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,.. 1 PROCESS FOR FORMING METAL DEPOSITED FILM 

CONTAINING ALUMINUM AS MAIN COMPONENT BY 

USE OF ALKYL ALUMINUM HYDRIDE 

5 BACJ!:GROUND OF THE INVENTION 

Field of tbe invention 

This invention relates to a process tor 

forming a deposited film, particularly a process for 

forming en Al-Si deposited fil~ which can be 

10 preferably applied to electrodes or wi~ing of a 

semiconductor integrated circuit device, etc. 

Related baokqround art 

In the prior art, in electronic devices or 

integrated circuits by use ot semioondugtors, for 

15 electrodes and wiring, aluminum (Al) or a meta+ 

containing aluminum as main component auch as Al-S1 

and tpe_ like has been primarily used. Al has -many _ 

advantages such that it is inexpensive and high in 

eleotroconductivity, that it can be·a1so internally 

20 chemically protected because a dense oxidized film can 

be tormed on the surface, and that it bas good 

adhesion to Si, etc. 

25 

As the method for. forming a film for 

electrodes and wiring of Al or Al-Si as mantion•d 

above, there has been us•d in the prior art the 

sputtering method such as m~gnetron spu~terina, etc. 

.· 
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However, selective deposition and selective 

growth can not be realized by the.sputtering method 

which has bean used in the prior art. The sputtering is 
' 

the phyaieal deposition method based on flying of 

5 sputtered particles in vacuum, the film thicki1ess at 

the stepped portion or the insulating film side wall 

becomes extremely thin, leading to wire breaking in an 

extreme ease. Nonuniformity of film thickness or wire. 

breaking has the drawback that reliability of LSI is 

10 marked! v lowered. 

On the other hand, since the integration 

degree of the i~tagrated ci~euit such aS LSI, etc. is 

increased, and tine ~ormat1on of wiring or au1~i-leyer 

wiring has been particularly required in recant years, 

15 there is an increasing severe demand not found up to 

date for Al or Al-Si wiring of the prior art. With 

finer·dimensioZ'lal formation by increased integration 

degree, the surface of LSI, etc. is subject to 

excessive unevenness due to oxidation, diffusion, thin 

20 film deposition, and etching, etc. For example, 

•lectrod•• or wiring metal must be deposited on the 

surface with a •~epped difference, or deposited in a 

via-hole which ia fine in diameter and deep. In 4 

25 

. 
Mbit or 16 Mbit DRAM (dynainic RAM), etc., th• aspect 

ratio (vie-hole depth/via-hole diameter) of via-hOle 

in which a metal composed mainly of Al such as Al-Si, 
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l eto. is to be deposited is 1.0 or more, and the via­

hole diameter itself also becomes 1 µm or less. 

Tl;l_eretore, even tor a via-hole with large aspect 

ratio, the technique which can deposit an Al-Si 

s compound is required. 

Particula~ly, for parforming sure electrical 

connection to the device under insulating fil~ such as 

Si02 , etc., rather than film formation, Al-Si is 

required to be deposited so es to e!lll:>ed only the via-

10 hole of the device. In suc:h case, a method ot 

dapoeiting an Al alloy only on Si or metal surface and 

not depositing 1~ on an insulating film sue~ as Si02 , 

ate. is required. 

Ae th• 1mprov•d sputtering method, there has 

15 been developed tha bias sputterina method in which a 

bias is applied on a substrate and deposition is 

20 

perfor•ed so as to embed Al or an Al-Si compound only 

~n the via-hole by utili2ing the sputter etching 

aotion and tbe deposition action on the substrate 

surface. Hoftever, since the bias voltage of some 100 

v or higher.is applied on the sul'Jstrate, deleterious 

influence on the device occurs beoausa ot charged 

partiole damaging such es change in threshold ot Mos­
FET, etc. Also, beQause of presence of both etch~ng 

eotion and depoai~ion action, there is the problem 

that the 4eposition speed cannot be essentially 

la! us 
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1 improved. 

In order to solve the problems as described 

above, various types of CVD (Chemical Vapor 

Deposition) methods have been proposed. In these 

5 methods, chemical reaction of the starting gas in aome 

~orm is utilized. In plasma CVD or opt·ical CVD, 

deoompoeition of the starting gas occurs in gas phase, 

and the active species torme~ there further reaQta on 

the substrate to give rise to film formation. In 

10 these CVD methods, surface coverage on unevenness on 

the ~ubstrate surtac~ is good. However, carbon atoms 

contained in the &tarting gas molecule are 

incorporated into the film •. Also, particularly in 

plasma CVD, the problem remained that there was demage 

15 by charged particles (so called plasma damage) as in 

the case of the aputtering method. 

20 

25 

-·-The thermal CVD method, in which the f1ls . 

grows through the surface reaction primarily on the 

substrate surface, is good in surface coverage on 

unevenne•e auoh as stepped po~tion of the aurface, 

etc. Also, i~· can be expected that deposition within 

vie-hole will readily occur. Further, wire breaking 

at the stepped portion can be avoided. 

·FurtheJ;tRore. there are not caused.damages by 

charged particles whioh have been observed in the case 

ot the plasma CVD Ol' the sputtering m•tbod. The 

·. 
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1 methods of such a kind.include. for example, the 

:11ethod ·seen i.n Journal of Electrochemical. society, Vo 1. 

131, p. 2115 (1984). In this method triisobutyl 

aluminum (1-C4H9 )3Al (TIBAJ is used as o~genic 

I.' 

5 aluminum gas and an Al film is formed at a film 

formation temperature of 260 °c and a reaction tube 

pressure of 0.5.Torr. The substrate temperature is then 

maintained at about 450•C and BiH4 is introduced to 

diffuse Si in the Al film, thus obtaining an Al-Si 

lO film. 

When TISA is to be used, a continuous film can 

not be optained unless pretreatment is ef fec:ted in 

which prior to film format1on, TiC14 is flowed to 

activate the substrate surface to form nuolei. 

15 Furthermore, in case where ~IBA is used, there· is a 

problem tbat surface flatness is not suf t1cient even 

when Ti.Cl~ is used. By this method it is not possible 

~o ettect selective growth such ae Al-Si deposition 

only in via-holes. 

20 

25 

As another method, there can be mentioned the 

method described in Japanese Journal ot Applied 

Physics, Vol. 2?, No. 11, p. L2134 (1988). In this 

me~hod, TIBA end si2H6 diluted with Ar gas are 

supplied, and the gases are heated before TISA reaches 

the substrate. By this method, en Al-Si film of a low 

resistivity can be epi~ax1ally grown on a 81(100} 

.. 
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l wafer. Although the film obtained.by this method has 

good high quality, there are involved the problems 

that control 1s difficult due to necessity of heating 

the gases and that apparatus for effeoting this metbod 

5 is complicat•d. 

Japanese Laid-Open Patent Application Ho. 63-

33569 describes a method of forming a film by using no 

TiCl4 , but using in place thereof organic aluminum and 

heating it in the vicinity of the substrate. 

10 According to this method, Al can be deposited 

selectively only on the metal or semiconductor surface 

from which the natUJ:'ally oxidized film has been 

removed. 

In this case, it is clearly stated that the 

15 step ot removiiig the naturally oxidized film on the 

•Ubstre~e surface is necessary before introduction of 

TI&A .. "Also, it is de&Q~ibed that, since TIBA can. be 

20 

25 

used alone, no carrier gas is required to be used, but 

Ar gaa may be also used aa the carrier gas. However, 

the reaction ot TIBA with another gas (e.g. H2) is not 

contemplated at all, and there is no desoription of 

use of H2 as the carrier gas. Also, in addition to 

TIBA, trimetbyl alu•inum (TMA) ~nd triethyl aluminum 

(TEA) are mentioned, but there 1• no specif~c 

description of other organic metals. This is beoause, 

since the chemi~al properties of o~ganic metals 
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l generally vary greatly if the organic suba~ituent 

attached to the metal .element varies little, it is 

nece~sary to investigate individually b~ detailed 

experimentation to determine what organic aetal should 

s be used. 

In the CVD method as desoribed above, not only 

there is an inconvenience that the naturally oxidized 

film must be removed, but also there is the drawback 

that no surface smoothne$S can be obtained. Also, 

10 there is t-he restriction that heating of the gas ia 

necessary, and yet heating must be done in the 

vicinity of the subatrate. Besides, it must also be 

experimentally determined at what poximity to the 

substrate heating must be done, whereby there is also 

15 the problea that the place tor setting the heater 

cannot be necessarily freely ohosen . 

20 

25 

•. _In the pre-text o~ the 2nd Symposium of 

Bleetrochemieal Society, Branch of japan (3uly 7, 

1989), on page 75, there is a description ot film 

foraation of Al according to the double wall CVD 

method. In this method, TISA is used and the device 

is designed so that the gas temperature of fBA can be 

mad• higher than the •Ubstrate temperature. This 

method m~y be also regarded as a modifica~ion of.the 

ebove-aentioned Japanese La1d-opea Patent Application 

No. 63-335&9. Aleo in th1• aethod, Al can be 
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I selectively gr~wn only on a metal or semiconductor, 

but not oaly the difference between the gas 

temperature and the substrate surface temperature ean 

be controlled with difficulty, but alao there is the 

s drawback that the bomb and the pipeline must ~e 

heated. Moreover, according to this method, there ar• 

involved such problems that no uniform continuous film 

10 

15 

20 

can be formed, that flatness of the fil~ is poor, 

etc., unless the film is mede thick to some extent. 

As set forth above, the prior art methods have 

the problems to be solved that it is difficult to 

obtain a flat Al-Si film of ~a 1ow resistivity an~ good 

quality, that there is oonsiderabla limitation in 

apparatus and in film formation. 

As described above, p~ior art methods cannot 

necessarily effect well seleqtive growth ot Al-Si, and 

even it_poasible, there 1• a prob~em with respect- to 

fla1:11eaa, res111tanoe, purity, eta·. ot the Al film 

formed. Also, there hae been involved the problem 

that the f 11• formation mathod is complicated and can 

be controlled with difficulty. 

SUMMARY or THE INV£NT10?f 

A• described above, in the technical field of 

semiconductors in which higher integration has been 

desired in recent years. tar providing inexpensively.a 

---- -- ----------
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1 seaiconduotor device which is 11otia· hiCJhly integrated 

and also made higher in pertormances, there remained 

many rooms to be improved. 

The present invention bas been accomplished in 

5 view ot ~he technical tasks as described above, and an 

object of ihe present invention is to provide a 

process for forming a deposited film whi~h can form an 

Al-Si film of good quality a5 the elactroaonduotive 

material at a desired position with good 

20 controllability. 

Another object of the present inven~ion is ~o 

provide a proceas for forming a deposited film wh1oh 

can obtain an Al-Si tilm which haa extremely broad 

general purpose utility and yet is of good quali~y, 

15 without requiring particularly no complicatad and 

expensive deposited film forming device • 

.. _Still another object ot the present inven-tion 

is to provide a process tor forming a deposited film 

which can form an Al-Si film excellent in surface 

20 charaoteriatic, elvotrioel characteristics, purity, 

etc. according to the CVD method utilizing alkyl 

25 

aluminum hydride, hydrogen, and a gas containing 

silicon atoms. 

