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This invention relates to a nethod for form ng deposited filn1an3: -met hod

for formng a sem conductor -1 -
1 Process for Forming Deposited Film and Process

o ' for Preparing Semiconductor Device

BACEKGROUND OF THE INVENTION

5 Field of the Invention

This invention relates to z method for forming
deposited film and a method for forming a semiconductor
device. Particularly, it pertains to a method for forming

.- an Mo deposited film preferably applied to wiring of a
10 semiconductor circuit device, etc. and a semiconductor
device by use of selective deposition Mo film.

Related Background Art

In the prior art, in elecfronic devices or
integrated c¢ircuits by use of semiconductors, aluminum
15 (A1) or Al-Si etc. have been primarily used for electrodes
and wiring. Here, Al is inexpensive and has high electro-
conductivity, and dense oxidized £ilm can be formed on the
surface. Accordingly, it bhas many advantages that the
—— inner portion can be protected to be stabilized, and
20 adhesion to $i is good..

However, on the other hand, with higher integration,
the self-align technique in which mask matching between
the gate electrode and the diffusion layer, etc. is
unnecessary is indispensable. No metal having low

5 melting point such as Al cannot be used. In the MOS

LSI of the prior art, as the gate electrode wiring
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device. Particularly, it pertains to a nethod for formng an M deposited
filmpreferably applied to wiring of a sefi conduct or circuit device, etc.
and a sem conductor device by use of selective deposition M film
Rel at ed Background Art In the prior art, in electronic devices or
integrated circuits by use of sem conductors, alumnum (Al) or Al-Si etc.
have been primarily used for electrodes and wiring. Here, A is

i nexpensi ve and h Lghee ro-. conductivit dense .oxi di zed film
can be fornel oﬁasﬁgfés€$fa§££ ﬁ&igﬁtﬂquﬁ%&Y959%ﬁ§?¥%€ﬁy 4 FSRE gg§gphat the
an impurity at high concentration has been widely employed.

Whereas, with the progress of further higher integration,

there ensues the problem that electrical resistance of

5 fine polycrystalline Si wiring, etc. becomes higher.
This is wvital to high speed actuation of the device.
Accordingly, it has been required to have a high melting
metal which is lower in volume resistivity than poly-
crystalline $i and yet is capable of self-align. Also,
~ 10 basically, even when Al can be employed, Si and the
wiring Al react with each other during heat treatment
at the contact electrode portion with the Si layer,
whereby wire breaking or increased resistance of wixing
are caused to occur. For this reason, a metal having
13 higher melting point and lower electrical resistance
has been employed as the electrode wiring material,
and as the barrier metal which prgvents the reaction
between Si and Al at the contact éortion. Particularly,
e Mo is attracting attention for its sufficiently high
29 melting point (2620 °C) and low electrical resistance

(4.9 ult-cm).

)
n
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inner portion can be protected to be stabilized, and adhesion to Si is
good. * ) However, on the other hand, with higher integration, the
self-al’ign technique in which mask matchi ng between the gate el ectrode and
the diffusion |layer, etc. is wunnecessary i3 i ndi spensabl e. No netal having

low nelting point such as Al cannot be used. In the MOS LSI of the prior
art, as the gate electrode wiring

1 Deposition methods according to the electron
beam deposition and the sputtering method have been-
employed to Mo film used in Mo electrodes wiring, etc.

- of the prior art. With finer dimensional formation by

5 increased integration degree, the surface of LSI, etc.
is subject to excessive unevenness due to oxidation,
diffusion, thin film deposition, and etching, etc.

For exemple, electrodes or wiring metal must be
deposited on the surface with a stepped difference, or
10 deposited in a via-hole which is fine in dieameter and
deep. In 4 Mbit or 16 Mbit DRAM (dynamic RAM}, etc.,
the aspect ratio (via hole depth/via hole diameter) of
via-hole in which a wiring metal is to be deposited is
1.0 or more, and the via-hole diameter itself also
15 becomes 1 um or less. Therefore, even for a via-hole
with large easpect ratio, the technique which can
deposit a wiring metal is required.
Particularly, for performing sure coonection
e to the device under insulating film such as SiOZ,

20 atc., rather than film formation, & metal is required
to be deposited so as to embed only the via—hole of
the device. In such case, a method of depositiug a
wiring metal only on Si or metal surface and not
depositing it on an insulating film such as Sioz, etc.
is required.

It ¥is difficult to achieve such a selective
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- 2- - capable of self-align, a polycrystalline Si doped with an

i mpurity at” high concentration has been wi dely enpl oyed. Whereas, with
the progress of further higher integration, t here ensues the problemthat
el ectrical resistance of fine polycrystallige Si wiring, etc. becones

hi gher . This is vital to high speed actuati'on of the device.

Accordingly, it has been required to have a high nelting metal which is

| ower in volune resistivity than poly- crystalline Si and yet is capable

of self-align. &&5Ositidasdidlddowdy ey WiRh Aleckaanhe Baakoyed, Si and the
deposifion and sputter process used in the past. The
sputter process is a physical deposition method '

- performed b? scattering the particles sputtered in
5 vacuum. Therefore, the f£film thickness becomes very

thin a2t the step portion and insulating film side
wall, and the bresking of a wire may be caused in an
extreme case. Further, unevenness of a film thickness
and the breaking of a wire cause remarkable

10 degradation of a reliability of LSI.

On the other hand, 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, Al alloy or Mo silicide only in the via-hole

15 by utilizing the sputter etching acticn and the
deposition action on the substrate surface. However,
since the bias voltage of some 100 V or higher is
gpplied on the substrate, deleteriocus influernce occurs

— because of charged particle damaging such as change in

20 threshold of MOS-FET, etc. Also, because of presence
of both etching action and deposition action, there is
the problem that the deposition speed cannot be
essentially improved.
In order to solve the problems as described
95 above, vearious types of CVD ({Chemical Vapor

Depositionty methods have been proposed. In these
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wiring Al react with each other during heat treatnent at the contact

el ectrode: portion with the Si |ayer, wher eby wire breaking or increased
resi stance of wring are caused to occur. For this reason, a netal having
hi gher nelting point and | ower electrical gesistance has been enpl oyed as
the el ectrode wiring materi al, and as th¥ barrier netal which prevents
the reaction between Si and Al at the contact portion. Particularly, Mo
is attracting attention for its sufficiently high mel ting point (2620

[err]C) aﬁq lngﬁgsgzr&ﬁéﬁié&fifgég¥¥%n.G%‘thegELrtﬁﬂb'gas in some
form is utilized. 1In plasma CVD or optical CVD, .
decomposition of the starting ges occurs in gas phase,
and the active species formed there further reacts on

5 the substrate to give rise to film formation. In
these CVD methods, surface coverage on ungvenness on
the substrate surface is good since the reaction
ocours in a gaseous phase. However, carbon atoms

- conteined in the starting gas molecule are

~ 10 incorporated into the film. Also, particularly in
plasma CVD, the problem remained that there was damage
by charged particles (so called plasma damage) as in
the case of the sputtering method.

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

substrate surface, is good in surface coverage on
wevenness such as stepped portion of the surface,
etc. Also, it can bz expected that deposition within

e via~hole will readily occur. Further, wire bresgking

20 at the stepped portion can be avoided.

25
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-3-

Deposition nethods according to the electron beam

dep03|t|oh and the sputtering method have been enployed to Mo film

in M electrodes wiring, etc. of the pri art. Wth finer
formati on by

i ncreased integration degrée®, the surface of LSI, etc.

subj ect to excessive unevenness due to oxidation,

e

10

15

20

25

For this reason, various studies have been made
about the thermal CVD method as the method for forming
Mo film. For example, there are hydrogen reduction
method of MoCl, and $i reduction method of MoF,
according to normal pressure CVD or reduced pressure
CVD as introduced in Chapter.4 of Handotail Kehkyu
(Semiconductor Research) Vol. 20 (Kogyo Chosakai, 1983).
However, in the hydrogen reduction method of MoCls, a
plurality of molybdenum halide such as MoC13 and others
other than Mo may be sometimes formed at the portion
other than the substrate surface heate@ within the
film forming device. Therefore, it is qQifficult to
control film formation. Also, although £ilm formation
may be possible, no selective deposition can be seen.

on the other hand, for example, in EP 147913
(A3) Publication or USP 3,785,862, there is shown the
method of forming Mo £ilm by use of MoF, gas, hydrogen
gas and an inert gas.

Whereas, in the Si reduction method of M°F6'
Mol-‘6 reacts in the presence of Si to precipitate Mo,
whereby Si is etched. Therefore, there is a fear that
the electronic circuit on Si wafer may be damaged.
Also, SiO2 is etched. However, for this reason, in
the S$i reduction method of MoFe, deposition occurs
primarily on Si substrate, and Mo film deposition
dose not odcur on Sio2 at all, but it is clearly

stated in USP 3,785,862 that Mo £ilm is also deposited

used

di nensi onal

S
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diffusion, thin fil mdeposition, and etching, etc. For exanple, electrodes
or wrring-netal nust be deposited on the surface with a stepped
difference, or deposited in a via-hole Which is fine in diameter and

deep. In 4 Mit or 16 Mt DRAM (dynam c RAM, etc. the aspect ratio (via
hol e depth/via hole dianeter) of via-hole in which a wiring netal is to be
deposited is 1.0 or nore, and the via-hole dianeter itself also becones 1
[err]mor less. Therefore, even for a via-hole wth |arge aspect ratio,

the technigugangheh. caPnigeRRghbsfs WhabUs 8BSt ite dGBYTEUn of
Mo is not so complete. In addition, as described above,
both Si and 5102 are subjected to etching, and under such
- state there is a fear that problems may be involved prac-

tically concerning surface flatness and mixing of impurity,

N

etc. As another method, thexre is an exmaple of noxmal

pressure CVD method AE Mb{CO)6 as describhed in Thin

Solid Films, Vol. 63 (1979), p. 169. In this method, Mo
o film can be deposited cn the substrate by use of normal

L
10 pressure CVD with Ar as the carrier gas. However, in this

method, there may be sometimes incorporated a considerably
+ large amount of oxygen and carbon in Mo fiim as impurities,
and for this reason, there is a fear that electrical
resistance of the deposited film may be increased.
15 Also, accoridng to this method, selective deposition
can be done with difficulty.
As described above, the deposition method of Mo
film of the prior art had many probiems to be improved,
- such that coverage of the stepped difference of the LSI

20 surface was poor, that the Si surface cof LSI was un-
necessaxily etched, that damage was given to §i0,,
that deposition reaction could be controlled with

difficulty, or that a large amount ¢f impurities were

mixad into Ma £ilm,

¢~
W
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Particularly, for performng sure connection to the device under
insulating filmsuch as SiJerr], etC48rther than filmformation, a
netal is required to be deposited so as to enbed only the via-hole of the
device. In such case, a nethod of depositing a wring netal only on Si or
nmetal surface and not depositing it on an insulating filmsuch as SiJerr]
etc. is required. It is difficult to achieve such a selective

1 SUMMARY OF THE INVENTION

A first object of the present invention is to
provide a deposition method of Mo film without giving
damage to Si wafer or SiOz.

5 A second object of the present invention is to
provide a deposition method of Mo film with high stepped
difference coverage of LSI surface.

A third object of the present invention is to
provide a selective deposition method of Mc film effective

~ 10 for embedding of via-hole, etc.

A fourth object of the pre;ent invention is to
provide a deposition method of Mo film in which Mo f£ilm
can be deposited with good controllability.

A fifth object of the present invention is to

15 provide & method for preparin§ a semiconductor device
having characteristics such as excellent surface flatness,
migration resistance, etc. by use of the selective deposi-
tion method of Mo film for formation of wiring and electreode
portions.

20 A sixth object of the present is to a deposited
film formation method comprising the steps of:

(a) feeding a gas of an crganometallic compound
containing molybdenum atom and hydrogen gas onto a sub-
strate having an electrxron donative surface, and

25 (b) maintaining the temperature ¢f said electxon

donative sunface within the range of the decompcsition
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deposition and growh by the electronic beam deposition and sputter
process used in the past. The sputter ocess is a physical deposition
nmet hod performed by scattering the particles sputtered in vacuum
Therefore, the filmthickness becones very thin at the step portion and

insulating filmside wall, and the breaking of a wire nmay be caused in an
extrene case. Further, unevenness of a filmthickness

1 temperature of said organometallic compound ox lower
and 800 °C or lower to form a molybdenum film on said
electron donative surface.
A seventh object of the present invention is
5 to a deposited'film formation method comprising the
steps of:
(a) feeding a gas of an organcmetallic compound
containing molybdenum atom and hydrogen gas onto a
substrate having an electron donative surface and a
—t 10 non-electron donative surface, and
{b) maintaining the temperature of said electron
donative surface within the range éf the decomposition
temperature of said organometallic compound or lower and
800 °C or lower to form a molybdenum f£film selectively
- 15 on said electron donative surface.
A eighth ohject of the present invention is to
a method for preparing a semiconductor device comprising
the_stepé of:
. forming a film comprising an insulating material
e 20 on a semiconductor material,
forming an opening on said f£ilm to have said
semiconductor material exposed, and
embedding an electroconductive material in said
cpening to £foxm a part of electrical wiring,
25 characterized in that the reaction iz carried

out betweeg a gas of an organometallic compound containing
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and the breaking of a wire cause renarkable degradation of a reliability
of LSI. -~ On the ot her hand, tg.re has been devel oped the bias
sputtering method in which a bias is plied on a substrate and deposition
is perforned so as to enbed Al, Al alloy or Mo silicide 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 sone

100 V or her. i.s. applied on _the substrate del eterious . influ e occurs
because op'gﬁﬁ? |qﬁq§‘@§ﬁaﬁyﬁ§°§88h95§ Eﬁaﬁg%eWﬂer?ﬁVﬁgh%fdg%

MOS- FET, et C-dec&%aﬁ%%%sﬁen@ega %%QC%E said organometallic compound

or lower and 800 °C or lower to deposit selectively moly-
bdenum on said opening, thereby forming a paxt of said

$ wiring.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a schematic view illustrating an
N 10 example of a deposition film forming apparatus
possible applicable to the present invention.

Fig. 2 shows a schematic sectional view
illustrating a process for forming a deposition film
according to the present iovention.

15 Fig. 3 shows a schematic¢ view illustrating the
other example of a deposition film forming apparatus -
possible applicable to the present invention.

Fig. 4 shows a schematic view illustrating a
method for producing a semiconductor device according

20 to the present invention.

25
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of both etching action and deposition action, there is the problemthat

t he deposi ti on speed cannot be essentialﬂyiinproved. In order to
sol ve the problens as described above, various types of CVD (Chenical
Vapor Deposition) nethods have been proposed. In these

1; DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A preferable method for forming the depoéited
film of the present invention is &s described below.

- The method for forming the deposited film of the

5 present invention is characterized in that a molybdenum
film is formed on an electron donative surface through
the reaction with a gas of an organometallic compound
containing molybdenum atom and hydrogen gas.

On the other hand, @ preferable method for

10 forming the semiconductor device of the present invention
is as descxibed below.

The method for forming the semiconductox device
of the present invention is characterized in that moly-
bdenum deposits selectively through the reaction between

15 @ gas of an organometallic compound containing molybdenum
atom and hydrogen gas on a semiconductor surface exposed
from an insulating film, thereby forming a part of
electrical wiring.

r The Mo film obtained by the depcsited film

20 formation method acco:ding to the present invention
contains little impurity such as carbon, etc., and
also sufficiently low in electrical resistance. also,
the substrate is free from damage and good in contxrol-
lability.

o8 And, according to the formation method of
depcsited #ilm of the present invention, a low resistance,

dense Mo film can be selectively deposited on the substrate.
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met hods, chem cal reaction of the starting gas in some formis utilized.
I n prasna CVD or optical CVD, deconp05|32?n of the starting gas occurs in
gas phase, and the active species forne here further reacts on the
substrate to give rise to filmformation. In these CVD net hods, surface
coverage on unevenness on the substrate surface is good since the reaction
occurs in a gaseous phase. However, carbon atons contained in the starting
gas nolecule are incorporated into the film Also, particularly in

1 Also, by the preparation method of the semi-

conductor device of the present invention, an excellent
semiconductor device by use of a low resistance, dense
- and flat Mo film at the wiring portion and the electrode
5 portion can be provided,

In the present invention, as the starting gases
for deposited film formation, an organic Mo compound
and H, gases are employed. By subliming Mo{CO}s.

