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Process for Forming Deposited ~ilm and Process 

for Prepar.ing Semiconductor Device 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

.'-' 

10 

This invention relates to a method for formj.ng 

deposited film and a method for forming a semiconductor 

device. Particuiarly, 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. 

Re1ated Background Ar! 

In the prior art, in electronic devices or 

integrated circuits by use of semi.conductors, aluminum 

15 (Al) or Al.-Si etc. have been primarily used for electrodes 

and wiring. Here, Al is inexpensive and has high electro-

conductivity, and dense oxidized film can be formed on the 

surface. Accordingly, it has many advantages that the 

inner portion can be protected to be stabilized, and 

20 adhesion to Si is good. 

However, on the other hand, ~ith higher integration, 

the self-align technique in which rnask matching between 

the gate electrode and the diffusion layer, etc. is 

unnecessary is indispensable. No metal having low 

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

LSI of the} prior art 1 as tile gate electrode wiring 
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capable of sel£-align, a polycrystalline Si doped with 

an impurity at high concentration has been wide1y employed. 

Whereas, with the progress of further higher integration, 

there ensues the prob1em that electrical resistance of 

5 fine pol.ycrys tal.li.ne Si wiring. etc. becOJnes higher. 

This is vita1 to high speed actuation of the device. 

Accordingly, it has been -required to have a high me1ting 

metal which is lower in voiume resistivity than poly-

crysta11ine Si and yet is capab1e of self-align. Al.so, 

10 basically, even when Al can be employed. Si and tl1e 

wiring A1 react with each other during heat treatment 

at the contact electrode portion with the Si l.ayerr 

whereby w.ire breaking or increased resistance of wiri.zi.g 

are caused to occur.. For this reason, a metal having 

15 higher melting point and lower electrical resistance 

has been employed as the electrode wiring material, 

and as the barrier meta1 which prevents the reaction 

between Si and Al at the contact portion. Particularly, 

\,_.,• Mo is attracting attention fo:r its suffici.ent..Ly higl1 

20 me1ting point {2620 °C) and 1ow electricai ~esistance 

( 4 • 9 µD ~cm) • 
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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. 

10 

is subject to excessive unevenness due to oxidation, 

diffusion, thin film deposition, and etching, etc. 

For example, electrodes or wiring metal must be 

deposited on the surface with a stepped difference, or 

deposited in a via-hole which is fine in die:meter and 

deep. In 4 Mbit or 16 Mbit DRAM (dynamic RAM), eto., 

the aspect ratio (via bole depth/via hole diam.~ter) of 

vie-hole in which a wiring ~etal is to be deposited is 

1.0 or more, and the via-bole diameter itself also 

15 becomes l µm or less. Therefore, even for a via-hole 

with large aspect ratio, the technique which can 

20 

25 

deposit a wiring metal is required. 

Particularly, for performing sure connection 

to the device under insulating film such as Si0
2

, 

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 metal only on Si o~ metal surface and not 

depositing it on an insulating film such as SiO~~ etc. 
£ 

is required. 

It ~s O.ifficult t"o achieve such a selective 
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1 deposition and growth by the electronic beam 

deposition and sputter process used in the past. The 

sputter process is a physical ~eposition method 

performed b~ scatt~ring the particles sputtered in 

5 vacuum. Therefo~e. the film thickness becomes very 

thin at the step portion and insulating film side 

wall, and the breaking of a wire may be caused in an 

extreme case. Further1 unevenness at a £ilm thickness 

and the breaking of a wire cause remarkable 

10 degradation of a reliability of LSI. 

On ~he other hand. there has been developed 

the bias sputtering method in which a bias is applied 

on a substrate and deposi~ion is performed so as to 

embed Al, Al alloy or Mo silicide only in the via-hole 

is by utili2ing the sputter etching action and the 

deposition action on the substrate surface. However, 

since the bias voltage of some 100 V o~ higher is 

applied on the substrete 1 deleterious influence occurs 

because of charged particle damaging sueh as· change in 

20 

25 

threshold of MOS-FET, etc. Also1 oecause of presence 

of bo~h etching action and deposition ac~ion, there is 

the problem that the deposition speed cannot be 

essen~ially improved. 

In order to sol~e the problems as described 

above, various types of CVD (Chemical Vapor 

Depositiont methods have been proposed. In these 

This/ iUil ii11i11i1Dr 
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1 methods, chemical reaction of the starting gas in some 

form is utili2ed. In plasma CVD or optical CVD, 

decomposition of the starting gas occurs in gas phase, 

and the active spe~ies formed there further reacts on 

5 the substrate to give ~ise to tilm £o~matioo. In 

these CVD methods, surface coverage on unevenness on 

the substrate surface is good since the reaction 

occurs in a gaseous phase. However, carbon a~oms 

eonteined in the starting gas molecule are 

10 1nco.rporated 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 fil~ 

15 grows ~brougb the surface reaction primarily on the 

substrate surface, is good in surface coverage on 

unevel'1neS$ such as stepped portion of the surface, 

etc. Also, it can be expected that deposition within 

via~hole will readily occur. Further, wi~e breaking 

20 at ~he stepped portion can be avoided. 

25 

!This Ii iii~ iii1iil11i1aced 
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For this reason, various studies have been made 

about the thermal CVD method as the method for forrn!.ng 

Mo film. For example, there are hydrogen reduction 

method of MoCl5 and Si reduction method of MoF6 

5 according to normal pressure CVD or reduced pressure 

CVD as int~oduced in Chapter 4 of Handotai Kenkyu 

(Semiconductor Research) Vol. 20 (Kogyo Chosakai, 1983). 

However, in the hydrogen reduction method of Moci5 , a 

plurality of molybdenum halide such as Mocl3 and others 

10 other than Mo may be sometimes formed at the portion 

other than the substrate surface heated within the 

15 

20 

25 

film forming device. Therefore, it is difficult to 

contro1 £ilm formation. Also, although film formation 

may be possib1e, 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 th.e 

method of forming Mo fiim by use of MoF6 gas, hydrogen 

gas and an inert gas. 