Still enother objec~ of the p~e••nt invenion 

is to provide a process for forming a deposited t1lm 

of an Al-Si tilm which is extremely broad in general 

··---· -·--···-------
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I purpose utility and excellent in selectivity, without 

requiring particularly a oomplicated and expensive 

deposited film forming device. 

s~ill another object ot the present invention 

5 ie to provide a process tor forming a deposited film 

which can form an Al-Si film under good selectivity 

according to ~he CVD method utilizing alkyl aluminum 

hydride, hydrogen end a gas containing silicon atoms. 

10 ~RIEF DESCRIPTION OF THE DRAWINGS 

15 

Fig. 1 is a schema~ic view for illustration of 

a suitable deposited ~ilm forming device in practicing 

~he deposited film forming process according to the 

process of the present invention. 

Fig. 2 is a schematic view tor illustration of 

another suitable deposited film form1Pg device in 

practic.ing the deposited film forming process 

accordino to the present invention. 

Figs. 3A - 3B are sohematie sectional vi~ws for 

20 illustration of tha deposited film forming process 

according to one embodiment of the presen~ invention. 

Figa. 4A - 4D are illustrations for explaining 

the mechanism ot Al deposition •ccording to the 

present inveution. 

li1iii1fiimr 
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DETAILED DESCRIPTION OF THE PREFERRED EM80DIMENT5 

Pref erred embodiments according to the present 

invention are described in detail below, but the 

present invention is not limited by these embodiments, 

s and it may hsve a constitution which accomplishes the 

object ot the present invention. 

10 

One preferred embodiment ot the present 

invention is a process ror forming a ~eposited film 

comprising the s~eps of: 

(a) providing a suJ:)strate having an eleatrou 

donative surface (A) in a space for formation ot the 

deposited t'ilm: 

(b) introducing a gas of ao alkyl aluminum 

hydride, a gas containing silicon atoms and hydrogen 

lG gas into the space for for•ation ot the deposited 

film1 and 

20 

25 

- . (c) main'ta1n1ng the temperatw;oe of the 

elec~ron donative surtace (A) within the range of from 

tbe decomposition temperature of the alkyl aluminum 

hydride to 480 °c to form an aluminum film oontaining 

silicon on the electron donative surface (A). 

Further, anotber preferred embodiment of the 

present inven~ion i• a process tor forming a deposited 

tilm oomprieing ~ha steps of: 

(a) providing a sUbstrate bav1ng an electron 

donative eurface (A) and a electron non-donative 

lal183 

.. 



[ RECEIVED H2/23 ll:~B 1996 AT 533969~ PAGE 16~ <PRJHTED PASE 165) J 
__ '9.;...;8 02/23 12:45 9'03 3211 5035 OKABE TOKY0-2 +++ DREW ............. 

- 12 -
THIS SHEET HAS BEEN 

REPLACED 

I surface (B) in a space for formation ot the deposited 

film: 

(b) introducing a gas of an alkyl aluminum 

hydride, a gas containing silicon atoms and hydrogen 

5 gas 1nto the space for formation of tho deposited 

film: and 

10 

(c) maintaining the temperature of the 

electron donativQ surface CA) within the range of from 

the decomposition temperature ot the alkyl aluminum 

hydride to 450 °c to form an aluminwn film containing 

silicon selectively on the aleetron donative surface 

(A)• 

In the following, prior to detailed 

description, first, the process for forming e 

15 deposited film by uae of an organic metal ia outlined. 

20 

25 

The decomposition reaction ot an organic 

m•tal, end hence th• thin film deposition reaotion . 

will vary gr88~1y dapendino on the kind of the metal 

atom, the kind of the alkyl bonded to tbe metal atom, 

the means of oausing the decomposition reaction to 

occur, ~h• atmospheric gas, etc. 

ror example, in the case of M-R3 (M: the group 

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

,,cu, 
CH~-Ga 

'Cll.:11 

in thermal decomposition undergoes radical cleavage 
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I wherein Ga-cH3 bond is cleaved, while trietbyl 

gallium: 

5 in thermal decomposition ia decomposed through ~-

10 

and c
2

H4 . On the other hand, triethyl aluminum 

attached with the same ethyl group: 

C~Hs 
C2Rs-A.f...,..... 

'C2Us 

in thermal decomposition undergoes radical 

decomposition in which Al-C2H5 is cleaved.'. However, tri-
15 iso-buty1 aluminum having iC4H9 bnnded therein: 

20 

25 

• • _,.,,IC .. Ho 
IC4R•- A.t........,Ic.,.11, 

1• subject ~o S-elimination. 

Trimethyl aluminum (TMA) com.prising CH3 groups 
and Al baa a dimer structure at room temperature: 

and thermal decomposition ia radical deoomposit~on in 
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1 whioh Al-CH3 group is cleaved, and· at a temperature of 

150 °c or lower, it reec~s with atmospheric H2 to form 

CH4 , and ~orms finally Al. 

However, at a high temperature of 300 °c or 

s higher, even if H2 may be present in the atmosphere, 

CH3 group will withdraw H fro• the TMA molecule, until 

tinallv Al-C eo~pound is formed. 

Also, in the case of TMA, in light or a 

certain region controlled in electric power in H2 

10 atmosphere high frequency (ca. 13.56 MHz) plasma, c2H6 

will be formed by the bridging CH3 between two Al's. 

15 

20 

25 

In easance, since even an organic metal 

comprising CH3 group which the simplest alkyl group, 

c2s 5 group or i04H9 group and Al or Ga has a reaction 

mode depending on ~h• kind of the alkyl group, the 

kind of the metal atom, the excitation decomposition 

means1 ~or deposition. ot a metal atom from an orgsn~c 

metal on a deeired eubstrat•, the decomposition 

reaQtion must be strictly controlled. For example, 

when Al is to be deposited from triisobutyl alwa1nua: 

(TI BA: 

in the low pressure CVD.mathod comprising mainly 

thermal reaction, unevenness of µna order i• fo%'11fad on 

the surface, whereby the surface morphology is 

inferior. Also, hillock generation by heat treatment, 

·. 
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1 Si surface roughening through Si diffusion at the 

interface between Al and Si ooour, and also mi;ration 

resistance is inferior, where~y it can be utilized for 

5 

ultra-LSI process with difficulty. 

For this reason, a ·method for contro1ling 

precisely both th• gas temp~rature and the subs~rate 

temperature hes been attempted. Howeve~, the device 

ie complicated, and the method is of the sheet 

treatment type in which deposition can be effected 

10 only on one wafer by one deposition process. Besides, 

since the deposition speed is 500 A/min. at ·the 

bighes~, the throughput necessary for bulk production 

cannot be realized. 

Similarly, when TMA is employed, Al deposition 

15 has b••n att•mpted by use of plasma or light, the 

device also becomes com.plioated due to uae of plasma 

or Jiih~, and also because of the sheet type devi~•! 

there remains room tor improvement for sufficient 

improvement ot throughput. 

20 

25 

Dimethyl alwa1num hydride (DMAH) as the alkyl 

aluminum hydride to be- utilized in the presen~ 

invention is a substanoe known as alkyl metal, but it 

could not be estima~e<! at all whet Al thin film could 

be deposita4 depending on what reaction mode, unless 

deposited films are foraed under all the QOiiditions. 

For example, in an example of deposition Al by optical -----------
nu\\\ii\i\i~ir 

.. 
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1 CVD trom DMAH, the surface morphology is inferior, and 

the resistivity ~alue was greater than the bulk value 

(2.7 µohm•om) as several µohm to 10 µohm cm, ~bus 

being inferior in film quality. 

Now, refer~ing to ~h• drawings, preferred 

embodiments of the presen~ inven~ion are described in 

more detail. 

In the present in~ention, for depositing an Al-

Si film of good quality as the electroconductive 

10 deposi~ion film on e substrate, the CVD method is 

15 

20 

25 

used. 

More specifically, by use of dimethyl aluminum 

hydride (DMAH): · 

Chemical.formula: 

CK:s -....... 
A Jl - H 

CH, ,,.-

or monomethyl aluminum hydride CMMAH2): 

Chemical form~le: 

as alkyl aluminum hydride which is an organic metal as 

the starting gas containing at least one atom which 

becomes tha constituent ot the deposited film, a ges 

containing Si atoms as the starting gas end e2 as the 

reaction gas, an Al-Si film ie formed by gas phase 

growth with a gas mixture of these on a substrata. 

A• the aUbstrate applioeble in the present 

----··-·------
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l invention, a material having electron donative 

property mey be·employed. 

5 

The electron donative material is described in 

detail below. 

The elee~ron donative material refers to one 

having free electrons existing o~ tree electrons 

intentionally formed in the substrata, for example, a 

material having a surface on whioh the chemical 

reaction is promoted through give-and-take of 

io electrons with the starting gas molecules attached on 

the substrate surface. For exmDple, generally metals 

and semiconductors correspond to auch material. Those 

having very thin oxidized tilm on the metal or 

seaiconductor· su~faca are also included. For, with 

15 such thin tilm, tha ohemicel reaction can occur 

between the substrate and th~ attached starting 

mo1ec"!lljtS. 

Specifically, there may be included 

semiconductors such as single crystalline silicon, 

20 polycryatalline silicon, amorphous silicon, etc., 

binary system or ternary system or quaternary sys~•• 

III-V compound semiconductors comprising combinations 

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

the group V element, or II-IV compound aomiconducters, 

25 or metals themselves such as tungsten, molybdenum, 

tan~alwa, alumin\llll, titeniwa, copper, •~c., or 
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1 silicides ot the above metals such.as tungsten 

silicide, molybdenum silicide, tantalum silicide, 

aluminum silicide, titanium silicide, etc., further 

metals con~aining either one of the constituent of the 

s above metals suoh as aluminum silieon, aluminum 

titanium, .aluminum copper, alwninum tantalum, aluminum 

silicon copper, aluminum silicon titanium, aluminum 

palladium, titanium ni~ride, etc. 

On the substrate with such constitution, Al ia 

10 deposited only through simple ther~al.reaction in the 

reaction system of the sta~ting gas and·H2 . For 

example, the th•rmal reaction in the reaction syste~ 

between DMAH and H2 may b~ basically considered as 

follows: 

15 

DMAH assumes a dimer structure at room temperature. 

Also, with MMAH2 , a high quality Al film could be 

2o formed by thermal reaction as shown below in E~amples. 

Since MMAH- has low vapor pressure as 0.01 to 
' 

0.1 Torr at room temperature, a large amount ot the 

starting material can b•. transported "ith difficulty, 

and the upper limit value of the deposition spe~d is 

25 several hundred 1/min. in the present embodiment, and 

preferably, it ia most desirable to use DMAH of which 

~170 
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vapor pressure is 1 Torr at room temperature. 

ln another embodiment of the present 

invention, the CVD method is used for selective 

deposition.of a good Al film as the electrooonductive 

5 deposition film on the substrate. 

Mora specifically, as described above, by use 

of dimethyl aluminum hydride (DMAff) or moaomethyl 

aluminum hydride (MMAH2 >~ a gas containing S1 atoms as 

the starting gas aDd H2 as the reaction gas, an Al-Si 

10 rilm is selectively termed on the substrate by gas 

phase growth with a gas mixture of these. 

l~ 

The substrate applicable in the present 

invention ha& a first substrate surface mate~ial for 

formation of the surfaoe on whioh Al-Si is deposited, 

and a second Substrate surface material on which DO Al-

Si is deposited. And, as tbe first eubatrata surface 

mater~aJ, a material having the electron donative.. 

surface is used. 