' Mo(CH3)6, etc. as the organic Mo coqpound, which are solid
10 at room temperature and reacting in a carrier gas
such as H,, Ar, etc. on a heated substrate, Mo film
is deposited. The detailed mechanism of the reaction
has not been necessarily clarified, but it may be
considered that Mo(CO)G, etc, react with H, gas on
15 an electron donative substrate surface such as heated
metal ox semiconductor to form Mo. Since this reaction
car proceed with difficulty at the place where the
substrate surface is not electron donative, it may
N be cecnsidered that deposition of the f£ilm occurs
20 with difficulty on a non-electron donative surface.
Here, electron donative characteristic is

described below in detaill.
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pl asma CVD, the problemrenai ned that there was damage by charged

particles (so called plasna damage) as in the case of the sputtering

nmet hod. The thermal CVD nethod, in which the film grows threugh——___
the surface reaction primarily on the sugé rate surface, is good in

surface coverage on unevenness such as st gped portion of the surface,

etc. Also, it can be expected that deposition within via-hole will readily
occur. Further, wire breaking at the stepped portion can be avoi ded.
1 The electron donative material refers to one

having free elesctrons existing or free electrons

intentionally formed in the subsgtrate, for example, a

material having a surface on which the chemical

5 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 correspond to such material. Those
hav1ng vegy thin oxidized film on the metal or

N S~

10 semiconductor surface are also included. For, with

such thin film, the chemical regsction can occur
between the substrate and the attached starting
molecules.
Specificelly, there may be includeﬁ

15 semiconductors éuch as single crystalline silicon,
polycrystalline silicon, amorphous silicon, etc.,
binary system or ternary system or quaternary system
I1I-V compound semiconductors comprising combinations

N of Ga, In, Al as the group III eélement and P, As, N as

20 the group V element, or II-VI compound semiconducters,
or metals themselves such as tungsten, molvbdenum,
tantalum, aluminum, titanium, copper, etc., Or
silicides of the above metals such as tungsten
silicide, molybdenum silicide. tantalum silicide,

25 aluminum silicide, titanium silicide, etc., further

metals contéining either cne of the constituent of the
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For this reason, various studi es have been nade about

net hod-as the nethod for formng M film For exanple,

reduction nethod of MoCl[err] and Si reduction nethod
according to normal pressure CVD or reduced, pressure
Chapter 4 of Handotai Kenkyu (Sen1conductdk esear ch)
Chosakai, 1983).

the thermal CVD
there are hydrogen
of MoF[err]

CVD as introduced in
Vol . 20 (Kogyo

] above metals such as aluminum silicon, aluminum

titanium, aluminum copper, aluminum tantalum, aluminum

silicon copper, aluminum silicon titanium, aluminum ~

- palladium, titaniun nitride, atc.

411

In contrast, the materials for forming the

surface on which Mo is not deposited selectively,

namely the electron non—donative material, are

conventional insulating materials, oxidized silicon

formed by thermal oxidation, CVD, etc.,

glass or

10 ©oxidized film such as BSG, PSG, BPSG, etc., thermally

nitrided film, silicon nitrided film by plasma CVD,

low pressure CVD, ECR-CVD method, etc.

N

20
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However, in the hydrogen reduction nethod of MoCl[err], a plurality of

nol ybdenumthal i de such as Mol [err] and igﬂers ot her than Mo may be
sonetinmes formed at the portion other t the substrate surface heated
within the filmformng device. Therefore, it is difficult to control
filmformation. Al so, although filmformation may be possible, no

sel ective deposition can be seen. On the other hand, for exanple,
in EP 147913 (A3) Publication or USP 3,785,862, there is shown the nethod

R e
present invention, for example, single substance of
Mo(CO}6 occurs at around 400 °C, and alsc partial

- decomposition occurs at 300 °C. If the pressure is

5 high and there is no H,, these decomposed products are
deposited on the substrate without selectivity. Besides,
at this time, a considerably large amount of carbon
and oxygen is incorporated in the Mo film, whereby

= electrical resistance becomes higher. Accordingly,

~ 10 also for preventiné mixing of impurities into the
£ilm, H2 gas is indispensable during the reaction.

At a substrate temperature of 300 °C or higher, when
the pressure of the reactionm gas is higher, deposition
of the £ilm is also occur on 2 non-electron donative

15  surface such as $i0,, Alzoa; eté., whereby selectivity
of deposition is lowered. Hence, no selective deposi-
tion occurs unless the reaction pressure (partial
pressure of organometallic compound) is 100 Torr ox

e less, and practically it is desirably 10 Torr oxr less.

20 If the temperature of the substrate is too high, Mo(CO)6
and HZ are pyrolyzed abundantly without the aid of an
electron donative surface, whereby impurities in the
film are again increased and also selectivity of
deposition lost. And, no substrate temperature

25 exceeding 800 °C can be employed, and the desirable

substrate éemperature is suitably 600 °C or lower.

The most desirable temperature range is from 450 to
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MoF6 reacts in the presence of Si to precipitate M, whereby Si is etched.
Therefore, there is a fear that the elepgronic circuit on Si wafer my be
damaged. Also, SiJerr] is etched. However, for this reason, in the S
reducti on nmethod of MoF[err], deposition occurs primarily on Si substrate,
and Mo fil mdeposition dose not occur on SiJerr] at all, but it is
clearly stated in USP 3,785,862 that Mo filmis al so deposited

1 550 °C. The method has been known in which MoClg, MoF

or the like is reduced with H2 or Si, but in thess:-

methods, haloger elements may be mixed into the £ilm,

- or there is damaging such as etching of Si substrate

5 or 5102 film, which deteriorate characteristics of the

substrate. For this reason, even the characterxistics

of the device by use of this may be sometimes lowered.

On the other hand, according to the method of the

present invention, since no halogen element is used

10 at all, selective deposition of Mc film is possible

without any problem at all as mentioned above. Aas

the starti_ng gas, other than Mo(CO) 6 Mo CH3 } g may be

employed. M’o(CHB)6 is more desirable than Mo(CO)6 in

obtaining a film of higher purity. Howevex, organic

15 compounds of Mo are not limited to these at all.

20

25
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on SiJerr]. This suggests that selective deposition of M is not so
conplete. "In addition, as described above, both Si and Sigerr] are

subj ected to etching, and under such state there is a fear that problens
may be involved prac- tically concerning syrface fl at ness and m xi ng of

i mpurity, etc. As another nethod, there i's an exmaple of normal pressure
CVD nethod of Mo(CO[err] as described in Thin Solid Filnms, Vol. 63
(1979), p. 169. In this nmethod, M

1 The preferred embodiments of the present
invention are explained below as referring the )
drawings. Fig. 1 is a schematic view showing a
deposition £ilm forming spparatus for applying the

present invention.

(4}

Hare, 1 is a substrate for forming Mo film
film. The substrate 1 is mounted on a substrate
holder 3 provided internally of the reaction tube 2
for forming a space for formation of a deposited film

10 which is substantially closed as shown in Fig. 1. Ag
the material constituting the reaction tube 2, quartz
is preferable, but it may be also made of a metal.
Further, it is preferable to cool the reaction tube.
The substrate holder 3 is made of a metal, and is

15 provided with a heater 4 so that the substrate mounted
thereon can be heated. And, the constitution is made
so that the substrate temperature can he controlled by
controlling the heat generation temperature of the

e heater 4.

The feeding system of geses is constituted as

described below.

5 is & gas mixer, in which the starting gas
and the reaction gas are mixed, and the mixture is fed
into the reaction tube 2. 6 is a starting gas

25 gasifier provided for gasification ¢f an organic metal

as ths starting gas-
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filmcan be deposited on the substrate by use of normal pressure CVD with
Ar as thecarrier gas. However, in this nethod, there may be sonetines

i ncorporated a considerably |arge amount of oxygen and carbon in Mo film
as inpurities, and for this reason, therg s a fear that electrical

resi stance of the deposited filmmay be increased. Also, accoridng to this
net hod, sel ective deposition can be done with difficulty. As
descri bed above, the deposition nethod of Mo filmof the prior art had
many problens to be i Fpeoveganisundtahato dowersyk iof thee petesepad di f f erence

of the LSI surface was poor, that the Si surface of LSI was un-
inpvention is solid at roonm temperature, and is formed

into saturated vapor by sublimating the organic metal
- by passing a carrier gas through around the metal

within the gasifier 6, which is in turn introduced

4]

into the mixer 5.

At this time, the sublimation is markedly
accelerated by heating the gas or organic metal
itself.

~ 10 The evacuation system is constituted as
described below.

7 is a gate valve, which is opened when
performing evacuation of a large volume such as during
evacuation internally of the reaction tube 2 hefore

15 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 2 during formation of

N the deposited film. 9 is an evacuation unit, which is

20 constituted of a pump for evacuation such as turbo
molecular pump, 2tc.

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

10 is a substrate conveying chamber which can

o5  house the substrate before and after formation of the

deposited Rilm, which is evacuated by opening the
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necessarily etched, that damage was given to SiJerr] that deposition
reaction could be controlled with difficulty, or that a large amount of
inmpurities were mixed into Mo film

13

1 valve 11. 12 is an evacuation unit for evacuating the
conveying chamber, which is constituted of & pump for
evacuation such as turbo molecular pump, etc.
The valve 13 is opened only when the substrate
5 1 is transferred between the reaction chamber and the
conveying space.

As shown in Fig. 1, in the gas formation
chember 6 for forming the starting gas, for example,
the gas formation chamber 6 is maintained at room

10 temperature or the heated solid organic Mo compound is
bubbled with Hz or Ar (or other inert gas) as the
carrier gas to form gaseous organic Mo compound, which
is transported to the mixer 5. The Hz gas as the
reaction gas is transported through enother route into

18 the mixer 5. The gases are controlled in flow rates
s0 that the respective partial pressures may beconme
desired values.

Mo{CO)G or Mo(CH is preferred as the

3le
— starting gas. Also Mo(CO)6 and Mo(CHS)8 may be used
20 in a mixture.

Figs. 23 to 2E are schematic views showing the
state of growing an Mo film in case that the present
invention is employed to a selective formatiom of Mo
£ilm,

o5 Fig. 2A is an illustration showing

schematica®ly the cross-section of the substrate
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SUMMARY OF THE | NVENTI ON A first object of the present invention
is to ~provide a deposition method of Mo filmwithout giving damage to Si

wafer or SiJerr]. A second object of the present invention is to
provi de a deposition nmethod of Mo filmw th fApgh stepped difference
coverage of LSI surface. A third object of the present invention
Is to provide a selective deposition nethod of Mo filmeffective for
enbeddi ng of via-hole, etc. A fourth object of the present

i nvention is, toy¥oW $ahal9RaShE Phe MRb Q8041404 T£1 1 idbaktmdd i | m

the present invention. 90 is the substrate comprising

an electron donative materisl, and 91 a thin film

comprising an electron non-donative material.

5 When Mo(CO)6 as the starting gases and a gas .-
mixture containing H, as the reaction gas are fed onto \

the substrate heated within a range from the

"

decomposition temperature of Mo(CD). or less and 800°C

or less, Mo is precipitated on the substrate 90 other

s onan =

10 than the thin film 91 comprising the election non-
donative material, whereby a continucus film of Mo is
formed as shown in Fig. 2B. Here, the pressure within
the reaction tube 2 should be desirebly 10 ° to 760
Torr, and the Mo(CO}6 partial pressure preferably 1.0

=5 +0 1.5 x 10 °—f0ld of the pressure within the

15 x 10
above reaction tube. .

When deposition of Mo is continued under the

ebove conditions, via the state of Fig. 2C, the Mo
‘o £ilm grows to the level of the uppermost portion of
20 +the thin film 91 as shown in Fig. 2D.

As the result of analysis according to Auger's
electron spectroscopy ©r photcelectric spectroscopy.
no entrainment 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

This Sheet Has

MG



can be deposited wth good controllability. A fifth object of the
present invention is to provide a nethod for preparing a sem conductor
device having characteristics such as excellent surface fl atness,

mgration resistance, etc. by use of the s@gctive deposi- tion nethod of
Mo filmfor formation of wiring and el ectrode portions. A sixth
object of the present is to a deposited filmformation nethod conprising
the steps of: (a) feeding a gas of an organonetallic conpound

cont ai ni ng ,ml gggeRuMgaloghagdnilVeh CYENrEGR Mg ra iy which is fer
close to the bulk resistivity of Mo and lower than the
resistivity of polycrystalliine S§i, and becomes
- continuous and flat film. The reflectance in the
5 visible wavelength region is approximately 70-80 %,
and a thin film with excellent surface flatness can be
deposited.

deposited film should be desirably the decomposition

L

The substrate temperature in forming \\\\
|
]

10 temperature of the starting gas containing Me or :

higher, e.g. 350 °‘C or more and 800 9C or lower as

mentioned above, but specifically 2 substrate

temperature of 400 to 600 9¢ is desirable in case of

Mo(CO)s, and a substrate temperature of 350 - 550°C is
15 desirable in case of Mo(CH3)5.

A more preferable substrate temperature

condition is 450 °C to 550 °C in case of Mo(CO), and
400°C to 500°'C in case of Mo(CHsjs. The Mo film
— deposited under the this condition contains no carbon
20 and oxygen and is sufficiently low in the resistance.
In the apparatus shown in Fig. 1, Mo can be
deposited on only one sheet of suhstrate in depeosition
for one time. Although a deposition speed of ca. 100
A/min. can be obtained, it is still insufficient for
performing deposition of a large number of sheets

within a shért time.
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strate having an el ectron donative surface, and (b) maintaining
the t'enperature of said electron donative surface within the range of the
deconposi tion tenperature of said organonetallic conpound or
lower and 800 [err]C or lower to forma ndRybdenum filmon said electron
donative surface.
1 As the deposition film forming apparatus for
improving this point, there is the low pressure CVD-

apparatus which can deposit Mo by simultaneous

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

(41§

the Mo deposition according to the present invention
utilizes the surface reaction of the heated electron
donative substrate surface, for example, in the hot
wall type low pressure CVD method wherein only the
substrate is heated, an Mo compound can be desirably
10 deposited with !.Vlr.)(CCJ)5 end H,.

As the conditions of forming the deposited
film, the reaction tube pressure may be 1072 to 760
Torr, desirably 0.1 to 5 Torr, the substrate

temperature 350 °C to 800 °C, desirably 400 °C to 600

S_fold to 1.5

15 °C, the Mo(CO0) ; partial pressure 1 x 10
X 10‘3—fold of the pressure in the reaction tube. Aand
undexr these conditions, Mo can be deposited on only

the electron donative substrate.

e

20

23

This Sheet Has Been R

LT



A seventh object of the present invention is to a deposited filmformation
nmet hod conprising the steps of: feeding a gas of an
organonetal | i ¢ compound contai ning nDbede # at om and hydr ogen gas onto a
substrate having an el ectron donative surface and a non-el ectron donative
surface, and (b) maintaining the tenperature of said electron
donative surface within the range of the deconposition tenperature of said
organonetal | i c conmpound or |ower and 800 [err]C or lower to forma

nol ybdenumfilm sel ect ¥4glY3 is a schematic view showing a deposited
film formation apparatus to which such present invnéaiton
is applicable.

- 57 is a substrate for forming an Mo f£ilm.

5 50 is an outside reaction tube made of quartz for
forming a space for formation of deposited film which
is substantially closed with respect to surrounding.
51 is an inside reaction tube made of guartz located
for separation of the gas flow within the outside

10 reaction tube 50, 54 a flange made of a metal for
opening and closing the opening ¢of the outside reaction
tube 50, and the substrate 57 is located within the
substrate holding membeyr 56 provided intermnally of
the insi@e reaction.tube 51. The substrate holding

13 TWmember 56 should be desirably made of quartz.

Also, the present apparatus can control the
substrate temperature by the heater portion 59.
It is constituted sc that the pressure internally of
s the reaction tube 50 is controllable by the evacuation

29 System bound through the gas evacuation outlet 53.

The present apparatus has a first gas system,
a second gas system and a mixer {(all are not shown)
similarly as in the apparatus shown in Fig. 1, and the
starting gases are introduced into the reaction tube

o5 50 through the starting gas introducing inlet 52.