Whereas# in the Si reduction n\ethod of MoF 6 , 

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 this reason, in 

the Si reduction method of MoF6 , deposition occurs 

primarily on Si substrate, and Mo film deposition 

dose not oecur on Sio2 at ail. but it is clearly 

stated in USP 3,785,962 that Mo film is also depo$ited 
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l on Sio2 • This suggests that seiective deposition of 

Mo is not so complete. In addition, as described abover 

both Si and Sio2 are subjected to etching. and under such 

state there is a fear that problems may be involved prac-

5 tically concerning surface flatness and mixing of impurity, 

etc. As another method, there is an exmaple of normal 

pressure CVD method of Mo{C0) 6 as described in Thin 

Solid Films, VoL~ 63 (1979). p. 169. In this method 1 Mo 

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

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 fi.lm 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# seiective deposition 

20 

can be done with diffi.culty. 

As described above 1 the deposition method of Mo 

f .il.m of the prior art had ma:ny prob.lems to be improved, 

such that coverage of the stepped difference of the LSI 

surface was poor 1 that the S.i surface 0£ tSl was un-

necessarily etched, that damage was given to si.o2 , 

that deposition reaction could be controlled with 

difficulty, or that a large amount of irnpuri.ties were 

mixed into Ma film. 
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1 SUMMARY OF THE INVENTION 

A first object of the present inventioo is to 

provide a deposition method of Mo film without giving 

damage to Si wafer or sio2 • 

5 A second object of the present invention is to 

provide a deposition method of Mo film with high stepped 

difference coverage ~f LSI surf ace. 

A third object of the present .in~ention is to 

provide a selective deposition method of Mo film effective 

10 for embedding of via-hole, etc. 

A fourth object of the present invention is to 

provide a deposition method of Mo film in which Mo film 

can be deposited with good controllability. 

A fifth object of the present invention is to 

15 provide a method for preparing a semiconductor device 

20 

having characteristics such as excellent surface flatness~ 

migration resistance~ etc. by use of the selective deposi­

tion method of Mo fi1m £or formation of wiring and electrode 

portions. 

A sixth object of the present is to a deposited 

film fo:anation 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 eJ.ectron donative surface. and 

25 ( b) maintaining the temperat.ure of said electron 

donative s~ace wi.thin the range of the decomposition 
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l temperature of saio organorne·tallic compound or lower 

and 800 °c or lower to form a molybdenum film on said 

electron donative surf ace. 

A seventh object of the present invention is 

s to a deposited film formation method compr~sing the 

steps of: 

(a) feeding a gas of an organcmetaliic compound 

containing moJ.ybdenurn atom and hydrogen gas onto a 

substrate having an electron donative surface and a 

'-.-/ 10 non-electron donative surfacer and 

(b) maintaining the temperature of said electron 

donative surface within the range of the decomposition 

temperature of said organometallic compound or lower and 

soc •c or 1ower to form a molybdenum film $electiveiy 

··· 15 on ·sa±d el.ectron donative surface. 

A eighth object of the present invention is to 

a method for preparing a semiconductor device comprising 

the steps of: 

forming a film comprising an insulating material 

20 on a semiconductor materiai, 

forming an opening on said film to have said 

semiconductor materiaj exposed, and 

embedding an electroconductive ma.terial in said 

opening to form a part of electrical wiring, 

25 characterized in that the reaction is carried 

out betwee~ a gas of an organometallic compound con tainix1g 

Thi• 1iitii!1 llim1llflii 
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1 molybdenum atom and hydrogen gas at a temperature of the 

decomposition temperature of said organomet:al.lic co11ipound 

or iower and 800 °c or l.ower to deposit selectively moly­

bdenum on said opening~ thereby forming a part of said 

5 wiring. 

10 

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 sectionai view 

illustrating a process for forming a deposit~on film 

according to the present invention. 

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 il1ustrating a 

method for producing a semiconductor device according 

:zo to 'the present invent: ion. 

25 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT$ 

A preferabie method for fornting the deposited 

film of the present invention is as described be1ow. 

The method for for.ming the deposited film of the 

5 present invention is characterized in tbat 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 

10 forming the semiconductor device of the present invention 

is as described below. 

The method for £0.rming the semiconductor device 

of the present invention is characterized in that moly­

bdenum deposits selectively through the reaction between 

15 a gas of an organometa11ic compound containing molybdenum 

atom and hydrogen gas on a semiconductor surface exposed 

from an insulating film1 thereby forming a part of 

eiectrical wiring. 

20 

25 

The Mo film obtained by the deposited fi.lm 

fo:r:mation method according to the present invention 

contains little impurity such as carbon, etc., and 

also sufficiently low in eiectrical resistance. Also, 

the substrate is free from damage and good in control­

·lability . 

.And, according to the formation method of 

depcsited ~lm of the present invention 1 a low resistance. 

dense Mo film can be selectively deposited on the substrate. 
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A.lso, by the prepar:ation method of the semi-

conductor device of the present invention, an excerlent 

semiconductor device by use 0£ a iow resistance, dense 

and f1at Mo film at the wiring portion and the electrode 

5 portion can be provided~ 

10 

In the present invention, as the starting gases 

for deposited fil.m formation, a.n organic Mo compound 

and H
2 

gases are employed. By subliming MO(C0) 6 , 

Mo(CH
3

)
6

, etc. a.5 the organic Mo compound, which are so.lid 

at room temperature and reacting in a carrier gas 

such as H2 , Ar, etc. on a heated substrate, Mo film 

is deposited. The detai.1ed mechanism of the reaction 

has not been necessarily ciarified, but it may be 

considered that Mo(Co) 6 , etc. react with H2 gas on 

15 an electron donative substrate surface such as heated 

metal or semiconductor to form Mo. Since this reaction 

can proceed with difficulty at the place where the 

substrate surface is not electron donative, it may 

be considered that deposition of the film occurs 

20 with difficu1ty on a non-electron donative surface. 