In contrast, as the material tor forming tbe 

20 8U%'face OD which Al-Si is not deposited selectively, 

namely the material fo~ forming the electron non­

-donative surface, conventional inaulating materials, 

ozidizad silicon tormad by thermal ~1dation, CVD, 

etc., glass or oxidized film euoh as BSG, PSG, BPSO, 

ate., thermally nitrided film, silicon nitrided film 25 

by Plasma CVD, low pressure CVD, ECR-CVD method, etc. 

Ill 171 
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Fig •. 1 is a schematic view.showing e 

preferable deposition film forming device for applying 

the.present invention. 

Here, 1 is a substrate for forming an Al-Si 

s film. The substrate 1 ia moUILted on a substrate 

holder 3 provided internally of the reaction tube 2 

for foZ'Jlling e space for formation of a deposited film 

which is substantially closed to Fig. 1. As the 

material c~nstituting the reaction tube 2, quartz is 

1o preferable, but it may be also made of a metal. In 

this case, it is preferable to cool the reaction tube. 

The substrate holder 3 is made ·of a metal, and is 

provided with a heater 4 so that the substrate mounted 

thereon can be heated. And, the constitution is made 

15 eo that the substrate temperature can be controlled by 

controlling the beat generation temperature ot the 

hea.'t•i ~-

20 

25 

The feeding system ot gases is oonatitutad as 

described below. 

6 is a gas mixer, in which the first start1na 

gaa, the second starting gas and the reaction gas are 

mixttd, end the mixture ia fed into the reaciton tube 

2. 6 is a starting gaa gasifier p~ovidad for 

oaeif !cat1on of an organic metal as tha first starting 

gas. 

The organic metal to be used in the present 

This Sheet .u 

111111iii;kced. 
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l invention is liquid at room temper,ture, and is formed 

into saturated vapor by passing a carrier gas through 

the 11Qu1d of the organic metal within the gasifier 6, 

which is in turn introduced into the mixer 5. 

5 'The evacuation is constituted as desoribed 

below. 

7 is a gate valve, which is opened when 

pertorming evacuation of a large volume such as during 

evacuation internally of th• reaction tube 2 before 

10 formation of the deposited film. 8 is a slow leak 

valve, which ia used when performing evacuation of a 

small volume such as in controlling the pressure 

internally of the reaction tube 2 during tormation of 

the depoeited film. 9 ia an evacu,ation unit, which is 

15 eonatitutad of a pump for-evacuation such as turbo 

molecular pump, etc. 

20 

25 

__ The oonvaying system of the aut>atrata l is 

constituted as described below. 

10 ~a a substrate conveying chamber which can 

house the SUbstrate betore and atter formation of the 

deposited film, which is evacuated by opening the 

valve 11. 12 1s en evacuation unit for evacuating the 

conveying ch&llba~, which is constituted of a l)ump for 

evacua~ion such as turbo molecular pump, etc. 

The valve 13 is opened only when the substrate 

1 is transferred between the ~•action chamber and the 

Th.is Sheet Has Bee .R 

I IDIUIHl/I i~ 
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1 conveyi11g space. 

As shown 1n Fig. 1, in the starting gas 

gseif ier 6 which ie the gas formation chamber for 

forming the starting gas, the liquid DMAH maintained 

5 at room. temperature ie bubbled with H2 or Ar (or other 

inert gas) as the oerrier gas to form gaseous DMAH, 

which is transpor~ed to the mixer 5. The H2 gas as 

the reaction gas is transported through another route 

into the mixer 5. The gases are con~rolled in flow 

10 rates so that the respective partial pressures May 

become desired values. 

In ~he case of forming a film by this device, 

tbe tirst starting gas may be ot course MMAH2 , but 

DMAH with a vapor pressure enough to become 1 Torr at 

15 room te:mpera~ure is the most preferred. Also, DMAH 

and MMAR2 may be used in a mixture. 

20 

25 

liD174 



C RECEIVED 12/23 ll:'t't 1996 AT 5331169'1 PAGE 175 <PRINTED PAGE 176) ] 
'98.02/23 12:49 tf03 3211 5035 OKABE TOKY0-2· •••DREW 

l 

. - 2S - THIS SHEET HAS BEEN 1·· 

REPLACED _ 

A• tbe aecond •tarting.gas.coh~aining Si, 

there oan be used s12H6 • SiH4 , s13H8 , S1(CH3 ) 4 , S1Cl4 , 

51H2c12 and·s1B3c1. ~f these oo•pounds, Si2H6 which 

can be easily deooaposad at the low tempe~atur~ of 200 

s - soo•c. The gases eucb as s1 2s 6 are diluted with x2 

or Ar and transported to the •ixer 5 through a system 

o~her than tbe DMAR system. 

The deposited film formed at a •ubstrate 

temperature ot 160 °c to 4eo' 0 c by use ot suoh 

10 starting g~s and reaction gas, with a th1ckn••• of tor 

example 400 ~. ha• • resistivity at room. te:m.perature 

of 2.7 - 3.0 µoha•cm which is sub•tantially equal to 

Al bulk reaiat1v1ty, and is a continuous and flat 

t!la. At tbis ti•e, the p~eeeure during tila 

15 foraation can be cho•en within the range from 10-3 

Torr to 780 To~r. Also, even when the fil• thickness 

aay be_l_µa, it• re•iativity is ca. 2.7 - 3~0 poh•~ca, 

and a sutt1c1ently dense tila oan be toraed also with 

a relatively thicker fila. Also, tbe reflegtance in 

20 tl:MI v1•1ble ligh1: wavelength ·region 1s a.ppr~ximat•lY 

ao •· wher•by a thin fil• •1e0•llent in eurfaee 

f latn••• can be deposited. 

The subat~ate teaperature is desirably the 

decoapos1t1ou teaperature of the starting ga• 

25 oontaining Alo~ highe~, and 450 °c or lowe~·as 

Iii 175 
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1 deso~:lbed above.. but specifically the 9Ubs1::rate 

temperature ct 200 to 450 °c 1• •ore d.e•1rable, and 

when·deposition i• ca~ried out under this condition, 

by aaking the DMAH partial presaure 10-4 to 10-3 ~orr. 

5 the deposition apeed becomes very great as 100 A/•1n. 

to 800 ~ain., whereby sufficient great deposition 

•peed corresponding to the oo•t •• the Al-Si 

deposition te<:bnique for ultra-LSI can be obtained. 

A more preferable substrate temperature 

10 condition i• 270 °c to 350 °c, and the Al-Si film 

deposited under this condition i• al•o strongly· 

orientatabla ~. even when subjected to ~he heat 

~~•atment at 450 °c for 1 hour, th• Al-Si fil• on the 

Si aonoci-yatalline or Si polycrystal·line substrate 

15 becoa•• a good Al-Si f il• Without generation of 

hillock, •Pike as seen in the f 11• forain~ aetbod of 

the prtoi: art. Al•o. such Al-Si f1la i.• excellent- in . 

electro-a1G'l"at1on resistance. 

In the d•v1ce shown in Fi~. 1, Al-Si can be 

ao ~pa•ited ob only on• sheet of subatrate 1n dapos1t1on 

tor one t!ae. Although • deposition apeed of ca. 800 

Alain. can b• obtained, it i• still ineuffioient for 

. ·perfo~•1ng deposition of a· large nwabe~ of sheets 

within • short ti ... 

25 .la the depoa!t!on fil• toraing device for 

i•p»oving this point. there 1• the low preasure CVD 

iai 178 
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l device whia~ can deposit Al-Si by a~multaneoua 

aounting of a large number of •heets of wafer. Since 

the Al-61 fil• fo~••tion.acao~ding to the present 

invention utilizes the surface reaction on the 

· 5 •lectron donative substrate surface, 1D the hot wall 

10 

type low pressure CVO method wherein only the 

substrate is heated. Al can be deposited on the 

sub•trate by u•e of DMAH and H2 and the Si starting 

gas such aa s12s8 • eto. 

The reaction tube pressure may be o.05 to 760 

Torr, das1rably 0.1 too.& Torr, the substra~e 

teaperatur• 160 °c to 'so 0 c, desirably 200 °c to 'oo 
0 c, the DMAll partial pressure 1 x 10-5-told to 1.3 x 

10-3-fold of the pressure in ~he reaction tube, the 

16 S12B8 part1al pressure 1 x 10-7-fold to 1 g 10-4-fold 

of tbe pziessure in the reaction tube, and undeJ:" sucb 
·. 

oonditi_oqa, Al-Si can be well depoa1ted on the 

electron dOnative substrate. 

Pig. 2 is a acheaatic illustration showing a 

20 deposited f1lll forming device to which •uah present 

invention 1• apP11cable. 

57 1• a substrate for to~••tion of Al-Si fila. 

eo is an out•ide reac~ion tube aacle of quarts tor 

fo~•ing a apace for foraation of deposited film 

25 aub•tantially olosed to the surrounding, 61 an 

inne»aide ~•action tube aade of quartz located fo~ 

la! 177 
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1 separating the flow at gas within the outside reaction 

tube so, 54 a flange aade ot a metal for opening and 

closing of the op•uin9 of th• autside reaction tube 

~O, and the eubetrate 67 is located Within the 

S eubatrate holdJng aeaber 56 p~ov1d.ed internally of the 

innereide react1oa tube ~l. The substrate holding 

•ember se should be preferably made ot quar~z. 

Also, in the present device, the substrate 

tem.p~rature can b• cont~o1led by the heater portion 

10 59. The preasure internally of the reaot1on tube 50 

i• constituted so as to be controllable by the 

ev.aouation •Y•tea oonneoted thro~gh the gas evaowat1on 

outlet 83. 

~be gas feeding •Y•t•• is cona~ituted to have 

11 a fil'•t gas aystea, a ••cond gas system, a third gaa 

•Y•tea and a •ixer (none are shown in Big. 2) 

siailal'!,ly as the device ebown by the •ymbola 6 and-6. 

in P1a. l, aad the starting gases and th• reaction gaa 

are introduced into the reaction tube &o throuoh the 

ao atart1ng gaa inlet e2. Th••• gases react on th• 
•Uf•c• Of 'the substl'ate 5'1 during pasaage inte11nally 

of the inner•ide reaction tube 81 ae •howil by the 

·~~owhead 88 in ~ig. 2 to deposit Al-Si on the . 

aubstrate su~tace. The gases after th• reaction pass 

ze through the gap fol'aed between ~h• tnnerside reaction 

t-.ibe 51 and the outaide reaction tube SO, mid 

Ill 178 
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1 evacuated through the gas evacuation outlet 5S. 

In taking cut and in the substrate, the flange 

54 made of a metal 1• permitted to fall by an elevator 

(not ahown) together with the aubstrate holding member 

5 56 and th• aubstrate 57 to be moved to a predetera1ned 

position where the substrate ia mounted and detached. 

By formin~ a deposited f 11• under th• 

condition• as described above by use ot such device, 

Al-Si filas of good quality can be formed in all the 

10 wafer• within the device. 

A~ described above, the f1lJa obtained 

aceard1ng to the Al-Si f ila formation process based on 

the eabod1ment of the present invention is dense with 

little content of i•pUl'ity such as carbon~ etc. and 

la resi•tiv1ty which is a11l1lar to bulk, and •lso ba• 

high •urtaee ••oothness. and therefore remarkable 

@f ~eata. .- de•cr1bed below can be obtained. 

