressure: 1.5 x 10

TiCl, partial pressure: 1.5 x 10~°% Torr

The Al-Ti films deposited by varying the
substrate temperature at 13 levels were evaluated by

use of various evaluation methods. The results are

shown in Table 2.
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- 28 - 2840220 o %0hi ngBAP 1Y M35 The subOKABR EYOi2% nounted on a
substrate holder 3 provided internally of the reaction tube 2 for

form ng a space for formation of a deposited filmwhich is
substantially closed to Fig. 5 1. As the material constituting the
reaction tube 2, quartz is preferablgs, -but it nmay be al so made of a
nmetal. In this case, it is preferable to cool the reaction tube. The
substrate holder 3 is nmade of a netal, and is provided with a heater
4 so that the 10 substrate nounted thereon can be heated. @ And, the
1 in the sbove samples, no Al was deposited on
s:‘.O2 at a temperature range from 160 °c to 450 90, and
Al-Ti (0.5 %) was deposited only on the portion with
opening of $i0, to have 81 exposed.” Also, when
5 deposition was carried out in the above temperature
range continuously for 2 hours, similar selective

depositablity was maintained.
Example 13
First, the procedure for Al-Ti film formation
10 is as follows. By use of the device shown in Fig. 1,
the reaction tube 2 is internally evacﬁated to ca. 1 x
10-8 Torr by the evacuation unit 9. However, al1-Ti
£ilm can be also formed if the vacuum degrse within

8 Torr.

the reaction tube 2 may be worse them 1 x 10~
15 After washing of Si wafer, the conveying
chamber 10 is releassed to atmaspheric pressure and Si
wafer is mounted in the -conveying chamber. The
conveying chamber is evacuated to ca. 10~° Torr, and
then the gate valve 13 is opened and'the wafer is
20 mounted on the wafer holder 3.
_After mounting of the ‘wafer on the wafer
holder 3, the gate valve 13 is closed, and the
roaction chambér 2 is evacuated to a vacuum degree of

8

ca. 1 x 10~ Torr.

25 In this Example, DMAH is fed through the first

gas line. &s the carrier gas of DMAH line Hp is

This Sheet Has Been Reﬂ

(AR I

Q572



[ RECEIVED 82/20 15:34% 1996 AT 5354ggh PAGE 61 (PRINTED PABE 66) ]

const i tut i 0n°18° ndtid so BRASAhEWibst r at e FAHHEIREOHA ¢ can be @s73
controlled by controlling the heat generation tenperature of the

heat er 4. : The feeding system of gases is constituted as 15

descri bed bel ow. 51is a gas mxer, in which the first starting
gas, the second starting gas and the reaébi®en gas are m xed, and the
mxture is fed into the reaction tube 2. 6 is a starting gas gasifier
provided for 20 gasification of an organic netal as the first starting

gas. The organic netal to be_used in the present

invention is Bi q@mplavedeonThegreond, oas &ﬁﬂeiiﬁfQﬁ%ﬂufar 2 ond the

third gas line for TiCl,. The cerrier gas is also H,.
By passing-Hz through the second gas line, the

pressure within the reaction tube 2 is made a

5 predeterhined value by controlling the opening of the.
slow leak valve 8. A typical pressure in this Example
is made approximately 1.5 Torr. Then, the wafer is
heated by current passege through the heater 4. After
the wafer temperature hes reached a predetermined

j0 temperature, DMAH and TiCl, diluted with H, are
introducad into the reection guha through the DMAH
line and the TiCl, line. The total pressure is ca.

1.5 Torr, and the DMAH partial pressure is made ca.
4

6

1.5 x 10 * Torr. The TiCl, partial pressure is made

15 1.5 x 107 ° Torr. When DMAH is introduced into the
reaction tube 2, Al-Ti'is deposited. After s
predetermined deposition time has elapsed, feeding of
DMAH is stoﬁped. Next, heating of the heater 4 is
stopped to cool the wafer. Feeding of H2 gas is

stopped, and after evacuation internally of the

20
reaction tube, the wafer is transferred to the
conveying chamber, and only the conveying chamber is
made atmospheric before taking out the wafer. The
outline of Al-Ti film formation is as desoribed above.
25 For deposited films thus formed concerning

resigtivity, carbon content, average wiring life,

[
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the Iiquid of

the organic netal within the gasifier 6, which is in turn introduced
into the m xer 5. - 29 -
The evacuation is constituted as descri bed bel ow. 71is

a gate valve, which is opened when

-p&? form ng evacuation of .a |arge

vol unme such as during 5 evacuation internally of the reaction tube 2

bef ore

10

15

20

25

deposition speed, hillock density, generation of spike
and reflectance, the same results as in Example 12
were cbtained. |
As t0 the selective depositability depending

on the material of the substrate, the same resulis as
those .in Example 12 were obtained.
Example 14

' By means of the low pressure (VD apparatus
shown in Fig. 2, Al films were formed on the

substrates with the constitutions as described below

' (Samples 2-1 - 2~179).

Pregaration of Saﬁgle 2-1

On & monocrystalline silicon as the electron
donetive first substrate surface material, a thermally
oxidized SiO2 film as thé electron non-donative second
substrate surface material was formed, and patterniag
was effected according to the photolithographic steps
as shown in Examp;e 1 to have the monocrystalline
silicon surface partially exposed.

The film thickness of the thermally §xidized
Sicz fi}m was found to be 7000 A, with the size of the
exposed portion of the monocrystalline silicon, nemely
opening being 3 wm x 3 um. Thus, Sample 2-1 was
prépared. (Herminafter, such sample is expressed as
Ythermally oxidized Sioz {(hereinafter abbreviated as

T-Sioz)/monocrystalline silicon)".

/
}hsBmmRTiNWd

T
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used when-perforning evacuation of a - small volune such as in

controlling the pressure

formation of 10 the deposited film 9 is an evacuation unit, which is
constituted of a punp for evacuation suchsps turbo nDIecuIar punp,
etc. The conveyi ng system of °theé substrate 1 is

constituted as descri bed bel ow. 15
chanber which can

deposited fil

constituted of a punp fosSample 2-2 is an oxidized film formed by

10

15

20

25

normal preasure CVD (hereinafier abbreviated as
Siozifmonocrystalline silicon.

Sample 2-3 is 8 boron doped oxidized film
formed by normal pressure CVD (hereinafter ebbrevisted
as BSG)/monocrystalline silicon.

Sample 2~4 is a phosphorus doped oxidized £ilm
formed by normal'prsssure CVD (hereinafter abbreviated
as PSG)/monccrystalline silicon.

Sample 2~5 is a phosphqrus and boron doped
oxidized film formed by normal pressure CVD'
(hereinafter abbreviated as BSPG) /monocrystalline

silicon formed by noxmal pressure GVD.

Sample 2-6 is a nitrided film formed by plasma

CVD (hereinafter sbbreviated as P-SiN)/monocrystalline
silicon.

Sample 2-7 is a thermally nitrided film
{(hereinafter abbraviated as T-SiN)/monocrystalline
silicon.

Sample 2~8 is a nitrided film formed by low
pressure CVD (hereinafter abbreviated as LP-

SiN) /monocrystalline silicon.
Sample 2-9 ié a niirided film formed by ECR

device (hereinafter abbreviated as ECR-~-

SiN) /monocrystalline silicon.

B —

internally of the reaction tube 2 durlng

10 is a substrate conveying
house the substrate before and after formati on of the

' i1 which ispeyaaatsh e 18g bheg - 2-12@lve 11. 12 is an
evacuation unit for evacuargﬁg‘tﬁ' “'ﬂaxwweylng chanber, which is

@is7s
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I s opened only when the substrate 1 is transferred between the
reaction chanber and the “conveyi ng space. As shown in
Fig. 1, in the starting gas 25 gasifier 6 which is the gas formation
chggber for forming the starting gas,6¥he |iquid DMAH nai nt ai ned
1 Further, by combinations of the electron
donative first substrate surface materials and the
electron non-donative second substrate surface
materials, éamples 2-11 — 2-179 shown in Table 3 were
5 prepared. As the first substrate surface material,
monocrystalline silicon (monocrystalline Si),
polycrystalline silicon (polycrystalline §i),
amorphous silicon (amorphous Si), tungsten (W),
~ molybdenum (Mo),'tantalum (Ta), tungsten silicide
10 (WSi), titanium silicide (TiSi), aluminum (Al},
aluminum silicon {(Al-5i), titanium aluminum (A1~Tii,
titanium nitride (TiN), copper (Cu), aluminum silicon
copper (Al-S$i-Cu), eluminum palladium {(Al-P4},
titanium (Ti), molybdenum silicide {Mo-Si), tantalunm
15 .silicide (Ta-Si) were employed. These samples and
A1203 substrates, 3102 glass substrates were placed in
the low pressure CVD device shown in Table 2, and Al-
Ti films were formed within the same badge. The film
forming conditions were a reaction tube pressure of

-5

20 0.3 Torr, a DMAH partial pressure of 3.0 x 10 Tort,

a 'riCJ.4 partial pressure of 1 x 1O~6 Torr, a substrate

temperature of 300 °c and 8 £film formation time of 15
nminutes.

As thae resﬁlt of £ilm formation under such
conditions, concerning all the semples applied with

25
patterning from Sample 2-1 to 2-179, deposition of Al-Ti

" _
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gas) as the carrier gas to form gaseous DVAH, which is transported to

the m xer 5. The Herr] gas as the reaction. gas is transported

t hrough another route 5 into the mxer 5. Simlarly, a gas containing

an additive such as Ti, Cu, etc.,'DﬁF%Ohally t oget her with a

gas containing Si atons are introduced into the m xer 5. The gases

are controlled in flowrates so ' that the respective partial pressures

PO 5, 4% e, o, i lbrppaigie s <

filmby this devi ng gas
MVAH err], but f;rsﬁmﬁﬁﬁémﬂdieasu&EQEepffnﬁLwdaeﬁbaugbomplbeemvEtﬂeTbrr "at
roomtenperature is the nost preferred. Al so, DI\/AH
opening with the depth of ?OOO A. The film quality of
the Al1-Ti film was found to be very good, exhibiting
5§ the same properties as one prepared at a substrate
tenperature of 300 %c shown in Exaqple 12. On the
other hand, on the second substrate surface which is
electron non-donative, no Al-Ti film was deposited at
~ all, whereby complete selecfivity was obtained. On

10 both the Al 0., subatrate and the 8102 glass substrate

3
which are elsctron mon-donative, no Al-Ti film was
deposited at all. |
Example 15

By use of the low pressure CVD device shown in

15 Fig. 2, Al-Ti film was formed on the substrate with
the constitution as described belaw.

On a thexrmally oxidized film ss the electron
non-donative second substrate surface material, a
polycrystalline S1 as the electron donative first

20 substrate surface material was formed, patternling was
effected according to the photolithographic steps as
shown in Example 12 to have the thermally oxidized
film surface partially exposed. The film thickness of
the polyorystalline.silicon at this time was 2000 i,

with the size of the thermally oxidized f£ilm exposed

portion, namely opening being 3 um X 3 pm. Such

This Sheet Has Been Re
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15 ar]'d"‘iVI\/_Ig\Is-l[oezr/% %r"ay“ be ?3%&2f1n5%\35m_xture. OKABE TOKYO-2 As the second 2578
starting gas containing Ti, there can be used Tic[err], Tid]J[err],
TiBr[err], Ti(CHerr])[err], etc. O these conpounds, Tid 4 and

Ti (CH3)4 which can be easily deconp d at the | ow tenperature of 200

- 20 300[err]C are nost preferable. As e second starting gas
containing Si, there can be used Si[err]Herr], SiHerr], Si[err]Herr],
Si(CHerr])[err], SiC[err], SiHerr]OJerr] and SiHerr]d. O these
conpounds, Si 1H whingliecds baltadilyl deEnpomddnatiohe of the |edectawper at ure
of 200 - 300[err]C are nost preferable. 25 The gases such as TiC[err]
(and Si[err] H er mon-dongsivecagcond substrate gugface (raterinisn(T-

transported to the 7 XSkn3s10,, Bs6, Pse, BPSG, P-SiN, T-SIN, LE-SiN,
ECR-SiN) and the electron-donative first substrate

surface materials (polycrystalline Si, amorphous Si,

(5]

Al, W, Mo, Ta, Wsi, Tisi, Tasi, al-si, Al-Ti, TiN, Cu,
Al-8i-Cu, Al-P4Q, Ti, Mo~Si), Samples of 1-1 - 1-16%
shown in Table 4 were prepared. These samples wera
-~ placed in the low CVD davice shown in Fig. 2, and Al-
10 7Ti film was formed within the same batch. The film
forming conditions were a reaction tube pressure of
0.3 Torr, a DMAH partial pressure of 3.0 =x 10"° Tor»,
a TiCl, pertial pressure of 1 x 10"% Torr, a substrate
temperature of 300 °“C and a film forming time of 1§

15 minutes. As the result of film formation wunder such
conditions, in all the samples from 1-1 to 1-169, no
Al-Ti film was deposited at all at the opening having
the electron non-donative second substrate exposed,
but Al-Ti of about 7000 A was deposited only on the
20 .electron donative first substrate, whereby complete

selectivity was obtained. The f£ilm quality of the Al-
Ti film deposited was found ta be very good,
exhibiting the same properties as one prepared at a
substrate températura of 300 *C in Example 12.

25 Example 16

When deposition was carried out according tc
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t he reactlon t ube 2. The deposited filmfornmed at a
substrate tenperature of 160 [err]C to 450 [err]C by use of such 5
starting gas and reaction gas, with a thlzfness of , for exanple, 400
A, has a resistivity at room terrper ure of 3.0 - 6.0 [err]ohmcm

which is substantially equal to bulk resistivity, and is a
continuous and flat film At this-tine, the pressure 10 during film

formation can,be GROSRRMNBLBaLPE &€ NElfovm in Example 12 by use of
MMAH, as the starting gas and setting the conditions
as follows:
Total pressure: 1.5 Torr
5 MMAH2 partial pressure: § x 10'4 Torr
-6

Ticl4 partial pressure: 1.5 x 10 Torr

in the temperature range of the substrate temperature
from 160 °C to 400 °C, an Al-T1i thin film containing
~—r no carbon impurity and having excellent flatness,

10 denseness and selectivity depending on the substrate
surface materials was deposited similarly as in
Example 12.

Example 17_
First, the procedure for AlfSi—Ti £ilm

15 formation is as follows. By use of the device shown
in Fig. 1, the reaction tube 2 is internally evacuated
to ca. 1 x :I.D-8 Torr by the evacuation unit 9.
However, A1-8i-Ti film can be also formed if the
vacuum degree within the reaction tube 2 nay be worse

“8 porr.

sp . than 1 x 10
After washing of Si wafer, the conveying
chamber 10 is released to atmospheric pressure and Si
wafer is mounted in the conveying chamber. The
conveving éhamber is evacuated to ca. 10»6 Torr, and
25 then the gate valve 13 is opened end the wafer is
mounted on the wafer holder 3.

-_
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from_10fert] *80 r 18144760803 1211 A0%, even \HRABE TORFOR: | m t hi ckness may gsso
be, for exanple, 1 [err]m its resistivity |s ca. 3.0 - 8.0 [err]ohm

cm and a sufficiently dense filmcan be forned also with a

relatively thicker 15 film Also, the reflectance in the visible light

wavel ength region is approxinately 80 % Uhereby a thin.filmexcellent

I n surface flatness can be deposi t ed. - The substrate

tenperature is desirably a 20 tenperature which is not |ower than the

deconposi tion, terrper%lérf lag%{ﬂg%sg tt,.{enqag% SR NE158 e Al and :the

starting gas containing aining S I T enpl oyed)
and not hi gher th@ld@é'OS[,e‘Eﬁhcgé‘Eedﬁf.Wé hed 35 cloﬂba)/ehnd)lﬂlépe(?'flca”y

the substrate tenperature of
reaction chamber 2 is evacuated to & vacuum degree of
ca. 1 x 107 Torr. _

5 In this Example, DMAN-is fed through the first
gas line. As the carrier gas of DMAH line, H, is
employed. The second gas line is used for H, and the
third ges line for Ticl4 diluted with H,. The fourth

~ gas lihe is provided for 512H5. The third gas lineg,

10 the mixer and the reaction tube are preheated to
180 “Cc X 10 °C.

By passing Hz through the second gas line, the
pressure within the reaction tube 2 is made &
predetermined value by controlling the opening of the

15 slow leak valve 8. A typical pressure in this Example
is made approximately 1.5 Torr. Then, the wafer is
heated by current passage through the heater 4. After
the wafer temperature has reached a predetermined
temperature, DMAH, TiCl4 and SiZHG are introduced into

gp the reaction tube through the DMAH line, the TiCl,
line and the SiZHG line. The total pressure is ca.
1.5 Torr, and the DMAH partial pressure is made ca.
1.5 x 10" % Torr. The TiCl, partial pressure is made 1

x 10—6

25 10°°% Torr. When Si,H. and DMAH ere introduced into

the reaction tube 2, Al-Si-Ti is deposited. RAfter a

Torr and tha Si HG partial pressure is made 1 x
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25 “4'%‘? efF7% i SO R1UST abl e, arfKABREPRYAehosi ti on i s
carrled out under this condition, by making the

- 32 - 1 DMAH partial pressure 10-4 to 10-3 Torr, the deposi tion
speed becones very great as 100 [err]/nln to 700 [err]/ m n., whereby
sufficient great deposition speed 5% The Al-Ti (or Al-Si-Ti)

deposi tion technique for 5 ultra-LSI can be obtai ned.

3

)\
10
15

s
20
25

predetermined deposition time has elapsed, feeding of
DMAH,_TiCJ.4 and 312H6 is stopped. Next, heating of
the heater 4 is étopped to Gool the wafer. Feeding of
H2 gas is stopped, and after evacuation internally of
the reaction tube, the wafer is transferred to the
coaveying chamber, and only the conveying chamber is
made atmospheric before taking out the wafer. The
cutline of Al~-8i-Ti ¥ilwm formation is es described
ébove.'

Next, preperation of samples in this Exemple
is explained below.

S1 substrates (N type, 1 - 2 onm.cm{ were
subjected to thermal oxidation at a temperature of
1000 °¢ according to the hydrogen combustion system
(HZ: 3 liters/M, 0,: 2 liters/M).

The wafers having an oxide film were provided
to deposit Al-Si-Ti films of 5000 A thickness

following the above described procedure under the

following conditions.

Total pressure 1.5 Toxrr

DMAH partial pressure 1.5 x 10~ Torr
TiC1, partial pressure 1 x 1079 Torr
Si,H, partial pressure 1 x 10°° Torr

Tha Al-Si-Ti films thus formed were subjected
to patterning according to conventional

photolithographic technique to obtain test samples in
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A nore mferafﬂ e Eibst rgte atzé%ﬁ%?sature ORABE;T¥P4% on i s 250 C to 350 @582

[err]C, and the AI-Ti film etc. deposited under this condition is

al so strongly ori entatabl e and, even when subjected to the heat 10
treatment at 450 [err]C for 1 hour, the A -Ti filmon the Si
nonocrystalline or Si polycrystalline SubSt rat e beconmes a good Al -Ti
filmw thout generation of hill ock or spike. Also, such Al-Ti filmis
excel | ent in electro-mgration resistance as conpared to Al 15 film

o the gas cogtal iy £igh+{'S IR in she ARy £odks 16 yn.025)

bisacetylacetonare copper err]Herr]err])[err],
bi sdi pi val oyl met hanat e oppserthe tempevatheer [1§ proff Gubstichker tox

bi shexaf | uor oacet yl acet onat e copper
deposition was varied to evaluate the characteriatics
of the deposited films, substantially the seme results
§ @as those shown in Table 2 were obteained.
Example 18 ' -
By means of the law pressure CVD apparatus
shown in Fig. 2, Al-8i-Ti1 films were formed on the
N substrates with the constitutions as described below.
10 On a monocyystalline silicon as the electron
donative first substrate surface material, & thermally
oxidizad.sioz film as the electron non-donative second
substrate surface material was formed, and patterning
was effected acdording to the photolithographic steps
15 to have the monoc¢rystalline silicon surfece partially
axposed.
The film thickness of the thermally oxidized

$3i0., film was found to be 7000 A, with the size of the

2
exposed portion of the monocrystalline silicon, namely

20 opeaing being 3 um x 3 pm. Thus, a sample was
prepared. (Hereinafter, such'sample is expressed as
“thermally oxidized SiO2 {hereinafter abbreviated as T-
Sioz)/monocrystalline silicon)".

Following the same procedure as described

25 above, ssmples were prepared as follows.

Oxidized film formed by normal pressure CVD

_
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20 Cu'(‘G[esrerﬁ—Iﬁfefl?]'ﬁ er AP 5080 be enpi¥AYRd0KYO Anong t hem @sss
Cu(Cerr]Herr]gerr])[err] having the | east carbon content and

containing no F is the nost pr ef er abl e. However, since

the above material is solid at 25 roomtenperature and is required to be
transported by sublimation, and it~ i’ Mecessary to heat prelimnarily

- 33 - 1 the second starting gas (additive gas) line 23, the

1 (hereinafter abbreviated as Sioz)lmonocryatellina
silicon. |
Phosphorus doped oxidized film formed by
normal pressure CVD (hereinafter abbreviated as
5 PSG}/meonocrystalline silipoﬁ. .
Phosphorus and boron doped oxidized film
formed by normal pressure CVD (hereinafter abbreviated
as BSPG)/monocrystalline silicon formed by normal
S~ pressure CVD.

10 These samples and A1203 substrate, 8102 glass
substrates were placed in the low pressure CVD device
shown in Table 2, and Al1-Si-Ti films were formed
within the‘same bedge. The filwm forming conditions
were a reaction tube pressure of 0.3 Torr, a DMAE

i5 partial pressure of 3.0 x 10'_5 forr, a TiCl4 partial

pressure of 1 x 10”7

Torr, a SizHG partial pressure of
1x 10-6 Torr, a substrate temperature of 300 °C and
film formation time of 10 minutes.

As the result of film formation under such

20 conditions, concerning all-the samples applied with
patterning, deposition of Al-8Si-Ti film occurred only
on the electron donative, 81 substrate surface film
to embed completely the opening with the depth of 7000 A.
The film quality of the Al-Si-Ti film occurred only

25 be very good, exhibiting the same properties as one

prepared at a substrate temperature of 300 9¢c shown in
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i xeT=5 and tha'r éaits on B2l 1935 about 1 8OKABE TpKX0-2 : Al'so, it gses
Is nore effective to flow a carrier gas such as Ar or Herr] through

t he second starting gas 5 line 23. As the gas containing

Si as the third gas, Si[err]Herr],-SiHerr], Si[err]Herr],
Si(CHerr])[err], Sid[err], SWeH]GTd?r SWeH]G cm1m

enpl oyed. Above all, Si2H6 mhlch Is readily - deconposabl e at a | ow

tenperature of 200 to 300[err]Cis 10 the nost desirable. The gases such

as Siferr]Hers] Bképle 12.0i bl edsvbidodthtia Aon thaNsessied Lo the m xer
5 through a line 22 other than the DVAH'line and supplied to

the reaction tubesibstrate surface whfeh i fdlertrohMmdanadosatihs il €
tenperature 15 of 220 [err]C - 450[err]C by use of such starting gas and
Al~-Si~-Ti film was deposited at all, whereby complete
selectivity was cbtained. On both the 41,0, substrate
S and the Sa‘.o2 glass substrate which are electron non-
donative, no Al-Si-Ti film wes deposited at all.
Example 19
Following the same procedure as in Exemple 17
~ to set the parameters as follows:
10 Total pressure: 1.5 Torr
DMAH partial pressures: § X 1()"4 Torr
SiZH6 partial pressure: - 1 x 1073 Torr
Substrate temperature (Tsub): 300 °C
and the TiCl4 partial pressure was varied from § x
15 1077 Torr to I x 104 Torr to effect deposition. The Ti
content (wt.%) of the Al-Si-Ti films were varied from
0.3 % tp 4 %. As to resistivity, carbon coatent,
average wiring life, deposition.speed, and hillock
density, the sawme results as in Example 12 were
20 c¢btained. Similarly as.in Example 13, selactive
depositabi;ity depending on substrate surface material
was also gonfirmed over the entire region.
Example 20
Folléwing the same procedure as in Example 17
25 to set the parameters as follows:

Total pressure: 1.5 Torr
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react i OTF g%asof/szoarfgll‘yszeda};\“é’cﬁlai5r?65to Auger %4BE [TOEXO-Bn spectroscopy  @sss
or photoel ectric spectroscopy, nho entrai nnment of an inpurity such as
carbon or oxygen is recogni zed in this film 20 The

deposited filmthus formed has a resistivity of, for exanple, with a
filmthickness of 400 [err] , 2.7 - 3.0 [err]ohm cm at room

tenperature which is - substantially equal to the bulk resistivity of

A, and becones continuous and flat film Also, even with a 25 film

thi ckness of La[err]m i tpuakeplastaas pidsdid@n 5t gMper&t peeri s

approximately 2.7- 3.0 [err]ohm cm and a -8 ]
T1014 partial pressure: 1x 10 Torr
Substrate temperature (Tsub): 300 °C

and the'Sizﬂs partial pressura was varied from 1.5 x
5 107 Torr to 1 x 10~ Y Torr to effect deposition. The
81 content (wt.%) of the Al-Si-Ti films were varied
from 0.006 ¥ to 5 % approximately in proportion to the
SiZHG partial pressure. As toc resistivity, average
e wiring life, deposition speed and hillock density, the
10 same resulta es in Example 12 were obtained. However,
in samples having a S8i content of 4 ¥ or higher,
-deposition was generated in the films which appeared
to be Si to worsen surface morphology, thereby making
the reflectance 60 % or lower., Samples having a Si
15 content of less than 4 % exhibited a reflectance of 80
| to 95 %, which was the same as in Example 17.
Furthermore, selactive depositability depending on
substrate surface material was confirmed over the
entire region.
20 Example 21
The procedure of Example 17 was repeated to
deposit Al-Si-Ti with the exception that the

parameters were set as follows:

Total pressure: 1.5 Torr
25 DMAH partial pressure: 5 x 10—4 Torr
SiyHg partiael pressure: 1x 10‘"5 Torr
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approxi mately 80
can be deposited.

tenperature which is not |ower than the d

the starting gas
descri bed above,

thicker film The reflectance in the visible - wavel ength region is
% and a thin filmw th excellent surface fl atness
5 The subst gte tenperature is desirably a
onposi tion t enperature of
containing Al and not hi gher than 450[err]C as
but specifically the substrate tenperature of 220 to

450 [err]C 101 i

§

~—
10
15

L
20
25

s nore deiyabeetiandpybesuaposi t idor Le-Bareied

As a result, Al-8i-Ti films were deposited
within the substrate tempeiature raﬁge of 180 °C to 400 *C
which were excellent in migration resistance, flatness,
densenass and selectivity depending on substrate surlace
material similarly as in Example 12.

In the following, description is made about Examples
in which Al-Cu or Al-Si-Cu is deposited by use of Cu in
placae of Ti as the additive.

Example 22

By the evacuation unit 9 of the device shown in Fig.,
1, the reaction tube 2 is internally evacuated to ca. 1 x
10-8 rorr.

However, film deposition of Al-Si-Cu is possible
even when the vacuum degree within the reaction tube 2 maj be
worse than 1. x 10~8 Torr (e.g. 1 x 1077 or 1 x 10-6),

After washing of Si wafer, the conveying
chamber 10 is released to atmospheric pressure and Si
wafer is mounted in the conveying chambex. The

6 Torr,

conveying chember is evacuated to ca. 1 x 10~
and thean the gate valve 13 ism opened sad the wafer is
nmounted on the wafer holder 3.

After mounting of the wafer on the water
holder 3, the gete valve 13 1s closed, and the
reaction chamber 2 is e§acuated t0o a vacuum degree of

ca. 1 x 10" 8 Torr.
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out Thder .this eonti s on S By33HIEAY t he DVAPEABE TOKYR-2 pressure 10[err] @ss7
to 10 [err] Torr, the deposition speed " becones very great as 400 .
[err]/mn. to 1000 [err]/ m'n., whereby sufficient great deposition
speed as the Al-Si-Cu 15 deposition technique for ultra-LSlI can be
obt ai ned. A nore preferable bstrate tenperature
condition is 250 [err]C to 350 [err]C, and the AI-Si-Cu film
deposited under this condition is also strongly 20 orientatable and, even

when subjected to the hegh this EtdfAdTEHMARL 145@eliCthitdudip tte Taust the
Al -Si-Cu filmon the SI nonocrystalline or Si polycrystalline

substrate .qﬁmpuiag,oxhdetﬁéI¢§ﬂrﬁarﬂgaaaogoDMAndliha(nhfidrﬁ
wi t hout generation of hillock or spike. Al so, such
employed. The second gas line is used for H,, the
third ges line for Cu(C.H,0,),, and the fourth ges
S 1line for Sizﬂs. The third gas line, the m?xar and the
reaction tube are preliminarily heated to 180 °C ¥ 10
“C. |
By pasSingﬂﬁz through the second gas line, the
~ pressure within tge reaction tube 2 is made a
10 predetermined value by controlling the opening of the
siow leak valve 8. A typical pressure in this Example
is made approximately 1.5 Torr. Then, the wafer ;s
heated by current passage through the heater 4. After’
the wafer temperature has reached a p:edetermined
15 temperature, DMAH, Cu(05H702)2 and Si H. are
introduced into the reaction tube through the DMAH
line, the Cu(05H702)2 line and the Sizﬂ6 line. The
total pressure 'is ca. 1.5 Torr, and the DMAH partial
pressure is made ca. 1.5 x 10—4 Tofr. The Cu(CsHéoz)z par-
20 tial pressure is made 1 x 10~ Torr,«%ﬁdfthexsgzﬁa partiai
pressura is made 1 x 10_5 Torr. When s:izl-l6 ‘and DMAH
are introduced into the reaotion tube 2, Al-5i-Cu is
deposited. After a predetermined deposition time hes
702)2 and $:12H6 is
25 stopped. Next, heating of the heater 4 is stopped to

elapsed, feeding of DMAH, Cu(czﬂ

cool the wafer. Feeding of Hyp gas is stopped, and
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25 7 - Si ~Cu TP miPet®exc FPIR11 5938 ect r o- ME4PR{TOBY-2  resi stance, and the gsgs
contents of Si and Cu in the film -

35 - 1 can be easily controll ed. In the device shown in
Fig. 1, additive- - containing Al can be deposited on only one sheet of
substrate in deposition for one tine. AEt%bd@h a 5 deposition speed of
ca. 800 [err]/mn. can be obtained, it Is still insufficient for

perform ng deposition of a
1 after evacuation internally of the reaction tube, the

wafer is transferred to the conveying chamber, and
only the conveying chamber is made atmospheric before
taking out the wafer. The outline of Al-$i—Cu film
5 formation is as described above.
Next, preparation of samples in this Example
will be explained below.
Si substrates (N type, 1 ~ 2 ohm-.cm) were
~ subjeoted to thermal oxidation at a temperature of
10 1000 *C according to the hydrogen combustion system

{# 2 liters/M, 02: 2 liters/M).

2°
The wafer with the oxidized film was prepaered,
and an Al-Si-Cu film of 5000 i was deposited by
following the above~mentioned procedure under the
15 following conditions:
Total pressure: 1.5 Torr
DMAH partial pressure: 1.5 x 10 ¢ Torr

G Torr

Cu{CSH..'zoz)z partial pressure: 1 x 10~
Si,Hg partiel pressure: 1 x 107° Torr.

20 By using the conventional photolithographic
technique, patterning was carried out so that the Al-
Si-Cu might remasin in widths of 2, 4 and 6 pm.

The results of evaluation of the films
deposited by changing the temperature of deposition

o5 substrate (Te) and of the cases in which the wiring

width of Al-Si-Cu was varied are shown in Table 5.
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| ar ge- nunber *EF°sHEYs wAHi 3214 SRBrt ti me. ORABE ToRvo-2 ' As the deposi ti on gssgg
filmformng device for I nproving this point, there is the | ow

pressure CVD 10 device which can deposit additive-containing Al by

si mul t aneous nounting of a | arge nunber of,sheets of waf er. Since the

Al filmformation according to the - %%ébnt i nvention utilizes the

surface reaction on the * electron donative substrate surface, in the

hot wall 15 type |ow pressure CVD nethod wherein only the substrate

is heated, Al gan be deposi @ @bobBementionsdlisinplles bithsa ohe DVAH and

H err] and the addition gas. For exanple, by adding DVAH, Herr] and

a Ti starting gastemperawsush rengs Gf[ 820];C cte 401 CAl £iilng| couldrbde
deposited 20 which contains 0.5 - 2.0 % of Ti.
obtained which had very few hillocks and were
exoellsnt in the electro~-migration resistance.
5 Also, the paltterning property of the present
Al-8i-Cu was extremely good.
Example 23
The procedure of Example 22 was repeated by
—~ using the device as shown in Fig. 2 to effect
10 deposition Al-8i-Cu under the following conditions:
‘Total pressure: 1.5 Torr

4

DMAH partial pressure: 5§ x 10 = Torr

81236 partial pressure: 1 x ;0_5 Torr
Cu(csﬁjoz)2 partisl pressure: 1% 10"6 Torr
15 Substrate temperature: 300 °C
As = result, Al-Si-Cu films could be cbtained
which were excellent in migration resistance, flatness
and denseness similarly as in BExample 22.
Example 24
20 Following thé same procedure as in Example 22
to seé the parameters as follows:
Total pressure: 1.5 Torr
DMAH partial pressure:' 5 x 1073 Torr

5 Tory

si,H. partial pressure: 1 x 10
25 Substrate temperature (Tesvb): 300 *C

and the Cu(CgH707)3 partial pressure was varied from 5
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The pressire it hififhe POARAL P ube i s 0.GF4BE ToRYo-2 760 Torr, preferably @seo
0.1 - 0.8 Torr; the substrate tenperature is 160 [err]C - 450 [err]C, -
preferably 220 [err]C - 400 [err]C, the DVAH parti‘al pressure is 1 x
10[err] to 1.3 x -3 25 10[err] -fel@3of the pressure within the
reaction tube; and the TiC[err] partial pressure is 1 x 10[err]- 1 x
10[ err] - 36 - fold of the
pressure within the reaction tube. Under .

1 x 107 Torr to 1 x 10-% Torr to effedt deposition.