Here, electron donative characteristic is 

described below in detail. 
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1 The electron donative material ~efers to one 

having free electrons existing or free electrons 

intentionally formed in the substrate, for example, a 

materia1 having a surf ace on which the chemical 

5 reaction is promoted through give-and-take of 

10 

15 

20 

25 

electrons with the starting gas molecules attached on 

the substrate surface. For example, generally metals 

and semiconductors correspond to such material.. Those 
··""'\ 

having iTei;:ir thin oxidized fi~-<?.~..!.he. me_!a.I:.f>r 
'·--"".J_.:.. _____ ---------

semiconductor surface are also included. For, with 

such thin film, the chemi~al reaction can occur 

between the substrate and the attached starting 

molecules. 

SpecificallY1 there may be included 

semiconductors such as single crystalline silicon, 

polycrystalline siiicon, amorphous silicon, etc., 

binary system or ternary syste~ or quaternary system 

III-V compound semiconductors comprising combinations 

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

the group V element, or II-VI compound semiconducters, 

or metals themselves such as tungsten, molyboenum, 

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

silicides of the above metals such as tungsten 

silicide, molybden"Um $ilicide. tantalum silicide, 

aluminum silicide, titanium silicide, etc., further 

roetals contiining either one of the constituent of tbe 

-----. 
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l above metals such as aluminum silicon, aluminum 

titanium, aluminum copper, aluminum ~antalum, aluminu~ 

silicon copper, aluminum silicon titanium, aluminum 

palladium, titanium nitride, etc. 

5 In contrast, the materials for forming the 

surface on which Mo is not deposited selectively,· 

namely the electron non-donative material, are 

conven~ional insulating materials, oxidized silicon 

formed by thermal oxidation, CVD, etc., glass or 

10 oxid1%ed film such as BSG, PSG, BPSG, e~c., thermally 

nitrided film, silicon nitrided film by plasma CVD, 

low pressure GVD, EOR-CVD me~hod, etc. 

15 

20 

25 

.. 
.,: 
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Pyrolysis of the starting gas to be used in the 

present invention, for example, sing1e substance of-

Mo( C0) 6 occurs at around 400 °c, and also partiai 

decomposition occurs at 300 ac. If the pressure is 

5 high and there is no H2 , these decomposed products are 

deposited on the substrate without selectivity. aesides, 

at t.b.is time, a considerably 1arge amount of carbon 

and oxygen is incorporated in tl'le Mo fi..lm, whereby 

electrical resistance becomes higher. Accordingly, 

10 also for prevent±ng mixing of impurities into the 

fi1m, H2 gas is indispensab1e during the reaction. 

At a substrate temperature of 300 •c or higher, when 

the pressure of the reaction gas is hi.gher, deposition 

0£ the ~iJ.m is a1so occur on a non-e1ect~ aonat~ve 

15 surface such as Sio2 , Al2o3 , etc., whereby selectivity 

of deposition is lowered. Hence, no selective deposi­

tion occurs unless the reaction pressure (partial 

pressure of organometallic compound) is 100 Tqrr or 

less, an(l practically it is desirab1y 10 Torr or less. 

20 

25 

If the temperature of the substrate is too high, Mo(C0} 6 

and a2 are pyrolyzed abundantly without the aid of an 

electron donative surface, whereby impurities in the 

fiL~ are again increased and also selectivity of 

deposition lost. And, no substrate temperature 

exceeding 800 .,c can be employed, and the desirab.le 

substrate ~emperature is suitably 600 ~c or lower. 

The most desirable temperature range is from 450 to 
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1 550 °c. The method has been known in which Mocl5 , MoF6 

or the like is reduced with a2 or Si, but in these:.· 

methods, ha1ogen elements may be mixed into the £iimr 

or there is damaging such as etching of Si substrate 

5 or sio2 film, which deteriorate characteristics of the 

substrate. For this reason, even the characteristics 

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

On the other handr according to the method of the 

present invention, since no halogen element is used 

10 at a11, selective deposition of Mo £i1m is possibie 

without any prob1em at all as mentioned above. As 

the starti~g gas, other than Mo(Co) 6 , Mo(Cfi3 ) 6 may be 

employed. ~o{CH3 > 6 is more desirab1e than Mo(C0) 6 in 

obtaining a film of higher purity. However, organic 

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

20 

25 
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l The preferred embodiments of the present 

invention are explained below as referring the 

drawings. F·ig. 1 is a schematic view showing a 

deposition film forming apparatus far applying the 

5 present invention. 

Here, 1 is a substrate for forming Mo film 

film. The substrate 1 is ~ounted on a substrate 

holder 3 provided internally of the reaction tube 2 

for forming a space for formation of a deposited film 

lO which is substantially closed as shown in Fig. 1. As 

the material constituting the reaction tube 2, quartz 

is preferable, but it may be also made of a ~etal. 

Further, it is preferable to oool the reaction tube. 

The sUbstrate holder 3 is made of e =etal, and is 

15 provided with a heater 4 so that the sul:Js~rate mounted 

thereon can be heated. And, the constitution is made 

20 

25 

so that the substrate temperature can be controlled by 

controlling the heat generation temperature of the 

heater 4. 

The feeding system of gases is constituted as 

described below. 

5 is a gas mixer, in which the starting gas 

and the reaction gas are mixed, and the mi~ture is fed 

into the reaction tube 2. 6 is a starting gas 

gasifier provided for gasification of an organic metal 

as the sta~ting gas-
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The organic metal to be used in the present 

invention is solid at room temperature, and is formed 

into saturated vapo~ by sublimating the organic me~al 

by passing a carrier gas through around the metal 

5 within the gasifier 6r which is in turn introduced 

10 

15 

20 

25 

into the ~ixer 5. 

At this timer the sublimation is Markedly 

accelerated by heating the gas or organic metal 

itself. 

The evacuation system is constituted as 

c1escribed below. 

7 is a gate valve, which is opened when 

performing evacuation of a large volu•e 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 sueb as in controlling the pressu~e 

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, eto. 

The conveying system of the substrate 1 is 

constituted as described below. 