The startind gases react on the surface ¢f the

substrate 57 when passing through the inner portion
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on said electron donative surface.

i nvention i-s to a nethod for preparing em conduct or devi ce conprising
the steps of:

a seni conductor nateri al

forming a filmco ising an insulating materi al

said sem conductor material exposed, and enbeddi ng an
el ectroconductive material in said opening to forma part of electrical
characterized in that the reaction is carried out between

a gas of an,or gaQiTRt Alnditie YEAREREnCRibal BLNgs shown by the arrowhead

W ring,

et

10

15

58 in Fig. 3 to deposit Mo on the substrate surface 57.
The gases after the.reaction pass through the gap portion
formed by the inside reaction tube 51 and the outside
reaction tube 50 and are discharged through the gas
discharging outlet 53.

Ir taking in and out the substrate, the flange
54 made of a metal is ascended and descended by an
elevator (not shown) together with the substrate
holding member 56 and the substrate 57 to move to
a predetermined position, thereby performing attach-
ment and detachment of the substrate.

By forming a deposited film under the conditions
as mentioned above by use of such apparatus, Mo film
of good quality can be formed at the same time in

all the wafers within the apparatus.
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nol ybdenum at om and hydrogen gas at a tenperature of the deconposition

t enperature” of said organonetallic conmpound or |ower and 800 [err]C or

| ower to deposit. selectively noly- bdenum on said opening, thereby formng
a part of said wring. 25

1 The present invention is explained below by
giving Examples. .
Example 1

. First, the procedure for Mo film formetion is

5 as follows. By use of the apparatus shown in Fig. 1,
the reaction tube 2 is intermally evacuated to ca. 1 x
10"% Torr by the evacuation unit 9. However, Mo £ilm
can be also formed if the vacuum degree within the

reaction tube 2 may be worse than 1 x 10 ° Torr.

10 After cleaning of substrate such as Si wafer, etc.,
the conveving chamber 10 was released to atmospheric
pressure and Si wafer was mounted in the conveying
chamber. The conveying chamber was evacuated to ca. 1
x 10°% Torr, end then the gate valve 13 was opened and

15 the substrate was mounted on the wafer holder 3.

Next, the gate valve 13 was closed, and the reaction
chamber 2 was evacuated to a vacuum degree of ca. 1 x
107% Toxx.

In thJ.s Example, Mo(CO}6 was sublimed to feed

20 through the first gas line. H2 was used to the

carrier gas of Mo(CO)6 line. The second gas line was

used for HZ‘
By passing H2 through the second gas line, the
pressure within the reaction tube Z was made a

55  bredetermined value by controlling the opening of the

slow leak galve 8. Then, the substrate was heated by

This Sheet Has Been Replace

T




BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 shows a schematic view
i1lustrating an exanple of a deposition filmform ng apparatus possible

applicable to the present invention. Fig. 2 shows a schematic
sectional view illustrating a process P@g formng a deposition film
according to the present invention. Fig. 3 shows a schematic view

illustrating the other exanple of a deposition filmform ng apparatus

1 current passage through the heater 4. After the
substrate temperature has reached a predetermined -
temperature, Mo(CO)6 was introduced into the reaction

- tube through the Mo(GO)6 line. Here the total

5 pressure was ¢a. 1.5 Torr within the reaction tube,
and the Mb(CO)S partial pressure was made ca. 1.5 x

10~% rorr. Next, when Mo(CO)6 was introduced into the

reaction tube 2, Mo was deposited. After a

predetermined deposition time has elapsed, feeding of

!

10 Mo(CO}6 was stopped. Next, heating of the heater 4
was stopped to cool the substrate. Feeding of H2 gas
was stopped, and after evacuation internally of the
reaction tube, the substrate was transferred to the
conveying chambet, and only the conveying chamber was

15 made atmosphberic before taking ocut the substrate. The
outline of Mo film' formation is as described above.

After preparing monocrystalline S$i substrates
as the samples, Mo films were deposited at the

— respective substrate temperatures according to the

20 same procadure as described above under the following
conditions:
Total pressure: 1.5 Torr
Mo(CO}, partial pressure: 1.5 x 104 Torr
The Mo films deposited by verying the
25 substrate temperature werz evaluated by use of wvarious

evaluation wmethoeds. The results are shown in Table 1.
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possi bl e applicable to the present invention. Fig. 4 shows a

schematic'view illustrating a nmethod for producing a sem conductor device
according to the present invention. DETAI LED DESCRI PTI ON OF
THE PREFERRED ENMBODI MENTS /\pw%ﬁ%rable met hod for formng the
deposi ted

1 As to the above examples, Mo of excellent

quality was obtained within the temperature range of

400 to 800 °C.

"
10

15

20

26
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filmof the present invention is as described bel ow The net hod
for formng the deposited filmof the present invention is characterized
in that a nol ybdenum filmis forned on an el ectron donative surface
through the reaction with a gas of an o2danonetal |ic conpound containing
nol ybdenum at om and hydr ogen gas. On the other hand, a preferable
method for formng the sem conductor device of the present invention |is
as descri bed bel ow. The net hod for form ng the sem conduct or
device of it heER®BRI®Z| nvention is characterized in that noly-

According to the following procedure, Mo film
was formed. By the evacuation unit 9, the reaction
- tube 2 was evacuated internally to ca. 1 x

5 10—8

Torr.

After cleaning of substrate such as Si wafer, etc.
the conveying chambexr 10 is released to atmaspheric
pressure and the Si wafer was mounted in the conveying

. chamber. The convaying chamber was evacuated to ca. 1
~ 10 X 10—6 Torr, then the gate valve 13 was opened and the
wafer was mounted on the wafer holder 3.
Next, the gate valve 13 was evacuated to a
vacuum degree in the reaction chamber 2 of ca. 1 x
1079 Torr.
15 In this Example, the first gas line was used
for Mo(CO)G. As the carrier gas for the Mo(GO)6 line,
Ar different from Example 1 was emploved. The second
gas line was used for Hz‘
e By passing EZ through the second gas line, the
20 pressure within the reaction tube 2 was ﬁade a
predetermined value by controlling the opening of the
slow leak valve 8. A typical pressure in this Example
was made approximately 1.5 Torr. Then, the wafer was
heated by current passage through the heater 4. After
25 the wafer temperature was reached a predetermined
3
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bdenum deposits selectively through the reaction between a gas of an
organonet akli ¢ conpound contai ni ng nol ybdenum atom and hydrogen gas on a
sem conductor surface exposed froman insulating film thereby formng a
part of electrical wring. The filmobtained by the deposited
film formation nethod according to the Present invention contains little
I mpurity such as carbon, etc., and also sufficiently lowin electrical
resi stance. Also, the substrate is free from danage and good in control -

lability. 4 tempeA&@uréQCﬁbqbﬂgatﬁaéhfhéfﬁdﬁﬁéd”ﬁﬂ?ﬂ'¥ﬂ$(¥éacticn
tube through the Mo(CO)6 line. The total pressure -
within the reaction tube was ca. 1.5 Torr, and the
" Mo(CO), partial pressure is made ca. 1.5 x 10™% Torr.
5 The Ar partisl pressure was made 0.5 Torr. Next, when
Mo(CO)6 was introduced into the reaction tube 2, Mo
was deposited. After a predetermined deposition time
was elapsed, feeding of M.o(CO)6 was stopped. Next,
heating of the heater 4 was stopped to cool the wafer.
10 Feeding of H2 gas was stopped, and after evacuation
internally of the reaction tube, the wafer was
transferred to the conveying chamber, and only the
conveying chamber was made atmospheric pressure before
taking out the wafer. When Ar as the carrier gas was
15 thus used, the resistivity and carbon content of Mo
film formed were a little high. This is a level
having no problems practically and the result almost
similar to Example 1 was obtained.
T Example 3
20 By use of the low pressure CVD apparetus shown
in Fig. 2, Mo film was formed on the substrate with
the constitution as described below.
As the substrate surface material having
electron donative properties, monocrystalline silicon
25 (monocrystalline Si), polycrystalline silicon

(polycrystaltline Si), tungsten (W), molybdenum (Mo),
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deposited filmof the present invention, a |ow resistance, dense Mo film
can be sel éctively deposited on the substrate.- Al so,
by the preparation nmethod of the sem - C3quctor devi ce of the present

i nvention, an excellent sem conductor deVite by use of a | ow resistance,
dense

1 tantalum (Ta), tungsten silicide (WSi), titanium
silicide (TisSi), aluminum (Al), aluminum silicon (Al-
Si), titanium aluminum (A1-Ti), titanium nitride (Ti-

- N}, copper (Cu), aluminum silicon copper {Al-Si-Cu),

5 aluminum palladium (Al-Pd), titenium {(Ti), molybdenunm
silicide {Mo-Si), tantalum silicide (Ta~Si) were
employed. These samples, A1203 substrates and Sio2
glass substrates were placed in the low pressure CVD
apparatus shown in Table 3, and Mo films were formed

10 within the same badge. The f£film forming conditions
were a reaction tube pressure of 0.2 Torr, an Mo(CD)6
partial pressure of 1.0 x 10 3 Torr, a substrate
temperature of 450 .

As the result of film formation under such

15 conditions, deposition of Mo film occurred only on
samplas having the electron donative substrate
surface. The film quality of the Mo film was found to
be very good, exhibiting the same properties as one
prepared at a substrate temperature of 450 °C shown in

A

20 Exsmple 1. On the other hand, on both the Al 03
substrate and the SiO2 glass substrate which are
electron non-donative, no Mo film was deposited at
all,

Example 4

Deposited films were formed according to the

same procegure as shown in Example 1 by use of
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and flat Mo filmat the wiring portion and the el ectrode portion can be

provi ded. - In the present invention, as the starting gases for
deposited filmformation, an organic M conpound and H2 gases are
enpl oyed. By sublimng Mo(CO[err], M(&GR[err])[err], etc. as the organic

Mo conpound, which are solid at roomte rature and reacting in a carrier
gas such as Herr], Ar, etc. on a heated substrate, M film is deposited.
The detail ed mechani smof the reaction has not been necessarily clarified,

but it may e weoniderad thalstRbE] Gdd afd Getongf widh H2 gas on an

el ectron donative sdb§trate surface suc as heated
cond:tlons as follows: -

Total pressure: 2.0 Torr

—4 Torr,

Mb(CH3)6 partial pressure: 2 x 10
5§ As this result, in the temperature range of the
substrate temperature from 350 %% to 550 °G, Mo thin
films containing wvery little carbon impurity and
having low electrical resistance were deposited in a
good selectivity on the substrate similarly as in
10 Example 1.
Example 5
The preparation of samples of this Example is
described below.
Si substrates {N type, 1} — 2 ohm.cm} were
15 subjected to thermal oxidation gt a temperature of
1000 °C according to the hydrogen combustion system

(H,:

2° 4 liters/M, O 2 liters/M).

?
The film thickness was 7000 4 + 500 A, and the
o refractive index 1.46. A photoresist was coated on
20 the whole Si substrate, and a desired patterm was
haked by an exposure machine. The pattern was such
that various holes of 0.25 um x 0.25 um - 100 nm x 100

Em were opaned. After development of the resist, with

the photoresist as the mask, the subbing S:;'.O2 was
o etched by the reactive ion etching (RIE), etc. to have

the substrate Si partially exposed. The samples
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metal or sem conductor to form M. Since this reaction can proceed with
difficulty at the place where the substrate surface is not el ectron
donative, it may be considered that deposition of the filmoccurs wth
difficulty on a non-el ectron donative sugbace. Here, electron
donative characteristic is described belowin detail.

1 having various sizes of sio, holes of 0.25 um x 0.25

m - 100 pm x 100 ur were prepared. The deposited film
was formed on the samples thus formed similarly as in
Example 1. Specifically the substrate temperature was

changed and Mo film was deposited according to the

wn

procedure @s described sbove under the following
conditions:
Total pressure: 1.5 Torr,

Mo(CO)6 partial pressure: 1.5 x 10~4 Torr.

10 The Mo films deposited by varving the
substrate temperature were evaluated by use of various
evaluation methods. The results are shown in Table 2.

15

20

25

A
¥
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- 13- . The electron donative material refers to one having free
el ectrons ‘'existing or free electrons intentionally forned in the
substrate, for exanple, a naterial having a-surface on which the chenica
reaction is pronoted through give-and-tgk8 of electrons with the starting
gas nol ecul es attached on the substrate surface. For exanple, generally
netals and sem conductors correspond to such material. Those having very
thin oxidized filmon the nmetal or sem conductor surface are al so

included. For, with In the result of film formation, Mo was not
deposited on 8102 at a temperature range from 400°C to
600°C at all, and Mo was deposited only on the portion
- with opening of Sipz, i.e. the portion to have Si

exposed.

(3.1

Example 6
By means of the reduced pressure CVD apparatus
shown in Fig. 3, Mo films were formed on the
substrates with the constitutions as described below
10 (Semples 8-1 to 8-179).

Preparation of Sample 8-1

On 2 monocrystalline silicon as the electron
donative first substrate surface material, a thermally
oxidized $i0, film as the electron non-donative second

15 substrate surface ﬁaterial was formed, and patterming
was effected according to the photolithographic steps
as shown in Example § to have the monocrystalline
silicon surface partially exposed.

The film thickness of the thermally oxidized

~—
50 8102 fiim was found to be 7000 A, with the size of the
exposed portion of the monocrystalline silicon, namely
opening being 3 um x 3 pm. Thus, Sample 8-1 was
prepared. (Hereinafter, such sample is expressed as
"thermally oxidized SiO2 {hereinafter ebbreviated as T-
25 Sioz)/monocrystalline silicon").
Preparation of Samples 8-2 to §-179
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such thin film the chem cal reaction can occur between the substrate and

t he attached starting nol ecul es. Specifically, there may be

i ncluded sem conductors such as single crystalline silicon,

pol ycrystalline silicon, anorphous silic etc., binary systemor ternary
system or quaternary system 111-V conpo sem conductors conpri sing
conbinations of Ga, In, Al as the group Ill elenent and P, As, N as the
group V elenment, or 11-VI conpound sem conducters, or netals thensel ves

such as tungsten, nol yRd8RY® 8-2 is an oxidized film formed by
normal pressure CVD (hereinafter abbreviated as -
Sioz)/monocrystallipe silicon.

. Sample 8-3_is a boron doped oxidized film

5 formed by normal pressure CVD {hereinafter abbreviated

as BSG)/monocrystalline silicon. -

Sample 8-4 is a phosphorus doped oxidized film
formed by normal pressure CVD (hereinafter abbreviated
as PSG)/monocrystalline silicon.

10 Sample 8-5 is a phosphorus and boron doped
oxidized film formed by normal pressure CVD
{hereinafter abbreviated as BSPG)}/monocrystalline
silicon. -

Sample 8-6 is a nitrided film formed by plasmsa

15 CVD (hereinafter abbreviated as P-5:N)}/monocrystalline
silicon.

Sample 8-7 is a thermally nitrided film
{hereinafter abbreviated as T-5:N)/monocrystalline
silicon.

20 Sample 8-8 is a nitrided film formed by low
pressure CVD (hereinafter sbbreviated as LP-
S:N)/monocrystalline silicon.

