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PROCESS FOR FORMING METAL DEPOSIT~O FILM CONTAINING 
ALUMINUM AS MAIN COMPONENT BY OSE OF ALKYL ALUMINUM 

Hn>RIOE 
A process for forming a metal f il• comprises the 

., 
steps ot arranging a substrate in a space for 

torlllation of the film, introducing an alkylaluminum 

s hydride gas and hydrogen gas into the space and 

heating directly the substrate to form a metal film 

comprising aluminum as main component on the surface 

of the substrate. 
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PROCESS FOR FORMING METAL DEPOSITED FILM CONTAINING 
ALUMlmJM AS MAIN COMPONEN'r BY USE OF ALKIL ALUMINUM 

HYDRIDE 
A process for forming e metal film comprises the 

., 
steps of arranging a substrate in a space for 

formation of the film, introducing an alkylaluminum 

hydride aa.s and hydrogen.gas into the space and 

heating directly the substrate to form a metal film 

comprising aluminum as main component on the surface 

of the substrate. 

FIGURE 11 2a, 2b AND 2c. 
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What is claimed is: 
1. A process for forming a metal film comprising the 

steps of: 
(i) providing a substrate comprising a semiconductor 

or a conductor portion and an insulator portion; 
(ii) disposing said substrate in a first film-forming 

chamber of a metal film-forming apparatus, said 
film-fanning apparatus comprising said fU"St film­
forming chamber, a second film-fanning chamber 
for forming a. metal film and a substrate conveying 
path for connecting said first and said second film­
forming chambers to each other while being 
shielded from the atmosphere; · 

(rli) selectively forming a first metal film comprising 
aluminum on said semiconductor or said conductor 
portion in said firSt film-forming chamber using an 
organic aluminum; 

(iv) conveying said substrate on which said first metal 
film is formed from said first film-forming chamber 
through said substrate conveying path to said sec­
ond film-forming chaCibc:r and disposing. said sub­
strate in said second film-forming chamber, said 
film-forming apparacus being shielded from the 
atmosphere during conveying of said substrate; and 

(v) nonsclectively forming a second metal film on 
said substrate in said second filrn-f arming chamber. 

2. The process according to claim 1, wherein said first 
metal is pure aluminum. 

3. The process ~ccording to claim 1, wherein said first 
metal further" comprises at least one element selected 
from the group consisting of Sc, Ti and Cu. 

4. The process according to any one of chums 1 to 3, 
wherein said second metal film is pure aluminum. 

S. The process according to any one or claims l to 3, 
wherein said second meta! film is a metal comprising Al 
and at least one element selected from the group con· 
sisting of Si, Ti and Cu. 

6. The process according to any one of claims 1 to 3, 
. wherein s:iid second metal film comprises at least one or 

Cu, W and Mo as main component. 
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7. The: process according to claim I. wherein said 
second metal film is formed in said second film.forming 
chamber by a sputtering method. 

8. The process according to claim l, wherein said 
second metal film is formed in said second film·f arming 
chamber by a CVD method. 

9. The process according. to claim l, wherein said 
substrate conveying parh comprises a gate valve. 

10. The process according to claim 1, wherein said 
substrate conveying path comprises a relaying chamber. 

11. Tne process according to claim l, wherein said 
substrate conveying path comprises a cleaning chamber 
for cleaning the suriac: of said substrate on which said 
first metal film is formed. 

U. A process for pr:paring a semiconductor device 
comprising the steps of: 

(i) providing a subStrate comprising a semiconductor 
or a condUc:tor portion and an insulator portion; 

(u1 disposing said substrate in a. first film-forming 
chamber of a metal mm-forming apparatus, said 
film.forming apparatus compr'.sing said first film­
fonning chamber, a second f'ilm-f orming chamber 
for forming a metal film and a subStrate conveying 

path for connecting said fiist and said s:cond film· 
forrni:ig ch.ambers :o each ocher while being 
shielded from the atmosphere: 