10 is a subst~ate conveying chamber which can 

house the substrate before and after formation of the 

deposited ~lm, ~hich is evacuated by opening the 
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l valve 11. 12 is an evacuation unit for evacuating the 

conveying chamber, which is consti'tuted of e. pump f"or 

evacuation such as ~urbo molecular pump, etc. 

The valve· 13 is opened only when the substrate 

5 l is transferred between the reaction cbamber and the 

conveying spaoe. 

As shown in Fig. lf in the gas formation 

ehember 6 tor 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 H2 or Ar {or other inert gas) as tbe 

carrier gas to form gaseous organic Mo compound, which 

is tre.nspo~ted to the m:i.xer 5. t'be H2 gas as the 

reaction gas is transported through a.notber route into 

15 

20 

25 

the mixer 5. The gases are controlled in flow rates 

so that the respective partial pressures may become 

desired values. 

Mo{C0) 6 or Mo(CH3)6 is preferred as the 

starting gas. Also Mo(C0) 6 and Mo(CH3 ) 6 may be used 

in a mixture. 

Figs. 2A to 2E are schematic views showing the 

state ot growing an Mo film in case tha~ the present 

invention is employed to a selective fot-tnation of Mo 

film. 

Fig. 2A is an illustration showing 

sehematieai1y the cross-section of the substrate 
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l before formation of the Mo aeposited film according to 

5 

the present invention. 90 is the substrate compri~ing 

an electron donative ma~eriel, and 91 a thin film 

comprising an electron non-donative material. 

When Mo(C0) 6 as the starting gases and a gas 

aixture containing H2 as the reaction gas are fed onto 

the substrate heated within a range from tbe 

decomposition temperature of Mo{C0) 6 or less and aoo·c 

or less, Mo 1s precipitated on the substrate 90 other 

10 than t~e thin film 91 comprising the election non-

15 

20 

25 

donative material, whereby a continuous film of Mo is 

formed es shown in Fig. 28. Here, the pressure within 

the reaction tube 2 should be desirebly 10-3 to 760 

~orr, and the Mo(C0} 6 partial pressure preferably 1.0 

x 10-5 to 1.5 x 10-3-fold of the pressure within the 

above reaction tube. 

When deposition of Mo is continued under the 

above conditions, via the state 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 analysjs according to Auger's 

electron spectroscopy or photoelectric spectroscopy, 

no entrainment of an impurity such as oarbon or oxygen 

is recognized in this tilm. 

The deposited film thus formed bas a 

resistivi~ of, fer example, with a film thickness of 

.," 
\ 
\ 
' i 
I 
\ 

) 
' 
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l 600 Ar 8 - 30 µoh.m•cm at room temperature which is fa~ 

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 

5 visible wavelength region is approximately 10-80 %, 

10 

and a thin film with excelient surface flatness can be 

deposited. 

The substrate temperature 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 above1 but specifically a substrate 

temperature of 400 to 600 °c is desirable in case of 

Mo(C0) 6 , and a substrate temperature of 350 - sso·c is 

15 desirable in case of Mo{CH3 ) 6 • 

20 

25 

A more preferable substrate temperature 

condition is 450 °c to 550 °c in case of Mo(C0) 6 and 

4oo•c to soo•c in case of Mo(cH3)6. The Mo film 

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 substrate in deposition 

for one time. Although a deposition speed of ca. 100 

.A./min. can bQ obtained, it .is still insufficient for 

performing deposition of a large number of sheets 

within a shbrt time. 

! 
; 

J 
I 
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1 As the deposition film forming apparatus for 

i~proving this point. there is the low pressure CVD· 

apparatus which can deposit Mo by simultaneous 

mounting of a large number of sheets of wafer. Since 

5 the Mo deposition according to the present inyention 

utilizes tbe surface reaction of the heated electron 

IO 

donative substrate surface, for example, in the hot 

wall type low pressure CVD method wherein only the 

subs~rate is heated, an Mo compound can be desirably 

deposited with Mo{C0} 6 end H2 • 

As the conditions of forming the deposited 

film, the reaction tube pressure may be 10-3 to 160 

Torr, desirably O.l to 5 Torr, the substrate 

temperature 350 °c t~ 800 °c, desirably 400 °c to 600 
0 -5 

15 C, the Mo(C0) 6 partial pressure l x 10 -fold to 1.5 

x 10-3-fold of the pressure in the.reaction tube. And 

under these condi~ions, Mo can be deposited on only 

the electron donative substrate. 

20 

25 
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1 Fig. 3 is a scbematic view showing a deposited 

film formation apparatus to which such present invneiton 

is appl.ica'ble .. 

57 is a su~strate for forming an Mo film~ 

s 50 is an outside reaction tube made of quartz £or 

10 

forming a space for formation of deposited film which 

is substantia1ly closed with respect to surrounding. 

51 is an inside reaction tube made of quartz iocated 

for separation of the gas flow within the outside 

reaction tube 50, 54 a flange made of a metal for 

opening and c1osing the opening of the outside reaction 

tube 50* and the substrate 57 is located within the 

substrate holding member 56 provided internal.1y of 

the inside reaction tube 51. The substrate holding 

15 member 56 should be desirably made of quartz. 

Alsor the present apparatus can control the 

substrate temperature by tbe heater portion 59. 

It is constituted so that the pressure internally of 

the reaction tube 50 is controllabl.e by the evacuation 

20 system 'bound through the gas evacuation outlet 53. 

The present apparatus has a first gas system. 

a second gas system and a rnixer (all are not shown) 

similarly as in the apparatus shown in Pig. 1. and the 

starting gases are introduced into the reaction tube 

25 SO through the starting gas introducing inlet 52. 

The startin~ gases react on the surface cf the 

substrate 57 when passing through the inner portion 
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1 of the inside reaction tube 51 as shown by the ar:r:owhead 

58 in Fig. 3 to deposit Ma 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 

5 reaction tube 50 and are discharged through the gas 

discharging outiet 53. 