The Cu content (wt.%) of the Al-Si-Cu films were
varisd from 0.3 % to 4 ¥ depending on the Cu(C H,0,],
partial pressure. As to resistivity, carbon content,
5 average wiring life, deposition speed, and hillock
density, theo same results as in Exemple 22 were
obtsined. However, the samples having a Cu content of
3 % or higher had high probability that the surface
— moyrphology was slightly worsened.
10 anﬁgle 25
Following the same procedure as in Example 22
to set the parameters as follows:
'To;al pressure: 1.5 Torr
DMAH partiel pressure: 5 x 10+ Torr
15 ' Cu((:sH.ZOz)2 partial pressure: 1x 10—6 Tory
Substrate temperature (Tsub): 300 "C
and the siZH6 partial pressure was varied from 1.5 X
10”7 Torr to 1 x 10™% Torr to effect deposition. The
Si content {wt.%) of the Al-Si-~Cu films were varied
20 from 0.005 % to'5 % depending on the SiZHB pertial
pressure. As to resistivity, average wiring life,
deposition speed, and hillock density, the same
results as in Example 22 were obtained. However, in
samples having a Si content of 4 % or higher,
25 deposition was generated ip the filmg which appeared

to be Si to slightly worsen surface morphology,
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a suth eTtT%ioi {)‘T’/g‘r)\, w\lear ﬂ“dﬁzﬁbs"ﬁofsed on an YARE TPEN9-2 donati ve @591
substrate. For exanple, by adding DMAH, Herr], a Cu starting

5 gas such as Cu(Cerr]Herr]err])[err], etc. and an Si starting gas

such as Si[err]Herr], etc., an Al-Si-Cu 4 | m can be deposited whi ch
contains 0.5 - 2.0 %of Cu and 0.5 -2.0 %of Si. The pressure
within the reaction tube is 0.05 - 760 Torr, preferably 0.1 - 0.8

Torr; the substrate 10 tenperature is 220 [err]C - 450 [err]C, preferably
250 [err]C - 4 t&%yéb%eh%k@hgthﬁeEB&%iéﬁﬁuﬂcalsprsseﬁrInWerJ_>saM@Mésrr] to
1.3 x 10[ err] -fold of the pressure within the reaction tube; _

- t he Cu( ([ erbdsHrer ] Sfiecohiprt réf plaas shapr és¥uexhiited &40 [err]- 5 x

10[ err] -fold of the pressure within th% eactiogn tube; an 15 the
Si[err]Herr] parteiiechense pd P 1,95 fjertich go3 §hq SIg o e
Bxemple 22. ’ _

5 Example 26 |
Following the same procedure as in Example 22
to set the parameters as follows:

Total pressura: 1.5 Torr

— ' . DMAH partial pressure: 5§ x 1074 Torr
10 Cu(csﬂzozjz partial pressure: 1x 10~6 Torr
Substrate temperature: 300 *C

and the deposition was effected without flowing Si,H..
The Cu content in the formed Al=Cu filwm was 0.5%, and
.ev#luation of the electro-nigration resistance was
15 excellant as compared with Example 22.
Example 27
Fo%lowing the same procedure as in Example 22
to set the parameters as follows:
Total pressura: 1.5 Torr
20 DMAH partial pressure: 5 x 107 ° Torr

5

Si H. partial pressure: 1 x 107 Torr

6

cu(c 0,), partial pressure: 1 x 10~ ° Torr

1119
and deposition of Al-Si-Cu was effected.
Within the substrate temperature range of 220
95 °C — 400 °C, Al-Si-Cu films could be obtained which

were axceéllent in the migration resistance. flatness
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fold of the ¥Fesdti'é wi B P2hE% % act i on tIFARE TORYEeR
Al -Si-Cu is deposited on an el ectron

such a
donati ve substrate.

Fig. 2is a schematic illustration showing a 20 deposited filmform ng

device to which such present
Is a substrate for formation of additive-
out si de reaction tube

i nventigg iLs applicable. 57

containing Al film 50 is an

made of quartz for formng a space for formation

of

25 deposited filmsubstantially closed to the

1

10

15

20

25

phosphorus of_io20 cm

and denseness similarly as in Example 22.
Example 28

Following the same procedure as in Example 22
to set the parameteré as follows:

Total pressure: 1.5 Torr

DMAH partial pressure: 5 x 10~% Torr

5

1 x 10 ° Torr

Si2H6 partial pressure:
Cu{C HF0,), partial pressure: 1 x 10”% Torr
and deposition of Al-8i-Cu was efchted.

Within thke substrate temperature range of 220
*C - 400 °*C, Al-8i-Cu filmé could be obtained which
were excellent in the migration resistence, flatness
and denseness similarly as in Example 22.
Example 29

By means of the reduced pressure CVD device
shown in Fig. 2, Al-Si-Cu films were formed in same
manner as in Example 23 on the substrates with the
constitution as described below.

On a monocrystalline silicon surface in which
3 was selectively diffused, a
thermally oxidized Sioz £film was formed, and
patterning was effectéd according to the copventional
photolithographic steps to have the monocrystalline
silicon surface partially exposed.

The £film thickness of the thermally oxidized

5103 film was found to be 7000 A, with the size of the
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- 37 7 . surroundi @03 B39 nner si de lY“t‘s‘«%lé"fm(9n2tube made of

quartz |l ocated for separating the flow of gas within

reaction tube 50, 54 a flange nmade of a nmetal for opening and cl osing

t he outside

of the opening of the 5 outside reactigygp .tube 50, and the substrate 57
S | ocated within the substrate hol ding nenber 56

internally of the innerside reaction tube 51.
menber 56 should be preferably made of quartz.

the heater portion

prepared.

10

provi ded

opening being 0.8 pnm % 0.8 um. Thus, samples were’

These samples were placed in the redused

5 preasure CVD device shown in Teble 2, and Al-Si-Cu

films were formed within the same batoh.

The film

forming conditions wers a reaction tube pressure of

0.3 Torr, & DMAH partial pressure of 3.0 x 10

— a §i,H, pertial pressure Of 1.0 x 10”°

10 qu(csﬁwoz’z partial pressure of 1 x 10

Torr,

-5 Torr,

a

=1 Torr, a

substrate temperature of 300 °C and a film formation

time of 10 minutes.

As the result of the film formation under such

conditions, the contact resistance between the

15 phosphorus diffused region of silicon and the

deposited A1-Si-Cu film was 8 X 1077

2

to 1.2 x 10

~% ohm

cm®. In short, the inside of the via-hole could be

filled up with the deposited Al-Si~Cu, without

e

providing any barrier wetal or the like in the via-

20 hole. and good contact resistance and excellent

resistance in hole could ba obtained.

25
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is constituted sopgggy,

as to be controllable by the evacuati on systenlconnected t hrough the
gas evacuation 15 outlet 53. The gas feeding systemis
constituted to have a first gas system a second gas system a third
gas system and a m xer (none are SHEWT i n Fig. 2) simlarly as

the device shown by the synbols 5 and 6 20 in Fig. 1, and the starting
gases and the reaction gas are introduced into the reaction tube 50

t hrough the ﬁ%ﬁﬁ&ggngogas inlet 52. These gases react on the

surface of the s 7 during passage interna

of the innerside

reaction tube 51 as showRibgti hthe Brocedusrhéqd Bh‘ﬁgrqi{ Fily Lorpapient

additive- contalnlng

as follows. By use of the device shown in Fig. 1,

(41}

the reaction tube 2 is internally evacuated to ca. 1 X
10-8 Torr by the evacutation unit 8. However, Al-Si-Cu

film can be also formed if the vacuum degree within the

reaction tube 2 may be worse than 1 x 10"8

Tarr.

After washing of Si water, the conveying

LU chamber 10 is released to atmospheric pressure and Si

10 wafer is mounted in the conveying chamber.

conveying chamber is evacuated to ca. 1 x 10

The

-6 rorr,

and then the gate valve 13 is opened and the wafer is

mounted on the wafer holder 3._

After mounting of the wafer on the wafer holder

chamber 2 is evacuated to a vacuum degree of ca. 1 x 10

Torr,

= 3, the gate valve 13 is c¢closed, and the reaction

In this Example, DMAH is fed through the first

gas line. As the carrier gas of DMAH line H

2 is employed.

29 The second gas line is used for H,, the third gas line

for Cu(C.H.,0,), and the fourth gas line for Si H.. ‘The

third gas line, the mixer, and the reaction tube were

preliminarily heated to 180 °*C + 10 °C.

By passing H? through the second gas line, the

25 Dressure within the reaction tube 2 is made a

predetermined value by controlling the opening of the

slow leak valve 8. A typical pressure in this Example

Thllsllsl}iiiitlilas li RT
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- 38 - 1 reaction pass through the gap forned between the

i nnerside reaction tube 51 and the outside reaction
evacuat ed t hrough the gas evacuation ~ 88 -outlet 53.

5

tube 50, and
In

taking out and in the substrate, the flange 54 made of a netal is

permitted to fall by an el evator

1 is made apprbiimately 1.5 Torr. Theti; the wafer is

heated by current passage through the heater 4. After

the wafer temperature has reached a predetermined

temperature, DMAH, Cu(C5H702)2 and Si,Hg are introduced

(42

into the reaction tube through the DMAH line, the

Cu(c5H702]2 line and the s;zua.llne. The total pressure

is ca. 1.5 Torr, and the DMAH partial pressure is made

ca. 1.5 x 10™% Torr. The Cu(C4H,0,), partial pressure
~ is made 1 x 10-% Torr, and the Si,H, parrial pressure
5

10 is made 1 x 10~

- Porre. When SiZHG and DMAH are

introduced into the reaction tube 2, Al-Si-Cu is

deposited. After a predetermined depcsition time has

elapsed, feeding of DMAH, Cu[C5H702)2 and Sizu6 is

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

15 cool the wafer. Feeding of H, gas is stopped, and after

evacuation internally of the reaction tuhe,

the wafer is

transterred to the conveying chamber, and only the

conveying chamber is made étmospheric before taking out

the wafer. The outline of Al-$i-Cu film formation is

g0 as described above.

Preparation of a sample in this Examplce will be

explained below.

Si substrates (N type, 1-2 ohmécm) were

subjected to thermal oxidation at a temperature of

26 1000 °C according to the hydrogen combustion system

(Hz: 3 liters/M, .0,z 2 liters/M).

2

The wafter with the oxidized film was prepared,

and Al-Si-Cu film of 5000 A was deposited by Following
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(not .strown) P85t AEA%0i t FOP 1L rate hol FARR TOREARer 56 and the
substrate 57 to be noved to a predeterm ned position where the
substrate i s nounted and detached. 10 By formng a deposited film

under the

additive-containing Al filnms of good quality can be formed in all the

conditions as describgg above by use of such device,

wafers within the device. As descri bed above, the film
obtained 15 according to the additive-containing Al filmformation

process based]onthéecatgsdeodientibned phecedwseninder thgnfedldowings dense with
of inpurity such as carbon, etc. and resistLvity whi ch

little content
is simlar

songtionsend al so has high surface snoot hness, ‘and 20

t herefore renarkabl e effecti as descrlbed q*om/can be

10

&

20

25

pressure : 1

DMAH partial pressure : 1.5 X 1074 rorr
Cu(CSH7 215 part1a1 pressure : 1 x 10 6"1‘o:|r:-:r:-
-3 Torrx.

SizH6 partlal pressure 1 1‘x 10

By using the conventional photolithogragyic
technigue, patterning was effected so that the Al-Si-Cu
might remajin in widths of 2, 4 and 6 pum,

The results of evaluation of the films deposifed
by changing the temperature of deposition substratc (Ts)
and of the cases in which the wiring width of Al-Si-Cu
was varied are shown in Table 6.

Within the temperature range of 220 “C - 400 °C,
films could be obtained which had very few hillocks and
were excellent in the electro-migration resistance.

Also, tha patterning property of the present
Al-Si-Cu was extremely good.

Example 31

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

On a monccrystalline silicon as the electron
donative first substrate.surface material, a thermally_
oxidized 8i0, £film as the electron non-donative second
substrate surface material was formed, and patterning
was effected according to the photolithographic steps

to have the monocrystalline silicon surface partially

is Sheet Has Been Rei
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- - 96802/20 18:50 ©03 32 EAB! . :
obt ai ned. . (1) ReductTton or 101 ock ORABE TOKYO-2Hj | | ock i S occurrence
of concavities on the Al surface due to partial mgration of A when

inner 25 stress during filmformation is released in the heat
treatment step. Also, sinmlar phenomegpn occurs by

- 39 - 1 local mgration by current passage. The additive-
containing Al filmfornmed by the present invention has

1 exposed.

The film thickness of the thermally oxidized

§10. f£ilm was found to be 7000 A, with the size of the

2 .
exposed portion of the monocrystalline silicon, namely

5 opening being 3 ym x 3 um. Thus, a sample was prepared.
(Hereinafter, sﬁch sample is expressed as “thermally
oxidized sio2 (hereinafier abbreviated T-Sioz)/mono~
crystalline silicon*).

~ Similarly, the following samples were prepared:
10 an oxidized film formed by nomal pressure CVD
(hereinafter abbreviated as-SiOzjfmonocrystalline silicon,
s phosphorus doped oxidized film formed by normal
pressure CVD {(hereinafter abbreviated as PSG)/
monocrystalline silicon, and
15 ' a phosphorus and boron doped oxidized film
formed by normal pressure CVD (hereinafter abbreviated
as BSPG)/monocrystalline silicon.
These samples and A1203 substrates, 55.02 glass
substrates were placed in the reduced pressure CVD
20 device shown in Table 2, and Al-Si-Cu films were formed
within the same batch. The film forming conditions were
a reaction tube pressure of 0.3 Torr, a'DMAH partial

S

pressure of 3 x 10 ° Torr, a Cu(C,H,0,), partial

pressurc of 1 x 10~/ Toxr, a SiZH6 partial pressure

95 of 1 x 1078 Torr, a substrate temperature of

300 “C and a film formation time of 10 minutes.
As the result of film formation under such

conditions, concerning all the samples applied wiih

This Sheet Has Been
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it the i nner2éhel&isy g PO P 8%5mat e to {ORABESTORYR-2 of nonocrystal. @598
For fhis TrTeason, in the heat 5 treatnent at 450 [err]C for one hour., as
contrasted to formation of 10[err]- 10[err]/cnferr] of hillocks in

the Al film .of the prior art, the hillock nunber could be greatly
inproved as 0 to 10/cnferr]. Thus, due b substanti al absence of
additive-containing Al surface concavity, 10 the résist filmthickness

and the interlayer insulating filmcan be made thin to be advant ageous

for making it finer .and.nore,flat. rt
addi ti ve- conthi niffg tRrojag.  d5RY é& I#IO?S?HEEEEFPofi%m oceurred onl¥. A .

containing no add{ g, o dSetad ddﬁyﬁwr%&t <0bs@ERES MRl AHAIFIs kESI Stance
El ectro-mgration 1s the phenonenon that the W ring atonms nove by

passage of a CUff%&}doﬁoﬁpﬂetely the opening with the depth of 7000 A.

The film gquality of the Al-Si-Cu film was found to be

5  very good, exhibiting the samé properties as one
prepared at a substrate femperature of 300 °C shown in
Example 30. On the other hand, on the second substrate

surface which is electron non-donative, no Al-Si-Cu film

~ was deposited at all, whereby complete selectivity was
10 obtained. On both the A12 substrate and the 5;02 |
glass substrate which are electron non-donative, no
: | Al-Si-Cu film was deposited at all.
Example 32 -
' Following the same procedure as in Example 30 to
15 set the parameters as follows:
Total pressure: 1.5 Torr
DMAH partial pressure: 5 x 10™% Torr
~ Si,H, partial pressure: 1 x 1077 Torr

Substrate temperatuxe (Tsub): 300 °C
20  and the Cu{CgxH,0,), partial pressure was varied from

-7 Tbrr to 1 x 10 -4

5 x 10 Torr to effect deposition.
The Cu content (wt.%) of the Al-Si-Cu films were varied
from 0.3 & to 4 2 depending on the Cu(C5H702)2 partial
pressure, As to resistivity, carben content, average

25 wiring life, deposition speed, and hillock density, the
same results as in Example 30 were obtained. However,
in samples having a Cu content of 3 % or highex, the

surfacc morphology was worsened. Similarly to Example
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densi ty B R3% 18890 mBR0h SHPWE are genORABECTPREOM grown al ong the
grai n boundary, mhereby as acconpanied 20 wth reduction of the
cross-sectional area, the wiring generates heat to be broken. In the
prior art, the anti -mgration prgperty has been inproved by adding
Cu, Ti,.etc. to Al toforman alloy. However, the all oy formation
results in conplication of the etching 25 step and difficulty of mnute
formati on. M gration resistance is generally eval uated by

This is the repl ageefils He@Rlsition selectivity depending on the
substrate surface material was confirmed over the entire
region,

Example 33
5 Fbllowin§ the same procedure as in Example 30
to set the parameters as follows:
Total pressure: 1.5 Torr

“4 porr

DMAH paftial pressure: 5 x 190
Cu(c5H7dz)2 partial pressure: 1l X 1079 Tors

10 Substrate temperature (Tsub): 300 °C

and the Si H. partial pressure was varied from J1.5 X 10~7

2
Torr to 1 x 10~% Torr to effect deposition. The Si content
(wt.$) of "the Al-Si-Cu films were varied from 0.005 % to

5 % approximately in proportion to the SiZHG partial

15 pressure. As to resistivity, average wiring life,

deposition speed, and hillock density, the same results
as in Example 30 were obtained. However, in samples
~— having a Si content of 4 % or ﬁigher, deposition was
generated in the films which eppeared to be Si to worsen
20 surface morphology, thereby meking the reflectance &5 %
or lower.  Samples having a 8i content of less than 4 %
exhibited a reflectance of 80 to 95 &, which was the
same as in Example 30. Similarly to Example 31, the
selective depositability depending on the substrate
surface material was confirmed over the entire region.
Example 34
Following the same procedure as in Example 30

- to set the parameters as follows:
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- 46 ~—— B 0T20, A8:8he PRI 331 FIY. - OKABE TORYG420 Wi | ng formed by the @eoo
sputtering nethod or the CVD nethod of the prior art has obtained
anaver age wiring life of 1 x 10[err] to 10[err] hours (in the case of
a b5 wring cross-sectional area of 1l [err]nferr] ) under the
current passage test conditions of 2509Perr]C, 1 x 10[err] Alcnerr]

In contrast, the additive-containing Al film obt ai ned by the

additive-containing Al filmformation nmet hod based on the enbodi nent

of the presenf 10 inveRtj:Qh ngggugggajn.an averageiwsrogerlife of 10[err]
4

&

DMAH partial pressure: S x 10" Torr

Cu(CSH".Ioz)2 partial pressure: 1 x 10 = Torrx
Substrate temperature : 300 °C
5 .and the deposition was effacted wifhout flowing Sizns.
The Cu content in the formed Al-Cu film was 0.5 %, and
evaluation of the electro-migration resistance was
excellent as compared with Example 30.
~ | Also, the selective depositability depending on
10 the substrate surface material was confirmed similarly
as in Example 30.
Example 35

Following the same procedure as in Example 30

to set the parameters as follows:

18 Total pressure: 1.5 Torr
DMAH partial pressure: 5 x 10°% porr
Sizr—l6 partial pressure: 1 x 10-5 Torr

- . -6
Cu(Cllﬂlgoz)2 partial pressure: 1 x 10 Torxr

and deposition of Al-Si-Cu was effected.
20 Within the substrate temperature range of 220 °C
- 400 *C, Al-S5i-Cu films could be obtained which were
excellent in the migration resistance, flatness, denseness
and selectivity depending on substrate surface material -

similaxly es in Example 30,

25 EXx le 36
Following the same procedure as in Example 30

to sat the parameters as followss

—_—
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to I0[ e'r‘r‘}“hoozt'jrzos \Jiv?'tsh a ﬁo?isﬁbl it\% ng a cr FEARES TORYP i g area of 1 @eo1
[err]nferr] Hence, according to the present invention, for
exanple, when.the wiring width is 0.8 [err]m a wiring 15 [layer thickness

of 0.3 [err]mcan sufficiently stand _ _practical application. That is,
since the wiring | ayer thickness c¢an be nmade thinner, unevenness on

t he sem conduct or surface after arrangenent of wi ring can be

suppressed mnjnmum and also high reliability in 20 passing ordinary
current can *bg obtai ned.ToedoreReyres s possi bl e By5aTeEFy sinple
process. Furthernore, the additive-containing A_ has_rteproducibility
superior to that of Al - FMAHPRItAALGPRESSMERT ve. 3 x(i? Re i on of

allqy pits in contact Fnggﬂquartial pressures; 1 x 10-5 Torr

6 Torr

Cu(C.HF¢0,), partial pressure: 1 x 10
5 and deposition of Al-Si-Cu was effected.

Within the substrate temperature range of 220 °C
- 400 °C, Al-si-Cu films could be obtained which were
excellent in the migration resistance, flatness,

- denseness, and selectivity similarly as in Example 30.
10 Example 37 '

By means of the reduced pressure CVD device
shown in Fig. 2, ‘Al-Si-Cu £ilms were furmed in the same
manner as in Example 31 on the substrates with the
constitution as described below.

15 In a monocrystalline silicon as the electron
donative first substrate surface material, phosphorus

of 102° em 3

was selectively diffused, and a thermally
-oxidized‘5102 £ilm as the electron non-donative second
substrate surface material was formed thereon, and

op Patterning was effected according to the conventional
pﬁotolithogr&phic steps to have the monocrystalline
silicon surface partially exposed.

The £ilm thickness of the thermally oxidized

SiO2 film was found to be 7000 i, with the size of the

95 exposed portion of the monocrystalline silicon, namely
opening being 0.8 ym x 0.8 yum. Thus, samples were

prepared.
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25 .“ ozéfot A& Heat AP i n t he VITRAPE, JORH0eS, | eutectic
reacti on between Al in the wiring materi al : :

- 41 - | and Si in the substrate nmay occur to result in

penetration of Al-Si eutectic called jﬁbgﬂj oy pit into t he substrate
I n spi ke pattern, thereby destroying 7 7 shal | ow j uncti on. 5

As counterneasure, it is general to enploy a mat eri al other than pure

Al

when t he dept
1

10

15

20

25

h of junction -
These samples were placed in the reduced

pressure CVD device shown in Table 2, and Al-Si-Cu-films
were Formed within the ssme batch, The film forming
conditions were a reaction tube pressure of 0.3 Torr, a

DMAH partial pressure of 3 x 1073

6

Torr, & SiZHG partial
pressure of 1 x 10 ° Torr, a Cu(C5H702)2 partial
pressure of 1 x 10677 Torr, a substrate temperature of
300 °C and a film formation iime of 10 minutes.

As the result of film formation under such
conditions, concerning all the samples applied with
patterning, deposition of Al-Si-Cu film occurred only on
the electron donétive silicon substrate surface to embed
complatel&_the opening with the depth of 7000 i. The
film gualily of the Al-Si-Cu f£ilm was found to be very
good, exhibiting the same properties as one prepared at
a substrate temperature of 300 °C shown in Example 30.
On the other hand, on the oxidized film surface which is
clectron non-Qonative, no Al-Si-Cu film was depcéited at
all, whereby complete selectivity was obtained.

Further, the contect resistance between the
phosphorus-diffused region of silicon and the deposited

7 6 ohm-cmz.' The

Al-Si-Cu film was 8 x 10 ' to 1.2 x 10~
inside of the via-hole could be filled up with the
Al-$i-Cu deposited, without providing any barrier metal
or the like in the inside of the via-hole, and good
cantact resistance and cxcellent resistance within the

hole could be obtained.
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is 0. 3-eft P43 Wit afded 82Wnf%8y barri ePRABE{TRKYO-2 techni que of Ti, WR603
Mo type. However, there remain sone points to be 10 inproved
such as conplication of etching, rise of contact resistivity and the

like. In additive-

‘i nventi on,

crystal

wiring with good

[err]m

generation of alloy pits in contact portion

cont ai ni ng Al dfgor-med according to the present

with substrate

due to heat treatnent in the 15 wring step can be inhibited and

20

10

15

20

25

uti

2482 ¥891 ng

SHDO
of a semiconductor device will be explained.

As an example fbr forming source-~drain
electrodes of gate insulation type transistor, electrode
formation within the conéact hoie on the source-drain
was carried out by use of the film formation method
according to the present invention. This is described
by referring to Figs. 4A - 4E.

First, on a p-type silicon wafer 501, by use of
conventional selective oxidation method, etc. a thick
field oxidized film and a thin thermally oxidized film’
502 were formed on the wafer 501 (Fig. 4A).

Next, with the use of SiH, gas as the starting

4
gas, a polycrystalline silicon layer was formed by the
thermal CVD method, a polycrystalline silicon gate
electrode 504 was formed, and also with the thick field
oxidized film and the gate electrode 504 as the mask,
phosphorus was ion injected self-matchingly to form an
impurity diffused region 505 of 1 x 10”5 cm™? (rig. 48).
Next, an oxidized silicon f£ilm 508 was forwed by
us¢ of the thermal CVvD method (Fig. 4C).
By use of the Jithographic method, a contact
hole 509 with a size of 0.5 pm x 0.5 pm was formed
{Fig. 4D).

By transferring the substrate thus obtained to

the device shown in Fig. 1, Al film was formed.

contact can al so be obtained. |ln_other words, wring
can be effected only wi tNe¥dn AR- 8PPHa¢atieh QMQWﬁiﬂ 12

j unction even when the junction is.farnmed. | epth 0.1
| () SFRR B AR ensopRfr REVE, o FoalelohrBE e foe AR
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charact er ot res) iE8Y emeBP? F14,F0%8ng) ORKABE TOKYO42y t he prior art, @eod
roughness of the surface of a netal thin filmhad i nconveni ence in the
al i gnnent step for the mask and the substrate in the patterning 25
step and in the etching step. - 97 _That is, there is unevenness
extending to - 42 - 1 several pm
on the surface of Al filmaccording to the prior art nethod, whereby
t he surface norphology is '
1 At this time, the substrate temperature was

made 270 °C, and DMAH was employed as the starting gas,
H, as the carrier gas, and ’riC14 as the additive gas
to carry out formation of Al film.

5 After completion of formation of Al film, the
transistor was taken out from the f£ilm forming device
and observed. As the result, it was found.that Al £ilm
510 was deposited only on the 8i 505 wherein phosphorus

~ was diffused in the conlact hole 509, and not deposited

10 ~on the oxidized film 508 (Fig. 4E). Further, the
surface of the Al £ilm 510 was very flat. When the
cﬁaracteristics of the transistor obtained were examined,
extremely good characteristics were exhibited.

Separately, according to the same steps, the
15 substrate was made N type, and the impurity was changed

from phosphorus to boron to prepare P channel MOS.

Comparative experiment

_ An Al £ilm was formed on @ monacrystalline
silicon undexr the following_conditipps{_“_ “
20 ' By passing Ar in place of H,, Al was denosited
by pyrolysis of DMAH. The total pressure at this time
was mada 1.5 Torr, the DMAH partiasl pressure 1.5 x 10" % Torr,
and the substrate temperaturc of 270 -350 “C.
When the Al £ilm thus formed was avaluated.
25 about 2 % of c;rbon was foﬁnd to be contained at the
minimum.l
Resistivity beceme greater by 2-fold or more

than the case when hydrogen was employed.
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poor, -and 4 herefore h?atd 1Re> F3H &g di sad PBHRETAEED-2 ' 1)
Ali gnnent signals cause diffused reflection 5 to occur at the surface,
wher eby noi se | evel becones hi gher and i nherent alignnment signals
cannot be di scri m nat ed. " _. g8 - 2) For covering large surface
unevenness, the resist filmthickness nust be taken large, which is
10 opposite to fine formation. 3) If the surface norphol ogy
i s poor, hal ation " due to the resist internal reflection will occur

| ocal |y, whereby resist g£nii Hefleetonta, it was loweredi)tod ebboe 248face
nor phol ogy is poor, the side 15 wall becones notched in the wiring
etching step to 1/9 rglative the case when hydrogen was employed.
* - -8imilarly, wiring 1life was sharter by 1 tu 2
cipher, generation probability of hillock became
5 gieater 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 anly by
10 decomposition of DMAH without use of H, is inferior in
£film quality, and was unsatisfactory as the 31 film
for a semiconductor device.
Separately, without use of Hz' OMAH was
decompoused by the optical CVD method to deposit Al. °
15 As the result, some Smprovement such &s no containment
of carbou, and the like,was observed from as the Al
film prepared as compared with the case when no iight
~r was employed, but_orhef characterisﬁics were not
improved so much, and the Al film was still

20 ynsatisfsctory ss the Al film for a semiconductor

device.

As described above, the mechanism of Al
depoéition according to the present invention may be
_ presently hypothesized as follows.
25 When DMAH.reaches the electron donative
‘substrate, namely the substrate bhaving electrons under

the state on which hydrogen atoms are attached (Fig.
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accordi ng’t 02 1% 168 en By 3211 5038 REABE TE¥Qr2t 0 t he present Qeos
I nvention, the surface norphol ogy of additive-containing Al filmto

be forned is markedly inproved to cancell all the 20 drawbacks descri bed
above. I'n other words, iggthe patterning step, at the

line width of the resolving power limt of the exposure nmachi ne, the

al i gnnent precision 3 =0.15 pm can be acconpli shed, mhereby W ring

havi ng snmooth side 25 plane is rendered possible wi thout causing halation

to occur 3 Fustzemwimie thehfetHdl t fveupo i avteg Abwhnd the

substrate side, one electron of the substrate cuts one
bond of Al and a methyl group (Figs. 58 and 5C).
The reaction scheme at this time is as
5 follows:

(CH,},AlH + 2H + 2e —» 2CH41‘ + Al-H

al2
Further, similar reactions will 'proceed for

the hydrogen atoms remaining on deposited Al having

S free electrons (Fig. 5D). Here, when hydrogen atons
10 are deficient, hydrogen molecqles constituting the

reaction gas are decomposed on the substrate to supply

-hydrogen stoms. On the other hand, siunce there is no
@lectron eon the electron non—donative surface, the "
above—mentioned reaction will not proceed and no Al

15 deposited. -

Figs. 5A - 5D are .illustration.s for bettex
understanding of the reacion mechanism, end the
nuttbers of H, ¢ end Al shown in Figs. 5A - 5D a.re not
necessarily coincident. .

20 In the case of Al-Ti, Al-si-Ti, Al-Cu, and
7Al-5i-Cu £films, Ti, Cu and Si atoms are incorporated
into Al during the process of the reaction as

descxribed above.

As described above, accoxrding to the present
25 invention, a low resistivity, dense and flat additive-
containing A1 film could be deposited on a substrate.

Also, depending on the kind of the substrate,

—_—
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-4z~ PR i o £HsEEri or to PRAEE BEYR2. Si cont ai ni ng nod 607
addi tive. (5) I nprovement of resistance in contact hole and

t hrough hole and of contact resistance 5 In the prior art

met hod, if the size of the cont hol e becones finer as 1 [errfmx 1
[err]mor less, Si in the wiring 1's precipitated on the substrate of

t he contact hole during heat treatnent in the wiring step to

cover thereover, whereby resistance between the 10 wring and the el enent
becomes narkedly LagP€{ve-containing Al can be formed with excellent

selectivity.
As explained in the foregoing, according to the
present invention, low resistance, dense and flat Al
5 films containing an additive such as Al-Ti, Al-Si-Ti,
Al-si-Cu and Al-Cu £ilms can be deposited on a substrate.
Also, if necessary, good selective deposition can be

carried out.
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Accor di ng®% 8242Re fi¥sen®BInA3At308%, since 9FABE TORYOgdnse filmis formned @eos

according to the surface reaction, A -Ti has been confirned to have a
resistivity of 3.0 - 6.0 [errJlohmcm Also, the contact 15 resistivity
can attain 1 x 10 [err]ohnferr]cnferr] ;g4 an area of ‘0.6 [err]mx 0.6
[err]mwhen the Si portion has an inpurity of 10[err] cnferr]
According to the present invention, since a dense filmis fornmed by
the surface reaction, it has 20 been confirned that the A -Si-Cu
conpletely fiiled wi thin §hegcopt gctahol enand §hgoygh, hol e jeach has a
resistivity of 2.7 - 3.3 [er]@ r{r]cm Al{so,{ t he q:oﬁtact 1r¢Fsistivity
can attain 1 x 10[err] ohnier&] 98 ¢r ] tipl the fcase 'g‘ wherle thetSi
portion has an inpurity of 3Ofertg r@ ™ 3‘ T )
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25 hol o'¥f 0428 [8i% m BY. YU SP] m ORABE TOKY0-3at s, according to t e
present “i nventi on,

- 44 - 1 the
wiring material can be conpletely enbedded only in '

the m nute
openi ng, and al so good contact with tR substrate can be obtai ned.
Therefore, the present i nventi o %an contribute greatly to
| mprovenent of 5 resistance within hole and contact resistance which
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have, beetf8t9%42Yr &8st BOBRENEISn the fi PEARE SEFLR? of 1 [err]mor. @s1o0
| ess. Figs. 3A - 3E show how the additive-containing Al
filmaccording to the present invention is 10 selectively grown,
Fig. 3Ais an illustration showing _ jg3¢chematically the cross-section of
t he substrate before formation of the additive-containing A
deposited filmaccording to the presenf invention. .90 A5 isathe substrate
conprising an el ectron donatipgs mage):l aly, and a tthy n fijllm conpri si ng
an electron non- donat i V| ¥t b al 3 ) I [ he ¢gse of using
DVMAH and a gas containing %|§&n| &4dd gl /¢ ds thq dartilng gaggs optional ly
t oget her ® i 1 T
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20 wifhe®oy28 d8itai n@ Blfs, when FAFRIRI%Eure

as the reaction gas is fed.onto the
tenperature not | ower than the

contai ning H2 @1l

substrate 1 heated to a

deconposition tenperatuces of DVAH and -
t he gas containing an additive aﬁq}[ not higher than 450 [err]C, 25
addi ti ve~containing Al is deposited or he substrate 90, whereby a
continuous filmof additive-containing
- 45 - 1 Al is forned as shown in Fig. 3B.
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For axanple, ~when A gas AP¥eEHe’¥8nt ai ni ng %KABE TORBARH as the starting gase, @612

TiC[err] as the addition gas . and H2 as the reaction gas is fed onto
the substrate 1 5 heated to a tenperature not |ower than the
deconposi tion tenperatures of DVAH and il'&é:l_[err] and not hi gher than
450 [err]C, Al -Ti 1s deposited on the substrate 90, whereby a
continuous filmof A-Ti is - formed as shown in Fig. 3B. Here, the
pressure within 10 the reaction tube 2 should be desirably 10[err] to 760
Torr, and thej;DVAH partial pressure preferably 1.5 x 10 [err] to 1.3
x 10 [err]-fold of the prgssur iy The OVe| reqctijon tube.
Wien deposition of Al -Ti |se—coptifpuad snfles | v | «@ | =~ | &0 | =
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2/20 . 18:55 L.
t he 'a'bov.e—condl Vi 3885 i BOPAL 0% of Fi g ORARE TeRYE-3 - Ti film grows@eis
to the level of the upper nost portion of the thin film91 as shown in
Fig. 3D. Further, when grown under the same conditions, as shown in
Fig. 3E, the Al-Ti filmcan grow 482000 [err] or nore 20
substantially without growh in the lateral direction. . This is the
nost characteristic point of the deposited filmobtained by the
present invention, and it fWTI—pe Lot of Daw af £, qf good
o~
uality can bd forned urdef COES gki Y2515 151 As the
result of analysis accordihgsof Auges'ky, | Lol g rggH SPed! 1Qidopy or
phot oel ectri c spectroscopy g
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— 38 02/20 18:58 3 3211 5035
- 46 - =1 o ent r ai nent 3t A% mpuri ty EHRETY¥OZ bon or oxygen @814
I's recognized in this film The deposited filmthus forned
has a resistivity of, for exanple, with a filmthickness of 5 400
[err], 3.0 - 6.0 [err]Johnferr]cm at rqogpykepperature which is
substantially equal to the bulk resistivity of A, and becones
continuous and flat film Also, even with a - filmthickness of 1
[err]m its resistance at room tenperature i s approximtely 3.0 - 8.0
[err]ohnferr]dmand a 10 sufficijent}y densp fillmj}s orriled Wtr a
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8 02
thi cker fidom>Rhe P oc BRI Fo%%e visi bl ABE TOKYRayel ength region is @615
approximately 80 % and a thin filmw th excellent surface fl atness
can be deposited. The subqtogate tenperature in performng
such sel ective deposition should be desirably not | ower t han t he
deconposition tenperatures of the starting gas_containing Al and the
starting gas containing Ti — pnd inQt} ks dhgr] ENfs 450 Ceitd 88Nt i Oned
above, but . specifically Q‘*sEbst ret Bt ermer Bt bty (ol RRO TR B50 C 20 is
desirabl e, andi when deposit i b pdriof fed .!l ar| L | Lspdhichngiti ong the
deposition speed is sufficifntly gleatf asf 10D [drr]{niQd. tp 700 #=
[err]/min. when DVAH parti af oo pre‘gsu;,_? TS L1 [ o 10 prr] T&rr.
Thus a sufficiently &g T 3;3 $ '? ? ? ? $ &
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great _dépbapiAtortssteed 'Q%’n’%ié 3B ai ned as®ARE TRFYOrZ