Sample 8-9 is a nitrided film formed by ECR
epparatus (hereinafter abbreviated as ECR-

25 SiN)/monocrystalline silicon.

Furgher, by combinations of the electron
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tantal um alum num titanium copper, etc., or silicides of the above
metal s such as tungsten silicide, .nolybdenum silicide, tantalumsilicide,
alumnumsilicide, titaniumsilicide, etc., further mnmetals containing

ei ther one of the constituent of the -14-
above netals such as alum numsilicon, al%ﬁi num

1 Qopnative first substrate surface meterial and the

electron non~donative second substrate surface

material, Samples 8-11 to 8-179 shown in Table 3 were

prepared. As the first substrate surface material,

5 monocrystalline silicon (monocrystalline S$i),
polycrystalline silicon (polycrystalline Si), tungsten
(W}, molybdenum (Mo), tantalum (Ta), tungsten silicide
(WSi), titanium silicide (TiSi), aluminum (A1),
aluminum silicon (Al-Si}, titanium aluminum (Al1-Ti),

10 titanium nitride (Ti-N), copper (Cu), aluminum silicon
copper (Al-5i-Cu), aluminum palladium (Al-Pd),
titanium (Ti), molybdenum silicide (Mo-Si), tantalum
silicide (Ta-Si) were employed. These samples, A1203
substrates and Sio2 glass substrates were placed in

15 the low pressure CVD apparatus shown in Table 3, and

Mo films were formed within the same badge. The film

forming conditions were a reaction tube pressure of

0.2 Torr, an Mo(CO). partial pressure of 1.0 x 107°
-nJ Torr, a substrete temperature of 450 °C.
20 As the result of film forrmation under such

conditions, concerning all the samples applied with
patterning from Sample 8-1 to 8-179, deposition of Mo
film occurred only on the electron donative first
substrate surface to embed completely the opening with
25 the depth of 70C0 A. The film quality of the Mo film

was found *o be very good, exhibiting the same
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titanium al um num copper, alum num tantalum alum num silicon copper,
alum-numssilicon titanium alum num palladium titaniumnitride, etc.
In contrast, the materials for formng the surface on which Mo is not
deposited selectively, nanely the el ectg@n non-donative nmaterial, are
conventional insulating materials, oxidizeéd silicon formed by thernal
oxi dation, CVD, etc., glass or oxidized filmsuch as BSG PSG BPSG etc.,
thermally nitrided film silicon nitrided filmby plasma CVD, |ow
pressure GQVD, prGBetRegcBodnecheepared at a substrate temperature

of 450 “C showm in Example 5. On the other hand, on
the second substrate surface which is electron non-
- donative, no Mo fi}m was deposited at all, whereby
5 complete selectivity was obtained. On both the Al,0,
substrate and the SiO2 glass subst;ate which are
electron non-donative, no Mo film was deposited at
all.
Example 7
10 By use of the low pressure CVD apparatus shown
in Fig. 3, Mo film was formed on the substrate with
the constitution as described below.
First, 8 thermally oxidized film as the
electron non-donative second substrate surface
15 material was used. A polycrystalline Si as the
electron donative first substrate surface material was
formed on the thermally oxidized film. Next,
patterning was effected according to the
photeolithographic steps as shown in Example 5 to have
20 the thermally oxidized film surface partially exposed.
The film thickness of the polycrystalline silicon at
this time was 2000 A, with the size of the thermally
oxidized film exposed portion, namely cpening being 3
mm x 3 ym. Such sample is called 9-1. By
combinations of the electron non-donative second

substrate gurface materials (T-Si02, CVD-5i02, BSG,
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- 15- Pyrolysis of the starting gas to be used in the present
i nvention; for exanple, single substance of M(CO[err] occurs at around
400 [err]C, and al so partial deconposition occurs at 300 [err]C. [If the
pressure is high and there is no Herrgs these deconposed products are
deposited on the substrate without selectivity. Besides,

1 PSG, BPSG, P-SiN, T-SiN, LP-SiN, ECR-S:N) and the
electron donative first substrate surface materials
{(polycrystalline $i, monocrystalline Si, Al, W, Mo,

- Ta, WSi, Tisi, TaSi, Al-Si, Al-Ti, TiNK, Cu, Al-Si-Cu,

5 Al-Pd, Ti, Mo~Si}, Samples of 9-1 to 9-169 shown in
Table 4 were prepaved. These gsamples were placed in
the low pressure CVD apparatus shown in Fig. 3, and Mo
£film was formed within the same batch. The £ilm
forming conditions were a reaction tube pressure of

d 10 0.2 Torr, en Mo(CO). partial pressure of 1.0 x 1073
Torr, a substrate temperature of 450 9Cc. As the
result of film formation under such conditions, in all
the samples from 9-1 to 9-169, no Mo film was
deposited at gll at the opening having the electron

15 non—-donative second substrate exposed, but Mo of ahout
5000 X was deposited only on the electron donative
first substrate surface, whereby complete selectivity
was obtained. The film gquality of the Mo film

et deposited was found to be very good, exhibiting the

20 same properties as cne prepared at & substrate

temperature of 450 °¢ in Example 5.

This Sheet Has Been Repl

T




at this tinme, a considerably |arge ampbunt of carbon and oxygen is

i ncorporated in the M film whereby electrical resistance becones higher.
Accordingly, also for preventing mxing of inpurities into the film

H err] gas is indispensable during the ction. At a substrate
tenperature of 300 [err]C or higher, whén the pressure of the reaction gas
i's higher, deposition of the filmis also occur on a non-el ectron donative
surface such as Sigerr], A[err]Jerr], etc., whereby selectivity of

depositiom i s Exewpded8 Hence, no sel ective deposi- tion occurs unless the
reaction pressure (partial pressure of onganonetalllc conpound) is 100
Torr or Deposition was carried out according to the

same procedure as shown in Example 5 by use of
- Mo(CH3)6 as the starting gas under the following
5 conditions:
Total pressure: 2.0 Torr
Mo (O} . partial pressure: 3 x 104 Torr,
in the temperature range of the substrate temperature
from 350 °C to 550 °C. As the result, Mo thin films
-~ 10 containing very little carbon impurity and having low

electrical resistance were deposited in a good

electivity on the substrate similarly as in Example 5.

15
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| ess, and practically it is desirably 10 Torr or less. |If the tenperature
of the substrate is too high, M(CO 6 ans [err] are pyrolyzed abundantly
wi thout the aid of an electron donative face, whereby inpurities in the
filmare again increased and al so selectivity of deposition |ost. And, no
substrate tenperature exceeding 800 [err]C can be enployed, and the
desirable substrate tenperature is suitably 600 [err]C or |ower. The nost
desirabl e tenperature range is from450 to :

1 Example 9
As an example for forming source and drain .
electrodes of a gate insulating type transistor,
- formation of an electrode in a contact hole on a
5 source and a drain was carried out using the film
forming process of the present invention. This is
described with reference to Fig. 4.
" First, on a p-type silicon wafer 501, a thick
field oxidized f£ilm and a thip therma} oxidized film 502
- 10 were formed by use of the usual selective oxidation
process, etc. to the wafer 501 (Fig. 4A}.

Subsequently, using SiH, gas as a starting material

4
gas, a polycrystalline silicon layer was formed by
heat CVD method, and a polycrystalline silicon gate

15 electrode 504 was formed by lithography method. At
the same time, phosphorus was self-aligningly injected
using the thick field oxidized film and the gate.electrode
504 as a mask to form an impurity-diffused region 505
of 1 x 102 cm™3 (Fig. 4B}. Next, a silicon oxidized

20 film 508 was formed by heat CVD method (Fig. 4C). A

contact hole 502 with & size of 0.5 pm x 0.5 Um was

formed by lithography method {Fig. 4D). The substrate

+  thus obtained was moved to the apparatus as shown in
Fig. 1 to form an Mo film.
25 Here, the substrate temperature was set to be

450+*C. Using Mo(CO), as a starting material gas and
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-16- 550 [err]C.  The method has been known in which MoCl [err], MF err]
or the like is reduced with Herr] or but in these nethods, halogen

el enents may be mxed into the film oﬂ-‘Qhere i s damagi ng such as etching
of Si substrate or SiQ2 film which deteriorate characteristics of the
substrate. For this reason, even the characteristics of the device by use
of this may be sonetines |owered. On the other hand, according to the

met hod of the .
1 H, as a carrier gas, an Mo film was formed under

conditions of an Mn(CO), partial pressure of 1.5 x_].O—4
Torr and & total pressure of 1.5 Torr.
After the formation of the Mo f£ilm was

5 completed, the transistor was taken out of the film
forming gpparatus and observed, to confirm that a
Mo film 510 was deposited only on the phosphours-
diffused Si 505 in the contact hole 508, and was not
deposited on the oxidized film 508 (Fig. 4E). The

10 surface of the Mo film 510 was very flat.
Characteristics of the resulting tramsistor was
examined to reveal that very good characteristics were
exhibited.

It was also possible to form a thin Mo

1§ film only on the bottom of the contact hole 509 and
thereafter form on the thin Mo film an Al f£ilm
as an electrode material. It was still alsc possible

to use the Mo £film as a barrier metal.

20

25

This Sheet

//ll/:///lll/////:/:/’?ii/’”“



present invention, since no halogen elenent is used at all, selective
deposition of Mo filmis possible wthout any problemat all as nentioned
above. As the starting gas, other than Mo(COJ[err] Md(CH3)6 may be

enpl oyed. M(CH3)6 is nore desirable than Mo(CO 6 in obtaining a film of
hi gher purity. However, organic conpoudp$ of Mo are not linmted to these
at all. -
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-17- - The preferred enbodi mrents of the present invention are

expl ai ned bel ow as referring the draw ngs. Fig. 1 i1s a schematic
view showing a deposition filmform ng apparatus for applying the present
i nventi on. Here, 1 is a substrate f@®2formng Mo film film The

substrate 1 is nmounted on a substrate holder 3 provided internally of the
reaction tube 2 for formng a space for formation-of a deposited film
which is substantially closed as shown'in Fig. 1. As
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LR

the material constituting the reaction tube 2, quartz is preferable, but
It may be al'so nade of a netal. Further, it is preferable to cool the
reaction tube. The substrate holder 3 is nade of a nmetal, and is provided
with a heater 4 so that the substrate nounted thereon can be heated. And,
the constitution is made so that t-he sub&g!aie tenperature can be
controlled by controlling the heat generation tenperature of the heater

4. The feeding system of gases is constituted as described bel ow
i
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as the

and the reaction gas are

44

into the reaction tube 2. 6 is a starting

is fed

in which the starting gas

and the m xture

Vvalyw

gasifier provided for gasification of an organic netal

starting gas.

LR
5 is a gas m xer

m xed,
gas
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The organic netal to be used in the present invention is solid at room
tenperature, and is fornmed into saturated vapor by sublimting the organic
netal by passing a carrier gas through around the netal wthin the

gasifier 6, which is in turn introduced into__tﬂe m xer 5. At this
time, the sublimation is markedly accel erat e& y heating the gas or
organic netal itself. The evacuation systemis constituted as
descri bed bel ow. 7 is a gate valve, which is opened when
1
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evacuat i on
formation of the deposited film
internally of the

whi ch is used when perform ng evacuation of a

val ve,
vol une such as in controlling the pressure

perform ng evacuation of a |arge volunme such as during

internally of the reaction tube 2 before

8 is a slow |l eak

smal |

i'sS an evacuati on

uation such as turbo

ited film 9

A8

t he de
The conveying system of the substrate 1 is

constituted of a punp for e

etc.
as descri bed bel ow.

I'S
np,

gu

whi ch

reaction tube 2 during formation of

nol ecul ar
constitute

uni t,
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10 is ﬁmm)mm,e convey| ng chanber which can house the substrate before’

and af mlﬁ" t he dep05| ted fil ? whi ch is evacuated by opening
t he - - val&d 11. 12 is an evacuation unit for

evacuati ng the conveylng chanber which is constituted of a punp for

, WHAT IS CLAIMED IS:

1. A deposited film formation method compxising
the steps of;
. (a) feeding a gas of an organometallic compound
5 containing molybdenum atom and hydrogen gas onto a
substrate having an electron donative surface, and
{b) maintaining the temperature of said
electron donative surface within the range of the

decomposition temperature of said organometallic

L
190 compound or lower and 800 °*C or lower to form a
molybdenum film on said electron donative surface.
2. A deposited film formation method according
to Claim 1, wherein said organometallic compound is Mo(CO) .«
15
3. A deposited film formation method according
to Claim 1, wherein said organometallic compound is Mo(CH3)6
L 4., A deposited film formation method according

20 to Cclaim 1, wherein said electron donative surface

comprises a semiconductor.

5. A deposited film formation method comprising

the steps of:

25 {a) feeding a gas of an orgénometallic compound
containingémolybdenum atom and hydrogen gas onto a

substrate having an electron donative surface and a
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openéd onl| trate 1 1is ta&gsferred bet ween the reaction
chanber ﬁ!ﬁﬂ@& g space. As shown in Fig. 1, in the gas
fornatio amber® 6 % or formng the starting gas, for exanple, the gas
formati on chanber 6 is maintained at room tenperature or the heated solid
organic Mo conpound is bubbled with H2 or Ar (or other inert gas) as the
carrier gas to form gaseous organic Mo conpound, which is transported to
the m xer 15. nofkeleRtgas dsnahéve raacfacs, gasgl i s transported through

anot her route into .
{b) maintaining the temperature of said electron

evacyati-en-such as turbE nol ecul ar punp, etc. The valve 13 is

donative surface within the range of the decomposition
temperature of said organometallic compound or lower
5 and 800 °C or lower to form a melybdenum f£ilm selec-

tively on said electron donative surface.

6. A deposited film formation method according
to Claim 5, wherein said organometallic compound is

7. A deposited film formation method according

to Claim 5, wherein said organometallic compound is

MO(CHB)B’
15
8. A deposited film formation method according
te Claim 5, wherein the partial pressure of said
organometallic compound is 100 Torr or lower.
hg—g
20 9. A method for preparing a semiconductor

device comprising the steps of:
forming a film comprising an insulating material
on a semiconductor material,
forming an opening on said film to have said
o5 Semiconductor meterial exposed, and
embedding an electroconductive material in

said opening to form 2 part of electrical wiring,
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the m xer es are controlled in flomﬂrates so that the respective
partti al pr E @me desi red %al ues. . Mo(CO[err] or

Mo(CH err]) fera ed as the startlng gas. Also Mo(COJ[err] and
Mo(CH err])[err] nay be used in a mxture. : Figs. 2A to 2E are
schematic views showing the state of growing an Mo filmin case that the
present invention is enployed to a selective(formation of Mo film

‘Fig. 2A is an illustehsrantehdnedigin that the reaction is carried

out between a gas of an organometaﬁlic compound containing
molybdenum atom and hydrogen gas &t a tempexature of the
decomposition temperarture of said §rganometallic compound
5 . or lower and 800 °C ox lower to debosit selectively
molybdenum in said opening, thereb? forming & part
of said wiring.
i
s !
i .
10, A method for preparing a semiconductor
10 devite according to Claim 9, wherelin said oxganometallic

compound is Mo(CO) ..

———

11. A method for preparlug a semiconductor

device accorxding to Claim 9, wherqln said organometallic
i
i

15 compound is M°(CH3)6

12. A methed of forming aifilm in which molybdenum
is deposited substantially without .carbon on an electron
donative surface, from a source of !molybdenum to which

the surface is substantially resistant to etching.

&
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schematically the cross-section of the substrate - 20 -

bef ore-formation of the M deposited filmaccording to t he present
invention. 90 is the substrate conprisingg an el ectron donative
material, and 91 a thin film conprising an el ectron non-donative
mat eri al . Wien Mo(CO) [ errdgsyrAdre starting gases and a gas

PROCESS FOR FORMING DEPOSITED FILM AND PROCESS
; FOR PREPARING SEMICONDUCTOR DEVICE

A deposi'ted £ilm formation method comprises-
the steps ©of:
- (a) feeding a gas of an o;ganometallic
5 compound containing molybdenum atom and hydrogen
gas onto a substrate having an electron domative

surface; and
(b) maintaining the temperature of the e.J.ectron
donative surface within the range of the decomposition
10 ‘temperature of the organometallic compound or lower
and 800 °C or lower to form a molybdenum £ilm on the

electron donative surface.
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i xt ur e containing Herr] as the reaction gas are fed onto t he -

substrate heated within a range fromthe deconposition tenperature of
Mo(CO[err] or ‘less and 800[err]C or less, Mo is precipitated on the
substrate 90 ot her than the thin film91 conprising the election non-
donative material, whereby a continuous filmof M is formed as shown
in Fig. 2B. Here, the pressure within the reaction tube 2 should be
desirably 10[err] to 760 Torr, and the Mo(CO)[err] partial pressure
preferably 1.0 x 10[err] to 1.5 x 10[err]-fold of the pressure within

t he above reaction tube. When deposition of Mo is continued
under the

FIG. 1
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above conditions, 'via the state of Fig. 2C, the M filmgrows to the

| evel of the uppernost portion of the thin film91 as shown in Fig. 2D
As the result of analysis according to Auger's el ectron spectroscopy or
phot oel ectri c spectroscopy, no entrai nment of an inpurity such as
carbon or oxygen I's recognized in this film The deposited
filmthus fornmed has a resistivity of, for exanple, with a film

t hi ckness of

pl 1,
FIG 24 { E

g

f:ICi :?ég l ,coovgxf

~+-90

. ‘ 92
9 (
FIG. 2C ? 70 Jr”
:\\—«90
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-21- 600 [err], 8 - 30 [errJohmcm at roomtenperature which is far
close to the bulk resistivity of Mo and |ower than the resistivity of

pol ycrystalline Si, and beconmes continuous and flat film The refl ectance
in the visible wavelength region is approxinmately 70-80 % and a thin
filmw th excellent surface flatness can be deposited. The
substrate tenperature in formng

FIG. 3
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deposited film should be desirably the deconposition tenperature of the
starting gas containing Mo or higher, e.g. 350 [err]C or nore and 800
[err]C or lower as nentioned above, but specifically a substrate
tenperature of 400 to 600 Cis desirable in case of M(CO[err], and a
substrate tenperature of 350 - 550[err]Cis desirable in case of

Mo(CH err])[err]. A nore preferable substrate tenperature
condition is 450 [err]C to 550 [err]C in case of Mo(COJ[err] and 400[err]C
to 500[err]Cin case of Mo(CH err])[err]. The M film deposited under the

this condition contains no carbon

FIG. 4A |~ ]

\ !