In taking in and out the substrate, the fiange 

54 made of a metal is ascended and descended by an 

elevator {not shown} together with the substrate 

10 ho.l.ding 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.apparatusr Mo film 

15 of good quality can be formed at the same ti.me in 

ail the wafers within the apparatus. 

20 

25 
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l The present invention i$ explained below by 

giving Examples. 

Example l 

First, tbe procedure for Mo film formation is 

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

the reaction tube 2 is internally evacuated to ea. 1 x 

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

10 

15 

20 

25 

can be also formed it the vacuum degree within the 

reaction tube 2 may be worse than l x 10-a 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 conveying chamber was evacuatea to ca. l 

x 10-6 Torr, end 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 evacuated to a vacuum degree of ca. 1 x 

10-S TOX"J:'. 

In this Example, Mo{C0) 6 was sublimed to feed 

through the first gas line. H2 was used to the 

carrier gas of Mo(C0) 6 line. The second gas line was 

used for H2 . 

By passing H2 through the second gas line, the 

pressure within the reaction tube i was lnade a 

predetermined value by controlling the opening of the 

slow leak ~l~e 8. Then, the substrate was heated by 
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1 current passage through the heater 4. After ~he 

substrate temperature has reached a predetermined • 

temperature, Mo(C0} 6 was introduced into the reaction 

tube through the Mo(C0) 6 line. Here the total 

5 pressure was ea. l.5 Torr within the reaction tube, 

10 

and the Mo{C0) 6 partial pressure was made ca. 1.5 x 

10-4 Torr. Next 1 when Mo(C0) 6 was introduced into the 

reaction tube 2, Mo was deposited. After a 

predetermined deposition time has elapsed, feeding of 

Mo(C0) 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 s\Jbstrate was trensferred to the 

conveying chamber, and on1y the conveying chamber ~as 

15 made atmospheric before taking out the substrate. The 

outline of Mo fil~'formation is es described above. 

20 

25 

After preparing monocrystalline Si substrates 

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 

-4 Mo(CO}r- pa~tial pressure: 1.5 x 10 Torr 
I'.) 

Tbe Mo films deposited by varying the 

subs~rate temperature were evaluated by use of various 

evaluation .faethods- The results are shown in Table 1. 
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l As to the above examplesr Mo of exceileot 

5 

10 

15 

20 

25 

quality was obtained within the temperature range of 

400 to 600 •c. 
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1 Example 2 

5 

10 

15 

20 

25 

According to the following procedure, Mo f~lm 

was form~d. By the evacuation unit 9, t:he reaction 

tube 2 was evacuated internally to ca. l x 

10-s 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 

vacuum degree in the reaction chamber 2 of ea. 1 x 

10-a Torr. 

In this Example, the first gas line was used 

for Mo(C0) 6 . As the carrier gas for the Mo(C0) 6 line, 

Ar different from Example 1 liBS employed. The second 

gas line was used for H2 . 

By passing ~2 through the second gas line, the 

pressure within the reaction tube 2 was made a 

predetermined value by controlling the opening ot the 

slow leak valve 8. A typical pressure ~n this Exalll.ple 

was made approximately 1.5 Torr. Then, the wafer was 

heated by current passage through the hea~er 4. After 

the wafer temperature was reached a predetermined 
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temperature, Mo (CO) 6 was int:rod.ueed into the reaction 

tube through the M-0 (CO) 
6 

line. The total pressure · 

within the reaction tube was ca. 1.5 Torr, and the 

Mo(C0) 6 partial pressure is made ca. 1.5 x -4. 10 Torr. 

The Ar partial pressure was made 0.5 Torr. Next, when 

Mo(C0) 6 was introduced into the reaction tube 2, Mo 

was deposited. After a predetermined deposition time 

was elapsed, feeding of Mo(C0) 6 was stopped. Next1 

heating of the heater 4 was stopped to cool the wafer. 

10 Feeding of H2 gas was stopped, and after evacuation 

internaliy at the reaction tube, the wafer was 

transferred to the conveying chamber, and only the 

conveying chamber was made atmospheric pressure before 

taking out the wafe~. When Ar as the carrier gas was 

15 thus used1 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 E~ample 1 was obtained. 

Example 3 

20 By use of the low pressure CVO 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, monocrys~alline silicon 

(monocrystalline Si) , polycrystalline silicon 

(polycrys~a}llina Si). tungsten {W)1 molybdenum (Mo}. 
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1 tantalum (Ta), tungsten silicide (WSi}, titaniUln 

silicide (TiSi}, aluminum (Al), aluminum silicon (Al-

Si). titanium aluminum (Al-Ti), titanium nitride (Ti-

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

s aluminum palladiwn (Al-Pd), titanium (Ti), molybdenum 

silicide (Mo-Si}, tantalum silicide (Ta-Sij were 

IO 

employed. These samples, Al2o3 substrates and Si02 

glass substrates were placed in the low pressure CVD 

apparatus shown in Table 3, and Mo fiims were formed 

wi~hin the same ~adge. The fil~ forming conditions 

were a reaction tube pressure of 0.2 Torr, an Mo(C0} 6 
partial pressure of 1~0 x 10-S Torr, a substrate 

temperature of 450 °c. 
As the result of film formation under such 

15 conditions, deposition of Mo fil~ occurred on1y on 

samples having the electron donative substrate 

surface. ~he film quality of the Mo film was found to 

be very good, exhibiting the same properties as one 

prepared at a substrate tempera~ure ot 450 °c shown in 

20 Example 1. On the other hand, on both the A1 2o
3 

substrate and the Si02 glass substrate whjch are 

electron non-donative, no Mo film was oeposited et 

all. 

Example 4 

25 Deposited films were formed according to the 

same procegu~e as shown in Example l by use o= 
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Mo(CH3 ) 6 as the starting gas and setting the 

conditions as follows: 

Total pressure: 2~0 Torr 

Mo(CH3}6 partial pressure: 2 x 10-4 Torr, 

5 As this ~esult, in the temperature range of the 

substra~e temperature from 350 °c to 550 °c, Mo thin 

films containing very little carbon impurity and 

having low elect~ical resistance were deposited in a 

good selectivity on the substrate similarly as in 

10 Example 1 . 

Example 5 

The preparatioo of samples of this Example is 

described below. 