25 deposition We1o
technique for ultra-LSl. - 10@ nore preferable substrate
t enperature - - 47 - 1 condition
is 250 [err]Cto 350 [err]C, and the AI-Ti film deposited under this
condition is also strongly orientatable. and, eve en subjected to
t he heat treat ment agt—45o—fieT 0 hour, fth -Ti filmon the
5 Si nonocrystalline or $ pplydryqtalline suQ§traLe
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becormes_"48 i34z AME:FT £ i BRY BB gener at OBMPEGTORYO-2 i || ock and spike. @817
Al 50, ‘such Al-Ti filmis excellent

> in electro-magration resistanceas
as conpared with Al film Al so, when a gas m xture
cont ai ni ng DVAH optionally tog ﬂfr with Si[ferr]H err] as the
starting gase, Cu(C[err]H[err‘IO% r])[err] as the addition gas and H2
as the reaction

gas is fed onto the substrate 1 heated within a
tenperature range fromthe deconposition tenperature 15 of DVAH to 450

[err]C, Al-Si-Cu is deposited on the substrate 90, whereby a
continuousifilmof Al -Si-Cu

is formed as shown in Fig. 3B. Here, the
pressure w thin the re‘;actgon tube 2 shoul d be desirably 10[err] to
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760_Torr'98 #36R% his: BAH B SeHY SPessure pPBARETEYY21. 5 20
1.3 x 10 [err]-fold of the pressure wighkn the
The Cu(Clerr]H err]O[err])[err] partial pressure
-5

-4 shoul d preferably be x 10[err]
t he pressure wthin '

2618
x 10[err] to 4
above reaction tube.

to 5 x 10[err]-fold of

and tjhefSiferr]Herr]
partial pressure should 10 [errf] tjo § x 25 10 [err]-fold
of the pressure withint e When deposition
of Al-Si-Cu is continued X - 48 -
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t he _abals BH30i ABhds, @03 M2 WPhte of Fi FABRIKYRD Al -Si-Cu film
grows to the | evel of t he -upper nost portion of the thin film91l as

shown in Fig. 3D. Further, when grown under the sane conditions, as
shown in Fig. 5 3E, the Al-Si-Cu.fjigncan grow to 5000 [err]

substantial ly wi thout growth in the lateral direction. This is the
nost characteristic point of the deposited film obt ai ned by the
present invention, and it will be

under st ood how a film of good
quality can be for med 10 under good selectivity. As the

result of #&nalysis according te Auger's el ectron spectrostopy or
phot oel ectric spectroscopy, « @

no entrai nment of an |rrpur|ty such as
carbon or oxygen is r&oinlzedlnthlsfllm
§ @’
- o .
e ©
23
s 4.
= 2
o P
c(ﬂ
U %%
g 3
v I
a
n
& 32
L — .
2 =
o
10
¢ 89
a
=) E » o
Q ¥4 MO
3 o ™
f ot 0 w
~ - g W
- P o
8 & Y«
T O o ¢ E
~ o~ o
o o g i
15 ) 5 ‘:; o
— | ¥ [4) L ¢)
& T w0 ow
& a u %
> 8 ®
4 ©
9 9 «
~ z % &
< &
Q. &
v O
wa o
20 -~ 1]
Q
. &
o
r A
25

as Been RTlaced

Hlllll\ T



TRMRIYED KUL/ed 1a.51 19868
'98 02/20_ 16:58 AT 5353559 PAEE 188 (PRINTED PAGE 113)

15 ) “The deposited Plslan RO fornmed PEABEATORYO-2 esf'st ivity of, for
example, with a filmthickness of 400 [err], 2.7 - 3.0 [err]ohn{err]cn1
at roomtenperature which is substantial ly equal t he bul k
resistivity of A, and becomes continuous and flat film Al so, even—
with a 20 filmthickness of 1 [err]m its resistance afnmnmaaﬁaf;

tenperature is approximately 2.7 - 3.0_[gyg]ohnfer]cm and ’!ﬂul,
sufficiently dense filmis formed with a relatively ’”I!m he
refl ectance in the visible wavel ength region is apprOX|

and a thin 25 fil aueI@MSiexcellent surface flatness can be dep05|ted

The substrate tenperature in perform ng such

1. A process for forming' a deposited f£ilm
comprising the steps of: |
5 (a) providing a substrate having an electron
donative surface in a space for formation of the
deposited £ilm;
(b) dintroducing a gas of an alkyl aluminum

e hydride, a gas containing titanium and/or copper é%oms
10 and hydrogen gas into eéid space for formation of
deposited film; and
(¢) maintaining the temperature of said electron
donative surface within the xange of from the
decomposition temperature of .said alkyl aluminum
15 hydriée to 450°c_to form an aluminum film optionally
containing titanium and/ox copps# on said electron
donative surface. |
L»)
2. A process for preparing a semico;ductor
20 device comprising the steps of: |
forming an insulating £film on a semiconductor
subgtrate; _ . |
forming on said insulating f£film an opening
through which +the surface of said semiconductor

25 substrate is exposed: and

O
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- 49 -_'96 03/200|18:38 o BBt 193R shoul d BEPESYFY%SAI y the -

deconposi tion tenperatule of the starting gas
and 450 [err] C or

substrate

5 tenperature of 220 to 450 [err]C is desir

partial pressure is 10[err] to 1G[e1r “Torr. Thus a sufficiently.
great deposition speed 10 can be obtained as the Al -Si-Cu deposition

t echni que

14

15

20

25

applying chemical vapor deposition method by
use of an alkyl aluminum hydride, a gas containing
titanium and/or oopper afnms and hydrogen to form an

aluminum fiim optionally containing titanium and/ox

- gopper selectively in said opening.

3. The process accoxrding to claim 1 ox 2,
wherein said alkyl aluminum hydride has a methyl

group.

4. The process according to claim 3, wherein
sald alkyl aluminum hydride is dimethyl aluminum

hydride.

5. The process according to claim 1 or 2,
wherein said alkyl aluminum hydride is monomethyl

aluminum hydride.
*
6. The process according to any preceding claim,
wherein said gas containing +titanium comprizes

TiCl4.

7. The process according to any preceding claim,

H

wherein step (b) additionally comprises introducing a .

gas containing silicon atoms,

* c L M 1] *

@s21

comtaining Al or hi gher

| ower as nmentioned above, but e fle];tll-fag LY. Rvlaced
deposition is performed under such condition, the aﬁmu”“ ﬂ'%d is
sufficiently great as 400 [err]/ m n. o0 1000 [err] !
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condition is 250 [err]C to 350 [err]C, and the AI-Si-CGu—fHilm __ deposited

under this condition is also strongly 15 orientatable and, even when

filmon the S

subj ected to the heat treatment at 450 [err]C for R"SWEHNMB?I

an oxide filmbeconmes a good Al -Si-Cu fil

hill ock and spi ke.

el ectro-m gration resistance and the contents of Si and Cu of the film

can easily be
heat treat nent

5
4

10

15
&

20

25

nmonocrystal line or SH&Solycrystallln
W t hout
Al so, such Al-Si-Cu 20 filmis excellent in

cont r8l | ethe process accOrdingitp|amgspmhgaﬁ¢nga¢ba£me

tenperature during wiring step lower or to onit the
whersin step (a) comprigses providing a substrate
having an electron donative surface (A) and an
electron non-donative surface {(B) in a space for

formation of the deposited £ilm,

9. The process according to any preceding claim,
wherein said electron donative surface comprises a

silicide.

10. The process according to c¢laim 9, whoerein
said electron donative surface comprises singla
monocrystalline silicon, polycrystalline silicon or

amorphous silicon.

11, The process according to any preceding
claim, wherein said electron donative - surface

comprisea a semiconductor.

12, The pracess according to claim 11, wherein

salid electron donative surface comprises a IIXI-V
compound semiconductor contalning an element belonging
to +the group IIX of the periodid table and an element

belonging to the group V of thea periodic table.

13. The process accoxding to claim 11, wherein

* c L L} s * ’

Q622

or
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applying the — —— —+———— - 50 - 1 present
i nvention to the wiring fornati.on nmethod of a sem conduct or
y
E?i rrp

integrated cir
hole, the yield

pr onot ed
prior art.

5

10

15

20

i T

rfﬂ roved, anditéducti on of cost can be
as conpared with netallic wirirng of

i

said eolectron donative surface comprises a II-VI
compound semiconductox containing.an olement belonging
o ‘the group II of the periodic table and an element

belonging to tha group VI of the perlodic table.

14. The process according to any preceding
claim, wherein said alectron donative surface

comprises a metal.

15. The ﬁrocess accoxrding to claim 14, wherein
said electron donative surf#ce comprises a metsal
containing at lesst one element =elected from
tungsten, molybdenum, tantalum, aluminum, titanium and

copper.

16. The process according to claim 8, wherein -

said electron non-donative surface (B) comprises an

insulating materxial.

17.. A deposition process which comprises
applying an organic aluminum hydride, copper and/or
titanium atoms, and hydrogen to an electron donative
suxface under conditions to cause decomposition of the

aluminum compound.

* € L M 5§ %

enbeddi ng of contact hole or through

t he
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ABSTRACT

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

O

A process for formibg hn additive~conteining
Al film of good guality accbrdlxng to the CVD method
utilizing en alkyl aluminum:hybride, a gas containing
5 an additive end hydrogen, wLic? ig an excellent '
depositéd £film formation prLcer also capeble of

selective deposition of add%itifve—conta_ining Al.
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tube 2° |s internally evacuated to ca. 1 x . 5 10 -Torr by the evacuation
unit 9. * However, Al-Ti filmcan be also fornmed if the vacuum degree
wi thin the reaction tube 2 may be worse than 1 x 10[err] Torr.
After washing of Si wafer, the conveying chanber 10 is released to
at nospheric pressure and Si 10 wafer

I's nounted in the conveyi ng chanber
The conveyi ng chanber is evacuated to ca. 10[err] Torr, and
then the gate valve 13 is opened and the wafer is nmount ed on the
waf er hol der 3. After

nmounting of the wafer on the wafer 15
hol der 3, the gate valve 13 is closed, and the reaction chanber 2 is

evacuated to a vacuum degree of
FiG. 2
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ca._ 1 x'90Paf20] Rt . T3 3211 5035 |  hPRABERER-4, DVAH is fed through

thes fifst gas line. - As the carrier gas of DMAH line, H2 is 20

enpl oyed. The second gas line is used for Herr] and the third gas .
line for TiC[err]. The carrier gas is also Herr]. By passing
H2 t hrough the second gas |ine, the pressure within the reaction tube
2 is made a predeterm ned val ue by controlling the opening of the 25
slow | eak valve 8. A typical pressure in this Exanple i s made

approximately 1.5 Torr. Then, the wafer is

| j FIG 3A | — _*1%1

+9o

. . - | 91
. FIG. 3B i X, 5

ot

~--90

FIG. 3C 5__z%22*ff“

| A~90
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1 heat B $3/2¢urT Ot pB9Iapel 5Augh t he TFARR SPER-2 After the waf er 2928
t epperat ure has reached a predeterm ned t enperature, DVMAH and
TiC[err] are introduced into the reaction tube through the DVAH | i ne
and the Tid[err] 5 line. The total pressure is ca. 1.5 Torr, and the
DVAH partial pressure is made ca. 1.5 x 10 Torr. The Tid[err]
partial pressure is made 1.5 x 10[err] Torr. When TiC [err] and DVAH
are introduced into the reaction tube 2, Al-Ti is deposited. After a
predeterm ned . 10 deposition tinme has el apsed, feeding of DVAH and
Tid[err] I s stopped. Next, heating of the heater 4 igmftopped
to cool the wafer. Feeding of H[err] gas i s stopped, and '

FIG. LA |
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: . : : fostoro 3PS
after evacuation internally of the reaction tube, the wafer i's
transferred to the conveying chanber, and 15 only the conveyi ng chanber

i s nmade atnDSpherlc before taklng aut the wafer. The outline of Al -Ti

film formation is as described above. Al-Ti filnms were
deposited at the respective t enper at yres each for 10 sheet sanples
follow ng the 20 sane procedure as described in Exanple 1 under 'the.
foll owi ng conditions: e Total pressure: 1.5 Torr

DVAH partial pressure: 1.5 x 10[err] Torr TiC[err] partia
pressure: 32 x10[err] PROCESS2¥OR FORMINGTMETAL PEROSLEED ted by

varyi ng the substrate tenperature at 13 | evel s were eval uated by
o CONTAINING ALUMINUM AS MAIN COMPONENT BY

USE OF ALKYL ALUMINUM HYDRIDE

5 BACKGROUND OF THE INVENTION

Field of the invention

This invention relates to a processlfor
forming é deposited film, particularly a process for
forming a deposited film composed mainly of Al and

10 'containing.additives such as Ti, Cu, etc. which can be
preferably applied to electrodes or wiring of a
semiconductor integrated circuit device, etc.

Related background art

In the prior art, in electronic devices or

is integratéd circuits by use of semiconductors, for

electrodes and wiring, aluminum (Al) or a metal
containing aluminum as main component such as Al-Si
and the like has been primarily uéed. Al has many
s advantages such that it is inexpensive and high in
20 electroconductivity, that it can be also internally
chemically protected because a dense oxidized film can
be formed on the surface, and that it has good
adhesion to Si, etc.
. As the method for forming a film for
25 electrodes and wiring of Al or Al-Si as mentioned
above, there has been. used in the prior art the
— — REPLACEMENT SHERTS
REPLACED SHEETS G [ Description : paged L. to pages
a Des'cnptlon :paged ........ tc paged .......... O aim(s) pagefi !li to paged
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shown in Table 1.

use of various evaluation nethods. The results are

films of extremely excellent quality can be obtained 5 wthin the
tenperature range of 200 to 400 [err]C Exanmple 2

Fol | owi ng the sanme procedure as in Exampl2 -1

foll ows:

10

15

20

25

Total pressure: 1.5 Torr

sputtering method such as magnetron sputtering, etc.

However, selective deposition and selective
growtﬁ can not be realized by the suputtering method
which has been used in the prior art. The sputtering
is the physical deposition method based on flying of
sputtered particles in vacuum, the film_thickness at
the stepped portion or the insulating film side wall
becomes extremely thin, leading to wire breaking in an
extreme case. Nonuniforﬁity of film thickness or wire
breaking has the drawback that reliability of LSI is
markedly lowered.

On the other hand, since the integration

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

" increased, and fine formation of wiring or multi-layer

wiring has been particularly required in recent years,
there is an increasing severe.demand not found up. to
date for Al or Al-Si wiring of the prior art. With
finer dimensionél formation by increased integration
degree, the surface of LSI, etc. is subject to

excessive unevenness due to oxidation, diffusion, thin

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

electrodes or wiring metal must be deposited on the

‘surface with a stepped difference, or deposited in a

via-hole whibh is fine in diameter and deep. In 4

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

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

to set the paraneters

It has been confirnmed fromthe results that

as

This is the replecement sheet
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10 DVAH partial pressure: 5 x 10[err] Torr Substrate
tenperature (Tsub): 300 [err]C and the TiCl[err] partial pressure was
varied from1l.5 x 10[err]Torr to 1°x 10[err] Torr to effect
deposition. The Ti content (wt.% of the AI-Ti filnms were varied
from 15 0.001 %to 4.2 % approxi mateky3i r proportion to the
Tid[err] partial pressure. As to resistivity, carbon content, average
wiring life, deposition speed, hillock density and spi ke generation,
the same results as in Exanple 1 were obtained. However, .in sanples
20 havi ng1a Tincehigcht aohe3ad wpopoﬁegheﬁinﬂﬁe°§uﬁﬂaé@Ch asm&rﬁﬁ&'ogy
becane bad, thereby making the refl ectance % or r npl es
ggvgpgmz_TL cetcentisoto| besdepositpdnis @&QxﬁFbPP€&'aaP9fFgétgﬁéb of 80 to
() I C

hole diameter itself also becomes ‘1 um or less.
Therefore,_éven for a via-hole with 1ar§e aspect
5 ratio, the technique which can deposit an Al-Si
compound is required. |
Particularly, for performing sure electrical
connection to the device under insulating film such as

Si0., etc., rather than film formation, Al-Si is

2
required to be deposited so as to embed only the via-

10
hole of the device. In such case, a method of
depositing an Al alloy only on Si or meta; surface and
not depositing it on an insulating film such as Sioz,
etc. is required. |

15 . As the improved sputtering method, there has

been developed the bias sputfering method in which a

bias is applied on a substrate and depbsition is

performed sb as to embe@ Al or an Al-Si compound only
in the via-hole by utilizing the sputter etching

20 action and the deposition action on the substrate

surface. However, since the bias voltage of some 100

V or higher is applied on the substrate, deleterious

influence on the device occurs because of charged

particle.damaging such as change in threshold of MOS-

FET, etc. Also, because of presence of both etching.

25
action and deposition action, there is the problem

This is the replecement sheet
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was the sanme as in Exanple 1. 25 Exarrple3 First, the
procedure of Al -Ti filmformation C-

54 - 1 is-as follows. By the evacuation unlt 9, the reaction

tube is evacuated internally to ca. 1 x 10[err] Torr. Al-Ti film
-can be formed even if the .vacuum degree- i& - the reaction tube 2 may be
hi gher than 1 x 10[err] Torr. 5 After washing of the Si wafer,

t he conveyi ng
1 that the deposition speed cannot be essentially
improved. '
In order to solve the problems as described
above, various types of CVD (Chemical Vapor
5 Deposition).methods have been proposed. In these
methods, chemical reaction of the starting gas in some
form is utilized. 1In plasma CVD or optical CVD, |
decomposition of the starting gas occurs in gas phase,
and the active species formed there further reacts on
10 the substrate to give riée to film formation. -In
these CVD methods, surface coverage on unevenness on
the substrate surface is good. However, carbon atoms
contalned in the starting gas molecule are
1ncorporated into the film. Also, partlcularly in
15 plasma CVD, the problem remained that there was damage
by charged barticles (so called plasma damage) as in -
..the case of the sputtering method.
The.thermal CVD method, in which the film
grows through the surfaée reaction primarily on the
20 substrate surface, is good in surface coverage on
unevenness such as stepped portion of the surface,
etc. Aléo, it can be expected that deposition within
via~hole will readily occur. Further,_wire breaking
at the stepped portion can be avoided. Furthermore,
there are not caused damages by charged particles

25
" which have been observed in thée case of the plasma CVD

This is the repisceamerdt shaet
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chanber 10 is released to atnmospheric pressure and the Si wafer is
nounted in the conveyi ng chanber. The : conveyi ng chanber is evacuated
to ca. 1 x 10 [err] Torr, then the gate valve 13 is opened and the
wafer is 10 nounted on the wafer hol der 3. : After nounting
of the wafer holder 3, the gate valsve- 13 is evacuated to a vacuum
degree in the " reaction chanber 2 of ca. 1 x 10[err] Torr
In this Exanple, the first gas line is used 15 for DVAH As the carrier
gas for the DMAH line, Ar is enpl oyed. The second gas line is used
for Herr]1 &rethe sputterd mgpmdtihed .i s TheowetdwdsorofTistidhera [kind
By passing Herr] through the second gas |line, the . _pressure within the
reacti on tubeinddlndesdfoxr example, the method seen in Journal of
Electrochemical Society, Vol. 131, p. 2175 (1984). 1In
this method triisobutyl aluminum (i-C4H9)3A1 (TIBA) is
5 ﬁsed as organic aluminum gas and an Al film is formed
" at a film formation temperature of 260 ¢ and a
reaction tﬁbe pressure of 0.5 Torr. The substrate
temperature is then maintained at about 450°C and SiH4
is introduced to diffuse Si in the Al film, thus
10 ©obtaining an Al-Si film.
When TIBA is to be used, a continuous film can
not be obtained ﬁnless pretreatment is effected in
which prior to film formation, TiCl4 is flowed to
activate the substrate surface to form nuclei.
15 Furthermore, in case where TIBA is used, there is a
-problém that surface flatness is not sufficient even
when TiCl4 is used. By this method it is not possible
' fo effect selective growth such as Al-Si deposition

| only in via-holes.

As another method, there can be mentioned the

20
method desdribed in Japanese Joﬁrnal of Applied
' Physics, Vol. 27, No. 11, p. L2134 (1988). In this
method, TIBA and Sisz diluted with Ar gas are
supplied, and the gases are _heated before TIBA reaches
25 the substrate.. By this method, an Al-Si film of a low

resistivity can be epitaxially gfown on a $i(100)

This is the replacement sheet
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20 predetermned value by controlling the opening of the sl ow | eak
valve 8. A typical pressure in this Exanple IS made approxinmately 1.5
Torr. Then, the wafer is heat ed by current passage through the heater
4. After the wafer tenperature has reached a predeterm ned 25
tenperature, DMAH and TiCl[err] are inrtBoguced into the

- 55 - 1 reaction tube through the DMAH |ine and the Tid [erﬂ

line. The total pressure is ca. 1.5 Torr, and the

1 wafer. Although the film obtained by this method has
good high quality, there are_invoived the problems
that control is difficult due to necessity of heating
the gaseé and that apparatus-for effecting this method

5 is complicated.

Japéneée Laid-Open Patent Application No. 63-
'33569 describes a method of forming a film by using no

TiCl4,_but using in place thereof organic aluminum and
heating it in the vicinify of the substrate.

10 According to this method, Al can be deposited
selectively only on the metal or semiconductor surface
from which the naturally oxidized film has been
removed. _ |

| In this case, it is clearly stated that the

15 step of removing the nafﬁrally oxidized £film on the

substrate surface is necessary before introduction of

TIBA. .Also, it is described that, since TIBA can be

used alone, no ¢arrier_gas is required to be used, but

Ar gas may be also used as the carrier gas. However,

;o the reaction of TIBA with another gas (e.g. H,) is not

contemplated at all, and there is no description of

use of H2 as the carrier gas. Also, in addition to

TIBA, trimethyl aluminum (TMA) and triethyl alumihum

(TEA) are mentioned, but there is no specific

description of other organic metals. This is because,

25
since the chemical properties of;brganic metals
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DMAH partial pressure is made ca. 1.5 x 10 [err] Torr. The Tid[err]
partial pressure is made 1.5 x 10[err] Torr. 5 Wien TiCJ[err] and DVAH
are introduced into the reaction ‘tube 2, Al-Ti is deposited. After a
predet er m ned ~deposition tine has el apsed, feeding of DMAH and
Tid[err] I's stopped. Next, heatd g -of the heater 4 is stopped

to cool the wafer. Feeding of Herr] gas is stopped, and 10 after
evacuation internally of the reaction tube, the wafer is transferred
to the conveying chamber, and only the conveying chanber is nade

at mospheri g gener@a1dys weerb afravest Iy kiifhtheutonganigafegbs tiuent | i ne of

Al -Ti filmformation is as described above. 15 For deposited
filns thus fomtsthahedtdithe metal @liemeant (warieg pbht et eht imver age

wiring life, _
: necessary to investigate individually by detailed
experimentation to determine what organic metal should
5 be used. |
| In tﬁe CVD method as described above, not only
there is an inconvenience that the naturally oxidized
film must be removed, but also there is the drawback
that no surface smoothness can be obtained. Also,
10 there is the restriction that heating of the gas is
- necessary, and yet ﬁeatihg must be done in the
vicinity of the substrate. Besides, it must also be
e#perimentally determined at what poximity to the
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
Electrochemical Society} Branch of Japan (July 7,
1989), on page 75, there is a description of film
o0 formation of Al according to the double wall CVD _'
method. 1In this method, TIBA is used and the device
is designed so that the gés temperature of TBA can be
made higher than the substrate temperature. This
method may be also regarded _as a modification'of the
above-mentioned Japanese Laid-open Patent Application

25
No. 63-33569. Also in this method, Al can be

This s the repiscement sheet
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deposition speed, hillock density, generation of spike and
reflectance, the sanme results as in Exanple 1 were obtai ned. 20
Exanpl e 4 Fol |l owi ng the sane procedure as in Exanple 3

to set the paraneters as foll ows: - Total pressure:

1.5 Torr DVAH partial pressgre: 5 x 10[err] Torr 25
Substrate tenperature (Tsub): 300 [err]C

- 56 - . ' _

1 selectively grown only on a metal or semiconductor,
but not on1§ 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 difficult to

obtain a flat Al-Si film of a low resistivity and good
quality, that there is considerable limitation in
apparatus and in film formation.

15 As described above,lbrior art methods cannot

necessarily effect well selective growth of Alesi, 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
that the film formation method is complicated and can

20
be controlled with difficulty.

Accordingly, the present inventors, in order
to investigate about the wiring material itself, have
made-investigations by forming a deposited film of Al-

g5 Ti, Al-Cu or Al-Si-Cu according to the sputtering
method by use of Al-Ti, Al-Cu or-Al-Si-Cu as the

Thiis is the replacement sheet
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1 and the TidJ[err] partial pressure was varied from1.5 x 10[ err]

Torr to 1 x 10[err] Torr to effect deposition. The Ti content (w.%
cof the Al-Ti filns were varied from "0.001 %to 4.2 % approximately in
proportion to the 5 TiC[err] partial pressure. AS to resistivity, carbon
content,: average wiring life, depositiengpeed, hillock density and
spi ke generation, the sane results as in Exanple 1 were obtained.
However, in sanples having a Ti content of 3.5 % or higher, the
surface 10 norphol ogy becane bad, thereby naking the reflectance 65
% or |lowerl Samngeds having a Ti content of |ess .than 3 % exhibited a
reflectance of 80 to 90 % which was the sanme as in Exanple 1.

However, no film of good quality satisfying
the requirements as described above in flatness,
denseness, selectivity superior over Al could be

5 obtained in the method of the prior art.

SUMMARY OF THE INVENTION

- As described above, in the technical field of
semiconductors in ﬁhich higher inteération has been
10 desired in recent years, for pfoviding inexpensively a
semiconductor device which is more highly integrated
and élso made higher in performances, there remained
many rooms to be improved.
The present invention has been accomplished in
15 View of the technical tasks as described above, and an.
object of the present invention is to provide a
process for forming a deposited film composed mainly
of Al and containing an additive which can form a film
of good quality és the electroconductive material at a
99 desired position with good controllability.

Another object of the present invention is to
provide a process for forming a deposited film
composed mainly of Al and containing an additive which
can obtain a film which has_extremely broad geheral
purpose utilify and yet is of good quality, without

25
requiring particularly no complicated and expensive
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Example 5 15 A silicon substrate was placed in the |ow

pressure CVD nethod shown in Fig. 2, and AI-Ti film. was formed within
t he sane badge.” The film formation condi tions were made a reaction
tube pressure of 0.3 Torr, a DVAH partial pressure of 3.0 x 10[err]
Torr, a 20 TiCl[err] partial pressure 1@ -0.7 x 10 - Torr, a substrate
tenperature of 300 [err]C, and a filmformation tine of 10 m nut es.
As the result of filmformation under:such conditions, an Al-Ti film
of 7000 [err] was deposited. 25 The filmaquality was very good,

exhi bi tingl t hdeposd ted fidapdorming appargiushared at a substrate

tenperature . .
Still another object of the present invention

is to provide a process fcr.fcrming a deposited film
composed mainly of Al and containing an additive which
5 can form a film excellent in surface characteristic,
electrical characteristics, purity, etc. according to
the CVD method utilizing alkyl aluminum hydride,
.hydrcgen, and a gas containing at least one additive
element selected from Ti and Cu. |
10 ‘ Still another object of the present invention
is to provide a process for forming a deposited film
composed mainly of Al and:ccntaining an additive
which is extremely broad in general purpose utility
and excellent in selectivity, without requirihg |
15 particularly a complicated and expensive deposited
film forming apparatus. |
Still another object of the present invention
is to provide a process for forming'a deposited film
which can form an 3A1-Si film under good selectivity
20 acccrding'to the CVD method utilizing alkyl aluminum
hydride, hydrogen and a ges containing at least one
additive element seiected from Ti and Cu.
Another object of the present invention is to

form a deposited film excellent in flatness,

25 denseness, and also strong in elecromigration, stress

migration.
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- 57 - of 300 [err]c shown in Exanple 1. Exanpl e 6

The procedure of Exanple 1 was repeated to ef fect deposition wth the
exception that MVAH err] was 5 used as the starting gas and the
paranmeters were set as follows: - Total pressure:
1.5 Torr ° MVAH[ err] partialigpressure: 5 x 10[err] Torr
TiC[err] partial pressure: 0.7 x 10 Torr ' :

1 Another object of the present invention is to

form a deposited film sufficiently applicable to a
semiconductor integrated circuit device in which
wiring of, for example, 1.0 um or less is desired.

5 . Anothef object of the present invention is to
provide a process for forming a deposited film
comprising the steps of:

(a) providing a substrate having an electron
donative surface (A) and a electron non—-donative

10 surface (B) in a space-for formation of the deposited
£film;

(b) introducing a gas of an alkyl aluminum
hydride, a gas containing titanium.atoms and hydrogen
gas into the space for formation of the deposited

15 £ilm; and |

(c) maintaining the temperature of the
electron donative surface (A) at a temperature not
lower than the decomposition temperature of tﬁe alkyl
aluminum hydride and not higher than 450 °¢c to form an

aluminum film containing titanium selectively on the

20
electron donative surface (A).

Another object of the present invention is to
provide a process for forming a deposited film |
comprising the steps of: _

25 | (a) providing a substrate having an electron-

donative surface (A) and a electron non-donative
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10 ' As a result, AI-Ti thin filnms were deposited within the

substrate tenperature range of 160 [err]C to 400 [err] C which
cont ai ned no carbon inpurity and were excellent i.n flatness and
denseness simlarly as in Exanpl e 1. * Exanmple 7

The procedure of Exanple 1 was repeatedi®o- ef fect deposition with the
exception that Ti(CHerr])[err] was used in place of TiC[err] as the
starting material containing Ti and the paraneters were set as
follows: 20 Total pressure: 1.5 Tory

DVAH partilal pnefsgee(B) 3nxalgpece] forTdormation of the dpRASItEY |)[err]
partial pressure: 1.5 x 10 [err] Torr As a result, A -Ti
thin film wefdlieposited within the substrate tenperature range of

160 [err]C to X
(b) introducing a gas of an alkyl aluminum

hydride, a gas containing titanium atoms, a gas
5 cohtaining silicon atoms and hydrogen gas into the
space for formation éf the deposited film; and
(c) maintaining the temﬁerature of the
electron'donative surféce (A) at a temperature not
lower than the decompositioh temperature of.the alkyl
10 @luminum hydride and not higher than 450 °c to form
an aluminum film containing titanium and silicon
"selectively on the electron donative surface (A).
Another object of the present invention is to
provide a process for forming a deposited film
15 comprising the steps of: |
(a) providing a substrate having an electron
donative surface in a space for formation of the
deposited film; )
(b) introducing a gas of an alkyl aluminum

hydride, a gas containing titanium étoms and hydrogen

20
gas into the épace for formation of the deposited
film; and
(c) maintaining the temperafure of the
electron donative surface at a temperature not lower
25 than the decomposition temperature of the alkyl

aluminum'hydride and not higher than 450 ¢ to form an
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25 400 [err] C which contained no carbon inpurity and were excellent in
fl atness and denseness similarly as in

- 58 - 1 Exanple 1. _ Exanpl e 8 For mati on of
Al-Si-Ti is effected by use of t he device'shown-in Fig. 1. The
reaction tube 2 is 5 internally evaeubded to ca. 1 x 10[er] Torr by the
evacuation unit 9. However, Al -Si-Ti filmcan be also '

1 aluminum'film.containing titanium on the electron
donative surface.
‘Another objecf of the present invention is to
provide a process for forming a deposited film
5 comprising the steps of:

. (a) providing a'subStrate having an electron
donative surface in a space fof formation of the
‘deposited film; |

(b) introducing a gas of an alkyl aluminum
10 hydride, a gas containing silicon atoms, a gas
containing titanium atoms and hydrogen gas into the
space for formation of the deposited film; and
{c) maintaining the temperature of the
electron donative surface at a temperature not lower
15 than the decomposition femperature of the aikyl
aluminum hydride and not higher than 450 °C to form an
alﬁminum film containing silicon and titanium on the

electron donative surface.

Another object of the present invention is to

provide a process for forming a deposited film

20
comprising the steps of:

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

25 (5) introducing a gas.of an alkyl aluminum

hydride, a gas containing Cu and?hydrogen gas into the
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formed even if the vacuum degree within the reaction tube 2 may be
worse than 1 x 10[err] Torr. After washing of the Si wafer,
the conveying 10 chanber 10 is released to atnospheric pressure and the
Si wafer is nmounted in the conveying chanber. The conveyi ng chanber
i's evacuated to ca. 1 x 10[err] Torr, =~ 14 = then the gate valve 13 is
opened and the wafer is -mounted on the wafer holder 3. 15
After nounting of the wafer on the wafer hol der 3, the gate val ve 13
.is closed, and the reaction chanpber 2 is evacuated to a vacuum degree
of da. spaceoferr forpation of the deposigedhifdimi;a@ndk DVAH is fed
through the first 20 gas line. As the carrier gas of DMAH line, Herr] is
(¢c) maintaining the temperature of the
electron donative surface at a temperature not lower
than the decomposition temperature of the alkyl
5 aluminum hydride and not higher than 450 ¢ to form an
aluminum film on the electron donative surface.
Another object of the present invention is to
provide a process for forming a deposited film
comprising the steps of:
10 (a) providing a substrate having an electron
donative surface in a space for formation of the
deposited film;
(b) introducing a gas of an alkyl aluminum
hydride, a gas containing Si, a gas containing Cu and
15 hydrogen gas into the space for formation of the
deposited film; and
(c) maintaining the temperature of the
electron donative surface at a temperature not lower

than the decomposition temperature of the alkyl

'20 aluminum hydride and not higher than 450 ¢ to form an.

aluminum film on the eiectrbn donative surface.
Another object of_the present invention is to
provide a process for forming a deposited film
comprising the steps of:
25 (a) providing a substrate having an electron

donative surface (A) and a electron non-donative
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enpl oyed. The second gas |line is used for H2 and the . third gas line
for Tid[err] diluted wwth Herr]. The fourth gas line is provided for
Si[err]H err]. The third gas line, the m xer and the reaction tube
are previously heated 25 :to 180 *C [err] 10 [err]C By
passi ng H2 through the second gas |ine; x8he- -

- 59 - 1 pressure within the reaction tube 2 is nade a

predet erm ned val ue by controlling the opening of the
1 surface_(B)'in a spacé for formation of the deposited
film;
(b) introducing a gas of an alkyl aluminum
hydride, a gas-containing-copper atoms and hydrogen
5 -gas into the space for formation of the deposited
£film; and |
(c) maintaining the temperature of the
electron donative surface (A) at a temperature not
lower than the decomposition temperature of the alkyl
10 @aluminum hydride and not higher than 450 °¢c to form an
aluminum film selectively on the electron donative
surface (A).
Another object of the present invention is to
provide a process for forming a deposited film

15 comprising the steps of:

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

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

. (c) maintaining the _temperature of the
electron donative surfacé (A) at a temperaturé nét

25
lower than the decomposition temﬁerature of the alkyl
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slow | eak valve 8. A typical pressure in this Exanpl e I s made
approximately 1.5 Torr. Then, the wafer is 5 heated by current passage

t hrough the heater 4. After the wafer tenperature has reached a

pr edet er m ned tenmperature, DMAH , TiC[err] and Si H are introduced
into the reaction tube through the DVAH 4gne, the Tic[err] line and
the Siferr]Herr] line. The total pressure’is 10 ca. 1.5 Torr, and the
DVAH partial pressure is made ca. 1.5 x 10[err] Torr. The
TiC[err] partial pressure is made 1 x 10[err] Torr and the
Si[err]Hetr] glaniiraim iyahsides arsd not highier 1thad 0480 riC Hor form\men
Si[err]H err] and DVAH are I ntroduced into the reaction tube 2,

A-Si-Ti is Eludepositss se¥ectively cort thei etectronsdonativéne has

surface (A).