(iii) selectively farming a firsr metal film comprising 
aluminum on said semiconductor or said conductor 
portion in said firs~ film-formine chamber using an 
organic aluminum to elec:tricaUy connect said semi­
conductor or said conductor portion to said firsc 
metal film; 

(iv) conveying said substrate on which said first metal 
film is f onned from said first film-forming chamber 
through said substrate conveying path ro said sec­
ond film-forming chamber and disposing said sub· 
strate in said second film-fanning chamber. said 
film-forming apparatus being shielded from the 
atmosphere during the conveying of said substrate; 
and · 

(v) nouselecrive!y forming a second metal film on 
said substrate in said second film-forming chamber 
to electrically connect said first metal film to said 
second metal film. ,_, 
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ABSTRACT 

PROCESS FOR FORMIBG METAL DEPOSITED FILM CONTAIHIBG ALUMIBitJM 
AS MAIR COMPONENT BY USE OF ALKYL ALUMINIUM HYDRIDE 

A process for forming a metal film comprises the 

steps of arranging a substrate in a space for 

formation of the film, introducing an alkylaluminum 

hydride gas and hydrogen gas into the space and 

heating directly the substrate to form a metal film 

comprising aluminum as main component on the surface 

of the substrate. 
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PROCESS ~OR FORMING METAL DEPOSITED 

FILM CONTAINING ALUMINUM AS MAIN 

COMPONENT BY USE OF ALKYL ALUMINUM 

HYDRIDE 

5 BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention rela~es to a metal deposited 

fi1~ forming method, particularly to a process fo~ 

forming metal deposited film which can be preferably 

10 applied to wiring of semiconductor integrated circuit 
... 

device, etc. 

Related BaokgrouncJ Art 

For electrode or wiring in elec~ronic device 

or integrated circuit by use of semiconductor of tbe 

l~ prior art, aluminum [Al) or aluminum containing 

silicon (Al-Si}, etc. has been primarily used. Here, 

Al is inexpensi17$, bas high ~lectroconductivity, and 

also a dense oxide film is formed on the surface, 

whereby it hes many advan~ages such that i~ can be 

20 che•~eally protected interna11y to be stabilized, that 

adhesiveness with Si is good, etc. 

Whereas, integration degree of integrated 

circuit such as LSI, etc. is increased, and fine 

formation of wiring and multi-layer wiring are 

25 particularly required in recent years. Thus, more 

stringen~demands not found up to date are presented 
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l for wiring. For example, in dynamic RAM such as 4 

Mbit or 16 Mbit, etc., the aspect ratio (depth of 

diameter of opening) of openings (via-holes) 

in which a metal such as Al, etc. must be deposited is 

5 1.0 or more. The diaaeter itself of the opening is 1 

µm or less, and a tecbnique capable of depositing Al 

also in opeaings with large~ aspect ratio is required& 

Besides, to be coJDmercially successful 

concerning semiconduc~or integrated circuit devices, 

10 the technique must enabl' bulk production at low cost. 

~here have been~k:nown in the art the 

sputtering method, the gas phase method such as the 

CVD method by use of trimethylalum.inum., etc. as a 

method of forming metal film such as Al fila, etc. 

15 Above all, the ther11a.1·cvo {chemical vapor deposition) 

method bas been variously studied. For example, there 

bas been.employed the method in which an organic 

aluminum dispersed in a carrier gas is transported 

onto a heated substrate, and tbe gas molecules 8%"9 

20 thermally deco•posed. on the substrate to fo~ a film. 

For example, as described in uJournal of 

Electrochemical Society Vol. 131, p. 2175 (1984) 11', by 

use of triisobutyl aluminum (i-C4H9)3Al {TIBA), film 

formation is carried out at a film formation 

25 temperature of 260 °c, a reaction tube pressure of 0.5 

Torr, whe~~Y a film of 3.4 µ c~ is formed. 

11i1i1ii!Hii 
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However; according to this method, the surface 

flatness of Al is poor, and no film of good quality is 

ottained in view of step coverage, electromigration, 

etc. Besides, the Al within openings do not become 

5 dense. 