(1) Reduction Of hilloak 

Hillock i• occurrence of concavities on the A1-

20 81 surface d\UI to partial •ig~ation of Al-Si when 

inner stre•• during t1lla formation 1a r•leaaed 1n ~he 

heat ~raataeut step. Also, siail&l" phenomenon occur• 

by local a1grat1on by current passage. The Al-Si fila 

fo~aed by the p~••ent invention ha• little inne~ 

25 etres• and i• approx1aate to the state of 

This Sheet Has Been Replaced 
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1 monocrystal. For this reason, in the heat treatment 

at 450 °c tor one hour, as oontrasted to formation of 

104 - 106/cm2 of hillocks in the Al-Si tilm of the 

prior art, the hillock number could be greatly 

s improved as o to 10/om2 • Thus, due to substantial 

absence of Al-Si surface concavity, the ·resist fil• 

thickness and the interlayer insulating film can be 

made thin to be advantageous for making i~ tine~ and 

more fla1:. 

10 (2) Improvement.of electro-mi~ation resistance 

El~ctro-migration is the phenomenon ~hat the 

wiring atoas move by passage of a ourreut of high 

density. By this pheno•enon, voids are generated and 

grown along the grain boundary, whereby as accompanied 

15 with raduetion of the cross-sectional area, the wiring 

generates beat to be broken. In the prior ar~, the 

an1:"1-ai9ration propa~ty bas been improved by addiftg­

.cu~ Ti, eto. to Al-Si to form an alloy. However, the 

alloy formation results in complioation ot 'the etching 

20 step and difficulty of minute formation. 

25 

Migration resistance is generally e~aluated by 

average wiring life. 

The wiring formed by the sputtering method or 

the CVD method ot the prio~ art has obtained an&Verage 

~iring life of 1 x 102 ta 103 hours (in the case of a 

wiring cross-sectional area of 1 µm2) under the 

lill180 
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current passage test conditions of·2SO •c, 1 x 106 

A/cm2• In contrast, the Al-Si film obtained by the Al­

Si film fol'Jllation method based on the embodi~ent of 

the present invention could obtain an average wiring 

lit• ot 103 to 104 hours with a wiring having a cross­

sec~ional =rea of 1 µm 2 . 

Hence, according to the presen~ invention, for 

example, when the wiring width is o.a l1Jll, a wiring 

layer thickness of 0.3 µm can sufficiently staad 

10 practical application. That is, since the wiring 

layer thickness cau be made thinner, unevenness on the 

semiconductor surta~a after arrangement ot.wiring can 

be suppressed minimwn, and also high relia))ility in 

passing ordinary current oan be obtained. Also, this 

15 is possible by a very simple process. 

20 

25 

(3) Reduction of alloy pits ln contact portion 

•... Sy the beat treatment in tba wir1.ng step,. 

euteo~ic reaction between Al in the wiring materia1 

and Si in the substrate may occur to result in 

pane~ration of Al-Si eutectic called as alloy pit into 

the substrate in spike pattern, thereby destroying 

shallow junction. 

As countermeasure, it is general to employ a 

material other than pure Al when the depth of junction 

is 0.3 l1JI or more and ·to ••ploy barrier metal 

technique ot Ti, W, Mo type. 

iliii1i11ur 

i.1181 



---------------------------------------- .. ·-----------------

C RECEIVED 112/23 11:•& 1996 AT 5338&9• PAGE 182 CPRJHTED PAGE 183) ] 
'98 02/23 12:52 tl'03 '211 5035 OKABE TOKY0-2 +++ DREW 

.. 

l 

- 30 - THIS SHEET HAS BEEN 
REPLACED 

However, there remain some.points to be 

improved euoh as ac•plication of etching, rise ot 

contact reeist1vity and the like. In Al-Si formed 

according to ~he present invention, generation of 

s alloy pits in contaat portion with substrate crys~al 

due to heat treat•ent in the wiring step oan be 

inhibited and wiring with good contact can also be 

obtaioed. In other words, wiring can be effected o~ly 

with an Al-SJ material without destroying junction 

10 even when the junction is formed in a depth of abou't 

15 

0.1 µm. 

(4) Improvement of au~face smoothness (patterning 

cherac~eristie improvement of wiring) 

In ~ha prior art, roughness ot the &\U'face of 

a metal ~bin tilm had inconvenianoe in the alignment 

step for the mask and th• substrate in the pa~terniag 

step @D~ 1D the atcb!ng step. 

Tbat 1•, there is unevenness extending to 
. 

several 1111 on the surface of Al film according to the 

20 prior art aethod, wbereby the surface morphology is 

poor, and therefore had the following disadvantages. 

25 

1) Aligmaent aignals cause diffused reflection 

to occur at the surfac•, whereby noise level becomes 

higher aad inherent alignment signals c&Dnot be · 

discr1•1nated. 

2) For covering large surface unevenness, the 
resist f tla thickness aust be taken large, which is 

lil182 
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1 oppoeite to fine formation. 

3) If the surface morphology is poor, halation 

due to the resist internal reflection will occur 

loeally, whereby resist remaining occurs • 

. 4) It the surtace morphology is poor, the side 

wall becoaes notched in the wiring etching step 

aocording to its unevenness. 

According to the present invention, th• 

•urfae• aorphology ot Al-Si film to be formed is 

10 markedly improved to canoell all the drawbacks 

described above. 

In other words, in the patterning step, at the 

line widtb of the resolving power limit of the 

exposure aaah1ne, the alignment precision a •0.15 µa 

15 can be accomplished, whereby wiring having smooth side 

plane 1• rendered poaeible without causing halation to 

20 

occur. 

(5) Iaproveaent ot resi•tance in contact hol~ and 

through_ bole 11md of contact resistance 

In the prior art method, it the size o~ the 

contact bOle becomes finer as 1 ~· x 1 ~· or less, Si 

in the wiring 1• p~ec!pitate4 on the substrate of. the 

contact ho~• during heat trea~ment 1n the wiring atep 

to cover 'thereover, whel'eby re•1•tanae between th.it 

21 wiring and tbe element becoaea markedly larger. 

According to the eabodiaent of the p~eeent 

~lU 
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1 invention, since a dense t!la is foraed accordi~g to 

the surfaoe reaQtion, Al-Si ~a• been oonf ira@d ~o have 

a resistivity of 2.7 - 3.3 µohm ca• Also. the contact 

resistivity can attain 1 x 10-6 ohm•cm2 at an area of 

5 0.6 µa x o.6 µm when the Si portion has an impurity of 

1070 cm-3 • 

That is, according tp the present invention, a 

good contaot with the substrate can be obtained. 

(6) It becoJlles possible to make hea~ treatment during 

10 wiring step low•r or abolish the heat treataent step. 

As deeo~ibed in detail above, by apply1ng the 

present invention to the wi~ing foraat1on method ot a 

seaioonductor integrated circuit, the yield oan be 

improved, and reduction of cost can be proaoted to 

15 great extent aa compared with Al wiring of the prior 

20 

art. 

_ _ t,iga. 8A - 3B show how the Al-Si f 1 la 

according to the present invention is seleotively 

grown. 

Big. 3A is an illustration showing 

schematically the cross-section of the sub•trate 

before foraation of the Al-Si deposited film according 

to the present invention. 90 is the substrate 

ooapr1•ing an eleo~~on donative aaterial, and 91 a 

2S thin f 1la coaprising an electron non-donative 

•a"ter1a1. 

ta! 184 
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In the ca•e of us1Dg DMAB m:a.d &1 2H8 aa the 

start1.ng ga•es. when a gas aixture conta~ning H2 a• 

the reaction gas i• fed onto the substrate 1 heated 

within a teape~ature range froa th• decoaposition 

5 teaparature of DMAB to 450 °c, Al is precipitated on 

the substrate 90, whereby • cont1nuoua fil• of Al is 

formed as shown in Pig. 3B. Here, ~he pressure within 

tbe reaction tube 2 ehould be desi~ably 10-3 ~o 760 

Torr, and the DMAK partial pressure preferably 1.5 x 

10 10-6 to 1.3 x 10-3-~old or the pressure within the 

above reactJou tu.be. The S.12H6 pertial pressure 

should preferably be 1 x 10-7 to 1 x io-4-told ot th• 

p~•••\U"• within the reaction tube 2. 

When deposition ot Al-61 iw.oonttnued under 

15 the above oondttion•. via the state ot Fig. 30, the Al­

Si f il• pows to the level of the uppermost port1011 of 

the ~h~~-111• 91 as •hown in Pig, ~D. Puiother, wh!n 

grotm under the same condit:ions, as shown in Fig. 3B, 

the Al-Si tila can grow to 5000 ~ eub•tantially 

20 w:l1:hou't QZ'owtb in the lateral direction. Thi• 1• the 

aoet oharaateristia po1nt ot the deposited f1la 

obtained by the present invention, and it will be 

understood how a tilll of good quality can b• fo~aed 

under goad selectivity. 

28 As the reSlllt at analysts accordin~ to Auger•• 

eleo~ron a.,.otrosoopy or photoelec~ric •5Mlctrosoopy, 

This Sheet Has Been R 

f ll//11 Ill! ml l!Jf 

!Cl 185 



[ RECEIVED 12/23 ll:•B 1996 AT 533169• PAGE 186 <PRINTED PAGE 187) ] 
'88 02123 12:53 tf03 3211 5035 OKABE TOK!0-2 +++ DREW 

- 34 - THIS SHEET HAS BEEN 
REPLACED 

1 no entraimaent ot an impurity such as carbon or oxygen 

is recognized in this fila. 

The deposited film thus foraed has a 

res1st1v1ty of, for example, with a fil• thickn••• of 

S 400 ~, 2.7 - 3.0 µohm.•oa at roo• tempe~ature which 1s 

substantially equal to the bulk resistivity of Al, and 

becoaea con~1~uous and flat tilm. Also, even with a 

f ila thiQkness ot 1 µ•, 1ts resi•tance at rco• 

temperature i• approximately 2.'7 - 3.0 µoha•cm and a 

10 sufficiently dens• film is formed with a relatively 

thicker fila. The reflectance in the visible. 

wavelength region is approximately 80 ~, and a thin 

fila with excellent aurfaoe flatne•• can be deposited. 

Th• •ubetrate teaperature in performing such selective 

16 deposition •hould be desirably the deoomposition 

~eaperature of th• •tarting gas containing Al or 

h1ghe!r ~d 450 °c or lower as aentioned above,_ but. 

•pecif ically a substrate temperature of 200 to 480 °c 

1• des1rable, and when deposition is perfor•ed under 

20 such condition, the deposition epeed ie euft!aiently 

great as 100 ~/ain. to aoo 1/m1n. when DMAB partial 

prea•ar• 1• 10-4 to 10-s To1'r. Thus a suff1c1ently 

great deposition speed can be obtained •• the Al-Si 

deposition technique tor ultra-LSI. 

25 A aore preferable subst~ate temperatUJ:'e 

condition i• 270 °c to 360 °c, and tbe Al-Si. fil• 

lill188 

·. 
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1 deposited under thia condition is also strongly 

or1entatable and, even when subjected to the heat 

treatlllent at 450 °c tor t hour, the Al-Si fila on 'the 

Si aonocrys~alline or Si polycrystalline substrate 

5 becomes a good Al-Si film without generation of 

hillock, spike. Also, such Al-Si fila is exaellent in 

electro-a1grat1on resistance. 