5 BRIEF DESCRIPTION OF THE DRAWINGS
' Fig. 1 is a schematic view for illustration of
a suitable deposited film forming apparatus in
practicing the deposited film forming process
according to the process of the present invention.

10 : Fig. 2 is a schematic view for illustration of
another suitable deposited film forming apparatus in
practicing the deposited filﬁ forming process
according to the present invention.

Figs. 3A - 3E are schematic sectionéi views

15 for illustration of the deposited film forming_process

according.to one embodiment of the present invention.

Figs. 4A - 4E are illustrations for explaining
formation of source and drain electrodes in contact
holes of a gate insulation type transistor..

20 | ' Figs. 5A - 5D are illustrations for explaining
the mechanism of Al deposition 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
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el apsed, feeding of DMAH, TiC[err] and Si[err]Herr] is stopped.

Next, heating of the heater 4 is stopped to cool the waf er. Feedi ng
of Herr] gas is stopped, and after - evacuation internally of the _
reaction tube, the wafer 20 is transferred to the conveying chanber, and
only the conveyi ng chanber is nade- gf7Tmwspheric before taking out
the wafer. The outline of AI-Si-Ti filmformation I s as descri bed
above. Wafers were provided to deposit A -Si-Ti films 25 of
5000 [err] thickness follow ng the above descri bed procedure under the

fol | owi ng tonginesens. invention is not limited by these embodiments,
| and it may have a constitution which accomplishes the
object of the present invention.

One preferred embodiment of the present

5 invention is a prbcess for forming a deposited film
comprising the steps of:

(a} providing a substrate ha#ing an'electron
donative surface (A) in a space for formation of the
deposited film;

10 (b) introducing a gas of an alkyl éluminum
hydride, a gas containing an additive such as Ti, Cu,
etc. and hydrogen gas into the space for formation of
the deposited film; and

{c) maintaining the temperature of the

15 electron donative surface (A) within the range of £rom
the decomposition temperature of the alkyl aluminum
hydride to 450 °C to form an aluminum film containing
the additivé such as Ti, Cu, etc. on the electron
donative surface (A).

20 It is also preferred to additionally use a gas
containing Si atoms to thereby form an.Al film
containing Si atoms aﬁd the additive such as Al1-Si-Ti,
Al-Si-Cu and the like..

Further, another preferred embodiment of the

25 present invention is a brocess for forming a deposited

film comprising the steps of:
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- 60 - | Total pressure 1.5 Torr DVAH

partial pressure 1.5 x 10 [err] Torr _ TiC[err] partia
pressure 1 x 10[err] Torr Si[err]H err] parti al :
pressure 1 x 10[err] Torr 5 The AI-Si-Ti filns thus
formed were subjected to patterning according to conventi onal

phot ol i t hographic technique to obtain test sanples in which Al -Si-Ti
remained in the widths of 2, 4 and 6 pm When the tenperature
(Ts) of substrate for 10 deposition was varied to evaluate the
characteribtics (ef) Providing me@¢ubstnate liaving ian |ededkremne
results

donative surface (A) and a electrqn non-donative
surface (B) in a space for formation of the deposited
film;

5 . (b) introducing a gas of an alkyl aluminum
hydride, a gas containing an additive such as Ti, Cu,
etc. and hydrogen gas ipto the space fdr formation of
the deposited film; and |

(c) maintaining the temperature of the

10 electfon donative surface (A) within the range of from
the decomposition temperature of the alkyl aluminum
hydride to 450 ¢ to form an aluminﬁm film containing
the additive.such as Ti, Cu, etc. selectively on the
electron donative surface (A).

15 It is also preferred to additionally use a gas
coqtaihing Si atoms to thereby form an Al film
containing Si atonms and the additive such as Al-Si-Ti,
Al-Si—Cu and the like. |

In the following, prior to detailed
20 description, first, the process for forming a
deposited film by usé‘of an organic metal is outlined.
The decomposition reaction of an organic
metal, and hence the thin film deposition reaction
will vary greatly depending_on the kind of the metal
atom, the kind of the alkyl bonded to the metal atom,

25
the means of causing the'decompoéition reaction to
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as those shown in Table 1 were obtai ned. 'Exanple 9
Fol |l ow ng the sanme procedure as in Exanple 8 15 to set the paraneters as

fol | ows: Total pressure:- 1.5 Torr DIVAH .
partial pressure: 5 x 10[err] Torr : Sl[err]H[err] partia
pressure: - 1 x 10[err] Torr - 19 Substrate t-enperature
(Tsub): 300[err]C 20 and the T|O [err] partial pressure was varied
fromb5 Xx | O[err] Torr to 1 x 10[err] Torr to effect deposition. The Ti
content " (Wm.% of the Al-Si-Ti filns were varied from 0.3 %to 4 %
As to resisti\odour carimoratmodpheric gas, g age wiring life, deposition
speed, and hill ock density, the sane results as in Exanple 1 were 25

For example, in the case of M-R3 (M: the group

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

CHs
CH:"Ga/
5 \Clla
in thermal decomposition undergoes radical cleavage

wherein Ga-CH3 bond is cleaved, while triethyl

gallium: -
20s
C2Hs-6a~
™ Cals
10
in thermal decomposition is decomposed through S-
elimination into: _
' Ca24
CaHg-Ga — 2T0s
~
15 and C,H,. On the other hand, triethyl aluminum

attached with the same ethyl group:

in thermal decombosition undergoes radical
o0 decomposition in which Al-czﬂ5 is cleaved. However,

tri—iso—butyl aluminum naVing iC,Hy bonded therein:
e ae

is subjeot to B-eiimination;
25 Trimethyl aluminum (TMA) comprising CH3 groups
and Al has a dimer structure at room temperature:
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obt ai ned. ' ' | - 61 - 1 Exanple 10

Fol | ow ng the sane procedure as in Exanple 8 to set the paraneters as
fol |l ows: Total pressure: 1.5 Torr 5 DVAH
partial pressure: 5 x 10 [err] Torr Tid[err] partial
pressure: 1 x 10[err] Torr - 20 - Substrate tenperature
(Tsub): - 300 [err]C '

CHs —_ A,Q/c“a-\ A_Q/CHS
CHs —  ~CHs—  ~TCHs

and thermal decomposition is radical decomposition in

10

15

20

25
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and the Si[err]Herr] partial pressure was varied from1.5 x 10[ err]

Torr to 1 x 10[err] Torr to effect deposition. The- 10 Si content (w.%
of the AI-Si-Ti filns were varied fromO.005 %to 5 % approxi mately
in proportion to the Si[err]Herr] partial pressure. As to
resistivity, average wiring lifes 2deposition speed and hill ock
density, the sanme results as in Exanple 8 were obtained. However, 15
in sanples having a Si content of 4 % or higher, deposition was
generated in the filns which appeared - to be Si to worsen surface

mor phol ogyl t Wiy AdedGHg group ishe lesiviesht anse e300 atempenaturesahl es
having a Si ocontent of less than 4 %exhibited a reflectance of 80

20 to 95 % WSiOc G tll%'ei'anétasrqaﬁ@(mhea@mOSph%ﬁzetPl orm
CH4, and forms f1na11y Al.
However, at a high témperature of 300 °C or
5 higher, even if Hz_may be present in the atmosphere,

CH, group will withdraw H from the TMA mblecule; until

3
finally Al-C compound is formed.
Also, in the case of TMA, in light or a
certain region céntrolléd in electric power in Hz
10 atmosphere high frequency (ca. 13.56 MHi) plasma, CZHS
will be formed by the bridging GH3 between two Al's
In essence, since even an organic metal
comprising CH3 group which the simplest alkyl group,
Csz group or iC4H9 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 desiréd subétrate, the decomposition

reaction must be strictly controlled. For example,

20 when Al is to be deposited from triisobufyl aluminum:

e o -

- (TIBA: ic‘ﬂs\a.e - 1C4Hs)
: lC4H9
in the lo# préésure”CVD method compr1s1ng mainly
thermal reaction, unevenness of um order is formed on
25 the surface, whereby the.surface morphology is

inferior. Also, hillock generation by heat treatment,
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The procedure of Exanple 6 was repeated to ef f ect deposition A -Si-Ti

under the following conditions 25 - Total pressure: 1.5
Torr DVAH partial pressure: ° 5 x 10[err] Torr

- 62 - 1 Si[err]H err] partial pressure: 1 x 10[err] Torr
TiC[err] partial pressure: 1 x R Frr As a result,

Al -Si-Ti films were deposited

i Si surface roughening through Si diffusion.at the
interface between Al ahd Si occur, and also migration
resistance is inferior, whereby.it can be utilized for
ﬁltfé—LSI process with difficulty.

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

10 only on one wafer by one depoéition process. Besides,
since.the deposition speed is 500 A/hin. at the
highest, the throughput necessary for bulk production
cannot be realized.
Similarly, when TMA-is employed, Al deposition
15 has been attempted by use of plasma or light, the
device also becomes 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.

Dimethyl aluminum hydride (DMAH) as the alkyl

20
aluminum hydride to be utilized in the present
inventién is a substance known as alkyl metal, but it
could not be estimated at all what Al thin film could
be deposited depending'on what reaction mode, unless
25 deposited films are formed ﬁnder all the conditions.

For example, in an example of deposition Al by optical
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within the substrate tenperature range of 160 [err]Cto 5 400 [err]C

whi ch were excellent in mgration resistance, : fl atness and denseness

simlarly as in Eanple 6. Exanpl e 12 First, the

procedure for A -Ti filmformation is as follows. By use of the

device shown in Fig. 1, 10 the reacti@gy tube 2 is internally evacuated to
~ca. 1 x 10[err] Torr by the evacuation unit 9. However, Al-Ti

filmcan be also formed if the vacuum degree within t he reaction tube
2 may be worse than 1 x 10 [err] Torr. . After washing of S

waf er, they cogypyifiom DMAHGhameesutFace mOrghdddyo il MMHEIOIC, MMmBSUre

and Si wafer is nounted in the conveying chanber. The

-6 the resistivity value was greater than the bulk value

(2.7 pohm.-cm) as severél pohm to 10 uohm cm, thus
being inferior in film quality. |

5 Now, referring to the drawings, preferred
embodiments of the present invention are described-in

more detail.

In the present invention, for depositing an Al-
Si film of good quality as the electroconductive
10 deposition film on a substraté, the CVD method is
‘used. |
More specifica;ly, by use of dihethyl'aluminum
hvdride (DMAH): |
: | _ c"’\n.e—u
15 Chemical formula: CHs —
or monomethyl aluminum hydride (MMAHZ):

CHs — —H

. P
Chemical formula W —

as alkyl aluminum hydride which is an organic metal as

20
the starting gas containing at least one atom which
becomes the constituent of the deposited film} a gas
containing an additive as the starting gas and H2 as
the reaction gas, an Al fiim.is formed by gas phase
25 gfowth with a gas mixture of these on a substrate.

Furthermore, if desired,;a gas containing Si’
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conveyi ng chanber is evacuated to ca. 10 Torr, and. then the gate

valve 13 is opened and the wafer is -nount ed on the wafer hol der 3.

20 After nounting of the wafer on the wafer hol der 3, the gate
valve 13 is closed, and the reaction chanber 2 is evacuated to a
vacuum degr ee of ca. 1 x 10 [err]-Tagr=- In this Exanple,
DVAH is fed through the first 25 gas |line. As the carrier gas of DVAH
line, H2 is enpl oyed. The second gas line is used for H2 and the

1 atoms may be added.

As the substrate applicable in the present
invention, a material having electfon donative -
property may be employed.

5 The electron donative material is described in
detail below.

The electron donative material refers to one
having free electrons existing or free electrons
intentionally formed in the substrate, for example, a

10 material having a surface on which the chemical
reaction is promoted through give—and-take of
electrons with the starting gas molecules atta¢hed'on
the substraté surface. For example, generally metals
and'semiconductors such as p-, n- and i-type ones

15 cofrespond to such material. Those having very thin
oxidized film on the metal or semiconductor surface
are also included. For, with such thin film, the
chemical reaction can'occur between the substrate and
the attached starting molecules.

20 Specifically, there may be included

semiconductoﬁs such as single crystalline silicon,
polycrystalline silicon, amorphous silicon, etc.,
binary system or ternary system or quaternary system

III-V compound semiconductors comprising combinations

o5 ©Of Ga, In, Al as the group III element and P, As, N as

the group V element, or II-IV coﬁpound-semiconducters,
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- 63 - 1 third gas line for TiC[err] diluted with Herr].

By passing H2 through the second gas l'i ne, the pressure within the
reaction tube 2 is nmade a predet erm ned val ue by controlling the
openi ng of the 5 slow |l eak valve 8. A typical pressure in this Exanple

I's made approximately 1.5 Torr. Then,-t28& wafer is heat ed by current
passage through the heater 4. After the wafer tenperature has reached
a predeterm ned “tenperature, DMAH and TiCl[err] are introduced into
the 10 reaction tube through the DMAH line and the Tid [err] ~ line.

The total 1pr essunetaks ctherisél¥es rsuchdashtungstenp\pelphdenum. pressure is
made ca. 1.5 x 10[err] Torr

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

silicides of the above metals such as tungsten

silicide, molybdenum silicide{ tantalum silicide,

5 aluminum silicide, titanium silicide, etc., further
hetals containing either one of the constituent of the
above metals such as aluminum silicon, aluminum
titanium, aluminum copper, aluminum tantalum, aluminum
silicon copper, aluminum silicon titaniunm, aluminum

10 pa;ladium, titanium nifride, etc.

On the substratg with such constifﬁtion, Al is
deposited only through éimple thermal reaction in fhe
reaction system of thé starting gas and H2' For
example, the thermal reaction in the reaction system

15 between DMAH and HE may be basically considered as

follows:

c“"u’u\u/cus-a- H,>288 b + 4CH T +H2?

cis”  HS TCHs

DMAH assumes a dimer structure at room temperature.

20
Also, with MMAHZ, a high quality Al film could be
formed by thermal reaction as shown below in Examples.
- Formation of Al-Ti (or Al-Si-Ti) by addition
of TiCl4 (or additionally SiZHG) is due to the
,; phenomenon that TiCl, (or additionally Si,H¢) which

has reached the substrate surfacé is decomposed
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When DMAH is introduced into the reaction tube 2, Al -Ti I s deposited.
The Tid[err] partial pressure is made 15 1.5 x 10[err] Torr. After a

pr edet er mi ned deposition time has el apsed, feeding of DVAH and
Tid[err] is stopped. Next, heating of the heater 4 is stopped to
cool the wafer. Feeding of Herr] gas i26 st opped, and after _
evacuation internally of the reaction tube, the 20 wafer is transferred to
t he conveyi ng chanber, and only the conveying chanber is nade

at nospheric before taking out the wafer. The outline of AI-Ti film
formati onli s &brdegbr thed smrface chemical readtdan, phgrebiti on of sanpl es
in this Exanple 25 is explained bel ow Si substrates (N type,

1- 2 ohn[err]ényomgpgating Ti (or additionally Si) into the film.
Also with MMAHZ, Al-Ti of high quality (or Al ~-Si~-Ti)
could be deposited by thermal reaction as shown below

5 in Examples. |

Also, formation of Al-Si-Cu or Al-Cu by
addition of SizHa' etc. and an alkyl copper compound
such as Cu(05H7 2)2, etc. is due to the phenomenon
that Si,H, and Cu(CgH,0,), which have reached the

10 substrate surface are decomposed through the surface

chemical reaction, whereby Si and Cu are incorperated
into the film. Also with MMAHZ, Al-Cu and Al-Si-Cu of
high quality could be deposited by thermal reaction as
shown below in Exambles.

15 Since MMAH2 has low vapor pressure as 0.01 to
0.1 Torr at room temperature, a larée amount of the
starting material can be transported with difficulty,
and the upper limit value of the deposition speed is
several hundred A/min. in the present embodiment, and
20 preferably, it is most desirable to use DMAH of which
vapor pressure is 1 Torr at room temperature.

In another embodiment of the present
invention, the CVD method is used for selective
deposition of a good Al film as the electroconductive
deposition film on the substrate.

25
More specifically} as described above, by use
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- 64 - 1 subjected to thermal oxidation at a t enper ature of 1000

[err] C according to the hydrogen conbustion system (Herr]: 4
liters/M Of[err]: 2 liters/M. ' . The filmthickness was 7000

[err] + 500 [err], and the 5 refractive index 1.46. A photoresist was
coated on the whole Si substrate, gpd-a desired pattern was

baked by an. exposure machine. The pattern was such t hat various hol es
-of 0.25 [err]mx 0.25 [err}m- 100 [err]mXx 100 [err]m

1 of dimethyl'aluminum hydride (DMAH) or monomethyl
aluminum hydride (MMAHZ), a gas containing Si atoms as
the starting gas and H2 as the reaction gas, an Al-Si
film is selectively formed on the substrate by gas

5 phase growth with a gas mixture of these.

The substrate applicable in the present
invention has a first substrate surface material for
formation of the surface on which Al containing an
additive is deposited} and a second substrate surface

10 material on which Al containing an additive is not
deposited. And, as the first substrate surface
material, a material having the electron donative
surface is used.

In contrast, as the material for forming the

surface on which Al containing an additive is not

15
deposited selectiveiy, namely the material for forming
the electron non-donative surface, conventional
insulating materials, oxidized silicon formed by
thermal oxidation, CVD, etc., glass or oxi¢ized £film

20 such as BSG, PSG, BPSG, etc., thermally nitrided film,
silicon nitrided film by plasma CVD, low pressure CVD,
ECR-CVD method, etc. |

Fig. 1 is a schematic view shoﬁing a

preferable deposition film_;orming device for applying

25 the present invention.

Here, 1 is a substrate for forming an additive-
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- were opened. After devel opment of the resist, with 10 the photoresist as

the mask, the subbing SiJerr] was - etched by the reactive ion etching
(RIE), etc. to-have the substrate Si partially exposed. Thus, 130
sheet s of sanpl es having various sizes of SiJerr] holes of 0.25 pm x
0.25 pm- 100 [err]m x 100 pm were prepaggd. the 15 substrate tenperature
was set. at 13 levels, and for "the sanples at the respective .
tenperatures, Al -Ti films were selectively deposited follow ng the
procedure as descri bed above under the follow ng conditions: 20
Total pressurecoritebimimg Al film. TheDMibspemtéal jpsemountedlod a

A0[ err] Torr TiC[err] partial pressure: 1.5 x 10 Torr

. substrate holder 3 provided internally of the reaction
tube 2 for forming a space for formation.of a
deposited film which is substantially closed to Fig.

5 1. As the matefial cénstituting the reaction tube 2,
quartz is preferable, but it may be also made of a
metal. In this case, it is preferable to cool the
reaction tube. The substrate holder 3 is made of a
metal, and is provided with a heater 4 éo that the

10 substrate mounted thereon can be heated. And, the

constitution is made so that the substrate temperature

can be controlled by controlling the heat generation

temperature of the heater 4.

The feeding system'of gases is constituted as
15 described below.

5 is a gas mixer, in which the first starting
gas, the second starting'gas and the reaction gas are
mixed, and the mixture is fed into the reaction tube
2. 6 is a starting gas gasifier provided for .
gasification of an organic metal as the first starting

20
gas. |

The_organic metal to be used in the present
invention is liquid at room temperature, and is formed
into saturated vapor by passing a carrier gas through
the liquid of the organic metal within the gasifier 6,

25
which is in turn introduced into the mixer 5.
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The AI-Ti filnms deposited by varying the substrate tenperature at 13
| evel s were eval uated by 25 use of various evaluation nethods. The results

are shown in Table 2. : : - 65 -
1 In the above sanples, no Al was deposited on Sigerr] at
a tenperature range from 160 [err]C te-£L® 4err]C and Al-Ti (0.5 %
. was deposited only on the portion with opening of SiJerr] to have S
exposed. Al so, when
1 : The evacuation is constituted as described
below.

7 is a gate valve, which is opened when
performing evacuation of a large volume such as during
5 evacuation internally of the reaction tube 2 before
formation 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
internally of the reaction tube é during formation of
10 the deposited film. 9 is an evacuation unit, which is
constituted of a pump for evacuation éuch as turbo
molecular pump, etc.
. The conveying system of the substrate 1 is
constituted as described below.

10 is a substrate conveying chamber which can

15 .
house the substrate before and after formation of the
_deposited film, which is evacuated by opening the
valve 11. iz is an evacuation unit for evacuating the
cchve?ing chamber, which is constituted of a'bump for
20 evaéuation such as turbo molecular pump, etc.
‘The valve 13 is opened only when the substrate
1 is transferred between the reaction chamber and the
conveying space.
As shown in'Fig. 1, _in the starting gas
25 gasifier 6 which is the gas formation chamber for

forming the starting gas, the liguid DMAH maintained
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5 deposition was carried out in the above tenperature range

continuously for 2 hours, simlar selective depositablity was

mai nt ai ned. Exanpl e 13 First, the procedure for Al -Ti
filmformation 10 is as follows. By use of the device showmn in Fig. 1,
the reaction tube 2 is internally evactHa3@d-to ca. 1 x - 10[err] Torr by
the evacuation unit 9. However, Al-Ti filmcan be also fornmed if the
vacuum degree within the reaction tube 2 may be worse than 1 X
10[err] Torr. 15 After washing of Si wafer, the conveying

chamber 101is a@lmm@p%%%meﬁcbﬁb‘%@%%r@ishdﬂg or Ar (@gmf@they

nounted i n the conveyi ng chanber. The con¥e I ng chanber .is evacuated
to ca. 10[err]iQQﬁ? gagl as the carrier gas to form gaseous DMAH,

which is transported to the mixer §. The H, gas as
the reactioh gas is transported through anbther route

5 into the mixer 5. Similarly, a gas containing an
additive such as Ti, Cu, etc., optionally together
with a gas containing Si atoms-are introduced info the
mixer 5. The gases are controlled in flow rates so
that the respective partial pressures may become

10 desired values.

In the case of forming a film by this device,
the_first starting gas may be of course MMAHZ, but‘
DMAH with a vapor pressure enough to become 1 Torr at
room temperature is the most preferred. Also, DMAH

15 and MMAH, may be used in a mixture.

2

As the second starting gas containing Ti,
there can be used TiCls, TiCl4, T18r4, Ti(CH3)4, etc.

- Of these compounds, TiCl4 and Ti(CH3)4 which can be
easjly decomposed at the low temperature of 200 -

300°C are most preferable. As the second starting gas

20
containing Si, there can be used Sisz, SiH4; 813 8’
Si(CH,),, SiCl,, SiH,Cl, and SiH,Cl. Of these
compounds, SiZH6 which can be easily_decomposed'at the
low temperature of 200 - 300°C are most pfeferable.

25 The gases such as TiCl4 (and'SiZHS, if desired) are

diluted with H2 or Ar, transported to the mixer 5
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then the gate valve 13 is opened and the wafer is 20 nDunted.on the wafer

hol der 3. After mounting of the wafer on the wafer hol der
3, the gate valve 13 is closed, and the " reaction chanber 2 is
evacuated to a vacuum degree of ca. 1 x 10 [err] Torr. 25

In this Exanple, DVMAH is fed through t-he% i+ st gas line. As the carrier
gas of DVAH line H2 is - 66 -

1 through a line other than the DMAH line and supplied

to the reaction tube 2.. |
The deposited film formed at a substrate

temberature of 160 °c to 450 °c by use of such

5 'starting gas and reaction gas, with a thickness of,
for example, 400 &, has a resistivity at room
temperature of 3.0 - 6.0 pohm.cm which is
substantially equal fo Al bulk resistivity, and is a
continuous and flat film. At thié time, the pressure

dufing film formation can be chosen within the range
3

10
Torr to 760 Torr. Also, even when the film

from 10
thickness may be, for example, 1 um, its resistivity
is ca. 3.0.— 8.0 pohm.-cm, and a sufficiently dense
film can be formed also with a relatively thicker

;5 film. Also, the reflectance in the visible light
wavelength region is approximately 80 %, whereby a
thin film excellent in surface flatness can be
deposited.

The substrate temperature is desirably a

temperature which is not lower than the decomposition

20
temperatures of the starting gas containing Al and the
starting gas containing Ti (and the gas containing Si,
if employed) and not higher than 450 ©C as described
above, but specifically the_substrate temberature of
25 220 to 450 oC is more desirable, and when deposition

is carried out under this condition, by making the
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1 enployed. The second gas line is used for Herr] and the third
gas line for TiC[err]. The carrier gas is also Herr]. By
passi ng H2 through the second gas line, the pressure within the
reaction tube 2 is made a = 5 predeterm ned value by controlling the
openi ng of the sl ow | eak valve 8 32typical pressure in this Exanple
I's made approximately 1.5 Torr. Then, the wafer is heat ed by current
passage through the heater 4. After t he wafer tenperature has reached
a predetermined 10 tenperature, DMAH and TiCl 4 diluted with H2 are

i nt roducedii ntbMAM padEictl @ressure buyte O-BVEerr, theine and the

- Tid[err] line. The total pressure is ca. 1.5 Torr, and the DVAH
partial presslepdsitimne speed becomes; veny gregtl @S rl00he/mim 4tart i al

pressure i s made L
700 A/min., whereby sufficient great deposition speed

as the Al-Ti (or Al-Si-Ti) deposition technique for

5 ultra-LSI can be obtained.

| A more.preferable éﬁbstrate temperature

condition is 250 °C to 350 °C, and the Al-Ti film,
efc. deposited under this condition is also strongly
orientatable and, even when subjected to the heat

10 treatment at 450 °C for 1 hour, the Al-Ti film on the

| Si monocrystalline or S$i polycrystalline substrate
becomes a good Al-Ti fi;m without generation of
hillock or spike. Also, such Al-Ti film is excellent
in electro-migration resistance aé compared to Al

15 film.

As the gas containing Cu as the second
starting gas (additive gas),'bisacetvlacetonate copper
cu(CSHTOZ)z' bisdipivaloylmethanate copper
Cu(C11H1902)2, bishexafluoroacetylacetonate copper
Cu(CSHF 0 )2 can be emploved.

20 62 .
Among them, Cu(CZHTOZ)z-having the least
carbon content and containing no F is the most
preferable.
' However, since the above material is solid at
25 room temperature and is required to be transported by
sublimation, and it is necessary?to heat preliminarily
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15 1.5 x 10 [err] Torr. \Wen DVAH is introduced into the - reaction

tube 2, Al-Ti is deposited. After a predet ermi ned deposition time has
el apsed, feeding of DVAH i s stopped.” Next, heating of the heater 4 is
stopped to cool the wafer. Feeding of- Herr] gas is 20 stopped, and after
evacuation internally of the reacti®dd tube, the wafer is transferred
to the conveyi ng chanber, and only the conveying chanber is . made
at nospheri c before taking out the wafer. The outline of Al-Ti film
formation is as described above. 25 For deposited filns thus

fornmed conter rthg) secon@sstarving, gesr teddtbivengashvbinge2dirthg life,
mixer 5 and the reaction tube 2 to about 180°C.
Also, it is more effedtive fo flow a carrier
gas such as Ar or H2 through the second starting gas
5 line 23.
As the gas containing Si as'thé third gas,
| SiZHG’ SiH4, SisHa,'Si(Cﬁ3)4, Si¢l4, SiHZCIZ, SiHscl
can be emplovyed. Abové all, SizHa_which is readily
decomposable at a low temperature of 200 to.SOO'G is
10 the most desirable. The gases such as Si,H, are
diluted with H2 or Ar, transported to the mixer 5
through a. line 22 other than the DMAH line and
supplied to the reaction tube 2.
When a film formed at a substrate temperature

of 220 °C - 450°C by use of such starting gas and

15
reaction gas is analyzed according to Auger's electron
spectroscopy or photoelectric speétroscopy, no
entrainment:of an impurity such as carbon or oxygen is
recognized in this film.

20 The deposited film thus formed ﬁas a
resistivity of, for example, with a film thickness of
400 2 , 2.7 - 3.0 pohm-cm at room temperature which is
substantially equal to the bulk resistivity of Al, and
becomes continuous and flat_film. Also, even with a

25 film thickness of 1 um, its resistance at room

temperature is approximately 2.7° - 3.0 pohm-cm and a
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- 67 - 1 deposition speed, hillock density, generation of spike

and reflectance, the sane results as in Exanple 12 wer e obt ai ned.
As to the selective depositability depending 5 on the material of the
. substrate, the sane results as those in Exanple 12 were obtai ned.
Exanple 14 " By nmeans of the34 ew pressure CVD appar at us
showmn in Fig. 2, Al filns were forned on the 10 substrates with the

constitutions as descri bed bel ow
o sufficiently dense film is formed with a relatively
thicker film. The reflectance in the visible
wavelength region is approximately 80 %, énd a thin
film with exéellent surface flatness can be deposited.
5 _ The substrate temperature is desirably a

temperature which is not lower than the decomposition

temperature of the starting gas containing Al and not

higher than 450 9¢c as described above, but

specifically the substrate temperature of 220 to 450 °C

10 is more desirable, and when deposition is carried

out under this condition, by making the DMAH partial

3 Torr, the deposition speed

pressure 1074 to 10”

becomes very great as 400 A/min. to 1000 &/min.,

wheréby sufficient great deposition speed as the Al-Si-Cu
15 deposition technique for ultra-LSI can be |
obtained.

A moreée preferable substrate temperature
condition is 250 °C to 350 °C, and the Al-Si-Cu film
deposited under this condition is also strongly |
20 orientatable and, even when subjected to thé heat
treatment at 450 °C for 1 hour, the Al-Si-Cu film on
the Si monocrystalline or Si polycrystailine substrate
or on an oxide film becomes a good Al-Si-Cu film
‘without generation of hillogk or spike. Also, such
25 Al-Si-Cu film is excellent in electro-migration

resistance, and the contents of éf and Cu in the film
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(Sanples 2-1 - 2-179). Preparation of Sanplelz-l
On a nonocrystalline silicon as the el ectron donative first substrate
surface material, a thermally 15 oxidized SiJerr] filmas the electron
non- donati ve second -substrate surface nmaterial was fornmed, and
patterning was effected accordi ng-t®g tshe photolithographic steps
as shown in.Exanple 1 to have the nonocrystalline silicon surface
partially exposed. 20 The filmthickness of the thernmally
oxi di zed SiJerr] filmwas found to be 7000 [err], with the size of the
exposed polti @amfd emshlywoostmdllied. silicon, nanely openi ng being 3
[errfmXx 3 [err]m Thus, Sanple 2-1 was prepared. (Hereinafter, such
sanple is expressed asIn the device shown in Fig. 1, additive- :
containing Al can be deposited on only one sheet of
substrate in deposition for one time. Although a
5 aepositiOn speed of ca. 800 &/min. can be obtained, it
is still insufficient for performing deposition of a
large number of sheets within a short time.
As the deposition film forming device for
improving this point, there is the low pressure CVD
10 device which can deposit additive-containing Al by
simultaneous mounting of a iarge number of sheets of
wafer. Since the Al film formation according to the
'present invention utilizes the surface reaction on the
electron donative substrate surface, in the hot wall
15 type low pressure CVD method wherein only the
substrate is heated, Al can be deposited on the
substrate by use of DMAH and H2 and the addition gas.
For example, by adding DMAH, H2 and a Ti starting gas
such as TiCl4, etc., an Al-Ti film can be deposited

20 which contains 0.5 - 2.0 % of Ti.

The pressure within the reaction tube is 0.05 -
760 Torr, preferably 0.1 - 0.8 Torr; the substrate

temperature is 160 °C - 450 °C, preferably 220 °C -

5

400 °C; the DMAH partial pressure is 1 x 10 > to 1.3 x

10~3 -fold of the pressure within the reaction tube:
1

25

and the TiCl4 partisl pressure is 1 x 10 * - 1 x 10”4
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25 "thermal |y oxidized Sigerr] (hereinafter abbreviated as
T-Si Q2)/ nmonocrystalline silicon)". ' -
68 - 1 Preparation of Samples 2-2 - 2-179 Sanpl e

2-2 is an oxidized filmforned by normal pressure CVD (hereinafter
abbrevi ated as - SiC{err])/nDnocrységlIine silicon. 5 : Sampl e

2-3 is a boron doped oxidized film

formed by nornmal pressure CVD
(herei nafter abbreviated :

1 fold of the pressure within the reaction tube. Under
a such condition, Al-Ti is deposited on an electron
donative substrate.

For example, by adding DMAH, H2' a Cu starting

5 gas such as Cu(CSHTOZ)z, etc. and an Si starting gas
such as SiZHG’ etc., an Al-Si-Cu.film can be deposited

which contains 0.5 — 2.0 % of Cu and 0.5 -2.0 % of Si.

The pressure within the.réaction tube is 0.05 -
760 Torr, preferably 0.1 - 0.8 Torr; the substrate

10 temperature is 220 °C - 450 °C, preferably 250 °C -

5

400 °C; the DMAH partial pressure is 1 x 10 ° to 1.3 x

=3 _fold of the pressure within the reaction tube;

7

10

4

- 5 x 10

the Cu(C.H , partial pressure is 5 x 10~

702!
-fold of the pressure within the reaction tube; and

7

15 the Si H, partial pressure is 1 x 1077 to 1 x 1074

2

-fpld of the pressure within the reaction tube. Under
such a condition, Al-Si-Cu is deposited on an electron
donative substrate.

Fig. 2 is a schematic illustration showing a

90  deposited film forming device to which such present

invention is applicable.

57 is a substrate for formation of additive-
containing Al film. 50 is an oufside reaction tube

made of quartz for forming a "space for formation of

95 deposited film substantially closed to the
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as BSQG/nonocrystalline silicon. ' Sanple 2-4 is a phosphorus

doped oxidized film formed by normal pressure CVD (hereinafter
abbreviated 10 as PSG/nonocrystalline silicon. Sampl e 2-5
i s a phosphorus and boron doped oxidized filmformed by norna
pressure CVD (herei nafter abbrewi gtzed as BSPG / nonocrystalline
silicon fornmed by normal pressure CVD. 15 Sanple 2-6 is a
nitrided filmfornmed by plasm CVD (hereinafter abbreviated as

P-Si N)/ nonocrystalline silicon. .~ Sample 2-7 is a

t her mal | y ni t sutedundimg, 51 aphdnpensfider reectdpnatadpeamade of

T-Si N/ nmonocrystalline 20 silicon.
quartz located for separating the flow of gas within

the outside reaction tube 50, 54 a flange made of a
metal for opening and closing of the opening of the

5 outside reaction tube 50, and the substrate 57 is
located within the substrate holding member 56
provided internally of the innerside reaction tube 51.
The substrate holding member 56 should be preferably

made of quartz.