Japanese Patent Laid-opan No. 63-33569 

discioses a method for til• formation by heating an 

organic aluminum in the ~icinity of the substrate. 

According to this method, Al can be deposited 

10 according to the CVD met~od selectively only on the 

metal or semiconductor surf ace of the substrate where 

the naturally oxidized film on the surface has been 

removed. It is further described to deposit Al on the 

oxide film as the sputtering method after embedding ot 

15 the openings. 

20 

However, also according to this method, since 

the surface noothness of Al within opening which is a 

major premise is not suffioient, electrical contact ot 

the interface between the Al film according to the CVD 

•ethod and the Al film according to the sputtering is 

poor to bring about increase in resistivity. 

As an example of ~odification of this method, 

the pre-text of 11 2nd Symposium of Electrochemical 

Society, Branch ot Japan (July 7th, 1989}, on p. 75, 

25 described the double wall CVD method. This method can 

grow selec5ively Al only on a metal o~ semiconductor 
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1 by use of TIBA gas. However, it is difficult to 

control precisely the difference between the gas 

tei.perature and the substrate surf ace te~perature and 

also the bomb and the wiring must be heated, thus 

5 including the drawback that the apparatus constitution 

becomes complicated. 

More specifically, if these are to be 

controlled, the apparatus for metal deposited film 

formation is complicated and it cannot but be made the 

10 sheet treatment type in ~hich deposition can be 

effected only one sheet~of wafer by one deposition 

process. Besides, only a film which can never be said 

of good quality can be obtained at a deposition speed 

of 500 1/min. at the highest, whereby it is impossible 

15 to realize the throughput necessary for bulk 

prOduction. ~oreover, even 'the film obt:ained 

according to t:his method canno~ become a uniform 

continuous film unless made to have some thickness. 

Thus, this method pro~ed to be u.nsatisfao~ory and 

20 unsuitable for bulk production1 because 

reproducibility was poor for such reasons that 

flatness of the film is poor, that selectivity of Al 

selective growth cannot be maintained for so long 

time, etc. 

25 Further, when one metal film fora.ing apparatus 

is employef, ~arious gases fo~ f il~ formation or gases 

1111iii1im1nr 
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1 for cleaning of tbe chamber, etc. are introduced into 

a reaction chamber for the purpose of film formation 

actuation or maintenanee of the apparatus to carry out 

the des~red treatments. Wben film forJDe.tion is 

5 continued while perfor•ing such treatments, even in 

the GVD method with little containment of carbon, etc. 

from au organic aluminum starting material, there will 

ensue the tear that various impurities other than 

carbon may be entrained into the interface, etc. Such 

10 problem may become sudde~ly a cause to lower the yield 

in bulk p~oduction of s~micon.ductor devices. 

SUMMARY OF THE INVENTION 

As described above~ according to the CVD 

methOd of the prior art, none of improve•ent o~ 

15 deposition speed and improve•ent of throughput which 

are indispensa])le for bulk production of semiconductor 

integrated circuit devices at low cost could be 

desired, and also there was the problem that no 

selective growth ot Al ot good quality could be 

2o successfully done. Even if selective growth of good 

Al could J:>e obtained, -problems remained with respect 

to flatness, purity and step coverage, embedding of 

dense Al within contact holes, etc., whereby 

reproducibility was poor. Thus, the~e has been much 

2-5 rooin to be improved for improvement of higher 

in'tegratioli).. 

iliiii~f 
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An objeot of the present invention is to solve 

the technical problems as described above and provide 

a~metal tilm forming method by which a metal film can 

be obtained with good reproducibility at high 

5 deposition speed and high throughput even without use 

of a complicated and expensive deposited film 

formation apparatus. 

Another object of the present invention is to 

provide a metal tilm forming method which can form a 

~O 11&etal film within openings with a large aspect ratio. 