In the device ahown in Fig. 1, Al-Si can be 

deposited on only one ahee't ot' substrate in deposition 

10 to~ one time. Although a deposition speed of ca. 800 

i/ain. can be obtained, 1t 1s still 1nsutt1cient for 

perfora1ng depoe1tion of a large nwabe~ of ebeete 

within a short t1ae. 

Aa the depoeition til.Ja fo~aing d•vice fo~ 

1& laproving th.la point, there :ls the low pl'essure CVD 

device which o.n deposit Al-Si.by siaultaneous 

noun'l;in_g __ of a large nwaber of sheets of wafer. SiQC~ 

the Al-Si depoeition according to the present 

invention utilizes the surface reaet1on of the 

20 elect~on donative substrate surface, in the hot wall 

type low p~eaaure CVD aethod wherein only the 

aub•trate 1s heated, a Al-Si compound containing o.s 
to 2.0 - of Si oan be depoeit•d ~n the subetrate by 

addi:a.g DMAH, B2 aild. a S:l starting gas such as S1
2
B6 , 

25 etc. 

Tbe reaction tube pressure may be o.05 to 76G 

·. 
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1 Torr. desirably 0.1 to 0.8 Torr, the substrate 

teaperature iso 0 c to 450 ~c. desirably 200 °c to •oo 
0 c, the DHAR part1•l pres•ure 1 x 10-5-fold to 1.3 x 

10-3-fold of the pressure 1n th• reaot1on tub•. the 

5 s1 2n 6 
partial pressure 1 x 10-7-fold to 1 x 10-4-fold 

of the preasure in the reaction tube, and under such 

conditions. Al-Si can be selectively deposited on only 

th• electron donative substrate. In the case of such 

selective d•position, a good Al-Si ff la. can al•o be 

10 formed under the above de•cribed conditions by use of 

the deposited t11a tor•1ng apparatus •uch aa described 

above by referring to W10•· l and 2. 

AS described above, the fil• obtained 

according to the Al-51 f il• selective formation 

15 process ba•ed on the e•bcd1ment of the pre•ent 

inveotion.i• den•• with vary little content ot 

i•pU1'1~y.such a• carbon. etc. and rea1•tiv1ty which~· 

•1•1lar ~o bulk, and a1so ha• high •ur~aoe eaoo~h~•••· 

zo 

25 

lit 188 
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1 and therefore ~emarkable effects as.described below 

can be obtained. 

(1) Reduction of hillock 

The Al-Si f 11• for•ed aooording to the present 

5 invention has little internal stress and is approximate 

to the s~ate ot aonocrystal. For this reason, in the 

heat tre•~··~~ at 450 °c tor one hour, as contrasted 

to format1on ot io4 - l0e/cm2 ot hi11ocks in the Al­

Si film of the prior art, the hillocks number could be 

10 greatly iaproved ae o to 10/aa2 • 

(2) Improveaent of electro-aigration res1•tan.ce 

In the piiior art, the anit-aigratian property 

has been improved by adding Cu, T!, eto. to Al-Si ~o 

fora an alloy. However, the alloy fo~mat1on result• 

15 1n c~l1aat1o~ of the etching step and difficulty of 

ainute ·toraation. 

• •. ~J'la w:lring formed by the aethod. ot the pieial' _ 

azot bas obtained an average wiring life of 1 x 102 to 

103 hours (1n the ca•e of a w1r1ng cro•o-aectional 

20 81"ea ot 1 pa2 ) unde~ the current paaaage test 

condition• of 250 °c, 1 x 106 A/oa2 .. In contra•t, the 

Al-Si fila obtained by the Al~S1 f11• selective 

foraation method based on the eabod1mant of the 

present invention could obtain an average wiring life 

25 of 10
3 to 10

4 hour• with a wiring having a oro•s­

seational area of 1 µa.2 • 

llJ 189 
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1 (3) Reduction of alloy pit in contaot portion 

The Al-Si selectively tormed according to the 

present inven~ion can suppre•• generation ot alley pit 

at the contact portion with the •Ubstrate crystal even 

5 by the heat tr•ataent during wiring step, and also a 

·wi~ing with good contact oharacteristic can be 

obtained. That 1e, even when the junction ie mad• 

•hallow to the ax~ent ot 0.1 ~m, the junction will not 

be destroyed w1tb only the Al-Si material. 

10 (•) laprove••nt of •urface SJaoothness (patterning 

characteristic improvement of wir1ng) 

Aooo~d!ng to the present invention, the 

surface aorphology Of the Al-Si tila to be formed can 

be iaproved epoch-aakingly, whereby all of the 

1& probleas of tbe prior art can be 1aproved. 

(8) Iaprovement of resistance in contact hole and 

tlu'oug)\ b~l• and contact resistance 

Aeeord!ng to the present inventiou~· eince 

adense fila !• selectively formed by the surface 

io reaotson even when the opening J!l8.Y be 1 µa x 1 µa or 

l•••· it bas been confirmed that the Al-Si completely 

tilled within the oontact hole and through hole each 

ha.• a raai•tSvity of 2.7 - 3.3 µoba•ca. Also, the 

contact reeiet1vlty oan attain 1 x io-6 oh••oa2 in the 

2S cue where the Si portion has an iapmoity of lo20ea-s 

in a hole ot o.a 1lll x 0.6 µa. 

lill 190 
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That i~. according ta the present inven~ion, 

the wiring material cazi be completely embedded only. in 

the ainute opening, and also good contact with the 

substrate can be obtained. Therefore, the present 

$ invention can con'ts-i'bu'te 9S"ea1:ly to imp~ovement of 

resistance within hole and contact resistance which 

have been ~he greatest proble•s in the fine process of 

1 µa or less. 

( 6) It ·.ss poaeible to make the heat treataent 

10 temperature d\U"ing wiring step lower or to omit the 

bea~ treataent •tep. 

A8 descnoib•d in 4ata11 above, by apply1ng the 

present invention to tbe wiring formation method of a 

eemiconduc'tor integrated circuit, p.uoticularly 

1S eabedding of contact hole a~ through hole, the yield 

can be iiaproved, and reduction ot cost can be promoted 

to pe~t .~t•nt as compared with Al-Si wiring of th• 

prior art. 

20 

25 

Uiis Sheet lfas B 

11/Hlllilir 
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First, the procedure tor Al-Si film formation 

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

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

5 10-s Tarr by the evacuation unit 9. Howe~er, Al-Si 

film can be also formed it the vaouum degree within 

the reaction tube 2 mey be worse than 1 x 10-8 Torr. 

After washing of Si wafer, the conveying 

chamber 10 is released to atmosphe~ic pressure and Si 

10 wafer ie mounted i~ tha conveying chambe~. The 

oonveying chamber is evaouated to ca. 10-& Torr, and 

then the gata valve 13 is opened and the wafer 1a 

mounted on the wafer holder 3. 

After mounting ot the wafer on the wafer 

15 bolder 3, the ;ate valve 13 is oloaed, and the 

reaction chamber 2 is evacuated to a vacuum degree of 

-8 ea.· 1-X-· 10 Torr. 

xn t~i• Example, DMAH is.fed tbrough the first 

a•• line. As the oarrier gas of DMAH line H2 which is 

2o the eame as the reaction gas is employed. The second 

gas line 1s used for H2 and the third gae line for 

Si2H6 • 

25 

By passing e 2 through the second ges line, the 

pressure within the reac~1on tube 2 1• made a 

p~edeterminad value by controlling the opening of the 

slow leek valve 8. A typical pressure :ln this Example 



-----------------===-"""'===~-==========~·~··-~····~--···~-
--~··· ~· ..... ··--·----------··- ---

[ RECEIVED 12/23 11:51 1996 AT 533169'1 
~'98 02/23 12:55 tf'03 3211 S03S PAGE 193 <PRINTED PAGE 19•> ] 

.. --~~~!!..,!!>_~~:~---· ...... DREW 

- 41 -
TH ,·5-~3~~E"Er·--1~xs-·sEEN1 

REPLACED 

1 is aade appro~1mately 1.5 Torr. Then, the water is 

heated by current passage through the heater 4. After 

the wafer temperat~r• baa reached a predetermined 

temperature, DMAH and Si2H6 are introduced into tbe 

5 reaction tube through the DMAH line and the Si2H6 

line. The total pressure is ca. 1.5 Torr, and the 
-4 

-oMAH partial pressure is made ca. 1.5 x 10 Torr. 

The s12s 6 partial pressure is made 2 x 10-6 Torr. 

When si2H6 and DMAH ere introduced into the reaction 

10 ~ub• 2, Al-S1 is deposited. After a predetermined 

deposition t1me has elapsed, feeding of DMAH-and s12H6 

i• stopped. Hext, heating of the heater 4 is stopped 

to cool the water. Feeding of H2 gam is stopped, and 

after evacuatioD internally of the reaction tube, the 

15 water is tranafarred to the conveying ~hamber, and 

only the conveying chamber is made atmospheric before 

tsk-1.ng out the wafer. The outline ot Al-Si fila - .. 

tormatioD is as desc~ibed above. 

20 

25 

Sxperimental exam.pl• 1 

Al-Si fil•S were depoeited at the respective 

temperatures each tor 10 sheet samples following the 

same proeedure as described in Example 1 under the 

following conditions: 

Total pressure: 1.5 ~pr~ 

DMAH partial pressure: 1.5 x 10-4 Torr 

s12H6 partial pressure: 2 x 10-6 Torr. 

(aJ193 
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The Al-Si films deposited by varying the 

substrate temperature at 13 levels were evaluated by 

use ot various evaluation methods. The results are 

shown in Table 1. 

It has been confirmed from the results that 

films of extremely excellent quality can be obtained 

wi~hin the temperature range ot 160 to 450 •c, more 

preferably 200 to 400 •c, optimally 270 ~o 380 •c. 

This Sheet Has Been Replaced 

l lllllll llllll llll Ill llll 
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1 Experimental example 2 

5 

Following the same procedure as in Example 1 

to set the parameters as follows: 

Total pressure: 1. 5 Torr 

DMAH pa~tial pressure: 5 x 10-4 Torr 

Substrate temperature (Tsub): 300 ·o 
and the s12H6 partial pressure was varied from 1.5 x 

io-7 Torr to 1 x 10-' Torr to effect deposition. The 

S1 oontent (wt.%) of the Al-Si films were varied from 

10 0.005 % to 5 * approximately 1n proportion to the 

si2H
6 

partial p~essure. As to resistivity, ·carbon 

content, average wiring life, deposition speed, 

hillock density and spike generation, the same results 

as in Experimental example 1 ware obtained. However, 

15 in eeaplea having a S1 content ot 4 * or higher, 

deposition was generated in the f ilma which appeared 

to be_Si to wo~sen •urfaoe morphology, thereby making 

the reflectance 66 % or lower. sam~les having a Si 

20 

25 

content of lass than 4 ' exh1~1ted e refleotence of 80 

to 95 •, wb1ch was the same as in Experi•ental example 

1. 

Example 2 

First, the proa~dure of Al-Si film formation 

is as follawa, By 'th& evacuation unit 9, the reaotion 

tube is evacuated internally to oa. 1 x 10-8 Torr·. 

·-
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1 Al-Si tila.can be for•ad even it the vacuum deQree in 

the reaction tube 2 may be higher than 1 x 10-S Torr. 

After washing of the Si wafer, the conveying 

chamber 10 is released to atmospheric pressure end the 

s Si water is mounted in th& conveying chamber. The 

conveying chamber is evacuated to ea. 1 x 10-6 Torr, 

then the gate valve 13 is op~ned and the wafer is 

mounted on the wafer holder 3. 