10 Also, in the present de&ice, the substfate
temperature can be controlled by tﬁe heater portion
59. The pressure internally of the reaction tube 50
- is constituted so as to be controllable by the
evacuation system connected through the gas evacuation

;5 outlet 53. | |

The gas feeding sysfem is constituted to have

a first gas system, a second gas system, a'third gas
system and a mixer (noné are shown in Fig. 2)
similarly as the device shown by the symbols § and 6

in Fig. 1, and the stafting gases and the reaction gas

20
are introduced into the reaction tube.SO'through the
starting gas inlét 52. These gases react on the
surface of the substrate 57 during passage ihternally
of the innerside reaction tube 51 as shown by the
25 arrowhead 58 in Fig. 2 to deposit additive-containing

Al on the substrate surface. The gases after the
his is the replacement sheet
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Sample 2-8 is a nitrided filn1forned'by_low pressure CVD (hereinafter

abbrevi ated as LP- Si N)/ nonocrystalline silicon. Sanmpl e
2-9 is anitrided filmformed by ECR 25  device (hereinafter abbreviated
as ECR- Si N)/ monocrystal line silicon.

- 69 - 1 . Further, by conbiggtions of the electron

"donative first substrate surface materials and the

1 reaction pass through the gap formed between the
innerside reaction tube 51 and the outside reaction
tube 50, and evacuated through the gés evacuation
ouflet 583. |

5 ' In taking out and in the substrate, the flange
54 made of a metal is permittéd to fall by an'elevator
(not shown) together with the”substrate holding member
56 and the substrate 57 to'be moved to a predetermined
position where the substrate is mounted and detached.

10 By forming a deposited film under the
conditions as describéd above by use of such device,
additive~-containing Al films of good quaiity can be
formed in all the wafers within the device. -

As described above, the film obtained

15 according to the additive-containing al film formation

process based on the embodimeﬁf of the present
invention is dense with little content of impurity
such as carbon, etc. and resistivitf which is similar
to bulk, and also has high surface smoothness, and

20 therefore remarkable effects as describéd below can be
obtained.

{1) Reduction of hillock

Hillock is occurrence of concavities on the Al
‘'surface due to partial migration of Al when inner
stress during film formation is released in the heat

25
treatment step. Also, similar phenomenon occurs by
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el ectron non-donative second substrate surface ' materi al s, Sanpl es
2-11 - 2-179 shown in Table 3 were 5 prepared. As the first substrate

surface material, - nonocrystalline silicon (nonocrystalline Si),

pol ycrystalline silicon (polycrystalline Si), anor phous silicon

(amor phous Si), tungsten (W, nol y®gleaum (Md), tantalum (Ta),
tungsten silicide 10 (Wsi), titaniumsilicide (TiSi), alunminum (A),

alum numsilicon (A -Si), titanium alum num (Al -Ti), titaniumnitride
(TiN), copper (Cu), alum numsilicon copper (Al -Si-Cu), alum num

pal | adi um §Al -Radal migrationrbyncyiirent noagsegaum Theisdditive=Si),
tantalum 15 silicide (Ta-Si) were enployed. These sanples and
Al [err]Jerr] comtainirg AL {jlmrfoxrmed by ubhe rpresentr énpentioni has
| little inner stress and is approximate to the state
of monocrystal. For this reason, in the heat
5 treatment at 450 °C for one'hour, as contrasted to
formation of 10% ~ 10%/cm? of hillocks in the Al film
of the prior art, the hillock number could be greatly
improved as 0 to 10/cm2.' Thus, due to substantial
absence of additive-containing Al éurface concavity,
10 the resist film thickness and the interlayer
insulating film can be made thin to be advantageous
for making it finer and more flat. Furthermore, the
additive-containing Al has reﬁroducibility superior to
that of Al-Si containing no additive.
15 (2) Improvement of électro-migration resistance
Electro-migration ié the phenomenop that the
wiring atoms move by passage of a current of high |
density. By this phenomenon, voids are generated and
grown élong the grain boundary, whereby as accompanied
20 with reduction of the cross-sectional.aréa, 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 formaticn.'

25
Migration resistance is.éenerally evaluated by
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the | ow pressure CVD device shown in Table 2, and Al - Ti filnms were
formed wthin the sane badge. The film formng conditions were a
reaction tube pressure of 20 0.3 Torr, a DVAH partial pressure of 3.0 x
10[err] Torr, a TiCl[err] partial pressure of 1 x 10[err] Torr, a
substrate tenperature of 300 [err}lCqond a filmformation time of 15
m nut es. As the result of filmformation under such 25

conditions, concerning all the sanples applied with patterning from
Sample 2-1 to 2-179, deposition of A-Ti
1 average wiring life. _
The wiring formed by the sputtering'method or
the CVD method of the prior art has obtained anaverage |

2 3

wiring life of 1 x 10 to 10” hours (in the case of a

5 wiring cross—-sectional area of 1 umz) under'the
current passage test conditions of 250-°C, 1 x 10°
A/cmz. In contrast, the additive-containing Al-film
obtained by the additive-containing Al film formation
method.based on the embodiment of the present

16 invention could obtain an average wiring life of 103

to'lo4 hours with a wiring having a cross-sgctional
area of 1 umz. _
Hence, accordiﬁg to the present invention, for

example, when the wirihg width is 0.8 um, a wirihg

15 layer thickness of 0.3 uh can sufficiently stand
practical application. That is, since the wiring
layer thickness can be made thinner, unevenness on the
semiconductor surface after arrangement of wiring can

be suppressed minimum, and also high reliability in

passing ordinary current can be obtained. Also, this

20
is possible by a very simple process. Furthermore,
the additive-~containing Al has reproducibility
superior to that of Al-Si containing no additive.
(3) Reduction of alloy pits in contact poftion

o5 - By the heat treatment jn the wirihg stép, .

eutectic reaction between Al in ‘the wiring material
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- 70 - 1 (1.5 % filmoccurred only on the el ectron donative

first substrate surface filmto enbed conpletely the ~opening with the
depth of 7000 [err]. The filmaquality of the Al-Ti filmwas found to
be very good, exhibiting 5 the same properties as one prepared at a
substrate tenperature of 300 [er+]41 shown in Exanple 12. On the

ot her hand, on the second substrate surface which is el ectron
non-donative, no Al-Ti filmwas deposited at all, whereby conpl ete

sel ectivity was obtained. On 10 both the Al[err]O[err] substrate and the
Sigerr] gl asansli$st i ¢he subgfingteymak|aqaunthaesibbative, no A -Ti

filmwas :
penetration of Al-Si eutectic called as alloy pit into

the substrate in spike pattern, thereby destroying
shallow junction.

5 ‘ As countermeasure, it is general to émploy a
material other than pure Al when the depth of junction
is 0.3 um or more and to employ barrier metal
_techhique of Ti, W, Mo type.

.Hoﬁever, there remain soﬁe points to be

10 improved such as complication of etching, rise of
contact resistivity and the like. 1In additive-
containing Al formed according to the present
invention, generation of alloy pits in contact portion
with substrate crystal due to heat treatment in the

15 wiring step can be inhibited and wiring with good
contact can also be obtained. In other words, wiring
can be effected only with an Al-Si material without
destroying Junction even when the jﬁnction is formed .
in a depth of about 0.1 nm.

{4) Improvement 6f surface smoothness {patterning

20
characteristic improvement of wiring)
In the prior art, :oughness of the surface of
a metal thin film had inconvenience in the alignment
step for the mask and the substrate in the patterning
25 step and in the etching step.

That is, there is unevenness extending to
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deposited at all. Exanple 15 = By use of the | ow pressure
CVD device shown in 15 Fig. 2, AI-Ti filmwas fornmed on the substrate with
the constitution as described bel ow. On a thermally oxidized
filmas the electron non-donative second substrate surface material, a
polycrystalline Si as the electron doratde-first 20 substrate surface
mat eri al was fornmed, patterning was effected according to the
phot ol i t hographi ¢ steps as shown in Exanple 12 to have the thernally
oxi di zed filmsurface partially exposed. The filmthickness of
t he pol ycryst sevieralsipim con tite tshinfadeno gl 20000 [agedrdimg taithet he si ze
of the thermally oxidized fil mexposed
prior art method, whereby the surface morphology is
poor, and therefore had the following disadvantages.
1) Alignment signals cause diffused reflection
5 to occur at the surface, whereby noise level becomes
higher and inherent alignment signals cannot be
discriminated. | .
2) For covering large surface unevenness, the
resist film thickness must be taken large, which is
10  ©opposite to fine formation.
3) If the surface morphology is poor; halation
due to the resist internal reflection will occur
locally, whereby resist remaining occurs.
4) If the surface mdrphology is poor, the side
15 wall becomes notched in the wiring etching step
according to its unevenness.
According to the present invention, the
surface morphology of additive—containing Al film to

' be formed is markedly improved to cancell all the

drawbacks described above.

20

' 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
can be accomplished, whereby wiring having smooth side

25 plane is rendered possible without causing halation to

occur. Furthermore, the additivé—containing Al has
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portion, namely opening being 3 [err]mx 3 pm Such:

- 71 - 1 sanple is called 1-1. By conbinations of the electron
non-donati ve second substrate surface materials (T- SiOferr],
CVWD-SiJerr], BSG PSG BPSG P-SiN, T-SiN, LP-SiN, ECR-SiN) and the
el ectron-donative first substrate 5- & f-ace materials (polycrystalline
Si, anorphous Si, Al, W M, Ta, Wai, TiSi, TaSi, Al-Si, A-Ti, TN,

Cu, .

1 reproducibility superior to that of Al-Si contéining
no additive. |
(5) Improvement of resistance in contact hole and
through hole and of contact resistance

5 In the prior art method, if the size of the
confact hole becomes finer as 1 um x 1 um orlless, Si
in the wiring is precipitated on the substrate of the
contact hole during heat treatment in the wiring step
to cover thereover, wherebf resistahce between the

10 wiring and the element becomes markedly larger.

:According to the present invention, since a

dense film is formed according to the surface
reaction, Al-Ti has been confirmed to have a
resistivity of 3.0 - 6.0 Pohm-cm. Also, thé contact

6

15 résistivity can attain 1 x 10-.-ohn_:-cm2 at an area of

0.6 um x 0.6 um when the Si portion has an impurity of

According to the present invention, since a
dense film is formed by the surface reaction, it has

been confirmed that the Al-Si-Cu completely filled

20
within the contact hole and through hole each has a
resistivity of 2.7 - 3.3 pohm-cm. Also, the contact
resistivity can attain 1 x 10-6 ohm-cm2 in the case
where the Si portion has an_impurity of 102%mn™% in a
25 hole of 0.8 um x 0.8 um.

That is, according to the present invention,
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Al -Si-Cu, Al-Pd, Ti, M-Si), Sanples of 1-1 - 1-169 ' shown in Table 4
were prepared. These sanples were pl aced in the | ow CVD devi ce shown
in Fig. 2, and Al- 10 Ti filmwas fornmed within the same batch. The film
formng conditions were a reaction tube pressure of 0.3 Torr, a DVAH
partial pressure of 3.0 x 10 Torr, - 44 a TiC[err] partial pressure of
1 x 10 Torr, a substrate tenperature of 300 [err]C and a film
forming tine of 15 15 mnutes. As the result of filmformation under such
conditions, in all the sanples from1l-1 to 1-169, no Al -Ti filmwas
deposited nt aHe atirtivgg opetemiphaampe completelycenbedded-onbvt ine
second substrate exposed, but Al -Ti of about 7000 [err] was deposited
only on the 2Xhe|migtuteh apeninge gnd Alsq@Iedieontiet itk ot@eet e

substrate can be obtained. Therefore, the present
invention can contribute greatly to improvement of

5 resistance within hole and contact resistance which
have been the greatest probléms in the fine ﬁrocess of
1 um or less.

Figs. 3A - 3E show how the additive-containing
‘Al film according to the present invention is

10 selectively grown.

Fig. 3A is an illustration showing
schematically the cross-section of the substrate
before formation of the additive-containing Al
deposited film according to the present invention. 90

15 is the substrate comprising an electron donétive
material, and 91 a thin film comprising an electron
non—-donative material. |

In fhe case of using DMAH and a gas containing
an additive as the starting gasés optionally together
20 with a gas containing Si atoms, when a gas mikture
containing H2 as the reaction gas is fed onto the
substrate 1 heated to a temperature not lower than the
decomposition temperatures of DMAH and the gas
containing an additive and not higher than 450 °C,
additive—containiné Al is deposited on the substrate

25
90, whereby a continuous film of?additive-containing

This is the replscement sheet

Q%Kﬂ 1 3 MAR 1997



sel ectivity was obtained. The filmquality of the Al - Ti film

deposited was found to be very good, exhi biting the sane properties as
one prepared at a substrate tenperature of 300 [err]C in Exanple 12.
25 Exanple 16 - When deposition was carried out according to

- 72 - -1 the same procedure as shewgs - Exanple 12 by use of

MVAH2 as the starting gas and setting the conditions

1 Al is formed as shown in Fig. 3B.
For example, when a gas mixture containing
DMAH as the starting gase, TiCl4 as the addition gas

and H., as the reaction gas is fed onto the substrate 1

2

5 heated to a temperature not lower than the
decomposition temperaturés of DMAH and TiCl4 and not
higher than 450 °C, Al-Ti is deposited on the
substrate 90, whereby é continuous film of Al-Ti is
formed as shown in Fig. 3B. Here, fhe pressure within

3

10 the reaction tube 2 should be desirably 10 ° to 760

Torr, and the DMAH partial pressure preferably 1.5 x
-5 3

-fold of the pressure within the

10°° to 1.3 x 10

above reaction tube.

When deposition of Al-Ti is continued under
is the above condifions, via the state of Fig. 3C, the Al-
Ti film grows to.the level of the uppermost portion of
the thin film 91 as shown in Fig. 3D. Further, when
grown under the same conditions, as shown in Fig. 3E,
the A;—fi film can grow to 2000 & or more
20 substantially withbut growth in the lateral direction.

| This is the most chéractéristic point of the deposited
filﬁ obtained by the present iﬁvention, and it wiil be
understood how'a film of good quality can be formed
under good selectivity.- -

25 As the result of analysis according to Auger's

electron spectroscopy or photoeléctric spectroscopy,
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as follows: ' : Total pressure: 1.5 Torr 5 MVAH2

partial pressure: 5 x 10[err] Torr - TidJerr] partia

pressure: 1.5 x 10[err] Torr in the tenperature range of the
substrate tenperature from160 [err]Cto 400 [err]C, an Al-Ti thin
film containing : no carbon i nmpur i<t weand havi ng excellent flatness, 10
denseness and sel ectivity depending on the substrate- surface
materials was deposited simlarly as in . Exanpl e 12. Exanpl e 17

First, the procedure for AI-Si-Ti film 15 formation is as follows. By
use of the dembcenskrainment of an impurity such as carbon or oxygen

is recognized in this film.
The deposited film thus formed has a
resistivity of, for example, with a film thickness of
5 400 &, 3.0 - 6.0 uohm.cm at room temperature which is
substantially equal to fhe bulk resistivity of Al, and
becomes continuous and flat film. Also, even with a
film thickness of 1 um, its resistance at room
temperature is approximately 3.0 - 8.0 nohm.cm and a
10 sufficiently dense film is formed with a relatively
thicker film. The reflectance in the visible |
wavelength region is approximately 80 %, and a thin
film with excellent surface flatness can be deposited.
The substrate temperature in performing such
15 selgctive deposition should be desirably not lower
than the deéomposition temperatures of the starting
gas containing Al and the starting gas containing Ti
and not higher than 450 °C as mentioned ébove, but
specifically a substrate temperature of 220 to 450 °¢c
20 is desirable, and when deposition-is performed under
such condition, the deposition speed is sufficiently
greatlas 100 i/min. to 700 A/min. when DMAH.partiai

4 3

pressure is 10 = to 10 ° Torr. Thus a sufficiently

great deposition speed can be obtained as the Al-Ti

25 deposition technique for ultra—LSI.

A more preferable substrate temperature
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in Fig. 1, the reaction tube 2 is internally evacuated toca. 1 X

10[err] Torr by the evacuation unit 9. - However, Al -Si-Ti filmcan be
also forned if the vacuum degree within the reaction tube 2 nay be
worse 20 than 1 x 10[err] Torr. After washing of Si wafer,

t he conveyi ng chanber 10 is rel easeglgto at nospheric pressure and S
wafer is nounted in the conveying chanber. The conveyi ng chanber is
evacuated to ca. 10[err] Torr, and 25 then the gate valve 13 is opened and -
the wafer is nmount ed on the wafer hol der 3.

1 condition is 250 oC to 350 °C, and the Al-Ti film
deposited under this condition is also strongly
orientatable and, even when subjected to the heat
treatment at 450 °C for 1 hour, the Al-Ti film on the

5 si monocrystalline or Si polycrystalline substrate
becomes a'good'Al-Ti film without generation of
hillock and spike. Also, such Al-Ti film is.excellent

in electro-migration resistanceas as compared with Al

film.

10 Also, when a gas mixture containing DMAH
optionally together with Sizl-l6 as the starting gase,

Gu(CSH 02)2 as the addition gas and H2 as the reaction

7
gas is fed onto the substrate 1 heated within a

temperature range from the decomposition temperature

15 of DMAH to 450 °C, Al-Si-Cu is deposited on the

substrate 90, whereby a continuous film of Al-Si—-Cu

is formed as shown in Fig. 3B. Here, the pressure
within the reaction tube 2 should be desirably 1072 to

760 Torr, and the DMAH partial pressure preferably 1.5

5 3

10" ° to 1.3 x 10 °-fold of the pressure within the

20 *
above reaction tube. The cu(csn7oz)2 partiai pressure

5

should preferably be 5§ x 10 ° to 5 x 10"%-£014 of the

pressure within the reaction tube, and the SiZHG

7

partial pressure should preferably be 1 x 10 ‘ to 1 x

25 10_4—fold[of the pressure within the reaction tube 2.

When deposition of Al—SiiCu is continued under
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- 73 - After nounting of'the waf er on the wafer

hol der 3, the gate valve 13 is closed, and the reaction chanber 2 is
evacuated to a vacuumdegree of ~ ° ca. 1 x 10 [err] Torr. 5

In this Exanple, DMAH is fed through the first - gas line. As the
carrier gas of DVAH line, H2 is -£gd ayed. The second gas line is used
for Herr] and the third gas line for TiC[err] diluted with Herr].
The fourth gas line is provided for Si[err]Herr]. The third gas

line, 10 the mi xer and the reaction tube are preheated to
1 the above conditions, via the state of Fig. 3C, the

Al-Si-Cu film grows to the'level of the uppermost portion
of the thin film 91 as shown in Fig. 3D. Further,
when grown under the same conditions, as shown in Fig.

5 3E, the Al-Si-Cu film can grow to 5000 A substantially
without growth in the lateral direction. Thie is the
most characteristic point of the deposited film
obtained by the present invention, and it will be
understood how a film of good quality can be formed

10 under good selectivity.

As the result of analysis according to Auger's
electron‘spectfoscopylor photoelectric spectroscop?,
no entrainment of an impurity such as carbon or oxygen
is recognized in this film.
15 The deposited film thus formed has a
resistivity of, for example, with a film thickness of

400 &, 2.7 - 3.0 pohm:cm at room temperature which is

substantially equal to the oulk resistivity of Al, and

becomes continuous and flat film. Also, eveh with a

20 film thickness of 1 um, its resistance at room
temperature is approximately 2.7 — 3.0 pohm-cm and a
sufficiently dense film is formed with a'relatively..
thicker film. The reflectance in the visible
wavelength region is approximately 80 %, and a thin
film with excellent surface flatness can be deposited.

25
The substrate temperature in performing such
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180 C [err]lO'[err]C. By passing Herr] through the second

gas line, the pressure within the reaction tube 2 is nade a
predet erm ned val ue by controlling the opening of the 15 slow |leak valve
8. Atypical pressure in this Exanple is made approxinmately 1.5 Torr.
Then, the wafer is heat ed by curred8 passage t hrough the heater 4.

Af ter the wafer tenperature has reached a predeterm ned:

tenperature, DMAH, TiCl[err] and Si H are introduced into 20 the reaction
tube through the DMAH line, the Tid[err line and the Si2H6 |ine. The
total pressurgelecgive deposidipg sh Drfe IoMAmaPd% (S pressure is made
ca. 1.5 x 10[err], Torr. The TiC4 par I al pressure |s made 1 X

10  Torr and9eRemBPSHE iR temperatirs, Of theygdarting

containing Al or higher and 450 ¢ or lower as
mentioned above, but specificélly a substrate

5 temperature of 220 to 450 % is desirable, and when
deposition is performed under such condition, the
deposition speed is sufficiently great as 400 i/min.

to 1000 i/min. when DMAH partial pressure is 10 ¢ to

10_3 Torr. Thus a sufficiently great deposition speed
10 can be obtained as the Al-Si-Cu deposition technique
for ultra-LSI.

A more preferable substrate temperature
condition is 250 °C to 350 °C, and the Al-Si-Cu film-
deposited under this condition is also strongly

15' orientatable and, even when subjected to the heat
treatment at 450 °C for 1.hour, the Al-Si-Cu film on
the Si monocrystalline or Si polycrystalline substrate
or an oxide film becomes a good Al-Si-Cu film without
generation of hillodk_and spike. Also, such Al-Si-Cu
20 film is ex&ellent in electro-migration resistance and
the contents of Si and.Cu of the film can easily be
contreolled.

It is possible to make the heat treatment
temperature during wiring step lower or to oﬁit the
heat treatment step.

25 _
As described in detail above, by applying the
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25 10[err] Torr. Wien Si2H6 and DMAH are introduced into the
reaction tube 2, Al-Si-Ti is deposited. After a

- 74 - predet erm ned deposition tine has el apsed, feeding of
DVAH, TiCl[err] and Si[err]H err] is stopped. Next, heating of t he
heater 4 is stopped to cool the wafer.-Fe@d+ng of H2 gas is stopped,

and after evacuation internally of 5 the reaction tube, the wafer is
transferred to the '

1 present invention to the wiring formation method of a
semiconductor integrated circﬁit, particularly
embedding of contact hole or through hole, the yield
can be improved, and reduction of cost can be prdmoted

5 . to great extent as compared with metallic wiring of

the prior art.

10

15

20

25
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conveyi ng chanber, and only the conveying chanber is - made at nospheric

before taking out the wafer. The outline of Al-Si-Ti filmformation
is as descri bed above. 10 " Next, preparation of sanples in
this Exanpl e i s expl ai ned bel ow. Si substrates (N type,
1 - 2 ohnferr]jcm were subj ected t® Shernmal oxidation at a tenperature
of 1000 [err] C according to the hydrogen conbustion system 15 _
(Herr]: 3 liters/IM O[err]: 2 liters/M. The waf ers havi ng
an oxide filmwere provided to deposit AI-Si-Ti filnms of 5000 [err]

thickness 1 EXamplev hg t he above descri bed procedure under the

foll owi ng conditions.
First, the procedure for Al-Ti film formation

is as follows. By use of fhe device shown ih Fig. 1,

the reaction tube 2 is internally evacuated to ca. 1 x
5 1078 Torr by the evacuation unit 9. Howeﬁer, Al-Ti.

film can be also formed if the vacuum degree within

8

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

After washing of Si wafer, the conveying
chamber 10 is released to atmospheric pressure and Si

10 wafer is mounted in the conveying chamber. The

6 Torr, and

conveying chamber is evacuated to ca. 10
then the gate valve 13 is opened and the wafer is
mounted on the wafer holder 3. _
After mounting of the wafer on fhe wafer
15 holder 3, the gate valve 13 is closed, and the
reaction chamber 2 is evacuated to a vacuum degree of

8 Torr.

ca. 1 x 10~
In this Example,.DMAH is fed through the first
gas line. As the carrier gas of DMAH line, H, is
20' employed. The second gas line is used for H2 and the
| third gas line for TiCl,. The carrier gas is also H,.
By passing H2 through the second gas line, the
pfessure within the reaction tube 2 is made a
predetermined value by controlling the opening of the
slow leak valve 8. A typical pressure in this Example

25
is made approximately 1.5 Torr. ‘Then, the wafer is
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20 Total pressure 1.5 Torr | DVAH parti al

pressure 1.5 x 10[err] Torr TiC[err] partial pressure
1 x 10[err] Torr - Si[err]H err] partial pressure 1 x 10
[err] Torr The AI-Si-Ti films thus formed were subjected 25
to patterning according to conventional= 52 -photolithographic technique to
obtain test sanples in - 75 -

which Al-Si-Ti remained in the widths of 2, 4 and 6 [err]m
1 heated by current passage through the heater 4. After
the ﬁafer temperature has reached a predetermined
temperature, DMAH and TiCl4 are introduced into the
reaction tube through the DMAH line and the TiCl,
5 line. The total pressure is ca. 1.5 Torr, and the

DMAH partial pressure is made ca. 1.5 x 10 % Torr.

6

The TiCl, partial pressure is made 1.5 x 10" ° Torr.

WheriTiCl4 and DMAH are introduced into the.reaction

tube 2, Al-Ti is deposited. After a predetermined
j0 deposition time has elapsed, feeding of DMAH and TiCl4
is stopped. Next, heating of the heater 4 is stopped
to cool the wafer. Feeding of Hz gas is stopped, and
after evacuation internally of the reaction tube, the
wafer is transferred to the convevying chamber, and
only the conveying chamber is made atmospheric before

15
taking out the wafer. The outline of Al-Ti film

formation_is as described above.
Al-Ti films were deposited at the respective
temperatures each for 10 sheet samples following the
20 same procedure as described in Example 1 under the
following conditions: |
Total pressure: 1.5 Torr
DMAH partial pressure: 1.5 x 10 % Torr

6

TiCl, partial pressure: 2 x .10 ° Torr.

25 The Al-Ti films deposited by varying the
substrate temperature at 13 levels were evaluated by
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When the tenperature (Ts) of substrate for deposition was varied to

eval uate the characteristics of the deposited filmnms, substantially
the sane results 5 as those shown in Table 2 were obtai ned.

Exanpl e 18 By neans of the | ow pressure CVD appar at us

shown inFig. 2, Al-Si-Ti filnms were ford%d on the "substrates with
the constitutions as described below. 10 On a nonocrystalline
silicon as the el ectron donative first substrate surface material, a
thermal |y oxidized SiJerr]_ filmas the el ectron non-Ponative second

substrat e bur Ui Afav@nigus,ayglgatdPn AREheds o MAR) TeSULLRARE f ect ed
according to tsrﬂ%&hoitnol,ﬂ'a%qoegrla.phi_c st eps '
It has been confirmed from the results  that
films of extremely excellént quality can be obtained
5 within the temperature range of 200 to 400 °C.
Example 2 |
Following the séme procedure as iﬂ Example-l_

to set the pafameters as follows:

Total pressure: 1.5 Torr

4

DMAH partial pressure: 5 x 10 ° Torr

10
Substrate teﬁperature (Tsub): 300 °C

and the TiCl4 partial pressure was varied from 1.5 x
10"7 Torr to 1 x 1074 Torf to effect deposition. The
Ti content (wt.%) Qf the Al-Ti films'were varied from

15 -0.001 % to 4.2 % approximatély in proportion to the

Ticl4 partial ﬁressure. As to resistivity, carbon

content, average wiring life, deposition speed,

hillock density and spiké generation, the same results

as in Example 1 were obtained. However, in samples

20 having a Ti content of 3.5 % or higher, the surface
morphology became bad, thereby making the reflectance
65 % or lower. Samples havihg é.Ti contént of less
‘than 3 % exhibited a reflectance of 80 to 90 %, which
was the same as in Example 1.

25 Example 3

First, the proceduré.of Al-Ti film formation
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15 to have the nonocrystalline silicon surface partially exposed.

The filmthickness of the thermally oxidized Sigerr] filmwas found
to be 7000 A, with the size of the exposed portion of the

monocrystal line silicon, namely 20 opening being 3 [errJmx 3 [err]m
Thus, a sanple was prepared. (Herei Bé&fter, such sanple is expressed as
"thermal |y oxidized Sigerr] (hereinafter abbreviated as T-
SiJerr])/monocrystalline silicon)". : Fol | owi ng the sane

procedure as described 25 above, sanples were pregared as foll ows.
Oxi di zed fil m¥rae£DYLOHF nal Breke feaepftion unit 9, the reaction

8

tube is evacuated internally to ca. 1 x 10" ° Torr.

Al-Ti film can be'formed even if the vacuum degree in
the reaction tube 2 may be higher than 1 x 10 ° Torr.
5 Affer washing of the Si wafer, the conveying
chamber 10 is released to atmospheric pressure and the
Si wafer is mountéd in the COﬁvéying chambe:. fhe
conveying chémber is evacuated to ca. 1_x 10-6 Torr,
then the gate valve 13 is opened and the wafer is
10 mounted on the wafer holder 3. .
After mounting of the wafer holder 3, the gate
valve 13 is evacuated to a vacuum degree in the

8 Torr.

reaction chamber 2 of ca. 1 x 10
In this Example, the first gas line'is-used
15 for DMAH. As the carrier gas for the DMAH line, Ar is
employed. 'The second gas line is used for Hz. The
third gas line is provided for TiCl4.
By bassing H2 through the second gas line, the
pressure within the reactibn tube 2 is made a
20 predetermined value by controlling the opening of the
slow leak valve 8. A typicél preésure in this Example
is made approximétely 1.5 Torr. Then, the wafer is
heated by current passage through the heater 4. After

the wafer temperature has reached a predetermined

25 temperature, DMAH and TiCl4 are introduced into the
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- 76 - 1 ‘(hereinafter abbreviated as SiJerr])/nonocrystalline

silicon. Phosphorus doped oxidized filmforned by

normal pressure CVD (hereinafter abbreviated as 5 PSG/nonocrystalline
silicon. Phosphorus and boron doped oxidized film

formed by nornmal pressure CVD (herei natt &5 abbrevi at ed as

BSPG) / nonocrystalline silicon fornmed by nornal - pressure CVD

1 reaction tube thfough the DMAH line and the-TiCl4
line. The total pressure is ca. 1.5 Torr, and the

4

DMAH partial pressure is made ca. 1.5 x 10 ° Torr.

5

The TiCl, partial pressure is made 1.5 x 10" ° Torr.

5 When TiCl, and DMAH are introduced into the reactién_
“tube 2, Al-Ti is deposited. After a predetefmined
deposition time has elapsed, feeding of DMAH and TiCl4
is stopped. Next, heating 6f the heater 4 is stopped
to cool.the wafer. Feeding of Hz gas is stopped, and

after evacuation internally of the reaction tube, the

10
wafer is transferred to the conveying chamber, and
only the conveying chamber is made atmospheric
pressure before taking out the wafer. The outline of
Al-Ti film formation is as described above.

is" For deposited films thus formed concerning

resistivity, carbon content, average wiring life,
deposition speed, hillock density, ggneration of spike
and reflectance, the same results as in Example 1 were

obtained.

20 Example 4
Following the same procedure as in Example 3

to set the parameters as follows:
Total pressure: ' 1.5 Torr
DMAH partial pressure: 5§ x 10™% Torr

25 Substrate temperature (Tsub): 300 °C
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10 These sanples and Al[err]O[err] substrate, SiCQ'grass.

substrates were placed in the | ow pressure CVD device shown in Table
2, and Al-Si-Ti films were forned wi thin the sane badge. The film
form ng conditions were a reaction tube pressure of 0.3 Torr, a DVAH
15 partial pressure of 3.0 x 10[err] %*obe, -a TiCl[err] partia

pressure of 1 x 10[err] Torr, a Si2H6 partial pressure of 1 x 10[err]
Torr, a substrate tenperature of 300.[err]C and filmformation tine of
10 m nutes. As the result of filmformation under such 20
condi tions} coamkrthedliCl, tpartiadl presppre cdasi varied fpamt &« hi ng,
deposition of Al_si-Ti filmoccurrgd only on the el ectron donative. S

substrate surfite ffamy to 1t® tbedleonpteteffechedepenihgonit hTh@e depth

of 7000 [err]. L. .
Ti content (wt.%) of the Al-Ti films were varied from _

0.001 % to 4.2 % approximately in proportion to the

5 TiCl4 partial pressure. As to resistivity, carbon
content, average wiring life, deposition speed,
hillock density and spike generation, the same results
as in Example 1 were obtained. However, in samples
having & Ti content of 3.5 % or higher, the surface

10 morphology became bad, thereby making the reflectance
65 % or lower. Samples having a Ti content of less
than 3 % exhibited a reflectance of 80 to 90 %, which
was the same as in Example.l.
Example 5

15 A silicon substrate was placed in the low
pressure CVD method_shown in Fig. 2, and Al—Ti £film
was formed within.the séme badge. The film formation
conditions ﬁere made a reaction tube pressure of 0.3
Torr, a DMAH partial pressure of 3.0 x 10-5 Torr, a

6

TiCl, partial pressure of 0.7 x 10" ° Torr, a substrate

20 4
temperature of 300 °C, and a film formation time of 10
minutes.

As the result of film formation under such
conditions, an Al-Ti film of 7000 A was deposited.
The film quality was very good, exhibiting'the same

25
properties as one prepéred at a substrate temperature
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The filmaquality of the AI-Si-Ti filmoccurred only 25 be very good,

exhi biting the sane properties as one prepared at a substrate
tenperature of 300[err] C shown in : -
77 - 1 Exanple 12. On the other hand, on the second substrate
surface which is electron non-donative, N®7 - Al-Si-Ti filmwas
deposited at all, whereby conplete " selectivity was obtained. On both
the Al[err]O[err] substrate ) . '

1 of 300 °C shown in Example 1.
Example 6
The procedure of Example 1 was repeated to
effect deposition with the exception th'atl_MMAH2 was
5 used as the starting gas and the parameters were sét
as follows:
Total pressure: 1.5 Torr
MMAH2 partial pressure: 5 x 10 ¢ Torr

5 Torr

TiCl, partial pressure: 0.7 x 10
10 As a result, Al-Ti thin films were deposited
within thé substrate temperature range of 160 °C to
400 °C which contained no carbon impurity and were
excellent in flatness and denseness similarly as in
Example 1.
15 Example 7
The procedure of Example 1 was repeated to
effect deposition with the exception that Ti(CH3)4 was
used in pla&e of-TiCl4 as the starting material

containing Ti and the parameters were set as follows:

Total pressure: 1.5 Torr
' 4

20
DMAH partial pressure: 5 x 10 - Torr

5 Torr

Ti(CHg), partial pressure: 1.5 x 10
As a result, Al;Ti thin films were depositéd

within the substrate tempergture range of 160 °C to

25 ~.400 °C which contained no carbon impurity and were
excellent in flatnesé and denseness similarly as in
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5 and the SiC{err] gl ass substrate which are el ectron non- donati ve, -

no Al-Si-Ti filmwas deposited at all. ~ Exanple 19 _

Fol l owi ng the sanme procedure as in Exanple 17 . = to set the paraneters
as follows: 10 . Total pressure: 1.5 Torr

DVAH partial pressure: 5 x 10[err] To«r58 - Si[err]H err]

partial pressure: 1 x 10[err] Torr Si[err] parial _
pessure: 1 x 10[err] Torr Substrate tenperature
(Tsub): 300 [err]C and the TiC[err] partial pressure was varied from
5 x 15 1D[eB¥ampk® %o 1 x 10[err] Torr to effect deposition. The Ti
content (w.%_of the AI-Si-Ti filnms were varied from 0.3 %to 4 % As
to resistivity® cont ent,

Formation of Al-Si-Ti is effected by use of

the device shown in Fig. 1. The reaction tube 2 is

8

5 internally evacuated to ca. 1 x 10 ° Torr by the

evacuation unit 9. However, Al-Si~-Ti film can be also
formed even if the vacuum degree within the reaction

8

tube 2 may be worse than 1 x 10 ° Torr.