Si substrates {B type, + - 2 ohm.cm) were 

15 subjected to thermal oxidation at a temperature of 

1000 °c according to the hydrogen combustion system 

(H2 ~ 4 liters/M, o2 : 2 liters/M}. 

20 

2S 

The film thickness was 7000 A ! 500 A, and the 

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 µ~ x 0.25 µ~ - 100 µm x 100 

µm were opened. After aevelopment of the resist, with 

the photoresist as the mask, the subbing Si0
2 

was 

etched by the reactive ion etching (RIE), etc. to have 

the subst~a~e Si partially exposed. Tbe samples 
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I having various sizes of Si02 holes of 0.25 µm x 0.25 

µ.m - 100 µm x 100 µm were prepared. The deposited film 

was formed on the samples thus formed similarly as in 

Example 1. Specifically the substrate temperature was 

5 changed and Mo film was deposited according to the 

10 

15 

20 

25 

procedure es described above under the following 

conditions: 

Total pressure: 1.5 Torr, 

-4 Mo(C0) 6 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 2. 
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In the result of film formation, Mo was not 

deposited on s102 at a temperature range from 400·0 to 

600·c at a11, and Mo was deposited only on the portion 

with opening of Si~2 , i.e. the portion to have Si 

5 exposed. 

10 

15 

20 

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 monooryetalline silicon as the electron 

donative first substrate surface material, a thermally 

oxidized Si02 film as the electron non-donative second 

substrate surface material was formed, and patterning 

was effected according to the photolitbographic s~eps 

as shown in Example 5 to have the monocrystalline 

silicon surface partially exposed. 

The film thick..~ess of the thermally oxidi%ed 

Si02 film was found to be 7000 A, with the size of the 

exposed portion of the monocrystalline silicon, namely 

opening being 3 µm x 3 µm. Thus, Sample 8-1 was 

prepared. (Hereinafter, such sample is expressed as 

"thermally oxidized Si02 {hel:'einafter abbreviated as T-

25 Si02 )/monocrystalline siliconn). 

Pr~arat~ of Sampl~- 8-2 to 8:-_179 



-- --- -- - - --

ij t !i£ ~ ... ·'. •. .;. J I,, . '-I u .. ,. • ~ ' ... •, 

34 

1 Sample S-2 is an oxidized film formed by 

normal pressure CVD (hereinafter abbre~iated as 

s102 )/monocrystalli~e silicon. 

Sample 8-3 is a boron doped oxidized film 

5 formed by normal pressure CVD (hereinafter abbreviated 

as BSG)/monocrystalline silicon. 

10 

sample 8-4 is a phosphorus doped oxidized film 

foraed by normal pressure CVD (hereinafter abbreviated 

as PSG)/monocrystalline silicon. 

Sample S-5 is a phosphorus and boron doped 

oxidized film for1J1ed by normal pressure CVD 

(hereinafter abbreviated as BSPG}/monocrystalline 

silicon. 

Sample 8-6 is a nitrided film formed by plas•a 

15 CVD (hereinafter abbreviated as P-S:N}/monocrystalline 

silicon. 

Sample 8-7 is a thermally nitrided film 

(hereinafter abbreviated as T-S:N}/monocrys~alline 

silicon. 

20 Sample 8-8 is a nitrided film formed by low 

pressure CVD (hereinafter abbreviated as LP-

S!N}/monocrys~allioe silicon. 

Sample 8-9 is a nitrided film formed by ECR 

epparatus (hereinafter abbreviated as ECR-

25 SiN)/monocrystalliae silicon. 

Fu~iher, by co~binations of the electron 

-- - -- - - ······ ....... ·-···--·-···· 
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1 donative first substrate surface material and the 

electroo non-donative second substrate surface 

material, Samples a-11 to 8-119 shown in Table 3 ke~e 

prepared. As the first substrate surface material, 

5 monocrystall1ne silicon (monocrystalline Si), 

polycrystalline silicon (polycrystalline Si), tungsten 

(W}, molybdenum (Mo), tantalum (Ta), tungsten silicide 

(WSi), titanium silicide {TiSi), aluminlllll (Al), 

aluminum silicon (Al-Si), titanium aluminum (Al-Ti), 

10 titanium nitride (Ti-N), copper (Cu}, alu.m.inum silicon 

copper (Al-Si-Cu), aluminum palladium {Al-Pd), 

titanium (Ti), molybdenum silicide (Mo-Si), tantalum 

silicide (Ta-S1) were employed. These samples, Al2o3 
substrates and s102 glass substrates were placeo in 

15 

20 

.25 

the low pressure OVD apparatus shown in Table 3, and 

Mo films were formed within the same badge. The film 

forming conditions were a reaction tube pressure of 
-5 0.2 Torr 1 an Mo(C0} 6 partial pressure of 1.0 x 10 

Torr, a substrate ~emperature of 450 °c. 
As the result of film formation under such 

conditions, conce~ning all the samples applied with 

patterning from Sample 8-1 to 8-119, deposition of Mo 

film occurred only on the electron donat~ve first 

substrate surface to embed completely the opening with 

the dep~h of 7000 A· The film quality of the Mo film 

was found ~o be very good, exhibiting the same 
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l properties as one prepared at a sUbst~ate te~perature 

ot 450 °c shown in Example 5. On the other hand1 on 

the second substrate surface which is electron non­

donati ve, no Mo film was deposited at all, whereby 

5 complete selectivity was obtained. On both the A1 2o3 

substrate and the Si02 glass substrate which are 

electron non-donative~ no Mo film was deposited at 

all. 

10 

15 

20 

25 

Example 7 

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, a the:t'lllally oxidized film as the 

elec~ron non-donative second substrate surface 

materiel 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 ExaJ11.ple 5 to have 

the thermally oxidized tilm su~face partially exposed. 