508

FIG. 4C ‘____/(_Z-J ﬁ

. 509 509 208

FIG. 4D z_:_%@;ﬁ%
| 505 o

510 510
509\ / 509 -08
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Process for Forming Depos1ted Film and Process'” i e

for Preparing Semiconductor Device

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a method for forming
deposited film and a method for forming a semiconductor
device. Particularly, it pertains to a method for forming
an Mo deposited film preferably applied to wiring of a
semiconductor circuit device, etc. and a semiconductor
device by use of selective deposition Mo film.

Related Background Art

In the prior art, in electronic devices or
integrated circuits by use of semiconductors, aluminum
(Al) or Al-Si etc. have been primarily used for electrodes
~and wiring. Here, Al is inexpensive and has high electro-
conductivity, and denée oxidized film can be formed on the
surface. Accordingly, it has many advantages that the
inner portion can be protected to be stabilized, and
adhesion to Si is good.
However, on the other hand, with higher integration,
the self-align technique in which mask matéhing between
the gate electrode and the diffusion layer, etc. is
unnecessary is indispensable. No metal having low
melting point such as Al cannot be used. In the MOS
LSI of the prior art, as the gate electrode wiring o
REPLACEMENT SHEET
26 DEC 1996




As the deposit
is the IOM/pressur

nounting of a
according to tih ~_.pr_e_sent inverﬁtlon utili,zes the surface reaction of t

heated el ectrdgn donative SUDStfate surfgce for exanple, in the hot

type IOM/presétﬁ*pﬁaﬂgwaaLth_m“Pre|n only the substrate is heated, an M
conpound can be desirably deposited with Mo(COJ[err] and Herr].

o
N SHEET,

capable of self-align, a polycrystalline Si doped with

dpparatus for inproving this point, there
appdrgtus which can deposit M by sinultaneous
I 26h055é99®f§sreets of wafer. Since the M deposition

he
wal |

an impurity at high concentration has been widely employed.

Whereas, with the progress of further higher integration,

there ensues the problem that electrical resistance of

fine polycrystalline Si wiring, etc. becomes higher.
This is vital to high speed actuation of the device.
Accordingly, it has been required to have a high melting
metal which is lower in volume resistivity than poly-
crystalline Si and yet is capable of self-align. Also,
basically, even when Al can be employed, Si and the
wiring Al react with each other during heat treatment
at the contact electrode portion with the Si layer,
whereby wire breaking or increasea resistance of wiring
are caused to occur. For this reason, a metal having
higher melting point and lower electrical resistance
has been employed as the electrode wiring material,

and as the barrier mefal which prevents the reaction
between' Si and Al at the contact portion. Particularly,
Mo is attracting attention for its sufficiently high |
melting point (2620 °C) and low electrical resistance

{4.9 ufl -cm).
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As the condit
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1i
O Torr, desirably 0.1 to 5 Torr, the
substrate te¢ er% 3@%[ rfJ]Cto 800 [err]C, desirably 400 [err]Cto
(I T
r

=

ne deposited film the reaction tube

600 [err]C, |the ]{partial prgssure 1 x 10[err]-fold to 1.5 x
-fold of the}pressure.in-t-h pbaction tdbe. And wunder these conditions,
can be deposiited on only the electron donative substrate.

Deposition methods according to the electron
beam deposition and the sputtering method have been-:
employed to Mo film.used in Mo electrodes wiring, etc.
of the prior art. With finer dimensional formation by
increased integration degree, the surface of LSI, etc.
is subject to excessive unevenness due to oxidation,
diffusion, thin film depositioﬁ; 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 which is fine in diameter and
deep. In 4 Mbit or 16 Mbit DRAM (dynamic RAM)}, etc.,
the aspect ratio (via hole depth/via hole diameter) of
via-hole in which a wiring metal is.to be deposited is
1.0 or more, and the via-hole diameter itself also
becomes 1 um or less. Therefore, even for a via-hole
with large aspect ratio, the technique which can
deposit a wiring metal is required.

Particularly, for performing sure connection
to the device under insulating film such as Si02,
etc., rather than film formation, a metal is required
to be deposited so as to embed only the via-hole of
the device. In such case, a method of depositing a
wiring hetal only on Si or metal surface and not
depositing it on an insulating film such as Sioz, etc.
is required.

It is difficult to achieve such a selective



- 23- SRE LAY 3 3 [schemat i ¢ vi ew showi ng a deposited film
_formation ppparatus to whijch such present invneiton is applicable.

57 is a sups rﬁﬁbﬁﬁﬁ}%&@rming an Mo film 50 is an outside reaction tube
made of quartz for formng |a space for formation of deposited film which
i s substan}i aFFy-Erosed=w't h respect’t3 Surrounding. 51 is an inside
reaction tube made of quartz |located for separation of the gas flow within
t he outside T

deposition and growth by the electronic beam
deposition and sputter process used in the past. The
sputter process is a physical deposition method
performed by scattering the particles sputtered in
vacuum. Therefore, the film thickness becomes very
thin at the step portion and insuiating film side
wall, and the breaking of a wire may be caused in an
extreme case. Further, unevenness of a film thickness
and the breaking of a wire cause remarkable
degradation of a reliability of LSI.

On the other hand, 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, Al alloy or Mo silicide 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 V or higher is
applied on the substrate, deleteriocus influence occurs
because of charged particle damaging such as change in
threshold of MOS-FET, etc. Also, because of presence
of both etching action and deposition action, there is
the problem that the debosition speed cannot be
essentially improved.

In order to solve the problems as described
above, various types of CVD (Chemical Vapor

Deposition) methods have been proposed. In these



reaction tuq Jﬁ@ﬁ%ﬁﬂTkﬁﬁﬁﬂ made of a metal for opening and closing the
opening of th ~@u53f reactlcn tube 50, and the substrate 57 is |ocated

within the kubs E{ hgchﬁgg menber 56 provided internally of the inside
reacti on tubke F GT t riatle hol di ng. menber 56 should be desirably nade
of quartz. L Al.sq...tHe jpresent a%paratus can control the substrate
tenperature py the heater portiion 59. It is constituted so that the
pressure i nt esRaldy=gfthe—reacti on tube 50 is controllable by the

evacuation system bound through the gas evacuation outlet 53.
The present appthedsis dhenical rreaghionyaf chhe 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
the substrate to give rise to film formation. 1In
these CVD methods, surface coverage on unevgnness on
the substrate surface is good since the reaction
occurs in a gaseous phase. However, carbon atoms
contained in the starting gas molecule are
incorporated into the fiilm. Also, particularly in
plasma CVD, the problem remained that there was damage
by charged particles (so called plasma damage) as in
the case of the sputtering method.

The thermal CVD method, in which the £ilm
grows through the surface reaction primarily on the
substrate surface, is_good in surface coverage on
unevenness such as stepped portion of the surface, -
etc. Also, it can be expected that depositioﬁ.within
via~hole will readily occur. Further, wire breaking

at the stepped portion can be avoided.
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in Fig. 1, lan
reaction tupel 2® DECOWGd tihe

starting gases react on thg g
t hrough t he i ner=portion—

?..

a second g 2&?
appar at us sho

er (all are not shown) sinmlarly as in the
d the starting gases are introduced into the
starting gas introducing inlet 52. The
urface of éhe substrate 57 when passing

For this reason, various studies have been made
about the thermal CVD method as the method for forming
Mo film. For example, there are hydrogen reduction

method of MoClg and Si reduction method of MoF,

5
according to normal pressure CVD or reduced pressure
CVD as introduced in Chapter 4 of Handotai Kenkyu
{Semiconductor Research) Vol. 20 (Kogyo Chosakai, 1983).
However, in the hydrogen reduction method of MoClS, a
plurality of molybdenum halide such as M.oCl3 and others
other than Mo may be sometimes formed at the portion
other than the substrate surface heated within the
film forming device. Therefore, it is difficult to
control film formation. Also, although film formation
may be possible, no selective deposition can be seen.

On the other hand, for example, in EP 147913
(A3) Publication or USP 3,785,862, there is shown the
method of forming Mo film by use df MoF6 gas, hydrogen
gas and an inert gas.

Whereas, in the Si reduction method of MoFé,
MoF6 reacts in the presence of Si to precipitate Mo,
whereby Si is etched. Therefore, there is a fear that
the electronic circuit on Si wafer may be damaged.
Also, Sio2 is etched. However, for fhis reason, in
the S8i reduction method of MoFG, deposition occufs
primarily on Si substrate, and Mo film deposition

dose not occur on sio2 at all, but it is clearly

stated in USP 3,785,862 that Mo film is also deposited
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of the i klbﬁe

Herk 51 as shown by the arrowhead 58 in Fig. 3 to
i

¢ Substraté surface 57. The gases after the reaction pass

vo\U

deposi t 4]

“through tihe o2p DPBCtIP%, {f orned by the inside reaction tube 51 and the
outside {rdaction tube 5@ and are di scharged through the gas discharging
outl et 53. k=== TAKiiNg i n and “odt "t he substrate, the flange 54 nade
of a netagl is ascended_andidescended by an el evator (not shown) together

with the §ﬂbstréfé“fhd[ding nmenber 56 and the substrate 57 to nove to a
P e N B30, *Tni's Suggeste that Selfctive deposition of
Mo is not so complete. In addition, as described above,
bofh Si and SiO2 are subjected to etching, and under such
state there is a féar that problems may be involved prac-
tically concerning surface flatness and mixing of impurity,
etc. As another method, there is an exmaple of normal
pressure CVD method Qf Mo(CO)6 as described in Thin
Solid Films, Vol. 63 (1979), p. 1l69. In this method, Mo

film -can be deposited on the substrate by use of normal

pressure CVD with Ar as the carrier gas. However, in this

method, there may be sometimes incorporated a considerably
large amount of oxygen and carbon in Mo film as impurities,
and for this reason, there is a fear that electrical
resistance of the deposited film may be increased.

Also, accoridng to this method, selective deposition

can be done with difficulty.

Aé described above, the deposition method of Mo
film of the prior art had many problems to be improved,
sﬁch that coverage of the stepped difference of the LSI
surface was poor, that the Si surface of LSI was un-~
necessarily etched, that damage was given to Sioz,
that deposition reactién-could be controlled with
difficulty, or that a large amount of impurities were

mixed into Mo film.
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SUMMARY OF THE INVENTION

A first object of the present invention is to
provide a deposition method of Mo film without giving
damage to Si wafer or SiOz.

A second object of the present invention is to
provide a deposition method of Mo film with high stepped
difference coverage of LSI surface.

A third object of the present invention is to
provide a selective deposition method of Mo film effective
for embedding of via-hole, etc.

A fourth object of the preéent invention is to
provide a deposition method of Mo film in which Mo film
can be deposited with good controllability.

A fifthiobject of the present invention is to
provide a method for prepariné a semiconductor device
having characteristics such as excellent surface flatness,
migration resistance, étc. by use of the seleétive deposi-
tion method of Mo film for formation of wiring and electrode
portions. |

A sixth object of the present is to a deposited
film formation method comprising the steps of:

(a) feeding a gas of an organometallic compound
containing molybdenum atom and hydrogen gas onto a sub-
strate having an electron donative surface, and

(b) maintaining the temperature of said electron

donative surface within the range of the decomposition

By formng a deposited film
i l'm
n .
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pl ai ned bel ow by giving Exanples. Exanple 1

First, tHe [proceyure for filmformation is as follows. By use of the
appar at ug shozﬁ,bgcﬁbg% , ] the reaction tube 2 is internally evacuated to
ca. 1 x {1Q[err] Torr Dby|the evacuation unit 9. However, M film can be

al so f or ed—tii-he~-vacy egree within%He reaction tube 2 may be worse

than 1 x}{10[err]

t he convey

Torr. Affer cleaning of substrate such as Si wafer, etc.,

s rel eased to atnospheric

temperature of said organometallic compound or lower
and 800 °C or lower to form a molybdenum £ilm on said
electron donative surface. |

A seventh object of the present invention is

to a deposited film formation method comprising the

steps of:

(a) feeding a gas of an organometallic compound
containing molybdenum atom and hydrogen gas onto a
substrate having an electron donative surface and a
non-electron donative surface, and

(b) maintaining the tehperature of said electron
donative surface within the range éf the decomposition
temperature of said organometailic compound or lower and
800 °C or lower to form a molybdenum film selectively
on said electron donative surface.

A eighth object of the present invention is to
a method for.preparing a semiconductor device comprising
the.stepé of:

forming a film comprising an insulating material
on a semiconductor material,

forming an opening on said film to have said
semiconductor material exposed, and

embedding an electroconduétive ﬁaterial in said
opening to form a part of electrical wiring,

characterized in that the reaction is carried

out between a gas of an organometallic compound containing



was opened
gate val ve
vacuum degr
Mo(CO)[err]
to the carr
Herr].

in the conveying chanber. The conveyi ng
x 10[err] Torr, and then the gate valve 13
nmounted on the wafer holder 3. Next, the
3 wag@qb@gqg%a t he reacti' on chanber 2 was evacuated to a
elof ca. 1 x 1@[ rr] TorTr. In this Exanple,
§ME$“SH%#FﬁEﬁJ%be ed through the first gas line. H2 was used
‘ier gas of Mb(CO B |line. The second gas |line was used for

=gy passi ng H2 through the second gas line, the

W 'the‘éubstréi

molybdenum atom and hydrogen gas at a temperature of the
decomposition temperature of said organometallic compound
or lower and 800 °C'or lower to deposit selectively moly-
bdenum on said opening, thereby forming a part of said

wiring.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a schematic view illustrating an
example of a deposition film forming apparatus
possible applicable to the present invention. .

Fig. 2 shows a schematic sectional view
illustrating a process for forming a deposition film
according to the present invention.

Fig. 3 shows a schematic view illustrating the
other example of a deposition film forming apparatus -
possible applicable to the present invention.

Fig. 4 shows a schematic view illustrating-é
method.for producing a.sémiconductor device according

to the present invention.




Tl ube 2 was made a predeterm ned val ue by
~control li ng }MEx slow | eak valve 8. Then, the substrate was
heated by . - 26 - current passage

t hrough t he hebt &6BEGA1Q96r the substjate tenperature has reached a
predetermined | B

pressure wi tfiias

g .l o v g
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A preferable method for forming the de9051ted
film of the present invention is as described below.

The method for forming the deposited film of the
present invention is characterized in that a molybdenum
film is formed on an electron donative surface through
the reaction with a gas of an organometallic compound
containing molybdenum atom and hydrogen gas.

On the other hand, a preferable method for
forming the semiconductor device of the present invention
is as described below.

The method for forming the semiconductor device
of the present invention is characterized in that moly-
bdenum deposits selectively through the reaction between
a gas of an organometallic compound containing molybdenum
atom and hydrogen gas on a semiconductor surface exposed
from an insulating fiim, thereby forming a part of
eleqtrical wiring.

The Mo film obtained by the deposited film
formation method according to the present invention
contains little impurity such as carbon, etc., and
also sufficiently low in electrical resistance. Also,
the substrate is free from damage and good in control-
lability.

And, according to the formation method of
deposited film of the present invention, a low resistance,

dense Mo film can be selectively deposited on the substrate.
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Mb(CO) [ ert] Was ji ntroduced into the reaction tube through the
M(COG6 lin Herée DEIDE19®8t &l | pressure was ca. 1.5 Torr within the reaction
tube, and }he Nb(CI»[err]Jpartial pressure was made ca. 1.5 x 10[err]
Torr. Next,| when=Not-€&ter+| was introdg ed into the reaction tube 2, M
was depositpd. After a predeterm ned d goéition time has el apsed, feeding
of M(COI[ET] Was stopped. Next, heating of the heater 4 was stopped to
cool the substrate. Feeding of H2 gas was stopped, and after evacuation
internally of the reaction tube, the substrate was transferred to the
conveyi ng chanber, ahbsenlYythaecornopgragienanethodpeaf the semi-

t enper at ur e

conductor device of the present invention, an excellent
semiconductor device by use of a low resistance, dense
and flat Mo film at the wiring portion and the electrode
portion can be provided.