After washing of the Si wafer, the conveying
10 chamber 10 is released to atmospheric pressure and the
Si wafer is mounted in the conveying chamber. The

6

conveying chamber is evacuated to ca. 1 x 10 ~Torr,

-'then the gate valve 13 is opened and the waferhis
mounted on the wafer holder 3.

15 After mounting of the wafer on the wafer

holder 3, the gate valve 13 is closed, and the
reaction chamber 2 is evacuated to a vacuum degree of
ca. 1 x 10°8 Torr.
'In this Example, DMAH is fed through the first
20 gas line. As the carrier gas of DMAH line, H2 is
| employed. The second gas line is used for H2 and the
third gas line for TiCl, diluted with H,. The fourth
.gas line is provided for SiZHG‘ The third gas 1line,
the mixer and the reaction Eube are previously heated

25 to 180 °C = 10 °C.

By passing H, through the second gas line, the
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average wiring life, deposition speed, and hillock . density, the sane
results as in Exanple 12 were 20 obtained. Simlarly as in Exanple 13,

sel ective depositability depending on substrate surface materi al

was al so confirmed over the entire region. Exanpl e 20

Fol | ow ng the sane procedure as in Exarpls® ¥7 25 to set the paraneters as
fol | ows: Total pressure: 1.5 Torr

- 78 -

1 pressure within the reaction tube 2 is made a
predetermined value by controlling the opening of the
slow leak valve 8. A typical pressure in this Example
-is made approximately 1.5 Torr; Then, the wafer is

5 heated_by current passage through the heater 4. After

. the wafer teﬁperature_has reaéhed a predetermined
temperature, DMAH , TiCl4 and SiZH6 are introduced
into the reaction tube through the DMAH line,.the
-TiCl4 line end the Si, H. line. The total pressure is

ca. 1.5 Torr, and the DMAH partial pressure is made

10
' 4

ca. 1.5 x 10
6

Torr. The TiCl4 partial pressure is

made 1 x 10 ° Torr and.the Si,Hg partial pressure is
made 1 x 107 Torr. When Si,H . and DMAH are
introduced into the reaction tube 2, Al-Si-Ti is

15 deposited. After a predetermined deposition time has
elapsed, feeding of DMAH, TiCl4 and Si2H6 is stopped.
Next, heating of the heater 4 is stopped to cool the
wafer. Feeding of H2 gas is stopped, and after

evacuation internally of the reaction tube, the wafer

is transferred to the_conveying chamber, and only the

20
conveying chamber is made afmoSpheric before taking
out the wafer. The outline of Al-Si-Ti film fofmation
is as described above.
Wafers were provideg to deposit Al1-Si-Ti films
25 of 5000 & thickness following the above dgscribed

procedure under the following conditions.’
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DVAH partial pressure: 5 x 10[err] Torr - TidJ[err]

partial pressure: 1 x 10 [err] Torr Substrate - '
tenperature (Tsub): 300 [err]C and the Si[err]Herr] partial
pressure was varied from1.5 x 5 10 [err] Torr to 1 x 10 [err] Torr to
effect deposition. The Si contentedw.% of the AI-Si-Ti filnms were
vari ed from0.005 %to 5 % approximately in proportion to the
Si[err]H err] partial pressure. As to resistivity, average W ring
|ife, deposition speed and hillock density,.the 10 sane results as in _
Exanpl e 121wer e obt ai nEatalopeessure i A-8aRPFEs having a Si content of
4 % or higher, deﬁosition was generated in the fil negwhi ch appeared

DMAH partial pressure 1.5 x 10 Torr

TiCl, partial pressure 1.x% 10°° Torr

Si,H. partial pressure 1 x 10°° Torr

5 ' The Al-éi-Ti films thus formed were subjected

to patterning according.to conventional
photolithographic technique to obtain test samples in
which Al-Si-Ti remained in the widths of 2, 4 and 6 pm.
When the temperature (Ts) of substrate for
10 deposition wés varied to evaluate the characteristics
of the deposited films, substantially the same results

as those shown in Table 1 were obtained.

Example 9

Following the same procedure as in Example 8

15 to set the parameters as follows:

Total pressure: 1.5 Torr

DMAH partial pressure: 5 x 10" % Torr

Si,Hg partial pressure: 1x 19_5 Torr
Substrate teméerafure_(Tsub): 300 °C

and the TiCl4 partial préssure was varied from 5 x

20
10=7 Torr to 1 x 104 Toir to effect deposition. The Ti

content (wt.%) of the Al-Si-Ti films were varied from
0.3 % to 4 %. As to resistivity, carbon content,
average wiring life, déposifion speed, and hillock
" 25 density, the same results as in Example 1 were
obtained.
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to be Si to worsen surface norphol ogy, thereby naking the refl ectance
60 % or lower. Sanples having a Si 15 content of |ess than 4 % exhibited

a reflectance of 80 to 95 % which was the sanme as in Exanple 17.
Furthernore, selective depositability dependi ng on substrate surface
material was confirnmed over the - ~e@lirke region. 20 Exanple 21

The procedure of Exanple 17 was repeated to deposit AI-Si-Ti with the
exception that the paraneters were set as follows: Tot a
pressure: ' 1.5 Torr 25 DVAH partial pressure: 5 x 10
[err] Torrl - Example 10Si2H6 partial pressure: 1 x 10[err] Torr

Following the same procedurelas in Example 8

to set the parameters as follows:

Total pressure: 1.5 Torr

5 DMAH partial pressure: 5 x 10°¢ Torr
TiCl, partial pressure: 1 x 10__6 Torr
Substrate temperature (Tsub): 300 °C

and the SizH6 partial pressure was varied from 1.5 x
-7 4

Torr to 1 x 10  © Torr to effect deposition. The

10
10 Si content (wt.%) of the Al-Si~Ti films were varied
from 0.005 % to 5 ¥ approximately in proportion to the

Si,H,. partial pressure. As to resistivity, average

276
wiring life, deposition speed and hillock density, the
same results as in Example 8 were obtained. However,

15 in samples having a Si content of 4 % or higher,
deposition was generated in the films which appeared
to be Si to worsen surface morphology, thereby making
_tﬁe reflectance GQ % or lower. Samples having a Si .

content of less than 4 % exhibited a reflectance of 80

to 95 %, which was the same as in Example 6.

20
' Example 11
The procedure'of Example 6 was repeated to
effect deposition Al-Si-Ti under the following
conditions .l | _
25 Total pressure: ‘1.5 Torr
DMAH partial ppessuré: : 5 x 1074 Torr

This is the replacement sheet

Date: | 3 MAR 1997



- 79 - 1 ‘Ticd[err] partial pressure:: 1 x 10[-er] Torr

As a result, AI-Si-Ti filnms were deposited within the substrate
tenperature range of 160 [err]C to 400 [err]C which were excellent in
m gration resistance, flatness, 5 denseness and selectivity dependi ng on
substrate surface material siml-ard/ -as in Exanple 12. In
the follow ng, description is nade about Exanples I n which Al -Cu or
Al -Si-Cu is deposited by use of Cu in

1 Si,He partial pressure: 1 x 105 Torr

TiCl, partial pressure: 1 x 10°% Torr

'As a result, Al-Si-Ti films were deposited
within the sﬁbstrate teﬁperature range of 160 °C to
5 400 °C which were excellent in migration resistance,
flatness and denseness similarly as in Eample 6.

Example 12

First, the procedure for Al-Ti film formation
is as follows. By use of the device shown in Fig. 1,

10 the reaction tube 2 is internally evacuated to ca. 1 x

10~8 Torr by the evacuation unit 9. However, Al-Ti

film can be also formed if the vacuum degree within

8

the reaction tube 2 may be worse than 1 x 10" ° Torr.

After washing of Si wafer, the conveying

15 chamber 10 is released to atmospheric pressure and Si

wafer is mounted in the cbnveying chamber. The

6

conveying chamber is evaéuated to ca. 10 Torr, and

then the gate valve 13 is opened and the wafer is
mounted on the wafer holder 3.

20 After mounting of the wafer on the wafer

holder 3, the gate valve 13 is closed, and the

reaction chamber 2 is evacuated to a vacuum degree of

8

ca. 1 x 10 ° Torr.

In this Example, DMAH is fed through the first
25 gas line. As the carrier gas of DMAH line, H2 is
employed. The second gas line is used for H2 and the
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pl ace of Ti as the additive. 10 Exanple 22 . By the evacUation

unit 9 of the device shown in Fig. 1, the reaction tube 2 is
internally evacuated to ca. 1 X 10-8 Torr. : However, film
deposition of Al-Si-Cu is possible 15 weven when the vacuum degree within
the reaction tube 2 may be worse-t68n-1 x 10[err] Torr (e.g. 1 X
10[err] or 1 x 10-6). After washing of Si wafer, the conveying
chanber 10 is rel eased to atnospheric pressure and Si waf er i s nmounted

in the conveying chanber. The 20 conveying chanber, is evacuated to ca. 1
x 10[err] Torrthird gaesdidenfencl {l e dhlweedIvithdpened and the wafer is

By passing H2 through the second gas line, the

pressure within the reaction tube 2 is made a
predetermined value by contrdlling the opéhiﬁg of the.

5 slow leak valve 8. A typical pressure in this Example
is made approximately 1.5.Tofr. Then, the wafer is
heated by current passage through the heater 4. After
the wafer temperature has reached a predetermined
témperature, DMAH and TiCl4 are infroduced into the

10 reaction tube through the DMAH line and the TiCl4
line. The total preséure is ca. 1.5 Torr, and the
DMAH partial pressure is made ca. 1.5 x 1074 Torr.
When DMAH is introduced into the reaction tube 2, Al-Ti
is deposited. The TiCl4 partial pressure is made

6

15 1.5 x 10~ Torr. After a predetermined deposition

time has elapsed, feeding of DMAH and '.l‘iCl4 is

stopped. Next, heating of the heater ; is stopped to
| cool the wafer. Feeding of H2 gas is stopped, and

after evacuation internally of the reaction tube, the

wafer is transferred to the conveying chamber, and

20
only the conveying chamber is made atmospheric before
taking out the wafer. The outline of Al-Ti film
formation is as described above.
_Next, preparation of samples in this Example
26 is explained below.

Si substrates (N type, 1:- 2 ohmecm) were
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mount ed on the wafer hol der 3. After_nDunfing of the wafer on

the wafer hol der 3, the gate valve 13 is closed, and the 25 reaction
chanber 2 is evacuated to a vacuum degree of - ca. 1 x 10 Torr

- 80 - 1 In this Exanple, DMVAH is fed through the first

gas line. As the carrier gas of DVMAH ligg H2 is enpl oyed. The

second gas line is used for Herr], the

1 subjected to thermal oxidation at a temperature of
1000 °c according to the hydrogen combustion system

{H 4 liters/M, Oz: 2 liters/M).

2°
The film thickness was 7000 & + 500 &, and the
5 refractive index 1.46. A photoresist was coated on
the whole Si substrate, and a desired pattern was
baked by an exposure machine. The pattern was such'
" that various holes of 0.25 um x 0.25 um - 100 um x 100 pm
were opened. - After develobment of the resist, with
10' the photoresist as the mask, the subbing SiO2 was
etched by the reactive ion etching (RIE), etc. to have
the substrate Si partially exposed. Thus, 130 sheets
of samples having various.sizes of Si0, holes of 0.25 pm x
0.25 pm ~ 100 pm x 100 pm were .prepared, the
15 substrate temperatﬁre was set at 13 levels, and for
the samples at the respectivg temperatures, Ai—Ti
films were selectively deposited following the

procedure as described above under the following

conditions:

20 Tota; pressure: 1.5 Torr

4 Torr

DMAH partial pressure: 1.5 x 10
) _ .

TiCl, partial pressure: 1.5 x 10 ° Torr
The Al—Ti films deposited by varying the
substrate temperature at 13 _levels were evaluated by

o5 Use of various evaluation methods. The results are

shown in Tablé 2.
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third gas line for Cu(CJerr]H err]O[err])[err], and the fourth gas 5
line for Si [err]H err] The third gas line, the mxer and the '
reaction tube are prelimnarily heated to 180 [err]C 10 [err] C
By passing H2 through the second gas line, the pressure within the
reaction'tube 2 is made a 10 predetergsned value by controlling the
openi ng of the slow | eak valve 8. A typical pressure in this Exanple
is made approxinmately 1.5 Torr. Then, the wafer is heat ed by current
passage through the heater 4. After the wafer tenperature has reached
a predeterimned 15 tTeambeabbove Bisihlesy( GoeAl] Mear deploarirtied er] and
Si[err]H err] are I ntroduced into the reactigp tube thrpugh the DVAH
SiO2 at a temperature range from 160 C to 450 “C, and

Al-Ti (0.5 %) was deposited only on the portion with
~ opening of Si0, to have Si exposed. Also, when
5 deposition was carried out in the above temperature
range continuously for 2 hours, similar selective
depositablity was maintained.

Example 13

First, the procedure for Al-Ti film formation
10 is as follows. By use of the device shown in Fig. 1,
the reaction tube 2 is internally evacuated to ca. 1 x
1078 Torr by the evacuation unit 9. However, Al-Ti
film can be also formed if the vacuum degree within

8

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

15 After washing of Si wafer, the conveying

chamber 10 is released to atmospheric pressure and Si

wafer is mounted in the conveying chamber. The

6

conveying chamber is evacuated to ca. 10 ° Torr, and

then the gate valve 13 is opened and the wafer is
20 mounted on the wafer holder 3.
After mounting of the wafer on the wafer
holder 3, the gate valve 13 is closed, and the
reaction chamber 2 is evacuated to a vacuum degree of .

8

ca. 1 x 10 ° Torr. _

25 In this Example, DMAH is fed through the first

gas line. As the carrier gas of ‘DMAH line Hy is
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line, the Cu((Jerr]Herr]O[err])[err] line and the Si[err]Herr] line. The
total pressure is ca. 1.5 Torr, and the DVAH parti al _pressure i s nade
ca. 1.5 x 10[err] Torr. The CQu(Cerr]Herr]O[err])[err] par- 20 tial
pressure is made 1 x 10[err] Torr,and the Si[errfH err] partial :

pressure is made 1 x 10[err] Torr. \We®6Sr[err]H err] and‘DVAH are
i ntroduced into the reaction tube 2, AI-Si-Cu is deposited. After a
predet er mi-ned deposition tine has el apsed, feeding of DMAH,

Cu(CJerr]Herr]O[err])[err] and Si[err]Herr] is 25 stopped. Next,
heating of 1t heenpekdyed 4 iEhetoppendtgas linecbslused fiarel, andettheg of H2

gas i s stopped, and
third gas line for TiCl4. The carrier gas is also Hz‘
By passing H2 through the second gas line, the

pressure within the reaction tube 2 is made é

5 predetermined value by.controlling the opening of the
slow leak valve 8. A typical pressure in this Example
is made approximately 1.5 Torr.- Then, the wafer is
heated by curfent paséaée through the heater 4. After
the wafer temperature has reached a predetermined

10 ‘temperature, DMAH and TiCl, diluted with H, are

introduced into the reaction tube through fhe DMAH
line and the TiCl4.line. .The total pressure is ca.
1.5 Torr, and the DMAH partial pressure is made ca.

1.5 x 104

Torr. The TiCl4 partial pressure is made

55 1.5 x 10°° Torr. When DMAH is introduced into the
reaction tube 2, Al-Ti ié deposited. After a
predetermined deposition time has elapsed, feeding of
DMAH is stopped. Next, heating of the heater 4 is
stopped to cool the ﬁafer. Feeding of H2 gas is

stopped, and after evacuation internally of the

20
reaction tube, the wafer is trénsferred to the
conveyiﬁg chamber, and only the conveying chamber is
made atmospheric before taking out the wafer. The
outline of Al-Ti film formation is as described above.
25 For deposited films thus formed concerning

resistivity, carbon content, average wiring life,
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- 81 - 1" after evacuation internally of the reaction tube, the

wafer is transferred to the conveyi ng chanber, and only the conveying
chanber is made atnospheric before taki ng out the wafer. The outline
of Al-Si-Cu film 5 formation is as described above. Next ,
preparation of sanples in this Exanple g7 - wll be explained bel ow

Si substrates (N type, 1 - 2 ohnferrjcm were subj ected to thermal
oxidation at a tenperature of 10 1000 [err]C according to the hydrogen
conbusti on system (Herr]: 3 liters/IM O[err]: 2 liters/M

1 deposition speed, hillock density, generation of spike
and reflectance, the same results as in Example 12

were obtained. _
As to the selective depositability depending
5 on the material of the substrate, the same results as

those in Example 12 were obtained.

Example 14

By means df the low pressure CVD apparatus
shown in Fig. 2, Al films were formed on the
10 Substrates with the constitutions as described below
(Samples 2-1 - 2-179).

Preparation of Sample 2-1

On a monocrystalline siiicon as the electron
donative first substrate surface material, a therﬁally
15- oxidized SiO2 film as the electron non-donative second
substrate surface material was formed, and patterning
was effected according to the photolithographic steps
as shown in'Example 1 to have the monocrystalline

silicon surface partially exposed.

20 The film thickness of the thermally oxidized

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

2
exposed portion of the monocrystalline silicon, namely
opening being 3 um x 3 pm. Thus, Sample 2-1 was
prepared. (Hereinafter, such sample is expressed as

25 "thermally oxidized 8102 (hereinafter abbreviated as

T-$i0,)/monocrystalline silicon)".
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The wafer with the oxidized fil mwas prepared, and an Al-Si-Cu film of

5000 [err] was deposited by foll ow ng .t he above-nenti oned procedure
under the 15 follow ng conditions: Total pressure: 1.5
Torr DVAH partial pressure: 1.5 x 10 Torr
Cu((err]Herr]O[err])[err] partial presggre: 1 x 10[err] Torr

Si[err]H err] partial pressure: 1 x 10[err] - Torr. 20 By usi ng

t he conventional photolithographic techni que, patterning was carried
out so that the Al- Si-Cu mght remain in wwdths of 2, 4 and 6 [err]m

The resultg of eval uatprapartatith fat Samples dBpDSHt 21Dy Changlng t he
tenperature of deposition 25 substrate (1s) and of the cases in which the

Wwiring Sample 2-2 is an oxidized film formed by

normal pressure CVD (hereinafter abbreviated as
SiOz)/monocrystalline silicon.

5 Sample 2-3 is a boron doped oxidized film
formed by normal pressure CVb (hereinafter abbreviated
as BSG)/monocrystalline silicon.

Sample 2-4 is a phosphorue doped oxidized film
_formed by normal pressure CVD (hereinafter abbreviated

10 . as PSG)/monocrystalline silicon.

Sample 2-5 is a phosphorus and boron doped
oxidized film formed by normal pressure CVD
(hereinafter abbreviated as BSPG)/monocrystalline
silicon formed by normal pressure CVD.

15 Sample 2-6 is a nitrided film formed'by plasma

" CVD (hereinafter abbreviated as P-SiN)/monocrystalline
silicon.
Sample 2-7 is a thermally nitrided film
(hereinafter abbreviated as T-SiN)/monocrystalline

20 silicon.

Sample 2-8 is a nitrided film formed by low
pressure CVD (hereinafter abbreviated as LP--
SiN)/monocrystalline silicon. |

 Sample 2-9 is a nitrided film formed by ECR
device (hereinafter abbreviated as ECR-

25
SiN)/monocrystalline silicon.
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width of Al-Si-Cu was varied are shown in Table 5.

- .82 - "I n the above-nentioned sanple, wthin the
tenperature range of 220 [err]C to 400 [err]C, filnms could be _
~obt ai ned which had very few hillocks and were excellent in the
el ectro-m gration resistance. 5 - 69 -Also, the patterning property
of the present Al -Si -Cu was extrenely good. ‘Exanpl e 23
1 Further, by combinations of the electron

donative first substrate surface materials and the
electron non-donative second substrate surface .
materials, Samples 2-11 - 2-179 shown in Table 3 were
5 'prepared. As the first substrate surface material,
monocrystalline silicon (monocrystalline Si),
polycrystalline silicon (polyvcrystalline Si),
amorphous silicon (amorphous Si), tungsten (W),
molybdenum (Mo),_tantalum (Ta), tuﬁgsten silicide
10 (WSi), titanium silicide (TiSi), aluminum (Al), |
aluminum silicon (Al-Si), titanium aluminum (Al-Ti),
titanium nitride (TiN), copper (Cu), aluminum silicon
copper (Al—-Si-Cu), aluminum palladium (Al-Pd),
titanium (Ti), molybdenum silicide (MoQSi), tantalum
15 silicide (Ta-Si) were employed.-.These samples and
A1203 substrates, SiO2 glass substrates were placed in
the low pressure CVD device shown in Table 2, and‘Al-

'Ti films were formed within the same badge. The film

forming conditions were a reaction tube pressure of

5

0.3 Tdrr, a DMAH partial pressure of 3.0 x 10 ° Torr,

6

20

a TiCl4 partial pressure of 1 x 10 Torr, a substrate
temperature of 300 °C and a film formation time of 15

minutes.
As the result of film formation under such
conditions, concerning all the samples applied with

25
patterning from Sample 2-1 to 2-f79, deposition of Al-Ti
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The procedure of Exanple 22 was repeatéd by . using the device -as shown
in Fig. 2 to effect 10 deposition Al -Si-Cu under the follow ng

condi tions: ' Total pressure: 1.5 Torr _

DVAH partial pressure: 5 x 10[err] Torr Si[err]H err]
partial pressure: 1 x 10[err] Torr -~ 70 =-

Cu(Cerr]Herr]O[err])[err] partial pressure: 1 x 10[err] Torr 15
Substrate tenperature: 300 [err]C : As a result, A -Si-Cu
films could be obtained whi ch were excellent in mgration resistance,
flatness 1 (lasd Yeridne Scairiddidnlyvson nthie aapéetdon donativganpl e 24
20 Fol |l owi ng the sane procedure as in Exanple 22 to set the

par aneters as Figrst@gubstrate surface film to embed completely the

opening with the depth of 7000 A. The film quality of
the Al-Ti film was found to be very good, exhibiting

5 the same properties as one prepared at a substrate
temperature of 300 °c shown'in Example 12. On the
other hand, on the second substrate surface which is
electron non-dénative, no Al-Ti film was deposited at
all, whereby complete selectivity was obtained. On

10 both the A1203 substrate and the SiO2 glass substrate
which are electron non-donative, no Al-Ti film was
deposited at all.

Example 15

By use of the loﬁ'pressure CVD device shown in
;s Fig. 2, Al-Ti film was formed on the substrate with
the constitution as described below.

On a thermally oxidized film as the electron
non~donative second substrate surface ﬁaterial, a
polycrystalline Si as the eléctron doﬂatiﬁe first
20 substrate surface material was-formed, patterning was
effected according to the photdlithographic steps as
shown in Example 12 to have the thermally oxidized
film surface partially exposed. The film thickness of
the polycrystalline silicon_at this time was 2000 i,
with the size of the thermally oxidized film.exposed

25
portion, namely opening being 3 um x 3 um. Such
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Total pressure: 1.5 Torr ' DVAH. partial pressure: 5
X 10[err] Torr Si[err]H err]- partial pressure: 1 x 10[err]
Torr 25 Substrate tenperature (Tsub): 300 [err]C and the
Cu(C[err]H[err]O[err])[err] partial pressure was varied fromb5 :

x 10[err] Torr to 1 x 19[®tr} Torr to effect deposition.
The Cu cont ent (Wt.% of the AI-Si-Cu filnms were -varied from0.3 %to

4 % depending on the Cu(C[err]Herr]O[err])[err]
1 sample is célled 1—1.. By combinations of the electron
non-donative second substrate surface materials (T-
SiOz, CVD-SiOz, BSG, PsG, BPSG, P-SiN, T-SiN, LP-SiN,
ECR-SiN) and the electroh-donative first substrate
5 surface materials'(polycrystalline si, amorphoﬁs Si,
Al, W, Mo, Ta, WSi, TiSi,'TaSi,'Al—Si, Al-Ti, TiN, Cu,
Al-Si-Cu, Al-Pd, Ti, Mo-Si), Samples of 1-1 - 1-169
shown in Table 4 wefe prepared. These Samples were
placed in the low CVD device shown in Fig. 2, and Al-
10. Ti film was formed within the same batch. The fjlm
forming conditibns were a reaction tube pressure of
' -5

0.3 Torr, a DMAH partial pressure of 3.0 x 10 Torr,

a TiCl, partial pressﬁre of 1 x 10°° Torr, a substrate
temperature of 300 °C and a film forming time of 15

15 minutes. As the result of film formation under.such |
éonditions, in all the samples from 1-1 to 1-169, no
Ai—Ti film was deposited at all at the opehing having
the électroﬁ non-donative second sﬁbstrate exposed,
but Al-Ti of about 7000 A was deposited only on the

electron donative first substrate,'whereby éomplete

20
selectivity was obtained. The film quality of the Al-
Ti film deposited was found to be very good,
exhibiting the same properties as one prepared at a
substrate temperature of 300 °C in Example 12.

25 Example 16

When deposition_was carried out according to
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partial pressure. As to resistivity, carbon content, 5 average w ring

|ife, deposition speed, and hillock density, the sane results as in
Exanpl e 22 were obt ai ned. However, the sanples having a Cu content

of 3 % or higher had high probability that-the surface

nmor phol ogy was slightly worsened. 10-Ek&anple 25 . -Fol | owi ng
the sanme procedure as in Exanple 22 - to set the paraneters as follows:
Total pressure: 1.5 Torr DVAH partial pressure: 5 X
10[err] - Torr 15 Cu(CJerr]Herr]O[err])[err] partial pressure: 1

x 10[err] Torrthe same proceduleh&s ghowre e Exanpde TPy WO qferr] C

and t he Si[erthLerr} partial pressure was varied from1l.5 x
A o @8 the starting gas and setting the conditions

as follows:
Total pressure: 1.5.Torr
5 MMAH,, partial pressure: 5 x 10_4 Torr
TiCl, partial pressure: 1.5 x 1078 Torr
in the temperature'range of the'substrate temperature
from 160 °C to 400 °C, an Al-Ti thin film containing
no carbon impurity and having excellent flatness,
10 denseness'énd selectivity depending on'the substrate
surface materials was deposited similarly as in

Example 12.

Example 17

First, the procedure for Al-Si-Ti film
15 fdrmation.is as follows. By use of the device shown
in Fig. 1, the reaction tube 2 is internally evacuated
toca. 1 x 10_8 Torr by the evacuation unit 9.
However, Al-Si-Ti film can be also formed if the
vacuum degree within the reaction tube 2 may be worse

8

"than 1 x 10 ° Torr.

20
After washing of Si wafer, the conveying

chamber 10 is released to atmospheric pressure and Si
wafer is mounted in the conveying chamber. The
COnQeying chamber is evacuated to ca. 10"6 Torr, and
then the gate valve 13.is opened and the wafer is

25
mounted on the wafer holder 3.
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10[err]Torr to 1 x 10[err] Torr to effect deposition. The’ Si content
(W\t.% of the AI-Si-Cu filnms were varied 20 from0.005 %to 5 % dependi ng
on the Si2H6 parti al - pressure. As to resistivity, average wiring life,
deposition speed, and hillock density, the sane results as in Exanple
22 were obtai ned. However, in sanpises having a Si contentof 4 % or

hi gher, 25 deposition was generated in the filns which appeared to
be Si to slightly worsen surface norphol ogy,

1 After mounting of the wafer on the wafer
holder 3, the gate valve 13 is closed, and the
reaction chamber 2 is evacuated to a vacuum degree of

8 Torr.

ca. 1 x 10
5 In this Example, DMAH is fed through the first
gas line. As the carrier gas of DMAH line, H, is
employed. The seéond gas line is used for Hz and the
third gas line for TiCl, diluted with H,. The fourth
gas line is provided for Sisz. The third gas line,
10 the mixer and the reaction tube are preheated to |
180 °c 10 °c.
By passing H2 through the second gas line, the
pressﬁre within the reaction tube 2 is made a
'predetermined value by controlling_the opening of the
15‘ slowlleak valve 8. A typical pressure in this Example
is made approximately 1.5 Torr. Then, the wafer is
heated by current passage through the heater 4. After
the wafer temperature has reached a predetermined
temperature, DMAH, TiCl4 and SiZHG are introduced into
o0 the reaction tube through the DMAH line, the"TiCl4

line and the SizH6 line. The total pressure is ca.

1.5 Torr, and the DMAH partial pressure is made ca.

1.5 x 1074

6

Torr. The TiCl4 partial pressure is made 1

x 10~
-5

Torr and the SiZH6 partial pressure is made 1 x

Torr. When Si,H. and DMAH are introduced into

the reaction tube 2, Al-Si-Ti is;deposited. After a

25 10
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- 84 - 1 thereby making the reflectance'65 % or | ower . Sanmpl es

having a Si content of |less than 4 % exhibited a refl ectance of 80 to
95 % which was the sane as in Exanpl e 22. 5 Exanple 26 :
Fol l owi ng the sanme procedure as in Exanple 22 to set the paraneters
as foll ows: Total presspge- 1.5 Torr DVAH
partial pressure: 5 x 10[err] Torr 10 -
Cu(CJerr]Herr]O[err])[err] partial pressure: 1 x 10[err] Torr

Substrate tenperature: 300 [err]C and the deposition was effected

wi t hout flliowipwedetermimdedrdéposition time has elapsed, feeding of

DMAH, TiCl4 and SiZH6 is_stopped. Next, heating of
the heater 4 is stopped to cool the wafer. Feeding of
H2 gas is'stopped, and after evacuation internally of

5 the reaction tube, the wafer is transferred to the
conveying chamber, énd.only the conveying chamber is
made atmospheric before taking out the wafer. The
outline of Al-Si-Ti film formation is as described
above.

10 Next, preparation of samples in this Example
is explained below.

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

15 (HZ: 3 liters/M, 02: 2 liters/M).

The wafers having an oxide film were provided

to deposit Al-Si~Ti films of 5000 & thickness

following the above described procedure under the

followihg conditions.

20 Total pressure 1.5 Torr
DMAH partial pressure 1.5 x 10~% Torr
TiCl, partial preésure 1x 107% Torr
Si,H. partial pressure 1 x 10°° Torr

The Al-8i-Ti films thus formed were subjected
25 to patterning according to conventional

photolithographic technique to obtain test samples in
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The Cu content in the formed Al-Cu filmwas 0.5% and eval uation of
the electro-mgration resistance was 15 excellent as conpared with

Exanpl e 22. Exanpl e 27 - Foll owi ng the sane procedure as

i n Exanpl e 22 to set the paraneters as follows: - - Tota
pressure: 1.5 Torr 20 DMARIsparti al pressure: 5 x 10[err]
Torr Siferr]Herr] partial pressure: 1 x 10[err] Torr
Cu(CJerr]Herr]O[err])[err] partial pressure: 1 x 10[err] Torr

and deposition of Al-Si-Cu was effected. Wthin the substrate
t enperat uré r angiclHfARXEE ~PH rémaiged in 4k [widtiis of -Si -Lwerd |rgueoul d be
obt ai ned whi ch were excellent in the mgration resistance, flatness

When the temperature (Ts) of substrate for
deposition was varied fo evaluate the characferistics
of the deposited films, substantially the same results

5 as those shown in Table 2 were obtained.

Example 18

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

10 | On a monocrystalline silicon as the electron
donative first substrate surféce material, a thermally
oxidized SiO2 film as the electron non-donative Secénd
substrate surface material was formed, and patterning
was effected according to the photolithographic steps

15 " to have the monocrystalline silicon surface partially

'exposed.

The film thickness of the.thermally oxidized
SiO2 film wés found to be 7000 &, with the size of the
exposed portion of the monocrystalline silicon, namely

20 .opening being 3 ym x 3 um. Thus, a sample was |

prepared. (Hereinafter, such sample is expressed as
"thermally oxidized Sioz-(hereinafter abbreviated as T-
5102)/monocrystalline silicon)".

Following the same procedure as described

25 above, samples were prepared as follows.

Oxidized film formed by hormal pressure CVD
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- 85 - 1 and denseness sinilarly as in Exanple 22. Exahple 28

Fol |l owi ng the sane procedure as in Exanple 22 to set the paraneters
as follows: 5 Total pressure: 1.5 Torr DVAH
partial pressure: 5 x 10[err] Torr - Si 2H6 partial pressure:
1 X 10[err] Torr - 76 - :

1 (hereinafter abbreviated as Sioz)/monocrystalline
silicon.

Phosphorus doped oxidized film formed by
normal pressure CVD (hereinafter abbreviated as

5 PSG)/monocrystalline silicon.

Phosphorus and boron doped oxidiéed film
formed by normal pressure CVD (hereinafter abbreviated
aé BSPG) /monocrystalline silicon formed by normal
pressure CVD.

10 These samples and A1203 substrate, SiO2 glasé
substrates were placed in the low pressure CVD device
shown in Table 2, and Al-Si-Ti films were formed
within the éame badge. The film forming conditions
were a reaction tube pressure of 0.§ Torr, a DMAH

5

Torr, a TiCl, partial

4
pressure of 1 x 16_7 Torr, a SiZHG partial pressure of
6

15 partial bﬁéssure'of 3.0 x 10
1 x 10 ° Torr, a substrate temperature of 300 °C and
film formation time of.iD minutes.

As the result of film formation under such

20 conditions, concerning all the samples applied with

patterning, deposition of Ai-Si—Ti film occurred only

on the electron donative. §Si substrate surface film

to embed completely the opening with the depth of 7000 A.

The film quality of the Al-Si-Ti film occurred only

be very good, exhibiting the same properties as one

25
prepared at a substrate temperatﬁre of 300 °C shown in
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Cu(Cerr]HF[err]O[err])[err] partial pressure: 1 x 10[err]Torr and

deposition of Al-Si-Cu was effected. 10 - Wthin the substrate

t enperature range of 220 ° [err] G 400 [err]C, A -Si-Cu filnms could be
obt ai ned whi ch were excellent in the mgration resistance, flatness
and denseness simlarly as in Exanple 22 - Exanpl e- 29 15 By
nmeans of thé reduced pressure CVD device showmn in Fig. 2, Al-Si-Cu
films were formed in sane manner as in Exanple 23 on the substrates
with the constitution as descri bed bel ow. On a

monocryst al | i Egappllecdd.suPhatbei ptherchand, on the second 20 -3 20
phosphorus of 10 cm was selectively diffused, a thermal |y oxidi zed

Sigerr] fil newhstrataeguringe which is electron non-donative, no
Al-Si-Ti film was deposited at all, whereby complete

selectivity was obtained. On both the A1203 substrate

5 and the s'io2

donative, no Al-Si-Ti film was deposited at all.

glass substrate which are electron non-

Example 19

Following the.same procedure as in Examp;e 17
to set the parameters as follows:
10 Total pressure: 1.5 Torr
DMAH partial pressure: 5 x 10 ¢ Torr
Si Hg partial pressure: 1x 10'_5 Torr
Substrate temperafure (Tsub): 300 °C
and the TiCl4 partial pressure was varied from 5 x . -
15 10-7 Torr to 1 x 10-4 Torr fo effect deposition. The Ti
content (wt.%) of the Al-Si-Ti films were varied from
0.3 % to 4 %. As to fesistivity, carbon content,
éverage wiring life, deposition.speed, and hillock
density, the same results as in Examplé 12 were
20 obtained. Similarly as in Example 13, selective
depositability depending on substrate surface material

was also confirmed over the entire region.