The film thickness of the polycrystalline silicon at 

this time was 2000 A, ~ith the size of the thermally 

oxidized film exposed portion, namely opening being 3 

µm x 3 µm. such sample is called 9-1. By 

combinations of the electron non-donative second 

substra~e ~rface materials (T-Si02, CVD-Si02, BSG • 

. .. ---- ·-- ·- - .. --··· ·----- -

This/ iDil iii1U~i/1l1iltced 
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1 PSG, BPSG, P-SiN, T-SiN, LP-SiN, ECR-$;N) and the 

electron donative first substrate surface materials· 

(polycrystalline Si, manocrystalline Si, Al, W, Mo, 

Ta, WSi, TiSi, TaSi, Al-Si, Al-Ti, TiN, Cu, Al-Si-Cu, 

5 Al-Pd, Ti, Mo-Si), Samples of 9-1 to 9-169 shown in 

10 

15 

20 

25 

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 
-5 0.2 To~r, e.n Mo(C0} 6 partial pressure of 1.0 x 10 

Torr, a substrate temperature of 450 °c. 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 opening having the electron 

non-donative second substrate exposed, but Mo of ahout 

5000 A was deposited only on the electron donative 

first substrate surface, whereby complete 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 °c in Example s. 
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I Exa.1nple 8 

Deposition was carried out according to th& 

same procedure as sbown in Example 5 by use of 

Mo(CH3 ) 6 as the startinq gas under the following 

5 conditions: 

10 

15 

20 

25 

Total pressure: 2.0 Torr 
-4 Mo(CH3 ) 6 partial pressure: 3 ~ 10 Torr, 

in the temperature range of the substrate temperature 

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 subst~ate similariy as in Exa•ple s. 
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·1 !xam.ple 9 

As an example for forming source and drain _ 

electrodes of a gate insulating type transistor, 

for•ation of an electrode in a contact hole on a 

S source and a drain was carried out using the film 

10 

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 thip thermal oxidized film 502 

were foX'llled by use of the usual seleet~ve oxidation 

process, eto. ~o the wafer 501 (Fig. 4A}. 

Subsequently, using SiH4 gas as a starting materia1 

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 ti~e~ phosphorus was self-aligningly injected 

using the ~hick field oxidized fil.m and the gate electrode 

504 as a mask to form an impurity-diffused region 505 

of 1 x 1018 c~-3 (Fig. 4B}. Next, a silicon oxidi~ed 

20 film 50S ~as formed by heat CVD method (Fig. 4C). A 

contact hole 509 with a size of 0.5 µm x 0.5 µm was 

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

thus obtained was moved to the apparatus as shown in 

F1g. 1 to form an Mo film . 

2~ Here, th~ substrate ~emperature was set to be 

4SO•c. Usisg Mo(C0) 6 as a starting material gas and 
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H2 as a carrier gas, an Mo film was formed under 

conditions of an Mn(C0)
6 

partial pressure of l.5 x 10-4 

Torr and a total pressure of 1.5 Torr. 

After the £ormation of the Mo film was 

5 completed, ~he transistor was taken out of the film 

forming apparatus and o~served, to confir~ that a 

Mo film 510 was deposited only on the phosphoux-s­

diffu~ed Si 505 in the contact hole ~O~, and was.not 

deposited on the o:ic.idized film 508 (Fig-. 4E). The 

10 surface of the Mo film 510 was very flat. 

Characteristics of tbe resulting transistor was 

examined to reveal that very good characteristics were 

egbibited. 

It was also possible to form a thin Mo· 

15 film only on the bottom of the contact hole 509 and 

thereafter for• on the thin Mo film an Al film 

20 

25 

es an electrode material. It was still also possible 

to use the Mo film as a barrier metal . 
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T-Si02 

Si02 
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--

OPSG· 

P~·SiM 

T-SiH 

LP-SiN 

ECR-SiH 
------·-

!-.) 
0 

f.lonocry-
stalline 

SI 

8- l 

8-2 

8-3 

8-4 

6-5" 

8-6 

8-7 

8-8 

8-9 

Polycryw 
stalline 

Si 

6-11 

8-12 
·-

6-13 

6-14 

8-15 

8-16 

6-11 

8-18 

8-19 

.... 
U'l 

Table 3 {No. l) 

w Mo 

8-Jl 8-41 

8-J2 8-4i 

6-33 8-43 

a-34 8-44 

6-35 5 ... ~5 

8-36 8-46 

8-3 ., 8-47 -
8-38 6-48 

8-39 8 .. 49 

Ta 

8-51 

8-52 

6-53 

3 .. 54 

6-55 

8-56 

8-57 

a .. 55 

8-59 

>-" 
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WSi 

8-61 

8-62 

8-63 

8-64 

8-65 

8-66· 

8-67 

6-68 

8-69 

CJl 

Ti Si All 

8-11 8-81 

8-72 8-82 

8-73 8,-83 

8-74 8-84 

8-75 8-85 

8-76 8-85 

8-71 8-87 

8-78 8-86 

8-79 8··89 •' 

A.Q Si 

8-91 

8-92 

8-93 

6-94 

8-95 

8·-·96 

8-97 

8-98 

8-99 
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T-Si02 

SiO, 

DSG 

PSG 

8PSG· 

P-SiN 

T-SlH 

LP-SiN 

ECR-S iN 
~-·-

-

i:g ...... 
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Table 3 (No. 2) 

A.Q Ti Tf-N Cu 
A.P. 

-si-cu· 
8-l01 8-111 8-121 6-131 

6-1G2 8-112 a-122 a .. 132 

8-103 8-113 8-123 8-133 

8-104 8-114 8-124 8-134 

8-105 . 8-115 8-125 3-135 

8-108 6-116 8-126 8-138 

8-107 8-117 8-127 8-137 

8-108 8-116 8-128 8-138 

8-l09 B-119 8-12g 6-139 
···-·--·'"'-

A~Pd 

8-141 

8-142 

8-143 

6-14~ 

8-145 

8-146 

8-147 

8-148 

8-149 

i-
0 

Ti 

8-151 

8·162 

8-153 

8-15 •. 