After mounting of the wafer holder s. the gate 

10 valve 13 is evacuated to a vacuunf degree in the 

reaction chember 2 of ca. 1 x 10-a Torr. 

In this Example, the tirst gas line i• used 

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

employed. The second gas line is used for e2 • The 

15 third gae liD• is provided for s1 2H6 • 

By passing Hz through ~he second gas line, th• 

pressure within the reaction tube 2 is made a 

predetermined value by cant~olling the opening of the 

slow leak valve 8. A typical pressure 1n this Example 

20 1e made approximately 1.5 Torr. Then, the wafer is 

heated by curren~ passage tbrough the heater 4. After 

the wafe~ temperature has reached a predeterm1ned 

temperatu~e, DMAH and Si2H6 are iot~oduced into the . . 

reaction tUbe through the DMAH line and the s12ii6 

25 

· il1i1iii1iiUir 

!l.1198 

·. 
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1 line. The total pressure is ca. 1·. 5 Torr, end the 
-4 DMAH partial pressure is made ca. 1.6 x 10 Torr .. 

The si2H6 partial pressure ia made 2 x 10-5 Torr. When 

s12H6 and DMAH are introduced :ln1:o the reaction tube 

5 2, Al-Si is deposited. After a predeter•ined 

deposition time has elapsed, feeding ot DMAH and si2H6 
is stopped. Next, heating ot the heater 4 is stopped 

to cool the wate~. Peeding ot H2 gas is stopped, and 

atter evacuation internally of the reaction tube, the 

10 wafer is transferred to ~he conveying chamber, end 

15 

only ~he oonv•ying chamber is made atmospheric. pressure 

before taking out the wafer.. The outline of A.l.-Si film 

tormation 1a as described above. 

Experimental example 3 

For depos1ted films formed aocording to the 

method of Bxample 2, concerning resistivity, carbon 

contant7 average wiring life, deposition speed, h~llock 

density, gene~etion of spike and reflectance, the same 

result& as in Bxample 1 were obtained. 

20 Experimental example ~ 

Pollowing the same procedure as in Example 2 

to set the parameters as follows: 

Total pressure: 1.6 Torr 

DMAH partial pressure: 5 x 10-4 Torr 

25 Substrate tempera~ure (Tsub): 300 •c 
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1 and the ~i2H6 par~1al pressure wee va~ied from 1.5 x 

10-7 Torr to l x 10-4 To~r to effect deposition. The 

Si content (wt.~) ot ~he Al-Si films were varied from 

O.OOS - to 5 % approximately in proportion to the 

5 Si2H6 partial pressure. As to resietivity, carbon 

conten~, average .wiring life, deposition speed, 

hillock density and spike generation, the same results 

as jn Experimental example 1 were obtained. Howeve~, 

in samples having a Si content ot t % or higher, 

10 deposition was generated in the films which appeared 

to be Si to worsen surface aorpholoSJY, "the~eby making 

the reflectance 65 ~ er lower. Semples having a Si 

content of Jess than 4 - exhibited a reflectance of 80 

to 96 -, which was the same as in Experimental exa~ple 

15 

20 

25 

1. 

Example 3 

---Thia Example 3 ia film formation according to 

the low preasure CVD method. 

!XJ>erimental examp~ 

A silicon substrate was placed in the low 

pressure CVD method shown in Fig •. 2, and Al-Si film 

wa• forued within the Sallle badge. The film formation 

conditions were made a reaction tuJ>e pressure of 0.3 

Torr* a DMAH partial presaure of 3.0 x 10-~ Torr: a 
S12H6 par~ial pressure of 1.0 x 10-6 Ta~~, a s\'lb•t~ate 

temperature of 300 ~C, and a fila formation time of 10 

lill200 
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l a.inutes. 

As the result of film formation under such 

conditions, an Al-Si film of 1000 l was deposi~ed. 

The film quality was very good, exhibiting the 

s sameprcperties as one prepared at a substrate 

temperature of 300 °c shown in Experimental example 1. 

Example 4 

This Example 4 shows a film formation method 

using MMAH2 in plaoe_of DMAH. 

10 !!P•rimental example 6 

15 

'l'he procedure of Bxample 1 was repeated to 

effect deposition with tbe exception that MMAR2 wa• 

used as th• starting gas and the parameters were sat 

as follows: 

Total pressure : 1.5 Torr 

MMAH2 partial pressure: 5 x 10-4. Torr 

.. s12e 6 partial pressure:. 1.0 x 10-5 Torr-

As a result, Al-Si thin films were deposited 

within tbe substrate temperature range of 160 ·c to 

20 400 •c which CODtained no carbon impurity and were 

excellent in flatness and denseness similarly as in 

Experimental example 1. 

Exaaple 5 

Thia Example 6 performs deposition using' a gas 

25 other than si2H6 as a gas of the compound oontaining 

silicon atoms. 

iai201 

·. 
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1 B!J>erimental example 1 

The procedure of Example 1 was repeated to 

effect deposition with the exception that SiH4 was 

usad in place of Si2H6 as the starting material 

S containing Si and the parameters were set as follows: 

10 

Total pre&S\lre: l.S Torr 

DMAH partia.l pressure: 5 Jt 10-" Tor~ 

SiH4 partial pressure: 1 x 10-5 Torr_ 

As a result1 Al-Si thJn films were deposited 

within th• sW:>strate temperature range of 160 ·c to 

'00 •c which contained no carbon impurity and were 

excellent in f la~nass and denseness similarly as in 

Ex;ier1aental example 1. 

Example• 6 to 8 and Bxpe~imental examples 8 to 

ts 15 described below are examples when forming Al-Si 

films seleatively. 

E.xampla-6 

ZD thi• Exe.mple 6, selective deposition of Al-

Si is effected by use of the device shown in Fig. 1. 

20 The reaction tube 2 is internally evacuated to ca. 1 x 

10-8 Torr by the evacuation un1t·9. Roweve~, Al-Si 

25 

f ~lm can be also formed even if the vacuum degree 

wt thin the react ion tub.• 2 may be worse than l .x 10-e 

Torr. 

Aftar washing of the Si wafer, the conveying 

chamber 10 is released to atmospheric pressure and the 

This Sheet Has Been R 1 

I lllllllf lllll l/M Ml Jf 

la! 20!! 
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1 Si wafer·is aounted in the conveying chamber. 'l'he 
. -6 

conveying chamber is evacuated to aa. 1 z 10 Torr, 

then the gate valve 13 is opened and the wafer is 

•ounted on the wafer holder 3. 

At~er mountino of the wafe~ on .tha water 

holder 3, the gate valve 13 is olose~, and the 

reaction ehambe~ 2 is evacuated to a vacuum degree ot 

ca. 1 x 10-8 Torr. 

In this Exa•ple, DMAH ie led thl:'ougb the t1rst 

10 gas line. As the carrier gas of DMAH line, H2 is 

employed. The secoud gas line is used for 82 and the 

third gas line for s12H6 . Bv passing H2 through the 

second gas line, the pressure within the re•ction tuba 

2 is •ada a predetermined value by controlling the 

15 opening of the slow leak valve 8. A typical pressure 

in ~his Example is made approximately 1.5 Torr. Then, 

th•· water 1s heated by current passage through the -

heater 4. Attar the water temperature hes reached a 

pr•deter~ined temperature, DMAH and Si2H6 ere 

20 

25 

introduced into the reaction tube through the DMAH 

line and the Si2H6 line. Tba total preasure is ca. 

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

1.6 x 10-4 Torr. The S12H6 partial pressure is made 2 

x 10-6 Torr. When s12H6 and DMAH are in~roducad· into 

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

p;ioedeterllined dapoaition time.bu elapsed, feeding of 

. !al 203 

.. 
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1 DMAH and Si2H6 is stopped. Hext, heating of the 

heater 4 is stoppedto cool the wafer. Feeding of H2 
gas is stopped, and after evacuation internally of the 

reaction tube, the water is transferred to the 

5 conveying chambor, and only the conveying ehaaber is 

made atmospheric before taking out the water. The 

10 

ou~l1ne ot Al-Si tila formation is as described above. 

Experimental exam~le 8 

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

eubjac~e4 to thermal oxidation at e temperature ot 

1000 °c according to the hydrogen combus~ion system 

CH2 : 4 liters/M, o2: 2 liters/M). 

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

refractive index 1.46. A photoresiet was coated on 

15 the wbola Si substrate, and a desired pattern wes 

20 

balced ~y an exposure machine. The pattern was such 

that varioua holes ot 0.25 µ• x o.25 µm - 100 µa«: 100 

1Ull were open•4. After de~e1opment ot the resist, with 

tbe pbotoreaiat as tba mask., the· subbing sio2 was 

etched by the reactive ion etchinQ (RIE)1 etc. to have 

the substrate Si partially e~oead. Thus, 130 sheets 

ot S&JllPl•s heving var1oua si:as of s102 holes of 0.25 

pm x 0.25 pm - 100 p.m x 100 pm were prepared, the 

aubetrate teJaperature was set at 13 levels~ and far 

the samples each of 10 sheets at the respective 

temperatures, Al-Si tilma were selectively depasited 

~204 
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following the procedure as described above under the 

following conditions: 

Total pressure: 1.5 Torr 

DMAH pa~tial pressure: 1.5 x 10-4 Torr 

Si2H6 partial pressure: 2 x 10-6 To~~ 

The Al-Si films deposited by varying the 

substrate temperature at 13 levels were evaluated by 

use ot varioue evaluation methods. Tbe results are 

shown in Table 2. 

. -· ... 
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In the above samples. no Al-Si was deposited 

on $10
2 

at a temperature range from 160 °c to 450 °c, 
and Al-Si was deposited only on the portion with 

opening of s102 to have Si exposed. Also, when 

s deposition was oa.r~ied out in the above temperature 

range continuously for 2 hours, similar selective 

deposi~sblity was maintained. 

E!ferimental example 9 

Pollo"ing the same procedure as in Example 1 

IO to set the parameters as follows: 

15 

Total pressure: l.5 Torr 

DMAH partial pressure: 5 x 10-4 Torr 

Substrate temperature (Tsub): 300 •c 

and the Si2H6 partial pressure was varied from 1.5 x 

10-7 ~orr to 1 x 10-4 Torr to etfeot deposition. The 

Si con~ent (•t.-) of the Al-Si tilma were varied from 

0.005-*·~0 5 *approximately in propor~ion to th& _ 

s12s 6 par1;ial pressure. As to resistivity, carbon 

content, average wiring life, deposition speed, 

20 hillock clenaity and spike generation, the Selllle results 

as in Ezperilllental example a were obtained. However, 

in samples having a Si content of 4 ' or bighar, 

depos1~1on was generated in the films which appeared 

to be Si to worsen surface morphology, thereby makiAQ 

25 th• retlactence 65 s or lower. Sample• having a Si 

con~ant of le•• than 4 * exhibited a reflectance at 80 

ijJ 208 

·. 
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l to 95 -, which was the same as in Exi>erimental example 

8. 

Furthermore, similarly KH in Experimental example 8 

9elect1ve depositability depending on substrate 

5 surface material was also confirmed over the entire 

region. 

1.x:maple 'l 

First. the procedure of Al-Si film formation 

is as follows. By the evacuation unit 9, the reaction 

10 tube 2 is evacuated internally ~o ca. 1 x 10-·8 'l'orr. 