Example 20

Following the same procedure as in Example 17
25 to set the parameters as follows:

Total pressure: 1.5 Torr
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patterning was effected according to the conventi onal

phot ol i t hogr aphi ¢ steps to have the nonocrystalline silicon surface
partially exposed. 25 The filmthickness of the thernmally
oxi di zed S filmwas found to be 7000 [err]" with the size of the
- 86 - 1 exposed portion of the-mggoerystalline silicon, nanely
opening being 0.8 [err]mx 0.8 [err]m Thus, sanples were pr epar ed.
1 DMAH partial pressure: 5 x 10-4 Torr
TiCl, partial.préssure: 1 x 1075 Torr
Substrate temperature (Tsub): 300 °C

and the SiZH6 partial pressure was varied from 1.5 x

5 107 Torr to 1 x 10~} Torr to effect deposition. The
Si content (wt.%) of the Al-Si-Ti films were varied -
from 0.0056 % to 5 % approximatel? in proportion to the
SiZH6 partial pressure} As to resistivity, average
wiring life, depositiop speed and hillock density, the

10 same results as in Examplé 12 were obtained. However,
in samples having a Si content of 4 % or higher,
deposition was generated in the films which appeared
to be Si to worsen surface morphology, thereby making
the reflectance 60 % or lower. Samples having a Si

15 content of less than 4 % exhibited a reflectance of 80
to 95 %, which was the same as in Example 17.
Furthermore, selective depésitability depending on .
substrate surface material was confirmed over the

entire region.

90 Example 21

The procedure of Examplé 17 was repeated to
deposit Al-5i-Ti with the exception that the

parameters were set as follows:

Total pressure: - 1.5 Torr
25 DMAH partial pressure: 5 x 10°¢ Torr.
Sij;Hg partial pressure: : 1 x 10-'5 Torr
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These sanples were placed in the reduced - 5 preésure CVD devi ce shown in

Table 2, and Al -Si-Cu films were formed wthin the sanme batch. The
film . form ng conditions were a reaction tube pressure of 0.3
Torr, a DVAH partial pressure of 3.0 x 10[err] Torr, a Sif[err]Herr]
partial pressure O 1.0.x 10[err] Tors,79a~-10 Cu(Clerr]Herr]O[err)[err]
partial pressure of 1 x 10[err] Torr, a substrate tenperature of 300
[err]C and a filmformation time of 10 m nutes..: ~ As the
result of the filmformation under such - condi tions, the contact

resi stancelbet ween t h@iCly pehdsistiomressivriassed re1gi1br3P-0c')'f"S Karxon and the
-7 -6 deposited Al-Si-Cu filmwas 8 X 10[err] to 1.2 x
10[err] ohm As a result, Al-Si-Ti films were deposited

within the substrate temperature range of 160 °C to 400 °¢
~which wete excellent in migration resistance, flatness,
5 denseness and selectivity depending on substrate surface
material similarly.as in Example 12.
In the followiﬁg, descriptioﬁ is made about Examples
in which Al-Cu or Al-Si-Cu is deposited by use of Cu in
place of Ti as the additive.

10 Example 22

By the evacuation unit 9 of the device shown in Fig.
‘1, the reaction tube 2 is internally evacuated to ca. 1 x
10-8 Torr.

Howéver, film deposition of Al-Si-Cu is possible'

15' even when the vacuum degree within the reaction tube 2 may be

worse than 1 x 108 Torr'(e.g. 1 x 1077 or 1 x 10-6).

After washing of Si wafér, the conveying
chamber 10 is released to atmospheric pressure and Si
wafer is mounted in .the conyeying'chamber., The

o0 conveying chamber is evacuated to ca. 1 x 10_6

forr,
and then the gate valve 13 is opened and the wafer is
mounted on the wafer holder 3.
After mounting of the wafer on the wafer
holder 3, the gate valve 13_is closed, and the
25 reaction chamber 2 is evacuated to a vacuum degree of

8

ca. 1 x 10 ° Torr.
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-

cnferr]. I'n short, the inside of the via-holé'could be filled up with

the deposited Al -Si-Cu, w thout - providing any barrier netal or the
like in the via- 20 hole, and good contact resistance and excel |l ent
resi stance in hole could be obtained. 25
- 87 - - 80 -

1 In this Example, DMAH is fed through the first

gas line. As the carrier'gas of DMAH line H2 is
employed. The second gas line is uSed for H2' the
third gas line for Cu(CSHTOz)z, and the fourth gas .

5 line for Si,H.. The third gas line, the mixer and the
reaction tube are preliminarily heated to 180 °*C % 10
°C.

By passing H2 through the second gas line, the
pressure within the reaction.tube 2 is made a '

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

15 temperature, DMAH, Cu(05H702)2 and Si2H6 are
introduced into the reaction tube through the DMAH
line, the Cu(C5H702)2 line and the SiZH6 line. The
total pressure is ca. 1.5 Torr, and the DMAH.partial

4 , _
Torr. The Cu(CSH.IOz)2 par-

pressure is made ca. 1.5 x 16_
90 tial pressure is made 1 x iO'G Torr,aéndfthegsgzgs partial =
| pressure is made 1 x 10 ° Torr. When Si,H, and DMAH |
are introduced into the reaction tube 2, Al-Si-Cu is
deposited. After a predetermined deposition time has
elapséd, feeding of DMAH, Cg(CZHYOZ)2 and Si2H6 is
25 stopped. Next, heating of the heater 4 is stopped to

cool the wafer. Feeding of Hj gés is stopped, and
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1 Exanple 30 First, the procedure for Al-Si-Cu filmformation
is as follows. By use of the device shown in Fig. 1, the reaction tube
2'is internally evacuated to ca. 1 x 5 10[err] Torr by the evacutation
unit 9. However, Al -Si-Cu filmcan be also fornmed if the vacuum
degree within the reaction tube 2 gmy-be worse than 1 x 10[err] Torr.
After washing of Si wafer, the conveying chanber 10 is released to

at nospheric pressure.and Si 10 wafer is nounted in the conveying chanber.
The conveyi ng chanber is evacuated to ca. 1 x 10[err]  Torr, and
then the gat eaftepecevgcngtipandntanneddy @&f &hej yeactionyfivhey dhea he waf er

hol der 3. wafer is transferred to the conveying chamber, énd
only the conveying chamber is made atmospheric before
taking out the wafer. The outline of Al-Si-Cu film
5 formation is as described above. ’
Next, preparation of samples in this Example
will be explained below.
Si substrates (ﬁ type, 1 - 2 ohm.cm) were

subjected to thermal oxidation at a'temperature of

10 1000 °C according to the hydrogen combustion system

(H,:

X 3 liters/M, 02: 2 liters/M).

The wafer with the oxidized film was prepared,
and an Al-Si-Cu film of 5000 & was deposited by
following the above-mentioned procedure under the

15 following conditions:

Total pressure: 1.5 Torr

4

DMAH partial pressure: 1.5 x 10" * Torr

Cu(CgH,0,), partial pressure: 1 x 1078

5

Torr
Si,H, partial pressure: 1 x 10 ° Torr.
20 By using the conventional photolithographic
technique, patterning was carried out so that the aAl-
Si-Cu might remain in widths of 2, 4 and 6 pm.

The results of evaluation of the films
deposited by changing the temperature of deposition
25 substrate (Ts) and of the cases in which the wiring

width of Al-Si~Cu was varied are ‘shown in Table 5.
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After mounting of the wafer on the wafer holder 15 3, the gate valve 13

Is closed, and the reaction chanber 2 is evacuated to a vacuum degree
of ca. 1 x 10[err] Torr. In this Exanple, DVAH is fed
through the first gas line. As the carrier gas of DMAH line Herr]is
enpl oyed. 20 The second gas line is-us8x §or Herr] the third gas line
for Cu(CoH702)2 and the fourth gas line for Si2 Herr]. The third gas .
line, the mxer, and the reaction tube were prelimnarily heated to
180 [err]C + 10 [err]C. By passing H2 through the second gas

line, the 125 pressud® whehiabauermenicianad tsamrple i svikhin sthe
predeterm ned val ue by controlling the cpeni n4g0 of the
temperature range of 220 °C to 0 °C, films could be
obtained which had very few hillocks and were
excellent in the electro—migration resistance.
5 Also, the patterning property of the present
Al-Si-Cu was extremely good._

Example 23

The procedure of Example 22 was repeated by
using the device as shown in Fig. 2 to effect
10 depositicn Al-Si~Cu under the following conditions:
Total pressure: 1.5 Torr
DMAH partial pressure: 5 x 10~4 Torr
Si_H_ partial pressure: 1 x 10 ° Torr

276

Cu(CzH,0,), partial pressure: 1x 1070

Torr
15 - Substrate temperature: 300 °C

As a result, Al-Si-Cu films could be obtained-

which were excellent in migration resistance, flatness

and denseness similarly as in Example 22.

Example 24
20 Following the same procedure as in Example 22
to set the parameters as follows:
Total pressure: 1.5 Torr
DMAH partial pressure: 5 x 10™% Torr
Si, H, partial pressure: 1 x 10”° Torr
25 Substrate temperature (Tsub): 300 °C

and the Cu(Cs5H703)3 partial pressure was varied from 5
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slow | eak valve 8. A typical pressure in this Exanple

- 88 - 1 is nade approximately 1.5 Torr. Then, the wafer is

heat ed by current passage through the heater 4. After t he waf er
tenperature has reached a predeterm ned t enper at ure, DMAH, '
Cu(C5H702) 2 and Si2H6 are introduced = 83into the reaction tube through the
DVAH |i ne, the Cu(Cerr]Herr]O[err])[err] line and the Si H 1ine.
The total pressure is ca. 1.5 Torr, and the DVAH partial pressure is
made

1 x 10~7 Torr to 1 x 10-4 Torr to effect deposition.
The Cu content (wt.%) of the Al-Si-Cu films were
varied from 0.3 % to 4 % depending on the Gu(C.H,0,),
partial pressure. As to resistivity, carbon content,
5 a&erage wiring life, depositioh speed, and hillock
_ density, the same results as in Example 22 were
obtained. However, the samples haeing a Cu content ef
3 % or higher had high probability that the surface
morphology was slightly worsened.

10 Example 25

Following the same procedure as in Example 22

to set the parameters as follows:

Total pressure: 1.5 Torr
DMAH partial pressure: 5 x 10 ¢ Torr
15 Cu(C.H,0,), partial pressure: 1 x 107% Torr

Substrate temperature (Tsub): 300 °C
and the Si_ H partial pressure was varied from 1.5 x

26
~7 4

Torr to 1 x 10 = Torr to effect deposition. The

10
Si contept (wt.%) of the Al-Si-Cu films were varied
20 from 0.005 % to 5§ % depending on the SiZH6 pertial
pressure. As to resistivity, average wiring life,
deposition speed, and hillock density, the same
results as in Example 22 were obtained. However, in
" samples having a Si content _of 4 % or higher, '
25 deposition was generated in the films which appeared

to be Si to slightly worsen surface morphology,
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ca. 1.5 x 10 Torr. The Cu(C[err]H[err]O[err])[err} partial pressure

is made 1 x 10[err] Torr, and the Si H partial pressure

‘10 is made 1 x 10

[err] Torr. VWen Si [err]Herr] and DVAH are introduced into the
reaction tube 2, AI-Si-Cuis - deposited. After a predeterm ned
deposition tinme has el apsed, feedigy of DVAH, - .
Cu(Cerr]Herr]O[err])[err] and Si[err]Herr] is- st opped. Next,

heating of the heater 4 is stopped to 15 cool the wafer. Feeding of H2

gas is stopped, and after evacuation internally of

the reaction tube,

the wafer 1s therdbyamaiking:dHhe ridfdexrate 65 Xabclowerd Bdnplde

conveyi ng chanber i s nmade atnospheric before taking out the wafer. The
outline of Al h@witig f& ISk foaomtwnitomf sles) them desE rexieib sl &

reflectance of 80 to 95 %, which was the same as in

Example 22.
5 Example 26
Following the same procedure as in Example 22
to set the parameters as followé:
Total pressﬁre: 1.5 Torr
DMAH partial pressure: 5 x 10™% Torr
10 Cu(05H702)2 partial pressure: l1 b 4 10-6 Torr
Substrate temperature: 300 °C
and the deposition was effected without flowing SiZHS'
The Cu content in the formed Al-Cu film was 0.5%, and
evaluation of the electro-migration resistance was
15 excellent as compared with Example 22.
Example 27
Fo{lowing the same procedure as in-E#ample 22
to set the parameters as follows:
| Total pressure: 1.5 Torr
20 DMAH partial pressure: 5 x 10} Torr
Si,H. partial pressure: 1 x 107% Torr
Cu(C,,H,40,), partial pressure: 1 x 1078 Torr
and deposition of Al-Si-~-Cu was effected.
Within the substrate temperature range of 220
25 °C - 400 °C, Al-8Si-Cu films could be obtained which

were exéellent in the migration fesistance, flatness
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Preparation of a sanple in this Exanple will be explaihed'beIOML

Si substrates (N type, 1-2 ohmcm were - "subjected to thermal oxidation
at a tenperature of 25 1000 [err]C according to the hydrogen conbustion
system (Herr]: 3 liters/IM (err]: 2 liters/M. : The
wafter ‘'with the oxidized fil mwas prepaBéd- and Al-Si-Cu filmof 5000
A was deposited by follow ng _ - 89 -

1 and denseness similarly as in Example 22.

Example 28

Following the same procedure as in Example 22

to set the parameters as follows:

5 Total pressure: 1.5 Torr
DMAH partial pressure: 5 x 10™% Torr
Si,Hg partial pressure: 1 x 10'_'5 Torr

Cu(CgHF0,), partial pressure: 1 x 10~% Torr
and deposition of Al-Si-Cu was effected.
10 Within the substrate temperature range of 220
°C - 400 °C, Al-Si-Cu films could be obtained which
were excellent in the migration resistance, flatness

and denseness similarly as in Example 22.

Example 29

15. _ By means of the reduced pressure CVD device
shown in Fig. 2, Al-Si-Cu films were formed in same
manner as in Example 23 on the substrates with the
constitutioﬁ as described below. |

On a monocrystalliné silicon surface in which

20 Dphosphorus of 1020 cn~3

was selectively diffused, a
thermally oxidized 8102 film was formed, and
patterning was effected according to the conventional
photolithographic steps to have the monocrystalline

.éilicoh surface partially egposed.
25 The film thickness of the thermally oxidized
Siop film was found to be 7000 &, with the size of the
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1 the above-nenti oned procedure under the following . condi ti ons:

Total pressure : 1.5 Torr DVAH partial pressure : 1.5 x
10[err] Torr 5 Cu(CJerr]H err]O[err])[err] partial pressure : 1 x
10 [err] Torr _ Si[err]H err] partial pressure : 1 x 10 [err]
Torr. By using the convent8@mal photolithographic _

techni que, patterning was effected so that the Al-Si-Cu m ght remain
in wdths of 2, 4 and 6 [err]lm 10 The results of eval uation of
the filns dep05|ted by changing the tenperature of deposition

substrate I TspxposedaperdfiorhefcAdes monogmwsitalddng rsidgadnit theselar - Si - Cu
was varied are shown in Table 6.

openlng being 0.8 um x 0. 8 pum. Thus, samples were
prepared. | |
These samples were placed in the reduced

5 pressuré CVD device shown in Table 2, and Al-Si-Cu

films were formed within the same batch} -The film

forming conditions were a reaction tube pressure of

0.3 Torr, a DMAH partial pressure of 3.0 x 10_5 Torr,
a Si,H, partial pressure Of 1.0 x 10°% Torr, a
"7 qorr, a

10 Cu(c5 7 2)2 partial pressure of 1 x 10
substrate temperature of 300 °C and a film formation
time of 10 minutes.

As the result of the film formation under such
conditions, the contact resistance between the

15 phosphorus diffused region of silicon and the

-7 -6

deposited Al-Si-Cu film was 8 X 10 ' to 1.2 x 10 ° ohm
cmz. In short, the inside of the via-hole could be
filled up with the deposited Al-Si-Cu, without
providing any barrie: metal or the like in the via-

20 hole, and good contact resistance and excellent

resistance in hole could be obtained.

25
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Wthin the tenperature range of 220 [err]C - 400 C, 15 filns could be
obt ai ned which had very few hillocks and were excellent in the ,

el ectro-m gration resistance. ' " Also, the patterning property of
t he present Al -Si-Cu was extrenely good. Exanple 31 20

By neans of the reduced pressure CVh ggpice . shown in Fig. 2, Al-Si-Cu
films were formed on the substrates with the constitution as described
bel ow. On a nonocrystalline silicon as the el ectron

donative first substrate surface material, a thermally 25 oxidized
Siqerr] fil mExamblle glbectron non-donative second substrate surface

mat eri al was forned, and patternin% wg; ef f.ect.ed acqgrméukto t he
phot ol i t hogr aphi ¢ steﬁérStv the procedure for Al-Si-Cu film formation

is as follows. By use of the device shown in Fig. 1,

the reaction tube 2 is internally evacuated to ca. 1 x

5 1078 Torr by the evacutation unit 9. However, Al-Si-Cu

film can be also formed if the vacuum degree within the

reaction tube 2 may be worse than 1 x 1070

Torr.
After washing of Si wafer, the conveying.
chamber 10 is released to atmosphefic pressure and Si
10 wafer is mounted in the conveying chamber. The
" conveying chamber is evacuated to ca. l'x 10‘? Torr,
and then the gate valve 13 is opened and the wafer is
~mounted on the wafer holder 3.
After mounting of the wafer on the wafer holder
15 3, the gate valve 13 is closed, and the reaction
chamber 2 is evacuated to a vacuum degree of ca. 1 x 10'8
Torzr.
In this Example, DMAH is fed through the first
gas line. As the carrier gas of DMAH line HZ is employed.
20 The second gas line is used for H2, the third_gas line
fdr Cu(C5H702)2 and the fourth gas line'fof SiZHG’ The
third gas line,  the mixer, and the reaction tube were
preliminarily heated to 180 °C + 10 °C.
By passing Hz through the second gas line, the
o5 DPressure within the reaction tube 2 is made.a
predetermined value by controlliﬁg the opening of the

slow leak valve 8. A typical pressure in this Example
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to have the nonocrystalline silicon surface partially

- 90 - E exposed. _ The fil mthickness of the thermally
oxi di zed Sigerr] filmwas found to be 7000 [err], with the size of
t he exposed portion of the nnqp$ﬁy§1alline silicon, nanely 5
opening being 3 [errlmx 3 [err]m us, a sanple was prepared.

(Hereinafter, such sanple is expressed as "thermally

1 is made approximately 1.5 Torr. Then, tﬁe wafer is
heated by current passage through the heater 4. After
the wafer temperature has reached a predetermined
temperature, DMAH,'Cﬁ(C5H702)2 and $i,Hg are introduced

5 . into the reaction tube fhrough the DMAH line, the
Cu(C5H702)2 line and the Si2H6 line. ?he-total pressure

is ca. 1.5 Torr, and the DMAH partial pressure is made

ca. 1.5 x 104

Torr, . The Cu(C5H702)2 partial pressure
is made 1 x 10-6 Torr, and the Si,H, partial pressure
10 is made 1 x 10™° Torr. When Si H. and DMAH are
introduced into the reaction tube 2, Al-Si-Cu is
deposited. After a predetermined deposition time has
elapsed, feeding of DMAH, Cu(C5H702)2 and Si2H6 is
stopped. Next, heating of the heater 4 is stopped to
15 cool the wafer. Feeding of H; gas is stopbed; and after
evacuation internally of the reaction tube, the wafer ‘is
transferred to the conveying chamber, and only the
conveying chamber is made atmospheric.before taking out
the wafer. The outline of Al-Si-Cu film formation is
90 as described above.
Preparation of a-sample in this Example will be
explained below.
Si substrates (N type, 1-2 ohm-cm) were
subﬁected to thermal oxidation at a temperature of
25 1000 °cC according to the'hydrogen combustion system
(Hy: 3 liters/M, O,: 2 liters/M).
The wafter with the oxidized filﬁ was prepared,
‘and Al-Si-Cu £ilm of 5000 A was deposited by following
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oxi di zed Si @2 (hereinafter abbreviated T-Si @)/ nono- crystalline

silicon"). Sinmilarly, the follow ng sanples were prepared:

10 an oxidized filmformed by nomal pressure CVD (hereinafter
abbreviated as SiJerr])/nonocrystalline silicon, a
phosphorus doped oxidized filmferg8d-by nornal pressure CVD
(hereinafter abbreviated as PSG/ _ nonocrystalline silicon, and 15

a phosphorus and boron doped oxidized film formed by normal pressure
CVD (hereinafter abbreviated _ as BSPG /nmonocrystalline silicon.

These sanpl eshendabtiveermgr{ioned arnnedues, usley cth¢ phbewing substrates

were placed in the reduced pressure CVD 20 device shown in Table 2, and
Al -Si-Cu fil eengtdomsned

Total pressure : 1.5 Torr

'DMAH partial pressure : 1.5 x 1074 Torr
5 Cu(C.H,0,), partial pressure : 1 x 107% Torr
=3 qorr.

Sisz partial pressure : 1 x 10

By using thg conventional photolithographic
technique, patterning was effected so that the Al-Si-Cu
might remain in widths of 2, 4 and 6 um.

10 The results of evaluation of the films deposited
by changing the temperature of deposition substrate (Ts)
and of the cases in which the wiring width of Al-Si-Cu
was varied afe shown in Table 6.

Within the temperature range of 220 °C - 400 °C,

15 films could be obtained which had very few hiilocks and

‘were excellent in the electro-migration resistance.
Also, the patterning préperty of the.present
Al-Si-Cu was extremely good.

Example 31

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

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

o5 oxidized 8102 film as the electron non-donative second
substrate surface material was foimed, and patterning

was effected according to the photolithographic steps

to have the monocrystalline silicon surface partially
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within the same batch. The fiIn]forhing conditions were a reaction

tube pressure of 0.3 Torr, a DVMAH parti al . pressure of 3 x 10 Torr, a
Cu(Cerr]Herr]O[err])[err] partial pressure of 1 x 10[err]. Torr, a

Si 2H6 partial pressure 25 of 1 x 10 [err] Torr, a substrate tenperature
of 300 [err]C and a filmfornmat9on-tine of 10 m nutes. - As
the result of filmformation under such conditions, concerning all the
sanples applied with - 91 - .

1 exposed.

The film thickness of the thermally oxidized

$i0, film was found to be 7000 R, with the size of the
exposed portion of the monocrystalline sjilicon, namely
5 opening being 3 um x 3_ph. Thus, a sample was prepared.
(Hereinafter, sﬁch sample is expressed as "thermally
oxidized Sio2 (hereinafter abbreriated T—Sioz)/mono-
crystalline silicon").
Similarly, the following samples were prepared:
10 an exidized film formed by nomal pressure CVD
(hereinafter abbreviated as SiOZ)/monocrystalline silicon;
a phosphorus doped oxidized film formed by normal
pressure CVD (hereinafter abbreviated as PSG)/_
monocrystalline silicon, and
15 a phosphorus ena boron doped oxidized film '
formed bylnormal pressure CVD (hereinafter abbreviated
as BSPG)/monocrystalline silicon.
These samples and A1203 substrates, Sioz_glass
substrates were placed in the-reduced pressure CVD
20 device shown in Table 2, and Al-Si-Cu films were formed
within the same batch. The film forming conditions were
a reaction tube pressure of 0.3 Torr, a DMAH partial

-5

pressure of 3 'x 10 Torr, a Cu(C5H702)2 partial

pressure of 1 x 10~7 Torr, a Si2H6 partial pressure

6

25 of 1 x 10 ° Torr, a substrate temperature of

300 °C and a film formation time: of 10 minutes.
As the result of film formation under such
conditions, concerning all the samples applied with
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1 patterning, deposition of Al-Si-Cu fil m occurr ed only on the

el ectron donative Si substrate surface filmto enbed conpletely the
opening with the depth of 7000 [err]. The filmaquality of the Al -Si-Cu
filmwas found to be 5 very good, exhibiting the sane properties as one
prepared at a substrate tenperature-091380 [err]C shown in Exanpl e 30.
On the other hand, on the second substrate surface which is electron
non-donative, no Al-Si-Cu film was deposited at all, whereby conplete

selectivity was 10 obtained. On both the Alferr] Of[err] substrate and
the Sigenr] pattegndng,sdeiosittdashiath Al-Siet@etfioln mecwored i 1Y no
Al -Si-Cu filmwas deposited at all. Exanpl e 32

on the electron donative Si substrate surface film to

embed completely the opening with the depth of 7000 A.
The film quality of the Al-Si-Cu film was found to be

S very good, exhibiting the same properties as one
prepared at a substrate temperature of 300 °C shown in
Example 30. On the other hand, on the second substrate
surface which is electron non-donative, no Al-Si-Cu film
was deposited at all, whereby complete selectivity was

10 obtained. On both the Alzo

3 substrate-and the Sio2

glass substrate which are electron non-donative, no

Al-Si-Cu film was deposifed at all.

Examg}e 32

Following the samé procedure as in Example 30 to

15 set the parameters as follows:

Total pressure: 1.5 Torr
DMAH partial pressure: - 5 x 10_4 Torr
Si, H, partial pressure: ‘1 x 1072 Torr

Substrate temperature (Tsub): 300 °C

partial pressure was varied from
4

20 and the Cu(C5H702)2

5 x 107/ Torr to 1 x 10~ Torr to effect deposition.
The Cu content (wt.%) of the Al-Si-Cu films were varied
from 0.3 % to 4_% depending on the Cu(C5H702)2 pértial
pressure. As to resistivity, carbon content, average

25 wiring life, deposition speed, and hillock density, the
same results as in Examplé 30 w;re obtained. However,

in samples having a Cu content of 3 % or higher, the

surface morphology was worsened. Similarly to Example
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Foll owi ng the sanme procedure as in Exanple 30.to 15 set the paraneters as
fol | ows: Total pressure: _ - 1.5 Torr

DVAH partial pressure: 5 x 10[err] Torr
Si[err]H err] partial pressure: 1 x 10 [err\ Torr

Substrate tenperature (Tsub): 300 femr]-C 20 and the
Cu(Cerr]Herr]O[err])[err] partial pressure was varied from -7

- 5 x 10[err] Torr to 1 x 10 Torr to effect deposition. The
Cu content (w.% of the AI-Si-Cu filnms were varied fromO0.3 %to 4 %
dependi ng on-t§¢ Cupll §epbEk 056h0ENELLE¢ikly Rabehdling on tpleessure. As to
resistivity, carbon contént, average 25 wiring |ife, deposition speed, and
hill ock densityybd#ieate surface m&torialawasnconiiphed3bverr ¢hebeatied.

However, in sanples having a Cu content of 3 % or higher, . the
region. _
Example 33
5 Following the same procedure as in Example 30

to set the parameters as follows:
Total pressure: 1.5 Torr
DMAH partial pressure: 5 x 10  ° Torr
Cu(CgH,0,), partial pressure: 1 x 10 = Torr
10 ‘

Substrate temperature (Tsub): 300 °C

7

and the. Si Hé partial pressure was varied from 1.5 x 10~

2
Torr to 1 x 10_4 Torr to effect deéosition. The Si content
(wt.%) of the Al-Si-Cu films were varied from 0.005 % to @

5 § approximately in proportion to the Si2H6 partial

15 pressure. As to resistivity, average wiring life,

deposition speed, and hillock density, the same results

as in Example 30 were obtained; However, in samples
having a Si content of 4 % or higher, deposition was
generated in the films which appeared to be Si to worsen

20 surface morphélogy, thereby making the feflectance 65 %

or lower. Samples having a Si cbntent of less than 4 %

exhibited a reflectance of 80 to 95 %, which was the
same as in Example 30. Similarly to Example 31, the-
selective depositability depending on the substrate

25

surface material was confirmed qver'the entire region.

Example 34

Following the same procedure as in Example 30

to set the parameters as follows: This is the repiacement sheet
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surface norphol ogy was worsened. Similarly to EXaane

10

15

20

25

- 92 - 31, the deposition selectivity depending on the
substrate surface material was confirmed over the entire regi on.
.Exanple 33 5 Fol | owi ng the sane procedure as in Exanple 30
to set the paraneters as follows: - 93 -
1 Total pressure: 1.5 Torr
DMAH partial pressure: 5 x 10”4 Torr
Cu(C.H,0,), partial pressure: 1 x 10°% Torr
Substrate temperature : 300 °C

and t?e deposition was effected without flowing Si2H6.
The Cu content in the formed Al-Cu film was 0.5 %, and
evaluation of the electro-migr;tion resistance'was
excellent as compared with Example 30.

Also, the selective depositébility depending on
the substrate surface material was confirmed similarly
as in Example 30.

Example 35

Following the same procedure as in Example 30

_to set the parameters as follows:

Total pressure: 1.5 Torr

DMAH partial'pressurea 5 x 10”4 Torr

Si, H, partial pressure: . 1 x 1072 Torr
. ‘ -6 .

C“(C11H19°2)2 partlal pressure: 1 x 10 Torr

and deposition of Al-Si-Cu was effected.

.Within the substrate temperature range of 220 °C
- 400 °C, Al-Si-Cu films could.be obtained which were
exgellent in the migration resistance, flatness, denseness
and selectivity depending on substrate surface material
similarly as in Example 30. .

Example 36

Following the same proceaure as in Example 30

to set the parameters as follows:
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Tot al pfessure: ' - 1.5 Torr DMAH partial pressure:

5 x 10[err] Torr CUdderr]Herr]O[err])[err] partial

pressure: 1 x 10 [err] Torr 10 ' Substrate tenperature (Tsub):
300 [err]C and the Si[err]Herr] partial pressure was varied from1l.5
x 10 [err] Torr to 1 x 10[err] -Toar -t o ef fect deposition. The Si

cont ent (wt.9% of the AI-Si-Cu filnms were varied fromO0.005 %to

5 % approximately in proportion to the Si2H6 partial 15 pressure. As to
resistivity, average wiring life, deposition speed, and hill ock
density, tthe sane restR%al Pressires, pxanple 30 werel obt2PREd. However, in
sanpl es havi ng a_Si__ content_ of

4 % or higher, d | L -9
generated in the fHlﬂyﬁﬂﬂQ§FEﬂﬂﬁxﬁ¥ﬁF§%£%é.g? ?g wofggﬁiég 23$?§ce

nor phol ogy, thereby kKing the reflectance 65 % or. Leser,. Sanpl es
having a Si content ?lzigsqurnfa’fe‘il %'essuge' 1 R'16%%hor?
- on ]

Cu(C HF.0,), partial preésure: 1 x 10 ° Torr
5 and deposition of Al-Si-Cu.was effected.
Within the substrate temperature rahge of 220 °C
- 400-°C, Al-Si-Cu films could be obtained which were
excel;ent in the migfatioﬂ resistance, flatness,

denseness, and selectivity similarly as in Example 30.

10 Example 37

By means of the reduced pressure CVD device
shown in Fig. 2, Al-Si-Cu films were formed in the same
manner as in Example 31 on the substrates with the
constitution as described below.

15 In a monocrystalline silicon as the electron
donative first substrate surface material, phosphorus -
20 -3

of 10 cm was selectively diffused, and a thermally

oxidized SiO film as the electron non-donative second

2
substrate surface material was formed thereon, and

20 patterning was effected according to the conventional

| photolithographic steps to have thé monocrystalline
silicon surface partially exposed.
The film thickness of the thermally oxidized

SiO2 film was found to be 7Q00 i, with the size of the

95 exposed portion of the monocrystalline.silicon, namely
opening being 0.8 um x 0.8 um. Thus, samples were

prepared.
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exhibited a reflectance of 80 to 95 % which was the sane as in

Exanple 30. Simlarly to Exanple 31, the - sel ective depositability
dependi ng on the substrate 25 surface naterial was confirmed over the
entire region. Exampl e 34 Fol | owi ng the sane procedure
as in Exanple 30 to set the pamgmeters as foll ows:
- 93 - Total pressure: 1.5 Torr

1 These samples were placed in the reduced

preésure CVD device shown in Table 2, and Al-Si-Cu films
were formed within the same batch. The film forming

conditions were a reaction tube pressure of 0.3 Torr, a

5 DMAH partial pressure of 3 x 1072

6

Torr, a'SizH6 partial

pressure of 1 x 10~ Torr, a Cu(C.H,0,), partial.

7 Torr, a substrate temperature of

pressure of 1 x 10
300 °C and a film formation time of 10 minutes.
As the result of film formation under such
10 conditions, concerning all the samples applied with
patterning, deposition of Al-Si-Cu film occurred only on
the electron donative siliéon substrate surface to embed
completely the opening with the depth of 7000 A. The
£film quality of the Al-Si-Cu film was found to be very
15 9good, exhibiting the same properties as one prepared at
a substrate temperature of 300 °C shown in Example 30.
On the other hand, on the oxidized film surface which is
~electron noﬁ-donatiQe, ho Al-Si-Cu film was deposited at
all, whereby complete selectivity was obtained. |
20 Further, the confact resistance between the
phosphorus-diffused fegion of silicqn and_the deposited

7T t0 1.2 x 1078

Al-Si-Cu film was 8 x 10 ohm-cm?. The
inside of the via-hole could be filled up.with the
Al-Si-Cu deposited, without_providing any barrier metal

95 ©Or the like in the inside. of the via-hole, and good
contact resistance and excellent’ resistance within the
hole could be obtained. |
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DVAH partial pressure: 5 x 10 [err] Torr

-6 Cu(Cferr]Herr]O[err])[err] partial pressure: 1 x 10 Torr
Substrate tenperature : 300 C 5 and the deposition was effected
without flowwng Si [err]H err] The Cu content in the formed Al-Cu film
was 0.5 % and eval uation of the 9 ectro-nmigrati on resistance was
excel l ent as conpared wth Exanpl e 30. Al so, the selective
depositability depending on 10 the substrate surface material was

confirmed simlarly as in Ex | e 30. ampl e. 35.
Fol | owi ng !t he same” pr¥eEourd® aﬁpﬁ?ﬁw ee’ﬁ‘f“gi(e m?blééf“?h%aﬁﬁr aneters as

Fol I ows: example as mentioned above for formation of electrodes

of a semiconductor device will be explained.
As an examplé for fdrming source-drain

5 electrodes of Qate insulation type transistor, electrode
formation within the contact hole on the source-drain
was carried out by use of the film formation methéd
according to the present invention. This is described
by referring to Figs. 4A - 4E; i

10 First, on a p-type éilicon wafer'501, by use of
conventional selective oxidation method, etc. a thick
field oxidized film and a thin thermally oxidized.film
502 were formed on the wafer 501 (Fig. 4A).

Next, with the use of SiH, gas as the starting

4
15 9gas, a polycrystalline silicon layer was formed by the
thermal CVD method, a polycrystalline silicon gate'
electrode 504 was formed, énd also with the thick field
oxidized fiim and the gate electrode 504 as the mask,
phosphorus was ion injected self-matchingly to form an
o impurity diffused region 505 of 1 x 1078 cm™> (Fig. 4B).
Next,_an oxidized silicon film 508 was_formed by
use of the thermal CVD method (Fig. 4C).
By use of the lithographic method, a contact
‘hole 509 with a size of O.S;Pm X 0.5 ym was fqrmea
o5 (Fig. 4D).