8-155 

6-156 

6-157 

. 8-168 

8-159 

U• 

Mo-Si Ta-Si 

8-161 8-171 

8-182 8-172 

8-163 8-173 

8-164 6-174 

8-165 6-115 

8-166 8-176 

8-167 8-177 
. 
8-L66 8-176 . -
8-169 6-17 9 

Note: Numeral indicates Sample No. 
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Ul 

T-Si02 

Si02 

BSG 

PSG · 

BPSG 

P-SiN 

T-SiN 

LP-S iN 

ECR-SiN 

t.) 
0 

Mono cry· 
stallinE 

SI 

9-1 

9-2 

9-3 

9-4 

9-5 

9-6 

9-7 

9-8 

9-9 

Poly cry-
stalline 

Si 

9-11 

9-12 

9-13 

9-14 

9-1·5 
__,__ 

9-18 

9-17 

9-18 

. 9-19 

~ 
VI 

Table 4 {No. 1) 

w Mo Ta 

9-31 s-o . 9-51 

9-32 9 ... 42 9-52 

~-33 ·9 ... 43 9':"53 

~-34 9-H ,~54 

9-35 9 .. <S s-ss 
S-36 9-46 9-56 

9-37 9-47 9-57 

9-38 9-48 9-58 

9-39 9-.U 9-59 

. 

-0 

wsr 

S-61 

9-62 

. 9-83 

• 9-64· 

9-ss: 
9-66 

9-67 

9-68 

9-69 

U"I 

Ti Si A~ 

9-71 9-81 

9-72 9-82 

9-73 .S-83 

9-74 9-&.f 

9-75 9-85 

9-76 9-86 

9-77 9-87 

9-78 9-88 

9-79 9.:.as 
-

...... 

A.Q.Si 

9-91 

9-92 

9-93 

9-94 

9-95 

9-96 

9-97 

9-98 

9-99 
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No en 

T-S iO!< --
Si02 

-
BSG 

PSG · 

BPSG 

p ... srn 
T-SiN 

LP-Si N 

~CR-SiN 

N 
0 

A.e Ti 

9-101 

9-102 

9-lQ~ 

9-104 

9-105 

9-lOG 

9-107 

9-108 

9-109 

Tl-N 

9-111 

9-112 

9 .. 113 
. 

9-lH . 
S-115 

9-llG 

9-111 

9-118" 

9-119 

.... 
(/I 

Table 4 (No. 2) 

AJ. 
Cu 

-Sl-Cu 
9-121 9-Ul 

9-122 9-132 

8-123 9-133 

9-124 9-134 

S-115 S-135 

9-126 9-136 

9-127 9-137 

9-128 9-138 

9-129 9-139 

All Pd 

9-141 

9-142 

9-143 

9-144 

9-145 

9-14ll 

9-147 

9-148 

9-149 

t--" 
0 Ul 

. 
TI Mo-Si Ta-SI 

9-151 !-161 9-111 

9~·152 9-IB2 9-172 

9-153 9-163' 9-113 

9-154 9-164 9: l74 

9-155 9-165 9-176 

n~I56 9 ... 166 9-17 6 

9~151 9-lli7 S-177 

9-158 9-168 9-178 

9-159 9-169 9-179 

Note: Numeral indicates Sample No. 
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1 WHAT IS CLAIMED IS: 

l. A deposited film fo:cmation method cornpr±sing 

the steps of; 

(a) feeding a gas of an organometallic compound 

s containing molybdenum atom and hydrogen gas onto a 

10 

15 

20 

25 

substrate having an eiectron donative su~faee. and 

{b) w.aintaining the temperature 0£ said 

electron donative surface within the range of the 

decomposition temperature of said organometallic 

compound or lower and 800 •c or lower to fonn a 

molybdenum film on said electron donative surface. 

2. A deposited film formation method according 

to Claim l, wherein said organometallic compound is Mo(C0) 6 • 

3. A deposited film fonnation method according 

to Claim 1, wherein said organometallic compound is Mo(cH3 ) 6 • 

4. A deposited f~L~ 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 9as o:f an organometallic compound 

containing~rnoiybdenum atom and hy~ogen gas onto a 

substrate haYing an electron donative surface and a 
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1 non-electron donative surface, and 

{b) rnaintain~ng the temperature of said electron 

donative surface within the range of the decomposition 

temperature of said.organometallic compound or lower 

5 and 800 .,c or lower to foDD. a molybdenum. film sel.ec-

15 

20 

tively on said electron donative surface. 

6. A deposited film formation method according 

to Cl.aim 5, wherein said organometaiiic compound is 

7. A deposited fi1m fo.rmation method according 

to C1aim 5, wherein said organometallic compound is 

8. A deposited film formation method according 

to ciairn 5, wherein the partial pressure of sa1d 

organometa1.:U.c compound is 100 Torr or lower. 

9. A method for preparing a semiconductor 

device com~rising the steps of: 

forming a film comprising arl insulating material 

on a se111ico1lductor material, 

forming an opening on said film to have said 

25 semiconductor material exposed. and 

embe.'dding an electroconductive material in 

said opening to form a part of electrical wiring, 
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I 
characterized in that the !reaction is ca.rried 

l 
out: between a gas of an organometajl.lic con1pound containing 

molybdenum atom and hydrogen gas ~~ a temperature of t~e 

decomposition tempcra~ure of said ~rganometellic compound 

or lowe.r and 800 °c or lo~er to de~osit seiectively 
I 

molybdenum. in said opening. there°f' forming ~ part 

of said wiring. 
''· i 
I 
I 

i 
10. A method for prepa~in~ a semiconductor 

device according to Claim 9, wherelin said organometallic 

I 
I 

11. A method for preparLD!g a semiconductor 
i 

device according to ciaim 9, wherelin said organometallic 
i 
I 

12. A method of forming alfilm in wnich molybdenum 

is deposited substantially without;carbon on an electron 

donative ~urface, !~om a source of !molybdenum to which 

the surface is substantially resisti.ant to etchinq. 