Still another dbject of the present invention 

is ~o provide e metal film forming method which can 

form a metal film excellent es a electrode and a 

wiring material of a semiconductor device due to 

15 improve the contact be~ween the metal excellent in 

electroconductivity and flatness deposited first 

within the openings and the metal tilm deposited 

thereafter, thus having low resistivity and being 

st~on.g to eleetromigration1 by depositing a metal of 

20 good quality within the openings according to the f1lm 

forming method excellent in selectivity, and then 

depo$iting the metal on the whole surface including 

the insulating film surface according to the non­

select ive film for~ing ~ethod. 

25 Still ano~he~ object of the present inven~ion 

is to prov,de a metal film for•ing ~ethod which is 

1ii~~i~f 
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1 substantially free from entrejnment of au impu.ri~y 

even after the metal film forming apparatus hes been 

u!ed repeatedly for a long term. 

For accomplishing such objects, the present 

5 invention comprises the steps of arranging a substrate 

in a space for formation of the f ilm1 introducing an 

alkylaluminum hydride gas and hydrogen gas into the 

space and heating directly the substrate to form a 

•etal film comprising aluminum as main component on 

10 the surface of the subst~ate. 

Of course, durfn9 film formation, by 

introducing a gas con~aining element such as Si, eto, 

if necessary, in combination, a metal film comprising 

aluminum as main component such as Al-si, etc. can be 

15 formed. 

20 

25 

In the present invention1 by heating directly 

~he substrate during selective deposition of aluminum, 

a metal film ~ith excellent film characteristics can 

be formed at higher deposition speed than expected. 

According to the present invention, since the 

direot heating method by lamp, etc. is utilized, the 

deposition speed can be improved by promoting supply 

of hydrogen atoms onto the eleot~on-donative surface 

while maintainiog surely selectivity. 

Improvement of deposition speed not only 

enhances t~oughput, but also brings about the effect 
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1 of preventing entreinment of impurities eveo under bad 

conditions where impurities are reaaily entrained into 

tlfe metal film. Therefore, both of film quality and 

throughput can be improved at once, whereby reinarkable 

5 effects can be exhihited in the field of preparing 

semiconductor devices. 

The probleJD of entrainment of impu~ities can 

be also improved by utilizing a •etal film forming 

apparatus having a so called multi-chamber, in which 

10 the formation step of th- Al film is divided to two 

15 

steps, a selective deposition step and a non-selective 

deposition s~ep, and the reaction chambers of above­

mentioned two steps are jointed •utually together, to 

carry out continuously the above two steps. 

For accomplisb!n~ the objects as described 

above, the present invention comprises the steps of 

arran~ing a substrate in a first fila forming chamber, 

introducing an alkylalWllinum hydride gas and hydrogen 

gas into the first tilm forming chamber, heating the 

io substrate to form an aluminum film on the surface of 

the substrate, and moving to arrange the substrate 

under shielding of outer air into a second film 

forming chamber p~ovided edjacent to the first film 

forming chamber so as to.be capable of being 

~5 continuously shie1ded from outer ai~ and forming a 

metal film fD the substrate according to the gas 

This Sheet Has Been Replaced 
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phase method. 

The Al deposited selectively within contact 

holes becomes a monocrystalline material of good 

quality to f orin a dense film with excellent surf ace 

flatness. Purther, by moving the substrate onto the 

film continuously through the film forming chaaber 

withcu~ expoS"~re to outer ai~, selective 

deposition/non-selective deposition can be car~ied out 

continuously. Based en the surface reaction at a low 

10 temperature of DMAH and tt2 gases when ~erforming 

selective deposition, A1 is selectively deposited 

within contact boles. Since tbis Al is en Al film of 

good quality with very excellent salectivi~y, for 

application as the wiring material of a semiconductor 

15 device. further a meta1 film must be formed non-

selectively on the insulating layer, thereby enabling 

a multi-layer wiring. Here, the Al film deposited 

within contact holes has been found to be a single 

crystal with excellent surface flatness. W1th an 

20 insulating film surface including such monoc~ystalline 

Al surface, even when a metal film such as Al, etc. 

may be fo~med according to the sputtering or CVD 

method, good connection between the Al film formed 

tbus and the Al film selectively deposited within 

~5 contact holes can be maintained, whereby an Al film 

with small tpecific resistance ca~ be obtained. 