In the present invention, as the starting gases
for deposited film formation, an organic Mo compound
and Hz gases are employed. By subliming Mo(CO)6.

Mo (CH etc. as the organic Mo compound, which are solid

3)e-
at room temperature and reacting in a carrier gas

such as Hz, Ar, etc. on a heated substrate, Mo f£film .
is deposited. The detailed mechanism of the reaction
has not been necessarily clarified, but it may be
considered. that Mo(CO)G, etc. react with H2 gas on

an electron donative substrate surface such as heated
metal or-semiconducto; to form Mo. Since this reaction
can proceed with difficulty at the place where the
substrate surface is not electron donative, it may

be cdnsidered that deposition of the film occurs

with difficulty on a non-electron donative surface.

Here, electron donative characteristic is

described belowlin detail.




made at nosphe
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under the fol
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Rpgpgéyu_f 'QQEDUt the substrate. The outline of M film
: 3y After preparing nonocrystalline
as éE%&E& Mo filns were deposited at the respective
ng to the ,$ane procedure as descri bed above
oW ng cond|t|o1s Total pressure: 1.5 Torr
irtial pressure: 1i5 x 10  Torr The Mo filns

deposited by
vari ous

Laryi-ng-t-hesubstfate tenperature were eval uated by use of

The electron donative méferial refers to one
having free electrons existing or free electrons
intentionally formed in the substrate, for example, a
material having a surface on which the chemical
reaction is promoted through give-—and-take of
electrons with the starting gas molecules attached on
{he substrate surface. For example, generally metals
and semiconductors correspond 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.

Specifically, there may be included
semiconductors éuch as single crystalline silicon,
polycrystalline silicon, amorphoﬁs silicon, etc.,
binary system or ternary system or quaternary system
III-V compound semiconductors comprising combinations
of Ga, In, Al as the group 1III element and P, As, N as
the group V element, or II-VI compound semiconducters,
or metals themselves such as tungsten, molybdenum,
tantalum, aluminum, titanium, coppér, etc., or
silicides of the above metals such as tungsten
silicide, molvbdenum silicide, tantalum silicide,
aluminum silicide, titanium silicide, etc., further

metals containing either one of the constituent of the
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apoye exanples, M of excellent quality was
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fafure range of 400 to 600 [err]C
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above metals such as aluminum silicon, aluminum
'titanium, aluminum copper, aluminum tantalum, aluminum
silicon copper, aluminum silicon titanium, aluminum
palladium, titanium nitride, etc.

In contrast, the materials for forming the
surface on which Mo is not deposited selectively,
namely the electron non-donative matefial, are
conventional insulating materials, oxidized silicon
formed by thermal oxiaation, CVD, etc., glass or
oxidized film such as BSG, PSG, BPSG, etc., thermally

nitrided film, silicon nitrided film by plasma CVD,

low pressure CVD, ECR-CVD method, etc.




- 28 - Eﬂgjﬁ?hézdﬁwT %@EIAccording to the fol l owing procedure, M film
was forned. Bj The™ evacoat unit 9, the reaction tube 2 was evacuated

internally to 633%61% “r Torr. After cleaning of substrate
such as Si \Jafe canveying_cﬂgnber 10 is released to atnospheric
pressure and Lw.u. o mount ed”i A”t he conveyi ng

et tend
g ARl ey E Pt e

Pyrolysis of the starting gas to be used in the
present invention, for example, single substance of-
Mo(CO)6 occurs at around 400 °C, and also partial
decomposition occurs at 300 °C. If the pressure is
high and therg is no HZ' these decomposed products are
deposited on the substrate without selectivity. Besides,
at this time, a considerably large amount of carbon
and oxygen is incorporated in the Mo film, whereby
electricél resistance becomes higher. Accordingly,
also for prevenfting mixing of impurities into the
£ilm, H, gas is indispensable during the reaction.

At a substrate temperature of 300 °C or higher, when
the pressure of the reaction gas is higher, deposition
of the film is also occur on a non-electron donative
surface such as Si02, A1203; ete., whereby selectivity
of deposition is lowered. Hence, no selective deposi-
tion occurs unless the reaction pressure (partial
pressure of organometallic compound) is 100 Torr or
less, and practically it is desirably 10 Torr or less.
If the temperature of the substrate is too high, Mo(CO)6
and H2 are pyrolyzed abundantly without the aid of an
electron donative surface, whereby . impurities in the
film are again increased and also selectivity of
deposition lost. And, no substrate temperature
exceeding 800 °C can be employed, and the desirable

substrate temperature is suitably 600 °C or lower.

The most desirable temperature range is from 450 to



chanber. The
the gate val
3

the reaction g
the first gas

Mo(CO[err]

of ca.

harrber

VL tor Mo(CO
line, Ar

=REMQE TcEEE%’S was evacuated to ca. 1 x 10[err] Torr, then
vé I3 wds openedl and the wafer was nounted on the wafer
NeXxt 2 &t et yalve 13 was evacuated to a vacuum degree in
20 WEK%QWE‘P 1 x 10[ery] Torr. _ In this Exanple,
g‘[scrar'r]. As the carrier gas for the
differepnt from Exanple 1 was enpl oyed. The second

hol der

gas |ine was—used tor Herr{" : By passing Herr] through the second

gas |ine, th6558r68§ur§h£dRg%goahgageggghoﬂngggeig &gicgaggcis, MoF6

or the like is reduced with H2 or Si, but in these:-
methods, halogen elements may be mixed into the film,
or there is damaging such as etching of Si substrate
or Si0, £film, which deteriorate characteristics of the
substrate. For this reason, even the charagteristics
of the device by use of this may be sometimes lowered.
On the other hand, according to the method of the
present invention, since no haldgen element is used
at all, selective deposition of Mo film is possible
without any problem at all as mentioned above. As

the starting gas, other than Mo(CO)G, M.o(CH3)6 may be
employed. M.o(CH3)6 is more desirable than Mo(CO)6 in
obtaining a film of higher purity. However, organic

compounds of Mo are not limited to these at all.




predeternine?”;"' 4] i=al{l ing the opening of the slowleak valve 8. A
typi cal pressdre inthis Exdnrle was rmade approximately 1.5 Torr. Then,

t he waf er wals .hgaﬁg@;m%ugrent passage through the heater 4. After the
waf er tenperathre was reachqd ja predetern1ned _

- 29- t enpgr at=e ' Terir] was imtroduced into the reaction

The preferred embodiments of the present
invention are explained below as referring the
drawings. -Fig. 1 is a schematic view showing a
deposition film forming apparatus for applying the
present invention.

Here, 1 is a substrate for forming Mo film
film. The substrate 1 is mounted on a substrate
holder 3 provided internally of the reaction tube 2
for forming a space for formation of a deposited film
which is substantially closed as shown in Fig. 1. As
the material constituting the reaction tube 2, quartz
is preferable, buf it may be also made of a metal.
Further, it is preferable to cool the reaction tube.

.The substrate holder 3 is made of a metal, and is
provided with a heater 4 so that fhe 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
heéter 4.

The feeding system of gases is constituted as
described below.

5 is a gés mixer, in which the starting gas
and the reaction gas are mixed, and fhe mixture is fed
into the reaction tube 2. 6 is a starting gas
gasifier provided for gasification of an organic metal

as the starting gas.



1.5 x 10
Nb((I»[err]g
After a pred

al pressure was nade 0.5 Torr. Next,

e

?gﬁ; The total pressure- wthin the reaction
e Mo(CO[err] partial pressure is nade ca.
T t when

w@s 26@5@0@% nfo the reaction tube 2, M was deposited.
term ned deposition tiné‘:H%s‘elapsed, feeding of Mo(CO[err]

was stoppeds Next+“REATTTY of the heater 4 was stopped to cool the wafer.
Feedi ng of HR2_gas was stopped: and after evacuation internally of the

reacti on tub
only the

€, the wafer was transferred to the conveyi ng chanber,

The organic metal to be used in the present
invention is solid at room temperature, and is formed
into saturated vapor by sublimating the organic metal
by passing a carrier gas through around the metal
within the gasifier 6, which is in turn introduced
into the mixer 5.

At this time, the sublimation is markedly
accelerated by heating the'éas or organic metal
itself.

The evacuation system is constituted as
described below.

7 is a gate valve, which is opened when

performing evacuation of a large volume such as during

evacuation internally of the 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 2 during formation of

the deposited film. 9 is an evacuation unit, which is

constituted of a pump for evacuation such as turbo
molecular pump, etc.

The conveying system of thg subsprate 1 is
constituted as described below.

10 is a substrate conveying chamber which can
house the substrate before and after formation of fhe

deposited film, which is evacuated by opening the

and
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conveyi ngi‘thar ﬁﬁﬁ%ﬁéﬁis;"atnnspheric pressure before taking out the
waf er . mhenééé _\% g ririer gas was thus used, the resistivity and
carbon coht enERF formed were a little high. This is a | evel
havi ng noj pfoblens practijcally and the rgsult alnmost simlar to Exanple 1
was obt ai hedT TExainpl e 37 By is&%f the |ow pressure CVD appar at us
shown ' Myfilmwas forned on the substrate with the
constitution as described bel ow. As the substrate surface materia
having electron donative properties, nonocrystalline silicon

valve 11. 12 . is an evacuation unit for evacuating the

conveying chamber, which is constituted of a pump for
evacuation 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 gas formation
chamber 6 for forming the starting gas, for example,
the gas formation chamber 6 is maintained at room
temperature or the heated solid organic Mo compound is
bubbled with H2 or Ar (or other inert gas) as the
carrier gas toc form gaseous organic Mo compound, which
is transported to the mixer 5. The H2 gas as thé
reaction gas is transported through another route into
the mixer 5. The gases are controlled in flow rates
so that the respective partial pressures may become
desired values.

Mo(CO)6 or Mo(CHé}6 is preferred as the
starting gas. Also Mo(CO)6 and MO(CHB)G may be used
in a mixture.

Figs. 2A to 2E are schematic views showing the
state of growing an Mo film in case that the present
invention is employed to a selective formation of Mo
film.

Fig. 2A is an illustration showing

schematically the cross-section of the substrate



(nnnocrysth??iﬁeﬂﬁﬁﬁfShﬁ?@ ystalline silicon (polycrystalline Si),
.tungsten e trdeTETT{ M) | tantal um (Ta), tungsten

silicide WDI)%QWQ?%: stilicide (TiSi), alumnum (A), alumnumsilicon
i

(Al- 9),t 1un(N-TU y&anuﬂnnMrlde(Th

before formation of the Mo deposited film according to
the present invention. 90 is the substrate comprising
an electroﬁ donative material, and 91 a thin film
comprising an electron non-donative material.

When Mo(CO)6 as the starting gases and a gas
mixture containing H2 as the reaction gas are fed onto
the substrate heated within a range from the
decomposition temperature of Mo(CO)G or less and 800°C
or less, Mo is precipitated on the substrate 90 other
than the thin film 91 comprising the election non-
donative materiasl, whereby a continuous film of Mo is
formed as shown in.Fig. 2B. Here, the pressure within

-3

the reaction tube 2 should be desirably 10 to 760

Torr, and the Mo(CO)G partial pressure preferably 1.0

b4 10—5 -3

to 1.5 x 10 “"—-fold of the pressure within the
above reaction tube.

When depositibn of Mo is qontinuéd under the
above conditions, via the staté of Fig. 2C, the Mo
film grows to the level of the uppermost portion of

.the thin film 91 as shown in Fig. 2D.

As the result of analysis according to Auger's
electron spectroscopy or photoelectric 'spectroscopy,
no entrainment 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



Hirig¥dll con copper (Al -Si-Cu), alum num palladium
(Al -Pd), tita denum silicide (Mb-Si), tantalumsilicide
(Ta-Si) wer eébé 1996Th se sanples; Al[err](err] substrates and
Sigerr] gjaps substrates re placed jp the low pressure CVD apparatus

- shown in Tapl e~3;-—and Vb “FH g were forfied within the same badge. The film
form ng conti —_were a rgaction tube pressure of 0.2 Torr, an My(CO) 6
partial pressure of 1.0 x 10[err] Torr, a substrate tenperature of 450
[err] C. As the result of filmformation under such

N), copper

11%

600 &2, 8 — 30 pohm:cm at room temperature which is far
close to the bulk resistivity of Mo and lower than the'
resistivity of polycrystalline Si, and becomes
continuous and flat film. The reflectance in the
visible wavelength region is approximately 70-80 %,
and a thin film with excellent surface flatness can be
deposited.

The substrate femperature in forming
deposited film should be desirably the decomposition
temperature of the starting gas containing Mo or
higher, e.g. 350 °C or more and 800 °C or lower as
mentioned.above, but specifically a substrate
temperature of 400 to 600 °¢c is desirab1e in case of
Mo(CO)G, and a substrate temperature of 350 - 550°C is
desirable in case of Mo(CH3)6.

A more preferable substrate temperature
condition is 450 °C to 550 °C in case of Mo(CO), end

400°C to 500°C in case of Mo(CH The Mo film

3le-
deposited under the this condition contains no carbon
and oxygen and is sufficiently low in the resistance.
In the apparatus shown in Fig. 1, Mo can be
deposited on only one sheet of substratelin deposition
for one time. Although a deposition speed of ca. 100
A/min. can be obtained, it is still insufficient for

performing deposition of a large number of sheets

within a short time.



condi ti ons, }
el ectron do

found to g
a substrateL

vifB-fi 1l moccurred only on sanpl es having the

aateYtburface. The filmaquality of the Mo filmwas
er ood exh bjting the same properties as one prepared at

nng} 450[err]ngwnin Exanple 1. On the other

hLIhe Al[err]C{err] subsiréfe and the Si2 gl ass substrate
whi ch are | ectron non- donat ve, no M filmwas deposited at all.
Exanmple 4 k= - films were formed according to the sane
procedure as shown i n Exanple 1 by use of

As the deposition film forming apparatus for

hand, on bo

improving this point, there is the low pressure CVD-
apparatus which cén_deposjt Mo by simultaneous
mounting of a large number of sheets of wafer. Since
the Mo deposition according to the present invention
utilizes the surface reaction of the heated'electron
donative substrate surface, for example, in the hot
wall type low pressure CVD method wherein only the
substrate is heated, an Mo compound can be desirably
deposited with Mo(CO)6 and H2‘
As the conditions of forming the deposited

film, the reaétion tube pressure may be 10 °

to 760
Torr, desirably 0.1 to 5 Torr, the substrate
temperature 350 °C to 800 °C, desirably 400 °C to 600
°c, the Mo(CO)6 partial pressure 1 x 10 °-fold to 1.5
x 10 -fold of the ‘pressure in the reaction tube. And

under these condltlons, Mo can be deposited on only

the electron donative substrate.




Nb(CH[erri;@

follows:

partial p

range of

arting gas and setting the conditions as

pssure: 2.0 Torr Mo(CH err])[err]
efr] Torr, As this result, in the tenperature
- - 23 -

Fig. 3 is a schematic view showing a deposited
film formation apparatus to which such present invnéiton
is applicable.

57 is a substrate for forming an Mo film.

50 is an outside reaction tube made of quartz for
forming a space for formation of deposited film which
is substantially closed with respect to surrounding.
51 is an inside reaction tube made of quartz located
for separation of the gas flow within the outside
reaction tube 50, 54 a flange made of a metal for
opening and closing the opening of the outside reaction
tube 50, and the substrate 57 is located within the
substrate holding member 56 provided internally of
the insi@e reaction tube 51. The substrate holding
member 56 should be desirably made of quartz.

Also, the present apparatus can control the
substrate temperaturé.by the heater portion 59.

It is constituted so that the pressure internally of
the reaction tube 50 is controllable by the evacuation
system bound through the gas evacuation outlet 53.