Al-Si film can be 'tormed even if the vacuwa degree in 

the reaotion tube 2 may be worse than 1 x 10-8 Torr. 

After washing of the Si water, the conveying 

cbamber 10 ie released to atmospheric pressure and the 

10 Si water is mounted in th• Qonveying chamber. The 

oonvey1ng chamber ia evacuated to ca. 1 x 10-6 Torr, 

then the gate valva 13 is opened aad the wafer is- _ 

mounted o~ the water bolder 3 • 

. After mounting of the wafer holder 3, ~he gate 

20 valve 13 is closed and evacuated to a vacuum degree in 

the reaction chamber .2 of ca. 1 x 10-8 Torr. 

ID ~h~a Example, the first v•• line is uaed 

for t>MAH. Aa t:be carrier gas for .. the DMAH line, Ar :ls 

employed. The second gas line 1s used for a2 • The 

as thi~d gae line is p~ovided tor Si2H6 • 

'41209 
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By paeaing H2 through the ~econd gas line, the 

pressure within the reaction tube 2 is made a 

predetermined value by controlling the opening ot the 

slow leak valve B. A typical pressure in this Bxample 

s is made approximately 1.5 Torr. Then, the wafer is 

heated by current passage through the heater 4. After 

the wafer temperature has reached a predetermined 

temperature, DMAH and si2H8 are introduced into the 

reaction tube through the DMAH line and the Si2H6 
10 line. The total pressure is ca. 1.5 Torr, and the 

DMAH partial pressure is made ca. 1.8 x 10-4 Torr. 

When s12H6 and DMAH are introduced 1ata the reaction 

tube 2, Al-Si is depoaited. After a predetermined. 

deposition time has elapsed, faedina of DMAH and si2H6 

15 is stopped. Next, heating of the heater 4 ie stopped 

to cool the water. Feeding of H2 gas 1$ stopped, and 

aftvr-evacuat1an internally ot the reaction tube, the 

wafer is transferred to the conveying chamber, and 

only the conveying chamber ia made atmospheric before 

·20 tU:::1ng out the wafer. The o~tline of Al-Si film 

fo~aat1on 1• as described above. 

25 

Experimental example 10 

Al-Si film• were formed according to the 

method ot Bxample 7. ro~ the deposited films 

obtained, conce~ning resistivity, carbon content, 

average wiring life, deposition speed, hillock density, 

il1i1iU1il~Hf 

~210 
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1 generation of spike and retlactance, the same results 

as in Experi~ental example 8 were obtained. 

Aleo, seleotive depositebility with substrate 

was the same as in Bxperimental example 8. 

5 Experimental example 11 

10 

FollowinQ the same procedure as in Example 7 

to set the parameters as follows: 

Total pressure: 1.5 Torr 

DMAH partial pressure: S x l0-4 Torr 

Substrate temperature {TsubJ: 300 •c 

and the S12H6 _partial pressure waa varied from 1.5 z 

10-7 ~orr to 1 x 10-4 Torr to effect depoai~ion. The 

Si content (wt.%) of the Al-Si films were varied from 

0.005 % to 5 % approxiaat•ly in proportion to the 

15 s12H6 partial pressure. As to resistivity, carbon 

eoaten~, average wir!no life, deposition speed, 

bil~ock..denaity and spika generation. the same reeults 

as in Bxperiaental example 8 were obtained~ However. 

in eampl•• baving a 8:1 content of f " o~ higher, . 

20 deposition was generated in the films which appeared 

to be Si to worsen surface morphology, thereby Alaking 

the reflectance 65 ~ or lower. Samples having a Si 

con~ant of lass thau 4 • exhibited a reflectance of BO 

2S 

to 95 ., wbi~b ••• ~he eame ee in Ezpe~imental example 

8. Furthermore, s1ailarly as· in Ezpe~imental example 

8, selective depositability depending on substrate 

· n111n;m1firr 

rai 211 
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l surface materiel was also oonf irmed over the entire 

region. 

Example 8 

This Exampla is selective deposition of Al-Si 

5 according to the low pressure CVD method. 

Experimental example 11 

By means of the reduced p~essure CVD device 

ehown in Fig. 2, Al-Si films were fo%'11lad on the 

sul)strates with the constitutions as described below 

10 (Saap1ea 5-1 - 5-179). 

Preparation of sample 6-1 

On e monogrystalline silicon aa the electron 

donative first substrata surface aaterial, a thermally 

oxidized Si02 film ea the electron non-donative second 

15 substrate surface material was for.med, and patterning 

was eftected according to the photolithographie steps 

as 11hgwn in Szperimental example 8 to have -the 

monocrystalline ailicon surface partially exposed. 

The tilm thickness Of ~he tbermally ~idized 

20 s102 f1la wa• found to be ~000 1, with the e1ze of the 

exposed portion of the monooryatall1ne silicon, namely 

opening being 3 ll• :x 3 µm. Thus, Sample 5-1 was 

prepared. (Hereinafter, such sample 1s expre~sed as 

•tber•ally oxidized s102 (hereinafter abbreviated as T-

25 s102)/monoorystall1ne silicon•). 

Preparatjon of Samples 5-2 - 5-179. 

~212 
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sample 5-2 is an oxidized film formed by 

normal pressure CVD (hereinafter abbreviated as 

Si02J/monocrystalline silicon. 

Sample 5-3 is a boron doped oxidized film 

5 formed by normal pressure CVD (hereinafter abbreviated 

10 

as BSG)/monocrystalline silicon. 

Sample 5-t is a phosphorus doped oxidized film 

for•ed by no~mal pressure CVD (hereinafter abbreviated 

a• PSO)/aonocrystalline silicon. 

Sample 5-5 is a phosphorus &Jld boron doped 

oxidized f ila formed by normal pressure CVD 

(hereinafter abbreviated as BSPG)/monocrystalline 

silicon formed by normal pressure CVD. 

Sample 5-6 is a nitrided t1lm formea by plasma 

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

20 

eil:l.con. 

- _ .. Sample 5-7 ia a thermally nitr!ded film -

(hereinat~•r abbreviated as T-S:N)/•onocrystalline 

ailioon. 

saaole 5-8 is a nitrided fil• fo~med by lent 

p~esaure CVD (hereinafter abbreviated as LP-

S: ff J /aonocrystall ina silicon. 

Sample 5•9 is a n1trided film formed by ECR 

device (hereinafter abb~eviated as ECR~ 

25 SiRJ/monocrystalline silicon. 

Further, by QOmbinations of the electron 

llriiiiiliUf 

~2U 

.. 
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1 donative first substrate surface materials and tha 

electron non-donative second substrate surface 

materials. Samples 5-11 - 5-179 shown in Table 3 were 

prepared. As the first substrata surface material, 

5 uonoorystalline sili~on (monoorystalline Si), 

polycrys~alline silicon (polycrystalline Si), 

amorphous silicon (amorphous Si), tungsten CW), 

molybdenum (Mo), tantalum (Ta), tungsten s1lic1de 

(WSi), t1t8D1Wll $ilic.ide {TiSi), aluminum (Al)~ 

1o alumin\lJD silicon (Al-Si), titanium aluminum (Al-Ti), 

titanium nitride (TiN), copper (Cu), aluminum silicon 

copper (Al-Si-CuJ,. aluminum palladium (Al-Pd), 

titanium (Ti), malybdenwn silicide (Mo-81), tantalUJD 

silicide (Ta-Si) were employed. These samples arid 

~ Al2o3 substrates, Si02 glass aubstraies were plaoed in 

the low pressure CVD device shown in Table 2, .sad Al­

s1 ~ilms were tomiled within the same badge. The ~ilm 

forming aonditions were a reaction tuba pressure of 

o.s Torr, a DMAH part~al pressure ot 3.0 x 10-5 Torr, 

20 a Si3H6 partial pressure of 1.0 x 10-6 Torr, a 

•ubstrate taaperatura of 300 °c and a· film formation 

·time of 10 minutes. 

As the result of film formation under such 

cond1t1one, concerniog all the samples applied with 

25 patterning from Sample 5-1 to 5-179, deposition of Al­

Si film occurred only on tbe electron donative first 
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l substrate surfacQ film to embed completely the open1ng 

with the depth ot 7000 i. Th~ film Qliality of the Al­

Si film was found to be very good, exhibiting the same 

properties as one prepa::red ·at a substra'te temperature 

5 ot 300 °c showc in Experimental example 8. On the 

other hand, on the second substrate surface whieh ia 

elaotroo non-donative, no Al-Si film was deposited at 

all, whe~eby complete selectivity was obtained. On 

both the A12o3 substrate and the s102 glass subst~ate 

10 which are electron non-donative, no Al-Si film was 

depoaita4 at all. 

~ariaental example 13 

By use ot the low preeaure CVD device shown in 

Pig. 2, Al-Si film wee formed on the substrate with 

15 the coneti tution as described below. 

20 

On a thermally. oxidized film ea the electron 

non-donative secon~ suJ:>strate surface material, a­

polycrystalline Si ae tb• elee~ron donative first 

eubatrate surface material was formed, p•tterDing was 

etteeted according to the photolithographia steps as 

shown. in Bxpe~imental example 8 to have tha ~berm.ally 

oxidized film surface pa~tially exposed. Tha film 

thickness of the polyc~yatalline silicon at this time 

was 2000 ~, with ~h• siz• of the thermally oxidiz•d 

25 film exposed portion, namely opening being 3 ~· x 3 

µa. such sample is called 6-1. By combinations of 

Tltis Sheet 1Ias .B 
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tbe electron non-donative second substrate surface 

ma:teriala, (T-Si02, CVD-Si02' BSG. PSG, BPSG, P-SiN, T­

SiH, LP-SiH, ECR-S:N) and the elec~ron-donative first 

substra~e surfaee mate~ialc (polye~ystall!ne Si, 

5 amorphous Si, Al, w, Mo, Ta, WS1, TiSi, TaSi, Al-Si, 

Al-Ti, TiN, Cu, Al-Si-Cu, Al-Pd, Ti, MO-Si), Sem.ples 

ot 6-1 - 6-169 shown in Table 4 were prepared. fhese 

aemples ware placed in the low CVD dovice shown in 

Fig. 2. and Al-Si film was formed within the sa•e 

10 badge. The film forming conditions were a reaction 

tube preaaure of 0.3 Torr. a DMAH partial pressure of 

3.0 x 10-s Torr, a Si2H6 partial pressure of 1.0 x 10-

6 ~orr,a substrate temperature of 300 °c and a film 

forming time of 10 minutes. As the result of film 

15 formation under such oonditions, in all the samples 

20 

25 

from 6-1 to 6-169, no Al-Si film 1f88 deposited at all 

.at ~be .opening having the electron non-donative seeDnd 

sUbatrate exposed, but Al-Si of about 7000 A was 

deposited only on the electron donative first 

substrate, whereby complete selectivity wae obtained. 

Tbe fila quality ot the Al-Si film deposi~ed was found 

to be very good_ exhibiting the same propert1es as one 

p~epared at a Substrate temperature Cf 300 OC in 

Experimental example 8. · 

'! 
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1 Experimental example 14 

When deposition was oarried out according to 

the same procedure as shown in Experimental example 8 

by·use of MMAH2 as the starting gas and setting the 

5 conditions as follows: 

Total pressure: l.S Torr 

MMAH2 partial pressure: 5 x 10-4 Torr, 

s12a6 partial pressure: 1 x 10-5 Torr 

in the temperature range of tb.e substrate temperature 

10 :from 160 °c to 400 °c, an Al-Si thin film. containing 

no carbon i•purity end having excellent flatness, 

denseness and selectivity with the subs~rate s~rface 

materials was deposited similarly •• in Bxper1mentel 

example 8. 