1ii[iilf 
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Also, for accomplishing the objects as 

mentioned abover the present invention comprises the 

steps of arranging a substrate in a first film forming 

chamber, introducing an alkylaluminUJ11 hydride gas, a 

5 gas containing silicon element and hydrogen gas into 

the first film foraing ohe.mber, heating the substrate 

to deposit an aluminum-silicon film on the surface of 

the subst-rate, moving to arrange the subs'Crate under 

shielding of outer air in~c a seooi:\d film foraing 

10 chamber provided adjacen~ to the first film fo:r:ming 

chamber so as to be capable of being continuously 

shielded from outer air and forJJaing a metal film on 

the substrate according to the gas phase •ethod. 

The Al-Si deposited selectively within contact 

15 holes becomes a mcnocrys~alline .material of good 

quality to become a dense film wi~h excellent surface 

flatness. Furtherr by moving the.substrate 

continuously within the film forming chamber without 

exposure to outer airr selective deposition/non-

20 selective deposition can be ca~ried out continuously. 

Based on the surface reaction at a low temperature of 

DMAH, a gas containing silicon and H2 gas when 

performing selective deposition. Al-Si is selectively 

deposited within contact holes. Since the Al-Si is an 

-25 Al-Si film ot good quality with very excellent 

selectivity~ for applicatiou as the wiring material of 



.... , ... .,, ... " ' ... .,, .. • .• u ••., w "' ~ ••• I '" 

- 11 -

..... ·-···· ..... ······ ----- ·-- :_· -· -·--- -- -

1 a semiconductor device, further.a metal film must be 

fot'llled non-seleoti~ely on the insulatiQg layer, 

thereby enabling a mu.lti-layer wiring. Here, the Al­

Si film deposited within contact ~oles has been found 

5 to be a single crystal with excellent surface 

flatness. With respect to an.insulating film s~~faoe 

including such monocrystalline Al-Si s11%"facer even 

when a metal film such as Al, etc. may be formed 

according to the sputtering or CVD method, good 

10 connection can be mainta~ned between the metal film 

fo~ed such and tbe Al ~ilm selectively deposited 

within contact holes, whereby an Al film with small 

specific resistance can be obtained. 

BRIEF DESCRIPTION OF THB DRAWINGS 

15 Fig. 1 is a scnema:t ic view showing an example 

of the preferab1e metal film forming apparatus for 

pi·act icing the present invention: 

Fig. 2 1s a schematic view for illus~ration of 

tbe metal film forming method according to the present 

20 invention; 

Fig. 3 is a schematic view showing an example 

ot the metal film forming apparatus suital:Jle for 

comparison with the present invention; 

Fig. 4 through Fig. 6 show an example of the 

·25 p~eferable metal tilm continuous forming apparatus Zor 

practicing ~he present invention; 
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Fig. 4 shows a schematic view of the steps 

aligned successively; 

Fig. 5 is a schematic plan view of the 

constitution: 

Fig. 6 is the same plan view of the 

constitution as of Fig. 5 and is added with the 

movement orde~ by arrowheads; 

Fig. 7 is schematic view showing another 

example of the preferable metal tilm contin~ous 

10 forming apparatus for prf!Wticing the present 

.invention; 

Fig. 8 is a schematic view showing the manner 

of selective deposition of Al: and 

Fig. 9 is a schematic view showing the CVD 

15 appa~atus to be used p~eferable in the present 

invention. 

DETAILBD DESCTIPtION OF THE PREFERRED EMBODIMENTS 

Before detailed descript~on of the present 

invention, first the film forming method (Al-CVD 

20 •ethod} of a metal film {including pure Al) comprising 

Al as main componeDt preferable for the present 

invention is described belo~. 