The present apparatus has a first gas system,
a second gas system and a mixer (all are not shown)
similarly as in the apparatus shown in Fig. 1, and the
starting gases are introduced into the reaction tube
50 through the starting gas introducing inlet 52. |
The starting géses react on the surface of the

substrate 57 when passing through the inner portion



substrate t"iV
cont ai ni ng y
resi st ance

Ak ,_%P [err]C to 550 [err]C, Mo thin films
|ttIe carbpnulnpurlty and having |l ow el ectri cal
i A b good selectivity on the substrate simlarly
as in Exanpl ¢ Exanple 5 3 ;?E preparation of sanples of this
Exanple is ;déscrrbetrbehowrﬁ substrates (N type, 1 - 2 ohmcm
were subjeéted to thermal oxidation at a tenperature of 1000 [err]C
accor di ng t ¢ thehydrogen-combusti on system (H2: 4 liters/M Jerr]: 2
liters/M.

of the inside reaction tube 51 as shown by the arrowhead
58 in Fig. 3 to deposit Mo on the substrate surface-57.
The gases after the.reaction pass through the gap portion
formed by the inside reaction tube 51 and the outside
reaction tube 50 and are discharged through the gas
discharging outlet 53.

In taking in and out the substrate, the flange
54 made of a metal is éscended and descended by an
elevator (not shown) together with the substrate
holding member 56 and the substrate 57 to move to
a predetermined position, thereby performing attach-
ment and detachment of the substrate.

By forming a deposited film under the condifions
as mentioned above by use of such apparatus, Mo film
of good quality can be formed at the same time in

all the wafers within the apparatus.
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The fil m tikNcgked mw$ j@@ﬁgA + 500 A, and the refractive index 1.46. A
phot or esi St Was “Coatedony ‘the whole Si substrate, and a desired pattern
was baked;tyngﬁégggqg n@chlne The pattern was such that various hol es
of 0.25 [€rr] ?@rn]” 100 [err} F]x 100 [err]mwere opened. After
devel opnerit y.“;be +esistf With the phoforesist as the mask, the subbing
Sigerr] Jas et ched by thefreactive ion etching (RIE), etc. to have the
substr at e Si=partiarty=exposed. The sanpl es

— 3

The present invention is explained below by
giving Examples.
Example 1

First, the procedure for Mo film formation is
as follows. By use of the apparatus shown in Fig. 1,
the reaction tube 2 is internally evacuated to ca. 1 x

-8

10 Torr by the evacuation unit 9. However, Mo film

can be also formed if the vacuum degree within the
reaction tube 2 may be worse than 1 x 10 ¢ Torr.

After cleaning of substrate such as Si wafer, etc.,
the conveying chamber 10 was released to atmospheric
pressure and Si wafer was mounted in the conveying
chamber. The conveving chamber was evacuated to ca. 1
x 19_6 Torr, and then the gate valve 13 was opened and
the substrate was mounted on the wafer holder 3.

Next, the gate valve 13 was closed, and the reaction
chamber 2 was evacuatéd to a vacuum degree of ca. 1 x
10”8 Torr.

In thié Example, Mo(CO)6 was sublimed to féed
through the first gas line. H2 was used to the
carrier gas of Mo(CO)6 line. The second gas line was
used for H2'

By passing H2 through the second gas line, the
pressure within the reaction tube 2 was made a

predetermined value by controlling the opening of the

slow leak valve 8. Then, the substrate was heated by



- 32- i Yy éﬁgﬁ’lzes of SiJerr] holes of 0.25 [err]mx 0.25

[err]m-1 100 [errJmx 1dO{[err]mwere prepared. The deposited film was
formed o tha_é__;a' ”Q%tﬂus formed simlarly as in Exanple 1. Specifically
the subsfriate tenperaturje jwas changed and M fil mwas deposited according
to the Jprotedure~as descrii bed above under the followng conditions:

Total pressure: 1.5 Torr,

current passage through the heater 4. After the
substrate temperature has reached a predetermined -
temperature, Mo(CO)-6 was introduced into the reaction
tube through the Mo(CO)6 line. Here the total
pressure was ca. 1.5 Torr within the reaction tube,
and the Mo(CO)6 partial pressure was made ca. 1.5 x

1074

Torr. Next, when Mo(CO)6 was introduced into the
reaction tube 2, Mo was deposited. After a
predetermined deposition time has elapsed, feeding of
Mo(CO), was stopped. Next, heating of the heater 4
was stopped to cool the substrate. Feeding of H2 gas
was stopped, and after evacuation internally of the
reaction tube, the substrate was transferred to the
conveying chambet, and only the.conveying chamber was
made atmospheric before taking out the substrate. The
outline of Mo film formation is as described above.

After prepariﬁg monocrystalline Si substfages
as the samples, Mo films were deposited at the
respective substrate temperatures according to the
same procedure as described above under the following
conditions:

Total pressure: 1.5 Torr

Mo(CO), partial pressure: 1.5 x 10”% Torr

The Mo films deposited by varying the
substrate temperature were evaluated by use of Various

evaluation methods. The results are shown in Table 1.
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Mo(CO[err] ipar- -ﬁl;
deposi t ed bg var yi.n

vari ous
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Uat ¢

'."“15x10[err] Torr. The Mo filns
-_.b jitrate tenperature were eval uated by use of
he results are shown in Table 2.

Sigerr] at éa

T

In_the result of filmfgmmation, M was not deposited on
t enper at ure™ r‘ange from40aerr]Cto

b
]

As to the above examples, Mo of excellent

quality was obtained within the temperature range of

400 to 600 °C.
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600[err] C R' y

L= Aaet Mtwes jdeposi ted only on the portion wth opening of
Sigerr], ile the portionitd have Si exposed. Exanple 6 By
nmeans of thie ire@&BECOPES§sUrd CVD apparatus shown in Fig. 3, M filns-were
formed on th substrates witih the consg'tutions as descri bed bel ow
(Sanmpl es 8-{1 to 8=T79yr = Prepar 4ti on of Sanple 8-1 On a
nonocrystaliine silicon as the electron donative first substrate surface
material, a thermalTy oxidized SiJerr] filmas the el ectron non-donative

second Example 2

According to the following procedure, Mo film

was formed. By the evacuation unit 9, the reaction
tube 2 was evacuated internally to ca. 1 x
10~% Torr.

After cleaning of substrate such as Si wafer, etc.
the conveying chamber 10 is released to atmospheric
pressure and the Si wafer was mounted in the conveying
chamber. The conveying chamber was -evacuated to ca. 1

x 10_-6

Torr, then the gate valve 13 was opened and the
wafer was mounted on the wafer holder 3.

Next, the gate valve 13 was evacuated to a
vacﬁum degree in the reaction chamber 2 of ca. 1 x

108 Torr.

In this Example, the first gas line was used
for Mo(CO)G. As the carrier gas for the Mo(CO)6 line,
Ar different from Example 1 was employed. The second
gas line was used for HZ‘

By passing 32 through the second gas line, the
pressure within the reaction tube 2 was made a
predetermined value by controlling the opening of the
slow leak valve 8. A typical pressure in this Exaﬁple
was made approximately 1.5 Torr. Then, the wafer was
heated by current passage through the heater 4. After

- the wafer temperature was reached a predetermined



M L was formed, and patterning was effected

Substratég- f

accordin ég ghotol i 1_‘=hbgraphi c steps as shown in Exanple 5 to have the
nmonocr yst aHI| :sfrface partially exposed. The film
thicknes$ &f _the thermalkyjoxidized _S%§Ierr] filmwas found to be 7000 A,
W th theh5|ze of "the—~"&xpoged portion fhe nonocrystalline silicon,

namnel y &ﬁeﬁt&grbeLng_a_Lg rfmx 3 [err]m Thus, Sanple 8-1 was prepared.
(Hereinafter, such sanpleis expressed as "thermally oxidized SiQ2 :

n talline silicon
(hereinafter fiﬁﬁé?Qéﬁéﬁ’ (CO)6 é% rAgro uGed Yiafo ' the reactlon)

tube through the Mo(CO)6 line. The total pressure -
within the reaction tube was ca. 1.5 Torr, and the
Mo(CO)6 partial pressure is made ca. 1.5 x 10—4 Torr.
The Ar pértial pressure was made 0.5 Torr. Next, when
Mo(CO)6 was introduced into the reaction tube 2, Mo
was deposited. After a predetermined deposition time
was elapsed, feeding of MQ(CO.)6 was stopped. Next,
heating of the heater 4 was stopped to cool the wafer.
Feeding of H2 gas was stopped, and after evacuation
internally of the reaction tube, the wafer was
transferred to the conveying chamber, and only the
conveying chamber was made atmospheric pressure before
taking out the wafer. When Ar as the carrier gas was
thus used, the resistivity and carbon content of Mo
film formed were a little high. This is a level
having no problems practically and the result almost
similar to Example 1 was obtained.
Example 3
By use of the low pressure CVD apparatus shown
in Fig. 2, Mo film was formed on the substrate with
the constitution as described below.
As the substrate surface material having

electron donative properties, monocrystalline silicon
(monocrystalline Si), polycrystalline silicon - -

(polycrystalline Si), tungsten (W), molybdenum (Mo),



Preparat i ~7 n i o 8-179 - 34-
Sampl e 8- n oxidizedif{lmformed by normal pressure CVD (hereinafter
abbr evi at ¢d a @Eﬁéﬁ?@) npbnocrystalline silicon. Sample 8-3 is a
boron dop d]OXIdIZEd f|| f or med by juydny pressure CVD (hereinafter
abbrevi at ¢d*™ P I

——— — o

tantalum {Ta), tungsten silicide (WSi), titanium
silicide (Tisi), aluminum (Al), aluminum silicon (Al-
§i), titanium aluminum (Al-Ti}, titanium nitride (Ti-
N), copper {(Cu), aluminum silicon copper (Al-Si-Cu},
aluminum palladium (Al-Pd), titanium (Ti), molybdenum
silicide (Mo-Si), tantalum silicide (Ta-Si) were
employed. These samples, A1203 substrates and S.102
glass substrates were placed in the low pressure CVD
apparatus shown in Table 3, and Mo films were formed
within the same badge. The film forming conditions
were a reaction tube pressure of 0.2 Torr, an Mo(CO)6
partial pressure of 1.0 x 10"5 Torr, a substrate
temperature of 450 °c.

As the result of film formation under such
conditions, deposition of Mo film occurred only on
samples having the electron donative substrate
surface. The film quaiity of the Mo film was found.to
be very good, exhibiting the same properties as one
prepared at a substrate temperature of 450 ©°C shown in
Example 1. On the other hand, on both the A1203
substrate and the SiO2 glass substrate which are
electron non-donative, no Mo film was dgposited at
Iall. | |
Example 4

Deposited films were formed according to the

same procedure as shown in Example 1 by use of



as BSQ/

i con. Sanpl e 8-4 is a phosphorus doped

oxi di zed - =1grmal pressure GVD (hereinafter abbreviated as
PSG) / mon ?ﬁbﬁ&ﬁ?é ifcgn. Sanmpl e 8-5 is a phosphorus and boron
doped oxi di med by normal_ g{essure GvD (hereinafter

abbr evi atieq—as RQDr\/nDnmc ystalline” ¥ icon Sample 8-6 is a
nitridedifiimfornmed by pl%sna CVD (herei nafter abbrevi ated as

P- S: N) / noRoeTrystat-ttxe i con.

MO(CHB)G as the starting gas and setting the
conditions as follows:

Total pressure: 2.0 Torr

Mo(CH,). partiel pressure: 2 x 1074 Torr,

As this result, in the temperature range of the .
substrate temperature from 350 °Cc to 550 °C, Mo thin
films containing very little carbon impurity and_
having low electrical resistance were deposited in a
good selectivity on the substréte similarly as in
Examﬁle 1.

Example 5

The preparation of samples of this Example is
described below.

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

4 liters/M, O 2 liters/M).

22
The film thickness was 7000 4 + 500 A, and the

2:

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 pm x 100
um were opened. After development of the resist, with
the photoresist as the mask, the subbing SiO2 was
etched by the reactive ion etching'(RIE), etc. to have

the substrate Si partially exposed. The samples



: EY[@QEﬁﬁlded film (hereinafter abbreviated as

T-S: N)/ nono r - “Siicqn. Sample 8-8 is a nitrided film
formed by | gg§§§§ D (Fereinafter abbrevi ated as LP-

S: N)/ nonocr sual 4 _ %@nple 8-9 is anitrided filmforned
by ECR app rd%u&~fhe&e%ﬂafber abbrevi ated as ECR- Si N)/nonocrystalline
silicon. i Furt her, by‘conbi nations of the electron

having various sizes of SiO2 hdles of 0.25 um x 0.25
um - 100 pym x 100 um were prepared. The depésited film
was formed on the samples thus formed similarly as in
Example 1. Specifically the substrate temperature was
changed and Mo film was deposited according to the
procedure as described above under the follgwing'
conditions:

Total pressure: 1.5 Torr,

Mo(CO) . partial pressure: 1.5 x 10™% Torr.

The Mo films deposited by varying the
substrate temperature were evaluated by use of wvarious

evaluation methods. The results are shown in Table 2.




donati ve ﬁ1nsi SHPSI T _,E’face material and the electron non-donative
second su sﬁrate surfa nmpterial, Sanples 8-11 to 8-179 shown in Table 3
were prepa e ﬁ@ﬂ%ﬁl st substrate surface material, monocrystalline
silicon (m &ocrystal line Bi}, polycrysgfﬂli ne silicon (polycrystalline
Si), tungsten T B -

Ao s 1 S gt o a1 o vt ¢ 4o 14 S e A

In the result of film formation, Mo was not
deposifed on 8102 at a temperature range from 400°C to
600°C at all, and Mo was deposited only on the portion
with opening of Si0,, i.e. ‘the portion to have Si
exposed.

Example 6

By means of the reduced pressure CVD apparatus
shown in Fig. 3, Mo films were formed on the .
substrates with the constitutions as described below
(Samples 8—1 to 8-179).

Preparation of Sample 8-1

On a monocrystalline silicon as the electron
donative first substrate surface material, a thermally
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 5 to have the monocrystalline
silicon surface partially.ékposed.

The film thickness of the thermally oxidized
SiO2 film was found to be 7000 4, with the size of the
exposed portion of the monocrystalline silicon, namely
opening being 3 um x 3 um.. Thus, Sample 8-1 was
prepared. (Hereinafter, such sample is expressed as
“"thermally oxidized SiO2 (hereinafter abbreviated és T-
SiOz)/monocrystalline'silicon“).

Preparation of Samples 8-2 to 8-179




(W, ol ybﬁ@ﬂ!«?mf_j}n‘m@@tm m(Ta) tungsten silicide (WSi), titanium

S

silicide (T
al um num (Al

copper (Al S}
silicide (=

Al[err]defr]

L)y AT , alumnumsilicon (A-Si), titanium
[ ' |tr|de (Ti-N), copper (Cu), alumnumsilicon
al l adium (AlL-Pd), titanium (Ti), nolybdenum
silicide (TA-Si) were enployed. These sanpl es,
“'substrates and SiJerr] glass substrates were placed in

| ow pressure. CVD apparatus-shown in Table 3, and M filns were forned
The film form ng conditions were a reaction tube

0.2 Torr gap1¥beCo) ar eh pasbiabapeesmucorabalby x 10[err]

wi thin the sane badge.

pressure of

normal pressure CVD (hereinafter abbreviated as

SiOz)/monocrystallipe silicon.

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

Sample 8-4 is a phosphorus doped oxidized film
formed by narmal pressure €VD-(hereinafter abbreQiated
as PSG)/monocrystalline silicon.

Sample 8-5 is a phosphorus and boron doped
oxidized film formed by normal pressure CVD
(hereinafter abbreviated as BSPG)/monocrystaliine
silicon.

Sample 8~-6 is a nitrided film formed by plasma
CVD (hereinafter abbreviated as P-S:N} /monocrystalline
silicon.

Sanmple 8-7 is a thegmally'nitrided film
(hereinafter abbreviated as T-S:N)/monocrystalline
silicon.

Sample 8-8 is a nitrided film formed by low
pressure CVD (hereinafter abbreviated as LP-
S:N)/monocrystalline silicon.

Sample 8-9 is a nitrided film formed by ECR
apparatus (hereinafter abbreviated as ECR-
SiN)/monocrystalline silicon.