By transferring the substrate thus obtained to

the device shown in Fig. 1, Al film was formed.
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15 Total pressure: 1.5 Torr . DIVAH

partial pressure: 5 x 10 [err] Torr SiJerr]H err]
partial pressure: 1 x 10[err] Torr CY(C11H19Q2) 2
partial pressure: 1 x 10 [err] Torr and deposition of Al -Si-Cu was
effected. 20 Wthin the suB3trate tenperature range of 220 [err]C
- 400 C, Al-Si-Cu films could be obtained which were excellent in the
m gration resistance, flatness, denseness and selectivity dependi ng on
"substrate surface materi al - simlarly as in Exanple 30. 25 Exanple 36

Fol | owi ngit he sane pratethie &imep EhensubsiFate tempegmtunee was ameters as
follove: .made 270 °C, and DMAH was employed as the starting gas,
-H2 as the carrier gas, and TiCl4_as the additive gas
to carry out formation of Al f£ilm,
5 ' After completion of formation of Al film, the
transistor was taken out from the film forming device
and observed. As the result, it was found that Al film
510 was deposited only on the Si 505 wherein phosphorus'
was diffused in the contact hole 509, and not deposited
10 on the oxidized film 508 (Fig. 4E). Further, the
surface of the Al film 510 was very flat. When the
characteristics of the transistor obtained were examined,
extremely good characferiStics were exhibited.
Separately, according to the same steps, the

15 substrate was made N type, and the impurity was changed

from phosphorus to boron to prepare P channel MOS.

"Comparative experiment

An Al film was formed on a monocrystalline
silicon under the following conditions.
20 By passing Ar in place of H,, 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 ¢ Torr,
and the substrate temperafure_of 270 -350 °C.
When the Al film thus.formed was evaluated,
25 about 2 % of carbon.was found to be contained at the
minimum. -
Resistivity became greater by 2-fold or more

than the case when hydrogen was employed.
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- 94 - Total pressure: ' 1.5 Torr
DVAH partial pressure: 5 x 10[err] Torr
Si[err]H err] partial pressure: 1 x 10[err] Torr
CUCerr]HF[err] O[err])[err] partial pressure: 1 x 10[err] Torr 5 and
deposition of A -Si-Cu was effected98 - Wthin the substrate
tenperature range of 220 [err]C - 400 [err]C, Al-Si-Cu filnms could be
obt ai ned whi ch were excellent in the mgration resistance, flatness,
1 As to reflectance,. it was lowered to about 1/3
to 1/9 rgiative the case when hydrogen was'employed.
- ~-Similarly, wiring life was shorter by 1 to 2
cipher, generation prdbabiiity_of hillock became
5 greater by 2 ciphef 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

10 decomposition of DMAH without use of H, is inferior in
film quality, and was unsatisfactory as the Al film~
for'a semicohductor device. |

" Separately, without use of H,, DMAH was
decomposed by the optical CVD method to deposit Al. -

15 As the result, some improvement such as no containment
of carbon, and the like was observed from as the Al
film prepared as compared with the case when no'light
was employed, but other characteris;ics were not

" improved so much, and the Al film was still

20 unsatiéfactory as the Al film for a semiconductor
device.

As described above, the mechanism of Al
deposition according to fhe present invention may be
presently hypothesized as follows.

25 When DMAH reaches the electron donative

substrate, namely the substrateihaving electrons under

the state on which hydrogen atoms are attached (Fig.
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denseness, and selectivity simlarly as in Exanple 30. 10 Exanple 37

By neans of the reduced pressure CVD device showmn in Fig. 2, Al-Si-Cu
films were fornmed in the sane manner "as i n Exanple 31 on the
substrates with the constitution as described below. 15 In a
nmonocrystalline silicon as the elegBren donative first substrate
surface material, phosphorus of 10[err] cnferr] was sel ectively

di ffused, and a thermally oxidized SiJerr] filmas the el ectron

non- donati ve second . substrate surface nmaterial was formed thereon, and

20 patterni ngswes wiftiectesl metioy1li guotps t dtreongdntowant the
phot ol i t hographi c steps to have the nonocrystalline sili.con surface
partially expesdustrate side, one electron of the substrate cuts one
bond of Al and a methyl group (Figs. 5B and 5C).
The reaction schéme at this time is as
5 follows:

(CH,).AlH + 2H + 2e — 2CH4T + Al-H

3)2

Further, similar reactions will proceed for
the hydrogen atoms remaiqing on deposited Al having
free electrons (Fig. 5D). Here, when hydrogen atoms

10 are deficient, hydrogen molecules constituting the

reaction gas are decomposed on the substrate to supply

hydrogen atoﬁs. On the other hand, since there is no
electron bn the electron non-donative surface, the
above~mentioned reaction will not proceed and no All
15 deposited. - |
Figé. 5A - 5D are illustrations for better -
‘understanding of the reacion mechanism, and the
numbers of H, e and Al shown in Figs. 5A - 5D are not .
necessarily coincident.
20 In the case of Al-Ti, Al-Si-Ti, Al-Cu, and
Al-Si-Cu films, Ti, Cu and Si atoms are inéorporated
into Al during the prdcess of the reaction as

described above.

As described above; according to the present
95 invention, a low resistivity, dense and flat additive-
containing Al film could be depdsited on a substrate.

Also, depending on the kind of the substrate,
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The filmthickness of the thermally oxidized Sigerr] filmwas found
to be 7000 [err], with the size of the 25 exposed portion of the.
nonocrystalline silicon, nanely opening being 0.8 [err]mx 0.8 [err]m
Thus, sanples were pr epar ed. ' - 95 -
These sanples were placed in the refyged pressure CVD device shown in
Table 2, and AI-Si-Cu filns were formed wthin the sanme batch. The
filmformng :

1 additive-containing Al can be formed with excellent
selectivity.
As explained in the foregoing, according to the
present invention, low resistance, dense and flat Al
5 fiims containing an additive such as Al-Ti, Al-Si-Ti,
Al-Si-Cu and Al-Cu fiims can be deposited on a substrate.
Also, if necessary, good selective depositiqn can be

carried out.

10

15

20

25
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conditions were a reaction tube pressure of 0.3 Torr, a 5 DMAH parti al

pressure of 3 x 10 Torr, a Si2H6 parti al : -6
pressure of 1 x 10 Torr, a Cu(C5H702)2 parti al _ -7
pressure of 1 x 10 Torr, a substrate tenperature of 300 [err]C and a
filmformtion-tinme of 10 minutes. - 101 As the result of film
formati on under such * 10 conditions, concerning all the sanples applied
W th patterning, deposition of Al-Si-Cu filmoccurred only on t he
el ectron donative silicon substrate surface to enbed conpletely the
opening witth the depth of 7COQ:A 'FTre » ﬁlln1qua3|ty fl thg Al -Si-Cu
filmwas found to be very ‘gISqubd gxhi{ by ti hg the 4gm¢ pfopertf gs as one
prepared at a subst r atSg Egnneratu;a pf BOO [erg Cish i n| Bxanpl e 30.
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On 't he ot her hand, on the oxidized filmsurface V\:hl ch is el ectron.

non-donative, no Al-Si-Cu fil mwas deposited at all, whereby conplete
sel ectivity was obtained. . 20 - .Further, the contact resistance
bet ween t he phosphorus-di ffused region of silicon and the deposited
Al-Si:Cu filmwas 8 x 10[err] to- 11@2 x-10[ err] ohnferr]jcnferr] . The
inside of the via-hole could be filled up with the Al - Si - Cu deposi ted,
wi t hout providing any barrier nmetal 25 or the like in the inside of the
vi a- hol-e, and good contact resistance and excellent resistance within
the phol e coul d be qbtained. '
o -
<+ w
)
2 6 & 5
— :j 0 - &
4 ' s
= (o) 3 :n m
0o 8 O >
4 @ 3 o
5 5 % 8 o
© < =
4 O @ Q
0 < o
o el o™ L
E M E o
¢ ®© O N
T R Q.
4 <
0 Qo &
4 O Q
T O o i
TV VI et
$ d 0
n = X 3
2 by
10 2 8 =+ . a .
w o 9 <o
—_ ¢ @ O o T 4‘;.
9 £ 85 oo u &
+ + ) - ko)
3 ey o N
s ¢ @ ®w o E
o A g8 + A 3J
s @ ¢ © &
s 4 © o R
O g W o~ H
O «A & £ ¢
S $- 538
T2 E~Ds
15 9 § 5§ 3 u ©®
2 A H 0O O H g
- 4 s o o O
&S - 2 ®© ®© & -
@ 0 o <+
0O O + H§ O X
a OO o © o
0 o 9 S
T s " A M
$ s 233
2 << w O w -
o - t
Q. ¥ 0
@ @ 5
20 -~ o ™
o
FY]
o
- a
25

This is the replacemerit sheet

Datég- 1 -3'MAR 1214



- 96 - - ~ Next, an application exanple utilizing each

exanpl e as nentioned above for formation of electrodes - of a
sem conductor device will be expl ai ned. _ As an exanple for
form ng source-drain 5 el ectrodes of gate insulation type transistor,
el ectrode formation within the t®dtact hole on the source-drain
was carried out by use of the filmformation nethod according to the
present invention. This is de§cri bedy by refegring 4o Fi s 4A - 4E
10 First, on a P iy Wi ¢&nawafer 5015y} usfe|of
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field oxidized filmand a thin therrrally"oxi dized film - 502 were fornmed

on the wafer 501 (Fig. 4A). Next, with the use of SiH err] gas
as the starting 15 gas, a polycrystalline silicon |ayer was forned by the
thermal CVD net hod, a polycrystalline silicon gate el ectrode 504 was
formed, and also with the thick field04 - oxidized filmand the gate

el ectrode 504 as the nmask, phosphorus was ion injected self-natchingly
to forman 20 |rrpur|ty di f f used region 505 of 1 x 10[err] cm[err]

(Fig. 4B). - Next, an oxidized silicon film 508 was forned by
use of the thermal CVD net hod (Fig. 40. By use of the

| i t hographi ¢ method, a Zontact}, hol e 509 vmtha5|ze of 05[err]mx

0.5 [err] mwas fo'r_ma_d QB EFi¢g 4D .
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By transferring the substrate thus obt aij ned to '. t he device shown in

Fig. 1, Al filmwas forned. - 97 -

At this tinme, the substrate tenperature was made 270 [err] C, and DVAH
was enpl oyed as the starting gas, ~ Herr] as the carrier gas, and
TiC[err] as the additive gas -tlEarry out formation of Al film- - 5
After conpletion of formation of Al film the transi stor was taken out

fromthe filmformng device
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and observed. As the result, it was found that A film 510 was

deposited only on the Si 505 wherein phosphorus was diffused in the
contact hole 509, and not deposited 10 on the oxidized film508 (Fig.
4E). Further, the surface of the Al film510 was very flat. Wen the
characteristics of the transistor ob#8fned were exanined, extrenely
good characteristics were exhibited. Separately, according to
the same steps, the 15 _substrate was nade N {yp and the jnmpurity was
changed from phosphosugd to Rarjogs § oep| ePr & P chpesgl MOS.
Conpar ati ¥e experinment| % =B AL [ B oy BRd B a
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20 | By passing Ar in place of H2, Al was ‘deposited by

pyrolysis of DMAH. The total pressure at this tine was made 1.5 Torr,
the DMAH partial pressure 1.5 x 10[err] Torr, and the substrate
tenperature of 270 -350 [err]C When the Al filmthus formed
was eval uated, 25 about 2 % of carB&f was found to be contained at the
m ni mum Resi stivity becane greater by 2-fold or nore
than the case when hydrogen was enpl oyed.
. 98 - _
1
o
Z 2leizie|elis|2|R
-t [ ! ] ] ) ] | ]
[ ad i vt | v vl i i vl i
] [ o™ - [ rd (-4 [ g <« o«
I w « @0 L~ «©o -~} w L~
= [ 1 ! [ [ i [ !
[ i L} i -y L) L] L
5
Nl ]|lw|lw]lwj~]|o]|xm
L [*x) 1) w°e (1) (V) o £ uI
(] ( ] i 1 { [ t [
i i i =i —{ —{ L) —{
™~ 9 -t Y (o4 T < N
) < | lw ||| ]|
= ) { { ) ( 1 { )
i o vl L] v—{ i i i
10
o™ [ d - (€ ) «© | g (-4 [
ol B Bl Bl ol Bl Bl
-z ! \l( vei i i L] ol
Q o N ™ <p wn O ~ ©
— N o~ o
2 B ot N B B R B
& ém — Syl A =] A~
<G
15
]
5
| i Lo () [ ] - (¥ ] < ~ o« (-]
Durfeed | o —y —{ - o ) vl vy i
{d 8wl 1 ! { { { { 1 [ [
n‘: youl L) i [ on) i vl Lo i vl
&
Q
0]
5
20 -
O Sood | vl [ o« - ' w0 - =] Lo
ahn| L 1 i l { ( i
e > — - ol i -t ool wof i i
o N
0w o
o =.| =
L]
25 o| « s =zl e
vt | © 1D | DAt | iion !
nl=mlalanlsaslww]in ]| T | =
Flrnlm|a]a&a} ] N e | &
(30 ~ a || S]] @

Thia is the replacement sheet

T3 MAR 1997

" PDate:



"This is the replacement sheet

-Date: 1 3 MAR m

Lo (@]
© = -
egp3s = .
- o wf WW_W w. ON 97dweS S93e0TpUul TeasunN (930u)
9-g25” 2
= x m %) m, e %
nla mm (%) m y” — ’ X
S-S §6LB-T |691-T |6S1-T |6¥I-T | 6611 |621-T |6I1-1 |G60T-T |.66-T | 58-I NIS-493
Q2SS PeBT | 0811 |8SI-T |8vi-1 |96i-1 |821-1 | 81i-1 |e01-1 | 86-1 | 88-1 NIS-d1
“55 §E—s Y Rl .
2> SHOET aer-r | LST-T | LPT-T | L6T-T | R2T-T | LVI-T |L01-T | £6-1 | 18-1 N1S-1
E-sSS@r-T |oo1-1 [9si-1 |ori-1 |osi-1 |ezr-1 |eri-tr |sor-1 | se-1 | sg-1 NIS-d
N e] — 3. N
S C - -+ . .
°" 8557 §rp-1 | so1-1 |ssI-T |S¥I-1 |se1-1 |s21-1 |STI-T S01-T | 861 | 8- DSdg.
o S2oiui-L |yer-1 |vsi-t | vri-T | ver-T | v2I-T | vrr-t | vor-1 | ove-1 | -1 954
S 35ofmur-t |eor-1 |est-1 |evr-1 |eer-1 |ezr-1 |en-t [sor-1 | e6-1 | go-1 584
a a +~ T . .- - J -
S g-ofaTT |z01-1 |zs1-1 |evI-1 |eel-1 [22I-T [@En-1 |goi-1 | as-1 | 28-1 201
© () 4+ O
c5o2gbin “015-1
35 Tad n3-Ts-
SagY gB=L [1s-on | w pdwv [ o M0 N-IL [TLOY STV | oY
(73] — (2] .
2esC 3
-2 ° m 5
e o I
LoNg © (penutiuoo) y oTqe]
cCoo._oT O
[( B & I )] —
C3-HNT o
— o zzEITE o = o S 2
°g,. . 87T,
o588 Jogg
— O - @O (@]
9 822082
O N DT ©



Separ at el y, wi t hout use of . H err] DMAH was
CVD nethod to deposit Al.
of carbon,

cont ai niment
filmprepared as conpared with the case when no |ight

15 As the result,
and t e 10%e was observed from as the Al

but other characteristics were not

was stil
devi ce.

depositio

hypot hes
donati ve

10

15

20

25

20 unsatisfag

As

9 according to {
e

d as foll ows.
substr at e,

Table 5

deconposed by the opti cal

sone i nprovenent such as no

was enpl oyed,

i nproved so much, and the Al film

Alfilmfaor a.som.canduct or
des¢ri bed hbope, ft he nechapi sin. Al
he present|inpentiopn nay be. presently
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| .
the state on which hydrogen atons are attached (Fig.

- 99 - 1 5A) with the nethyl groups directed toward the
substrate side, one electron of the substrate cuts one bond of Al and
a nmethyl group (Figs. 5B and 5C). The reaction schene at this
~timedis as 5 fol | ows: - 110(CH[err])-[err]AIH + 2H + 2e [err]
2CH err] + Al-H Further, simlar reactions will proceed for
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t he hydrogen atons remai ni ng on deposi ted AI havi ng free electrons
(Fig. 5D). Here, when hydrogen at omsy are deficient, hydrogen

nol ecul es constituting the reac%l on gas are deconposed on the -
substrate to supply - hydrogen atons. On the other hand, since there is
no el ectron on the electron non-donative surface. the
above- nenti oned reacti pn WLII ot Al T 15 deposi t ed.
Figs. 5 A- 5D are illustrptiops under|st andi ng of the
reaci on nmechani sm and|thej . : and All shown in Figs. 5A
-5D are ngt neces%r I‘{/ COi ' In the case of
Al-Ti, Al-Si-Ti, A -Cuj anfd
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Al-Si-cu films, Ti, Cu and Si atoms' are incorporated _ into Al during

t he process of the reaction as descri bed above. As
descri bed above, according to the present 25 invention, a |l ow
resistivity, dense and flat additive- containing A filmcould be
deposited on a substrate. .= 112ALso, depending on the kind of the
substrate, ' - 100 - 1

additive-containing Al can be formed with excell ent
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selectivity. As expl ai ned in the foregoing, according to the

present invention, |ow resistance, dense and flat Al = 5 filns containing
an additive such as Al-Ti, A-Si-Ti, AI-Sl-Cu and AI-Cu fllns can be
deposited on a substrate. Al so, if necessa SheebHas Been Replaced
deposi ti on can be carried out. 10 II,I,”"I I,I, "l

- 113 -

CLAIMS:

1. A process for forming a deposited film
coﬁprising the steps of:

5 (a) providing a substrate having an electron
donative surface in a space fpr formation of the
deposited film;

(b) introducing a gas of an alkyl aluminum
hydride, a gas containing titanium and/or copper atoms

10 and hydrogen gas into said space for formation of
deposited film; and

(c) maintaining the temperature of said electron
donafive surface within the range of from the

decompoéition temperature of said alkyl aluminum

15 hydride to 450°C to form an aluminum film optionally
containing titanium and/or copper on said electron
donative surface.

2. A process for preparing a .semiconductor

20 device comprising the steps of:

forming an insulating film on a semiconductor
substrate;

forming '6n _said_ insulating f£film an opening'
through which the surface of said semiconductor

25 substrate is exposed: and.
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applying chemical vapor deposition method by

use of an alkyl aluminum hydride, a gas containing

titanium and/or copper atoms and hydrogen to form an
aluminum film optionally c¢ontaining titanium and/or

copper selectively in said opening.

3. The process according to c¢laim 1 or 2,
wherein said alkyl aluminum hydride has a methyl

group.

4. The process according +to claim 3, wherein
said alkyl aluminum hydride 4is dimethyl aluminum

hydride.

5. The process according to claim 1 or 2,
wherein said alkyl aluminum hydride is monomethyl

aluminum hydride.

6. The process according to any preceding claim,
wherein said gas containing titanium comprises
TiCl4.

7. The process according to any preceding claim,
wherein step (b) additionally comprises introducing a

gas containing silicon atoms.

I
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8. The process accérding to any preceding CIaim,

wherein step (a) comprises providing a substrate
having an electron donative surface (A) and an
electron non-donative surface (B) in a space for

5 formation of the deposited film.

9. The process according to any preceding claim,:
wherein said electron donative surféce comprises a
silicide.
10

10. The process according to claim 9, wherein
said electron donative surface comprises single
monocrystalline silicon, polycrystalline silicon or
amorphous silicon.

15

11. The process according to any preceding

claim, wherein . said elecfron donative surface

comprises a semiconductor.

20 12. The process according to claim 11, wherein
sald electron: donative surface comprises a III-V
compound semiconductor containing an element belonging
to the group II1I of fhe periodic table and an element
belbnging to the groug V of the periodic table.

25 |

13. The process according to claim 11, wherein

VAR 0 R O i fe e replacement sheet
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said electron donative surface comprises a II-VI
compound semiconductor containing an element belonging
to the group II of the periodic table and an element

belonging to the group VI of the periodic table.

14. 'The process according to any preceding
claim, wherein. said electron donative surface

comprises a metal.

15. The process according to claim 14, wherein
said electron donative' surface comprises a metal
containing at least one element selected from
tungsten, molybdenum, téntalum, aluminum, titanium and

copper.

16. The process according to claim 8, wherein

said electron non-donative surface (B) comprises an

insulating material.

17. A deposition process which comprises
applying an organic aluminum hydride, copper and/or

titanium atoms, and hydrogen to an electron donative

" surface under conditions to cause decomposition of the

aluminum compound.

i
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- 117 -~

ABSTRACT

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

A process for forming an additive-containing
Al £ilm of good quality according to the CVD method
utilizing an alkyl aluminum hydride, a gas containing
an additive and hydrogen, which is an excellent.
deposited film formation process also capabie of

selective deposition of additive—-containing Al.

FIGURE 3A - 3E
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“112- [err] d ai ms o - 113-
of formng a deposited netal filmcontaining
conmponent conpri si ng (a) providing a substrate ‘having an el ectron

donati ve surface in a space for forgration of the deposited film
wherein the substrate having the el ectT oh donative surface

1. A process
al um nium as main
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a;ﬁﬁﬁfyﬁﬁﬁlaiEﬁxl(n sed film i REe01s) *s*ed to paged
|ntrodUC|ng |nto thanQQQQ) or flormation of the Pz;EQQpOSIggé Sem
hydr ogen, a ga i um hydri de and gaseou onbﬁun&’ 04 """
titaniu opper; and (c) nar rning tn Lechop donati ve surface
at - a EEI'gg"m%perature fron1the deconposi tion tenp gﬁ*nrb BEEHE Appgnl......
al umi ni ym hy ri SEkeredimiry f 4" M&bd e ﬁt%ttra(i” 21t iobhtainin ng
surface'an a h‘iﬁh h5Mna Rl dbiodAehit! PP iYimprper atoms. 7.

The process
silicon.
pol ycrystal

process of
provi ding a
el ectron non

o a|n11 wherein the substrate is of single crystal

(aThepﬁwf&ﬁﬁg ofa Cab@trhteMBagiAgt Nen S Widdden | ddifative
e fabeanii PROWH

balyngpr ecedhaggrotipi eontaeiaiagnmetadfia) materiadyy ipsdype
sehdtoatachayisng am-etyme r onsemizbndactors surdnade and-tgpe
sémiebndactorsaoptinhaildiynhlvdéng a very thin oxidised film
thereon;

(b) introducing into the space for formation of the
deposited film hydrogen, a gaseous alkyl aluminium hydride
and gaseous compounds of titanium or copper; and

(c) malntalnlng the electron donative surface at a
temperature from the decomposition temperature of the alkyl
aluminium hydride to 450°C to form on the electron donative

-surface an aluminium film containing titanium or copper

10.

atoms.

The process of claim 1, wherein the substrate is of single
crystal silicon.

The process of claim 1, wherein the substrate is of
polycrystalline or amorphous silicon.

The process of claim 1, wherein the substrate 1s a III-V or
II-VI compound semiconductor.

The process of any preceding claim, wherein step(a)
comprises providing a substrate having an electron donative
surface and an electron non-donative surface, wherein the
substrate having an electron non-donative surface belongs
to the group of conventional insulating materials.

The process of claim 5, wherein the electron non-donative
surface comprises a silicon oxide, glass or a nitride film
produced thermally, by plasma CVD or by low pressure CVD.

The process of claim 5 or 6, wherein the electron non-
donative surface covers the substrate and is formed with
contact holes at which the electron donative surface
appears. '

The process of claim 7,

wherein the size of the contact
holes is 1um x 1um. x

The process of any preceeding claim, wherein the alkyl
aluminium hydride is dimethyl aluminium hydride.
The process of claim 9, wherein dlmethyl aluminium hydride

is present at a pressure of 1x10° to 1.3x10°* of the
pressure within the film deposition space.

T
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substrate having an el ectron _non-donative surface bel ongs to the group
.of conventional insulating materials. 6. The process of claim5, wherein

t he el ect r orfthisGhectidasBeenReplaced surface conprises a silicon oxide, glass or

a nitride fil d thermally, by plasnma..C A 2LV ressure
CwWD. 7. ThemllIIHmBmIm ﬂaimS or 6, wherein } hidiSeSBERTr HAS bkl

donative surface covers the substratit4aand is fofnmed VREPRACED conft act hol es
at which the el ectron donative surface app . , cess of
claim7, wherein the size of the contact holes is 1[errJmx 1[err]m

9. Thelptocehe Frowwssretfeamynpf| elaimshdr eto 8he whdnein thealaldyl um
hydri de i s dalambiypiual hydride HQpdmotwmethyl alhenipriomedsydfideai m 9,
wherei n di met hyl al um ni um hydri de is present at a pressure of

1x10[ er 12.t oThe3ptofess] off any preceedimguecbaimi hwhergénf the @emssiuren
space. in the deposited film formation space is 0.1 to 0.8 Torr.

13. The process of any preceeding claim, wherein the substrate
temperature is 250-350°C. '

14. The process of any preceeding claim, wherein there is
present a gaseous silicon compound and the resulting film
contains silicon.

15. The process of claim 14, wherein the silicon compound is

16. The process of claim 15, wherein Si,H; is present at a
partial pressure of 1x1077 to 1x10™ of the pressure within
the film deposition space. _

17. The process of any preceeding claim, wherein there is
present gaseous TiCl, or Ti(CH;),.

18. The process of claim 17, wherein there is present TiCl, at
a partial pressure of 1x1077 to 1x10™* of the pressure within
the f£ilm deposition space.

19. The process of any claims 1-11, wherein there is present.
Ti(CH;), at a partial pressure of about 1.5 x 10 Torr at a
total pressure of 1.5 Torr.

20. The process of any claims 1-18, wherein gaseous titanium
tetrachloride is present in the space for formation of the
deposited film, and the pressure of the gaseous aluminium
hydride and the gaseous titanium tetrachloride are selected
so that an Al-Ti film is deposited which contains 0.001%-
3.5% Ti.

21. The process of claim 20, wherein the pressure of the
gaseous aluminium hydride and the gaseous titanium
tetrachloride in said space are selected so that the
deposited film contains 0.5-2.0% Ti.

22. The process of any claims 1 to 18, wherein both a gaseous
silicon compound and gaseous titanium tetrachloride are
present in the space for formation of the deposited film,
and the pressures of said gaseous aluminium hydride,
gaseous silicon compound and gaseous titanium tetrachloride
are selected so as to form an Al-Si-Ti film containing
0.005-4% Si and 0.3-4% Ti.

23. The process of any claims 1 to 16, wherein the gases
present in said space are a gaseous alkyl aluminium hydride
and hydrogen and there is also present gaseous Cu(CsH;0,),.
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- 14 - The process of any of clains 1 to 8, wherein the al kyl

xalunrnrun1hydrrde—rs—ﬁﬁﬁeﬁeehyk—alunrnrunrhydrrde 12. The process of any
preceedi ng cl ai ebp t e, Dressure in the deposited filmformation
space is 0.1 to dThe process of any preceeding claim

wherein the subs l erature is 250- 350[tﬁ"f1]$5r'EﬂﬂHAsTbﬁpf ocess

of any preceedin n there. 185 - pr esent aﬁm%ggys siljcon
conmpound and the resul ting film . contains silicon—i5 prockss of .
claim 14, wherein the silicon conpound is Sl[err]H[err] 16 The
process o clal 15, wherein SiJerr]H.er IS present at rtlal
pressure gﬁsr‘ifﬁf& @E 3’{“‘ gg éJ reng P Fﬁlal P’:tq%é

deposi ti on spa 1 of the pressure in the reactlon

ace.

25. The process of any claims 1 to 16, 23 and 24 wherein there
is present in the space in the space for formation of the
deposited film a gaseous copper compound and optionally a
gaseous silicon compound and +the pressures of said
compounds are selected so as to form AlCu or AlSiCu film
containing 0.3-3% Cu and in the case of an AlSiCu film
0.005-4% si. :

26 The process of claim 25, wherein the pressures of the
gaseous silicon compound and the gaseous copper compound
are selected so that there is deposited AlSiCu £ilm
containing 0.5-2.0% Cu and 0.5-2.0% Si.

27. A process for manufacturing a semiconductor intergrated
circuit device which includes the step of forming wiring by
the process of any of claims 1-26.

. placement sheet
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17. The process -of any preceeding claim wherein there is’ pr esemfostos-o
gaseous TiC[err] or Ti(CHerr])[err]. 18. The process of claim 17,
wherein there is present TiC 4 at ° a partial pressure of 1x10[err] to
1X10[err] of the pressure within the fil mdeposition space. 19. The
process of any of clains 1-11, wherein there is present

Ti(CHerr])[err] at a partial pressure-diéabout 1.5 x 10[err] Torr at a
total pressure of 1.5 Torr. 20. The process of any of clains 1-18,
wherei n gaseous titanium tetrachloride is present in the space for
formation of the deposited fil mABERRAGR: pressure of the gaseous

al um ni um hydri de and the gaseous titaniumtetrachloride are sel ected
so that an Al-Ti filmis deposited which contains 0.001% 3.5% Ti. 21
The process of claim20, wherein the pressure of the - gaseous al um ni um
hydri de and the gasedRPGESSNFOR FORMINGt MBTALOPEROSITEDFIldbace are
selected so that the deposited filmcontains 0.5-2.0%Ti. 22. The
process of any of daQQH@&;Hf&QSGLQHENHMnAEOﬂHIH GOMEONENT BY si|jcon -
conmpound and gaseous titaniumtetrachl oride are present in the space
for formation of the WR¥fpdA (ARKY¥E | ALUMINUM HY¥DRIPE  essures of sai d gaseous
al um ni um hydri de, gaseous silicon conpound and gaseous titanium
tetrachl oride are

A process for fbrming an additive-confaining
Al film of good quality according to the CVD method -
‘utilizing an alkyl aluminum hydride, a gas containing
an additive and hydrogen, which is an excellent
deposited film formation process also capable of

selective deposition of additive-containing Al.

FIGURE 3A - 3E




APITR=O TP8S :
sel ected so as to forman Al -Si-Ti f|In1conta|n|ng
0.3-4%Ti. 23. The process of any of clainms 1 tg !
present in said space are gaseous alkyl alun1n|un1hyd' dj‘w
and there is al so present gaseous Cu(Cu[err]H[err]ﬂ[e{fix{erria g p
- 115 - 24. The process of claim 23, wherein the partial pressure of
CUderr]Herr]O[err])[err] is 5x10[er5§0 5X10[él’h] ~of A%awx@gsu«@;ﬁ}the
reacti oncClaimsspace. 25. The process any of ~ef-atms- ‘ E@E o224
wher ei n there is present in the space for formation o t u§3§%Léa
filma gdseou;A cpppeess omfoufairminy opt idemdd ited gaetalds £ilm containing
_ aluminium as main component comprising :

(a) prov1d1ng a substrate having an electron donative
surface in a space for formation of the deposited £film
wherein the substrate having the electron donative surface
belongs to the group containing metallic materials, p-type

semiconductors, n-type semiconductors and i-type
semiconductors optionally having a very thin oxidised film
thereon; :

(b) introducing into the space for formation of the
deposited film hydrogen, a gaseous alkyl aluminium hydride
and gaseous compounds of titanium or copper; and

(c) maintaining the electron donative surface at a

Y temperature from the decomposition temperature of the alkyl
aluminium hydride to 450°C to form on the electron donative
surface an aluminium film contalnlng titanium or copper
atoms.

2. The process of claim 1, wherein the substrate is of single
crystal silicon.

3. The process of claim 1, wherein the substrate is of
polycrystalline or amorphous silicon.

4. The process of claim 1, wherein the substrate is a III-V or
II-VI compound semiconductor.

5. The process of any preceding claim, wherein step(a)
comprises providing a substrate having an electron donative
surface and an electron non-donative surface, wherein the
substrate having an electron non-donative surface belongs
to the group of conventional insulating materials.

The process of claim 5, wherein the electron non-donative
surface comprises a silicon oxide, glass or a nitride film
produced thermally, by plasma CVD or by low pressure CVD.

7. The process of claim 5 or 6, wherein the electron non-
donative surface covers the substrate and is formed with

contact holes at which the electron donative surface
appears.

.8. The proceés of claim 7, wherein the size of the contact
holes is 1pm x 1lpm.

9. . The process of any preceeding claim, wherein the alkyl
aluminium hydride is dimethyl alumlnlum hydride.

10. The process of claim 9, wherein dimethyl aluminium hydride
is present at a pressure of 1x10° to 1.3x10"? of the
pressure within the film deposition space.

. This i8 the replece _
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silicor conpound and the pressures of said conpounds are sel ected so as

to form Al QI or AISiCu filmcontaining 0.3-3% Cu and in the case of an
AlSiCu filmO0.005-4%Si . 26 The process of claim25, wherein the-
pressures of the gaseous silicon conmpound and the gaseous copper
conpound are selected so that there is deposited AISICu film
containing 0.5-2.0% Cu and 0.5-2.0% Si . 27. A process for manufacturing a
sem conductor intergrated ci rcuill4 devi ce which inclu ) o
forming wring by the process of any of clains 1-26. %L&\Bﬁl\ﬂ%h?%{-ﬁd

L1. The process of any of claims 1 to 8, wherein the alkyl
aluminium hydride is monomethyl aluminium hydride.

12. The process of any preceeding claim, wherein the pressure
in the deposited film formation space is 0.1 to 0.8 Torr.

13. The process of any preceeding claim, wherein the substrate
temperature is 250-350°C. ' -

14. The process of any pfeceeding claim, wherein there is
present a gaseous silicon compound and the resulting film
contains silicon.

15. The process of claim 14, wherein the silicon compound is

16. The process of claim 15, wherein Si,H; is present at a
partial pressure of 1x10~7 to 1x10~* of the pressure within
the film deposition space.

17. The process of any preceeding claim, wherein there is
present gaseous TiCl;, or Ti(CH,),.

18. The process of claim 17, wherein there is present TiCl, at
a partial pressure of 1x10~7 to 1x10™* of the pressure within
the film deposition gpace.

19. The process of any of claims 1-11, wherein there is present
Ti(CH;), at a partial pressure of about 1.5 x 10~° Torr at a
total pressure of 1.5 Torr.

20. The process of any of claims 1-18, wherein gaseous titanium
tetrachloride is present in the space for formation of the

_depog:.ted film, and the pressure of the gaseous aluminium

U hydride and the gaseous titanium tetrachloride are selected

gosgh;!: an Al-Ti film is deposited which contains 0.001%-
. i.

21. The process of claim 20, wherein the pressure of the
gaseous aluminium hydride and the gaseous titanium
tetrachloride in said space are selected so that the
deposited film contajins 0.5-2.0% Ti.

22. The process of any of claims 1 to 18, wherein both a gaseous
silicon compound and gaseous titanium tetrachloride are
present in the space for formation of the deposited film,
and the pressures of said gaseous aluminium hydride, gaseous
silicon compcund and gaseous titanium -tetrachloride are .
selected so as to form an Al-Si-Ti film containing 0.005-4%
Si and 0.3-4% Ti. - :

23. The process of any of claims 1 to 16, wherein the gases

present in said space are gaseous alkyl aluminium hydride
and hydrogen and there is also present gaseous _Cu(Cu5H702)z.
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24.

25.

26
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The process of claim 23, wherein the partial pressure of
Cu(C4H,0,), is 5x1077 to 5x10™* of the pressure 1n the reaction
space. , :

The process of any of claims 1 to 16, 23 and 24 wherein
there is present in the space for formation of the de osit
film a gaseous copper compound and optionally a gaseous

silicon compound and the pressures of said compounds are

selected so as to form AlCu or AlSiCu film containing 0.3-3%
cu and in the case of an AlSiCu film 0.005-4% Si.

The process of claim 25, wherein the pressures of the
gaseous silicon compound and the gaseous cCoOpper ' compound
are selected so that there is deposited AlsiCu film
containing 0.5-2.0% Cu and 0.5-2.0% Si.

27. A process for manufacturing a semiconductor intergrated

circuit device which includes the step of forming wiring by
the process of any of claims 1-26.
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