Tb1s method is a metbod suitable tor embedding 

of a metal1ic material into, for exalllple, fine and 

25 deep openings (contact holes, throuholes) with an 

aspect ratio~of 1 or more, and also is a deposition 
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l method excellent in selectivity. 

The metal film formed by this method is 

extre•ely excellent in C:t-yStallinity $~Ch as formation 

of a monocrystalline Al and contains little carbon 

5 etc:. 

This method is a method of forming a 

deposition film through the sur£ace reaction on an 

elec~ron-donative substrate by use of an alkylaluminum 

hydride gas and hydrogen gas. Particularly, by use of 

10 an alkylalu:minum hydride.containing methyl groups such 

as monomethylaluminum hydride (MMAH) or 

dime~hylalum.inum hydride {DMAH) as starting gas and H2 
gas as reaction gas, and by beating of the substrate 

15 

surface under a gas mixture of these, au Al tiim of 

good quality can be deposited. 

By applying the CVD method to the substrate in 

which the electron-donative surface portion and non-

electron-donative portion co-exist, a single crystal 

of Al is forJned under good selectivity only on the 

20 electron-donative substrate surface portion. 

An electron-donative mate~ial reters to a 

material having the surface ~here the chemical 

reaction is promoted by give-and-take of electrons 

with ~he starting gas molecules attached on ~be 

25 ·substrate eu;r:face,. due to the presence of free 

electrons w~hin the substrate or inten~ional 
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1 forme~ion of free electrons. For example, metals and 

semiconductors generally correspond to this. Also, 

on~ having a thin oxide film present on the metal or 

semiconductor surface undergoes the chemical reaction 

5 through give-and-take between the substrate and tbe 

a~taebed starting material moleculesr and therefore 

includes in the electron-donative material of the 

present invention. 

Specific examples of electron-donative 

10 materials :may include binary system, ternary system or 

more multiple system Ill-v group compound 

semiconductors oo~prising the combination of Ga, In, 

Al, etc. as the group III element and P, As, Nr etc. 

as tbe group v eleiu.ent; semiconductor materials of P­

· 15 typer I-type, N-type, etc. such as monocrystalline 

.20 

s111con, aaorphous silicon, etc; the following metals, 

alloys, silicides, e~c., for example, tungsten, 

:molybdenum, tantalum, copper, titanium, aluminum, 

titanium-aluminum. titanium nitride, aluminwn~silicon-

copper, aluminum palladium, tungsten silioiae, 

titanium silicide_ aluminum. silicide, molybdenum 

silicide, tantalum. silicide, e~c. 

On the o~her hand, as the materia1 for forming 

the surface where Al or Al-Si is not selectively 

25 .deposited, namely the non-electron-donative materiai, 

there may b~ exemplified glasses, oxide ~1lms, 

ii .. 
I 
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1 ~hermally n~trided films such as silicon oxide, BSG1 

PSG, BPSG, etc. formed by thermal ox!dation1 CVD, e~c • 
. 

aiid silicon nitride films formed by the plasma CVD 

method. the.reduced Dressure CVD method, the EGR-CVD 

5 method, etc. 

According to the Al-CVD method, a metal film 

containing a modifying element and comprising Al as 

main component can be also deposited selectively, and 

its film quality also exhibits excellent 

10 characteristics. 

15 

For e~ample, in addition to an alkylalwninum 

hydride gas and hydrogen, 

a gas oontaining Si eiement such as SiH4 1 

Si2H6, Si3Hs, Si(CH3l41 s1c1,, SiH2Gl2, SiHCl3, etc., 

a gas oontainiii(J Ti element such as TiC14 , 

TiSr41 Ti(CH3)4, etc., 

a gas containing Cu element such as copper 

bisacetylacetonate Gu(C5H1o2 >2 , copper 

bisdipivaloylmethenite Cu(c11H19o2 ) 2 , copper 

20 bishexafluoroacetylacetonate Cu(C5H!'602}2 , etc. 

may be conveniently combined and in~roduced to 

form a gas mixture a~mosphere, thereby depositing 

selectively an eleotroconductive material such as Al-

Si, Al-Ti, Al-Cu, Al-Si-Tj, Al-Si-Cu, etc. to form an 

. 25 electrode. 