15 Experimental example 15 

20 

25 

When deposition was oarried out: by following 

th& prnoedure of Experi•ental example 8, but 

_ substituting S1H4 for s12H6 as the starting material 

coataining SJ end setting the conditions as follows: 

Total pressure: 1.5 Torr 

DMAH pfll'tial presaure: 5 x 10-4 Torr, 

SiH4 partial pressure: 1 x 10-5 Torr 

in tbe t•mperature range of the substrate temp•~ature 

from 16.0 °c 'to 400 °c, an Al-Si thin film containing 

no carbon impurity and having excellent flatness, 

deDSenesa and selectivity with the sUbstrate surface 

1Z1221 
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1 materials was ·aeposited similarly as in Experimental 

example 8. 

Co~parative experiment 

An Al film was formed on a monocrystalline 

s silicon under the following conditions. 

10 

15 

By passing Ar in place ot H2 , Al was deposited 

by· pyrolysis of DMAH. The total pressure at this time 

was made 1.6 Torr, tha DMAH partial pressure 1.5 x 10-

4 Torr, and the substrate temperature ot 270 - 350 °c. 
When the Al tilm thus formed was evaluated, 

about 2 • of carbon was found to be contained at tha 

21in1mum. 

Resistivity became greeter by 2-fold or more 

t·ban tba case when hydrogen was employed. 

As to reflectance, it was lowered ta about 1/a 

to 1/9 relative the case when hydrOQen was employed. 

· S.imilarly, wiring •life was shorter by l to 2 

cipher, generation p~obebility of hillock became 

greater by 2 cipher or more, and a large number ot 

20 spikas were found to be Q•narated. 

25 

Aa to the deposition· speed, it was lowered to 

1/2 to 1/4. 

As described above, Al deposited only by 

decompos1t.ion of DMAH without uae of H2 ie infa~ior i~ 

film quality, and was unsatisfactory as the Al film 

for a aamiconductor de~ica. 

This Sheet Ifas Been .R 

11111/D Ill/ m111 if 
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Separatelyr without use of .H2, DMAH was 

decomposed by the optical CVD method to deposit Al. 

As the result, some improvement such as no containment 

ot carbon, and the like was observed from as the Al 

5 film prepared as compared with the case when no light 

was e•ployed. but other characteristics were not 

improved so much, and the Al film was still 

unsa~isfactory as the Al tilm for a semiconducto~ 

device. 

10 As described above. the mechanism ot Al 

d~pos1t1on according to the present invention may be 

presently hypothesized as follows. 

When DMAH reaches tbe electron donative 

substrate, namely the substrate having electroD& under 

is the state 011 wbich hydrogen atoms are attached (Fig. · 

4A) with the aethyl groups directed toward the 

subatr.a~• side. one electron ot the substrate cuts 9ne 

bond of Al and a methyl ~oup (Figs. 4B and 4C). 

The reaction scheme at this t1me is aa 

20 tallows: 

(CH3J2AlH + 2H + 2e _, 2CH4 f + Al-H. 

~urtber, similar reactions will proceed for 

the hydrogen atoms remaining o~ deposited Al having 

f~ee electrons (Pig. 4D). Here, when hydrogen atoms 

25 are deficient, hydrogen molecules constituting the 

reaction gaa are deco•posed on the aubstrate to supply 

!il2U 

. . 
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1 hydrogen atoms. On the other·hand; since there is no 

electron on the electron non-donative surface, the 

5 

above-mentioned reaction will not proceed and no Al 

deposited. 

Figs. 4A 4D are illustrations for better 

understanding of the reacion mechanism, and the 

numbers of H, e and Al shown in Figs. 4A - 40 are not 

necessarily coincident. 

In the oaaa of an Al-Si film, Si atoms are 

10 jncorporated into Al during the process of tbe 

reaction as described above. 

15 

20 

25 

As described above, according to the present 

1nvantion, a low resistivity, dense and flat Al-Si 

fil• oould be deposited on a substrate. 

Also, depending on the kind of the substrate, 

Ai-s1 can be formed with excellent selectivity. 

ii1iiiiif Uir 

la! 224 
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l · CLAIMS1 

1. A prooess tor forming a d$PO&ited film 

comprising the ateps of: 

(a) providing a substratG having an electron 

5 donative surface (A) in a space for formation ot the 

deposited fi.lm; 

(b) introducing a gae of an alkyl aluminum 
. . 

hydride1 a gas containing silicon atoms and hydrogen 

gas into said space for formation of deposited film: 

10 and 
(c) maintaining the temperature of said electron 

donati~e surface (A) within the range of from the 

decomposition temperature of said alkyl elwninum 

hydride to 450 °c\ to form an aluminum film containing 

15 silicon on said electron donative surface CA). 

20 

25 

· 2. .. . The process acgording to Clei:m 1, wherrin. 

eaid alkyl aluminum hydride is dimethyl aluminum 

hydride. 

3. The process according to Claim 1, wherein 

said alkyl aluminum. hydride ie monomethyl alwninum 

hydride. 

'· The process according to Claim 1, wherein 

said substrate 1• const~tu~ed of a material ·selected 

. ' 1111111 llllll lllll 11111111111 
* C L M S * 

·. 
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1 from single monocrystalline silicon, polycrystalline 

silicon and amorphous silicon. 

s. ~he p~ocess according to Claim l, wherein 

G said substrate is a Ill-V compound sam1oopduotor 

containing an eleaent belonging to the group III of 

the periodic table and an element belonging to the 

g~oup V of the periodic table. 

10 

15 

20 

6. The prooess according to Claim 1, wherein 

said substrate is a II-VI compound semiconductor 

containing an element belonging to the group II of the 

periodic table and an element belonging to the group 

VI of the pe~lodic tabla. 

?. The process according to Claim l, wherein 

said substrate is a ••tal containing at least one.. - . . -
aleaent aelected_from tUngsten, molyb4enWll, ten~alum, 

alum1num, titanium and. copper. 

·a. The provess according to Claim l, wherein 

said substrate is a metal. 

9. · The p~ocee• aecordiog to Claim l. wherein 

said sul)strata 1e a semiconductor. 

11111111111111 111111111111 Ill/ 
* C L M S * 
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10. The process aocording to·Cl&1m l, wherein 

sa1d substrate is ailioide. 

ll. The process aoaording to Claim 1, Mharein 

5 eaid aluminum film is monoorystalline. 

12. A process for forming a deposited film 

comprising tha steps or: 

(a) providing a substrate having an electron 

io douative surface (A) and an electron non-donative 

surface (B) in a space for formation ot the deposited 

film; 

(b) introducing a gas of an alkyl aluminum 

hydride, a gas contain.ing silicon atoms and hydrogen 

15 gas in~o eaid apeQe for formation of the dapos1~ed 

20 

25 

f il•: and 

. (O) .. maintaining the temperature of said electrop 

donative eurtace {A) within the range of from the 

dec:OJ1pos1tion temperature of said alkyl aluminwa 

hydride to 450 °c to fora an alwainWD film containing 

silicon seleotively on s~id electron donative surface 

(A). 

13. The p~ooess according to Claim 12. wherein 

said alkyl aluminum hydrid• ie dimethyl aluminum 

hydride. 

11111111111111 11111 1111111 1111 
* C L M . S * 
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1 14. ·The process according to' Claim 12r wherein 

5 

said alkyl aluminum hydride is monomethyl aluminum 

hydride. 

15. The process according ·to Claim 12, wherein 

said electron donative surface (A) is formed ot a 

material selected from monocrystalline silicon, 

polycrystalline silicon and amorphous s1licon; and 

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

10 insulating material. 

16. Th• process according to ciaim 12, wherein 

said electron donative surface (A) is formed ot a IXI­

V group compound semiconductor co~taJn1ng an element 

15 belonging to th• group III of the periodic ta):)le ·and 

an element belonging to the group V of the periodic 

table, and said electron non-donative surface (B)- is 

farmed of an insulating material. 

20 

25 

l 'Z. The process according to Claim 12, wherein 

said elactron donative s111'tace (A) is foI'lJ'led of a II­

VI group compound semiconductor containing an element 

beloDging to the group II of the periodic table and an 

eleman~ beloaging ~o the giwo~p VI o~ the periodic 

table, and said electron non-donative surface (B) 1s 

form&d of IU1 insulat!no mata~ial. 

1111/~ml~ lllllUll /I /IM 
M .s "' 
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The process acco~ding ~a.claim 12, wherein 

said electron donative surface (A) is formed of a 

metal containing at least one element selected from 

tungsten, molybdenum, tantalum, aluminum, titanium and 

5 copper, and said electron non-donative surface (S} is 

formed of an insulating material. 

19. Tha process according to Claim 12, wherein 

said electron donative surtace (A) is formed of a 

10 metal and said electron non-donative surface (B) is 

termed of an insulating material. 

15 

25 

20. The orocess acoording to Claim 12, wherein 

said electron donative surface (A) is formed ot a 

semiconductor and said electron non-donative surfaee 

(BJ is formed of an insul"ating material . 

. -
21. The process aocording to Claim 12, wherein 

said electron donative surface (A) is formed of 

s111c1de and said eleotron non-donative surface (B) is 

formed of an insulating material. 

22. A process for forming a deposi~ed film, 

which comprieee deposi~~ng sil1~on-containing aluminum 

on a substrate according to the chemical vapor 

deposition method utilizing a .oas of an alkyl aluminum 

taJ 228 
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1 hydride, a gaa containing silicon atoms ano hvOrogen 

gas. 

23. A process for forming a deposited fiim, 

s wbioh comprises selectively depositing silioon­

oontaining aluminum according to the chemical vapor 

dapoaition method utilizing a gas of an alkyl aluminum . 
hydride, a gas containing silicon atoms and hydrogen 

gas on a substrate having an insulati~g surface and an 

10 electrooonductive surface. 

21. The process according to anyone ot claims 1, 

12, 22 end 23. wherein the gas containing silicon 

atoms i• selected from SiH4 , Si2H6, Si3H8 , Si(CH3 ) 4 , 

15 s1c1,, SiH2Cl2 end SiH3Cl. 

20 

I Ill/II/ llllll lllll lllll /11111 
* C L N S . * 
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25. A process for forming a film on a substrate by 

Iii 231 

. chemJ.cal vapour deposition which compriaes reacting an ·· 

alkyl aluminium hydr1de, a gaseous material contain~ng 

silicon atoms ancS hydrogen to form a film containing 

5 alwni.nium atoms and silicon atoms. 

10 

15 

26. A process according to claim 25r wherein the film 

~ormed conta~ns1 a1umin1.um as •ain component. 

27. A process for forming a ~~1m on a substrate by 

chemical vapour deposit~on which comprises reacting nn 

alkyl alwn~n1um hydride and hydrogen i:a form a film 

containing alumin~um atoms. 

28. Use for the f omat.ion of the w1.ring of a 

semiconductor integrated oircuJ.t of Al-Si w~ring 

\ 
~eposition from an alkyl ~armed by chemical vapour 

alWU.nium hydride, a gaeAOua material containing 

ai1~con atoms and hydrogen. 

I fllllf I~ 1118 HI/Ill /II/ 
Ill s * 