Further, by combinations of the electron

t he



Torr, a sub%Lg;jm -
formation updgr-suds

patterning
on the el ec

opening wth
found to belvery -good; exhi bi

T mebkirer of 450 [err] C As the result of film
ek ;gf%%ffkns, concerning all the sanples applied with

rom Sanpl e 8-1 toj 8-179, deposition of Mo filmoccurred only

rgn 5& iﬁé@l si substrate surface to enbed conpletely the-

) Lthe depth of #0DO A The’TiTmquality of the M film was

Eing t he sane

L :

donative first substrate surface material and the
electron non-donative second substrate surface
material, Sampleé 8-11 to 8-179 shown in Table 3 were
prepared. As the first substrate surface material,
monocrystalline silicon (monocrystalline Si),
polycrystalline silicon (polycrystalline Si), tungsten
(W), molybdenum (Mo),'tanta;ng {Ta), tungsten si;icide
(WSi), titanium silicide (Tisi), aluminum (Al),
aluminum silicon.(Al—Si), titanium aluminum (Al-Ti),
titanium nitride (Ti-N), copper (Cu), aluminum silicon
copper (Al-Si-Cu), aiuminum palladium (Al-Pd4),
titanium (Ti),_molybdenum silicide (Mo-Si), tantalum
silicide (Ta-Si) were employed. These samples, A1203
subsfrates and SiO2 glass substrates were placed in
the low pressure CVD apparatus shown in Table 3, and
Mo films were formed within the same badge. The film
forming conditions were a fg;dfion tube pressure of
0.2 Torr, an Mo(GO). partial pressure of 1.0 x 107°
Torr, a substrate temperature of 450 c.

As the result of film formation under such
conditiohs, concefning all the samples applied with
patterning from Sample 8-1 to 8-179, deposition of Mo
film occurred only on the electron donative first
substrate surface to embed completely the opening with
the depth of 7000 &. The film gquality of the Mo film

was found to be very good; &xhibiting the same
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properties 5@%& : %&a ?wgé a substrate tenperature of 450 [err]

I n Exanpl e
el ectron no
selectivity

Sigerr] gl

deposited af
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properties as one prepared at a substrate temperature
of 450 °C shown in Example 5. On the other hand, on
the second substrate surface which is electron non-
donative, no Mo fi;m was deposited at all, whereby
complete selectivity was obtained. On both the A1203
substrate and the Sioz'glass substrate whicp are
electron non-donative, no Mo film was deposited at
all. ; B |
Example 7

By use of the low pressure CVD apparatus shown
in Fig. 3, Mo film was formed on the substréte with
the constitution as described below.

First, a thermally oxidized film as the
electron non;donative second subsfrate surface
material was used. A polycrystalline Si as the
electron donative first substrate surface material was
formed on the thermally oxidized film. Next,
patterning was effected according to the
photolithographic steps as shown in Example 5 to have
the thermally oxidized film surface partially exposed.

The film thickness of the polycrystalline silicon at
this time was 2000 4, with the size of the thermally
oxidized film exposed portion, namely opening being 3
Hm x 3 pum. Such sample is called 9-1. By

combinations of the electron non-donative second

. substrate surface materials (T-Si02, CVD-Si02, BSG,

fuinic2 C shown
4 On thq_q@%grih nd, on the second substrate surface which is
h-| &,BEC/E nd filmwas deposited at all, whereby conplete
whs obt ai ned. _iO1 both the f%[grr](lerr] substrate and the
hsSTSUbBStrate which are el eCiron non-donative, no Mo film was



Exanpl e 7 3] IS E he | ow pressure CVD apparatus shown in Fig.
.3, M filmwasg™f e Oﬂ“TﬁE substrate with the constitution as described
bel ow. ; gﬁﬁ%ﬂ@ herfal |y oxidized filmas the electron
non-donative gec elsurface _material was used. A polycrystalline
Si as the ¢l ectron- A"nat'": irst subdfrate surface material was forned
on the thernally OX|d|zed f||h1 Next, patterning was effected according to
t he phot ol ithogra 8 3s shown in Exanple 5 to have the thermally

oxi di zed f|In1surface partlally exposed.
PSG, BPSG, P-SiN, T-SiN, LP-SiN, ECR-S:N) and the

electron donative first substrate surface materials
(polycrystalline Si, monocrystalline Si, Al, W, Mo,
Ta, WSi, TiSi, TeSi, Al-Si, Al-Ti, TiN, Cu, Al-Si-Cu,
Al-Pd, Ti, Mo-Si), Samples of 9-1 to 9-169 shown in
Table 4 were prepared. These samples were placed in
the low pressure CVD apparatus shown in Fig. 3, and Mo
film was formed within the .same batch. The film
forming conditions were a reaction tube pressure of
0.2 Torr, an Mo(CO), partial pressure of 1.0 x 10°°
Torr, a substrate temperature of 450 oC. As the
result of film formation under such conditions, in all
the samples from 9-1 to 9-169, no Mo film was
deposited at all at the opénihg having the electron
non-donative second substrate exposed, but Mo of about
5000 & was deposited only on the-electron donative
first substrate surfaée, whereby compléte selectivity
was obtained. The film quality of the Mo film
deposited was found to be very good, exhibiting the
same properties as one prepared at a substrate |

temperature of 450 oC in Example 5.
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The fil m tihi

~:1E%L|ycrystalline silicon at this tinme was 2000 A,

|

with the §iZz ly oxidized fil mexposed portion, nanely
openi ng bdi rk [err]m Such sanple is called 9-1. By
conbi nat i dns_.af the electror non-donatiyve second substrate surface

materlals(T Si ¢, C\/Ds|62 BSG, - 38 -

Example 8

Deposition was carried out according to the
same procedure as shown in Example 5§ by use of
Mo(CHS)6 as the starting gas under the following
conditions:

Total pressure: 2.0 Torr

Mo(CHs)6 partial pressure: 3 x 10—4 Torr,
in the temperature range of the substrate temperﬁture
from 350 °C to 550 °C. As the result, Mo thin films

containing very little carbon impurity and having low

electrical resistance were deposited in a good

electivity on the substrate similarly as in Example §.




PSG, BPS

-SiIN, ECR-S:N) and the electron donative first
substrat (polycrystalline Si, nonocrystalline Si, A,
W M, Al-Si, A-Ti, TiN Cu, A-Si-Cu, A-Pd, Ti,
M- Si), -169 shown i§9 Tabl e 4 were prepared. These
sanpl es | ow pressure” CVD apparatus shown in Fig. 3, and

Mo f|In1mas“foandquth|n the sanme batch. The film form ng conditions
were a reactron-tupe~pressure of 0.2 Torr, an Mo(CO[err] partial pressure
of 1.0 x 10[err] Torr, a substrate tenperature of 450 [err]C. As the

Example 9

As an example for forming §ource and drain .
electrodes of a gate insulating type transistor,
formation of an electrode in a contact hole on a
source and a drain was carried out using the film
forming process of the present invention. This is
described with reference to Fig. 4.

First, on a p—-type silicon wafer 501, a thick
field oxidized film and a thin thermal oxidized £ilm 502
were formed by use of the usual selective oxidation
process, etc. to the wafer 5§01 (Fig. 4A).
Subsequently, ﬁsing SiH4 gas as-a starting material
gas, a polycrystalline silicon layer was formed by
heat CVD method, and a polycrystalline silicon gate
electrode 504 was formed by lithography method. At
the same time, phosphorus was self-aligningly injected
using the thick field-oxidfied-film and the gate-electrode
504 as a mask to form_an impurity—-diffused region 505
of 1 x 108 on™3 (Fig. 4B). Next, a silicon oxidized

 film 508 was formed by heat CVD method (Fig. 4C). A

contact hole 5§09 with a size of 0.5 pm x 0.5 um was

formed by lithography method (Fig. 4D). The substrate

thus obtained was moved to the apparatus as shown in
Fig. 1 to form an Mo film.
Here, thq substrate temperature was set to be

450°c. Using Mo(CO). as a starting material gas and



resul t ofiv, ¥ *F@gggqger such conditions, in all the sanples from
9-1 to 9- 269;-"no" " Va deposited at all at the opening having the

el ectron éﬁﬁsgﬁgﬁjeco_d substrate exposed, but Mo of about 5000 A
was deposi 0 el ectron dona%é first substrate surface,

wher eby ccnxwfﬁeyseLecLLMit was obtai ned” The filmquality of the Mo film

deposi t ed fwas found to be very good, exhibiting the sane properties as one
prepar ed at—a-substrate erature of 450 [err]C in Exanple 5.

H., as a carrier gas, an Mo film was formed under

2
conditions of an Mn(CO) . partial pressure of 1.5 x 10

-4
Torr and a total pressure of 1.5 Torr.

After the formation of the Mo film was
completed, the transistor was taken out of the film
forming apparatus and observed, to confirm that a
Mo f£ilm 510 ﬁas deposited only on the phosphours-
diffused Si 505 in the contact hole 509, and was not
deposited on the oxidized film 508 (Fig. 4E). The
surface of the Mo film 510 was very flat.
Characteristics of the resulting transistor was
examined to reveal that very good characteristics were
exhibited.

It was also possible to form a thin Mo-
film only on the bottom of the contect hole 509 and
thereafter form on the thin Mo film an Al film
as an electrode material.rhlt was still also possible

to use the Mo film as a barrier metal.
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Exampl e 9 & dﬂ-ﬁ__”_,m,ayf_g_nple for formng source and drain el ectrodes
of a gate :,',.f _g§§5@$§§§ ansistor, formation of an electrode in a
contact hdl g on-a-—sourcejand a drain was carried out using the film

form ng priodes gpa resgnt inventiop, This is described with reference
to Fig. 4.4 S EQE?%{ n a p-type £?|ICOH wafer 501, a thick field

oxi di zed fji I'mamd—a=thi-a~fheérmal oxidi zed fil m502 were formed by use of
t he usual fsel ective OX|dati’n process, etc. to the wafer 501 (Fig. 4A.
Subsequent |y, ust-ng-S+-H-€TT+ gas as a starting materi al
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Fig. 1 tOfI:ﬂQF ’C@T“Wf‘% 'i Here, the substrate tenperature was set
to be 450{“e,r*r]‘(, SUSTHg-K (”CO)[err] as a starting material gas and - 40-

H2 as a carry 5f| | mwas fornmed under conditions of an
I\/h(CO)[err] g’@%ﬁésgﬁre of 1.5 x_ 1£§e_rr]
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filmonly c;p—“t‘n b'ottom GF [ he contact hole 509 and thereafter formon_the

t.hi n M fi I mn @é@hﬁé é\% sian electrode material. It WaTI’iItI Il al so

possi bl e use 't I "cllm!”ﬂ!lﬂ,l””m

Ih1as a barrier netal .
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WHAT IS CLAIMED IS:

1. A deposited film formation method comprising
the steps of:

(a) feeding a gas of an qrganometallic compound
containing molybdenum atom and hydrogen gas onto a
substrate having an electron donative surféce, and

{b) maintaining the temperature of said
electron donative surface within the range of the
decomposition temperature of said organometallic
compound or lower and 800 °C or lower to form a

molybdenum film on said electron donative surface.

2., 'A deposited film formation method according

to Claim 1, . wherein said organometallic compound is Mo(CO)6.

3. A deposited film formation method according

to Claim 1, wherein said organometallic compound is,Mo(CH3)6.
4. A deposited film formation method according

to Claim 1, wherein said electron donative surface

comprises a semiconductor.

5. A deposited film formation method comprising
the steps of:

(a) feeding a gas of an organometallic compound
containing molybdenum atom and hydrogen gas onto a

substrate having an electron donative surface and a

'This Sheet Has Been Replac
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non-electron donative surface, and

(b) maintaining the temperature of said electron
donative surface within the range of the decomposition
temperature of said organometallic compound or lower
and 800 °C or lower to form a molybdenum film seleb-

tively on said electron donative surface.

6. A deposited film formation method according
to Claim 5, wherein said organometallic compound is

Mo(CO)6.

7. A deposited film formation method according
to Claim 5, wherein said organometallic compound is

MO(CH3)6,-

8. A deposited film formation method according
to Claim 5, wherein the partial pressure of said

organometallic compound is 100 Torr or lower.

9. A method for preparing a semiconductor
device comprising the steps of:

forming a film comprising an insulating matefial
on a semiconductor material,

forming an opening on said film to have sai&
semiconductor material exposed, and

embedding an electroconductive material in

said oggy;ng to form a part of electrical wiring,

cet Has Been Replacec
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characterized in that the reaction is carried
out between a gas of an organometallic compound containing
molybdenum atom and hydrogen gas at a temperature of the
decomposition temperature of said organometallic compound
or lower and 800 °C or lower to deposit selectively
mol)ybdenum in said opening, therebly forming a part

of said wiring.

10. A method for preparing a semiconductor
devite according to Claim 9, wherein said oxganometallic

compound is MO(CO)G.

11. A method for preparing a semiconductor
device according to Claim 9, wherelin said organometallic

compound is Mo(CH3]6.

12. A method of forming a film in which molybdenum
is deposited substantially without carbon on an electron
donative'surface, from a source of molybdenum to which

the surface is substantially resistant to etching.

IThis Sheet Ha
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ABSTRACT

PROCESS FOR FORMING DEPOSITED FILM AND PROCESS
FOR PREPARING SEMICONDUCTOR DEVICE

A deposited film formation method comprises-
the steps of:

{a) feeding a gas of an organomgtallic
compound containing molybdenum atom and hydrogen
gas onto a substrate having an electron donative'
surface; and |

(b) maintaining the temperature of the eiectron
donative sufface within the range of the decomposition
temperature of the organometallic compound oxr lower
and 800 °C or lower to form a molybdenum f£ilm on the

electron donative surface.

FIGURE 1
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47. Rggéégigﬂﬁﬁi;Qw_l 1. A deposited filmformation
met hod compriising the steépp pf: (a) feeding a gas of

Mo(CH[ err] )[ er r26DEC ogdr opeh gas onto a substrate having an el ectron
donative syrtace; and (b) maintaining the tenperature of said
el ectron dené&t -surface~W [ hin the rangd of 350[err]C to 550[err]Cto

forma nol ybdenumfil mon sajd el ectron donati ve surface.

FIG. 3
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2. A déPEE _Eﬁgtlon met hod conprising the steps of:

(a) feedi CH err])[err] and hydrogen gas onto a substrate
havi ng ap ve surface and a non- el ectron donative surface;
and hi ni ng the tenperature of said el ectron donative

surface M'*ﬁ“‘=Fﬁ§mFaﬁge of 350[err]Ct6 550[err]C to forma nol ybdenum
filmsel gctively on said el ectron donative surface. 3. A net hod
for preparing a sém conductor device conprising the steps of:

formng a filmconprising an insulating material on a sem conduct or

mat eri al , form ng an opening on said filmto have said
sem conductor material exposed, and enbeddi ng an  §02
el ectroconductive material in said opening to forma part of dlectrical
Wi ring, eactioff TS caxried out bet of
Mo(CH err])[err] aQ@%ﬂQﬁrog as al ate err]Clto
550[err] C to deposit nol ybdenum selfgctively in said opening, eby
formng a part of said wring.
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CLAIM SHEET

1. A deposited film formation method comprising the
steps of: '
{a) feeding a gas of Mo(CH,;), and hydrogen gas onto a
substrate having an electron donative surface; and
(b) maintaining the temperature of said electron
donative surface within the range of 350 C to 550°C to form a
molybdenum £ilm on said electron donative surface.

2. A deposited film formetion method comprising the
stops of:

(a) feeding a gas of Mo(CH;), and hydrogen gas onto a
substrate having an electron donative surface and a non-
electron donative surface; and

(b) wmaintaining the temperature of said electron
donative surface within the range of 350 C to 550°C to form a
molybdenum film selectively on said electron donative surface.

3. A method for preparing a semiconductor device

comp;}sing the steps of:
{ forming a film comprising an insulating material on
a semiconductor matexial,

forming an opening on said film to have said
semiconductor material exposed, and

embedding an electroconductive material in said
opening to form a'part of electrical wiring,

wherein a reaction is carried ocut between a gas of
Mo(CH;), and hydrogen gas at a'temperature of 350°C to 550°C to
deposit molybdenum selectively in said opening, thereby
forming a part of said wiring.
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s REPLAGEMENT SHEET

PROCESS FOR FORMING DEPOSITED FILM AND PROCESS FOR PREPARING
SEMICONDUCTOR DEVICE

A deposited film formation method comprises the steps of:

(2) feeding a gas of an organometallic compound containing molybdenum atom and hydrogen
gas onto a substrate (1) having an electron donative surface, and

(b) maintaining the temperature of the electron donative surface within the range of the
decomposition temperature of the organometallic compound or lower and 800 °C or lower
to form a molybdenum film on the electron donative surface.

Figure 1.
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