Also, since the above-described Al-CVD method 
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1 is a film forming method excellent in eeiectivity and 

also gives good surface characteristics of tbe film 

di°posited, by applying- a non-selective film forming 

method for the aext deposition step to form a metal 

5 film of Al or c01llprising Al as :main component also on 

the Al til• selectively deposited as described above 

and Si02 , etc. as the insulating film, a suitable 

metal film of high general purpose availability as the 

wiring for semiconductor device can be obtained. The 

10 method is described late~ as a preferred embodiment of 

the p~esent ~nvention. ~ 

such metal film is specifically described 

below. Tbat 1s, it is a co:mbi.nation of Al, Al-Si, Al­

Ti, Al-Cu, Al-Si-Ti, Al-Si-Cu selectively deposited 

15 with Al, Al-Si, Al-Ti, "Al-Cu, Al-Si-Ti, Al-Si-Cu non­

selectively deposited. As the film forming method for 

non-selective deposi~ion, there are CVD methods o~her 

than the above-meutioned Al-CVD methoda .sputtering 

methods, etc. 

20 As the metal film to be deposited non-

selectively, a metal comprising, w, Mo, etc. as main 

component may be employed. 

Row, the present invention is described by 

referring to specific embodiments, but the present 

2s invention is not limited to the embodiments as 

described b•low, but includes various modified 
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l embodiments, which may have constitutions capable of 

accomplishing the object of the present invention. 

In one embodiment of the present invention a 

deposited film of a metal is formed by directly 

5 heating the substrate surface by a lamp, etc. when 

forming an Al film on a substrate by use ot et leest 

two kinds of an alkylaluminum hyd~ide gas and hyOrogen 

gas. 

The •etal tilm comprising Al as main component 

10 which can be formed aeoo~ding to the presen~ invention 

15 

may include such combinations as pure Al selectively 

deposited and pure Al no~-selectively deposited, pure 

Al and Al-Sr, pure Al and Al-Cu, Al and A1-Si-Cu, Al 

and Al-Ti, Al and Al-Si-Ti, etc. 

Part1cularly, monomethylaluminum. hydride 

(MMAH} and/or dimethylaluminum hydride (DMAH) as the 

starting gas is used and H2 gas es the reaction gas is 

used, end by heating (lamp heating) directly the 

substrate surface under a mixture of these gases, an 

20 Al. film of good quality can be formed at a high 

deposition speed. 

Thus, instead of resistance heating of the 

substrate in order to hold at 260 °c t~ 440 °c ~hich 
is preferable es the substrate surface temperature 

25 during Al film formation, the substrate surface is 

directly he,ted by a lamp, whereby a film cf good 
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l quality can be obtained at a high deposition speed of 

3000 to 5000 A/min. 
:. 

The above explanation has been made about an 

embodiment of depositing pure A1 as the metal film 

5 composing Al as main component by use only of a gas of an 

organic aluminum as the starting gas. In the present 

~nvention, it is also possible to form a me~al fiim 

having excellent film characteristics at high 

deposition speed by heating directly the substrate 

10 during selective deposition of aluminum containing a 
.. 

modifying element such as aluminum-silicon (Al-Si) on 

'the substrate. 

In this embodiment of the present invention, e 

deposited f il:m of a metal is formed by direotly 

15 heating the substrate surface by a lamp, etc. when 

forming an Al film on a substrate by use of an 

alky1aluminum. hydride gaa, a gas containing silicon 

element and hydrogen gas. 

The metal film which cen be formed according 

20 to the present inventiou may include combinations of a 

metal comprising aluminum as main component and 

containing a modifying element such as Al-Si, etc., 

selectively deposited and Al-Si non-selectively 

deposited, Al-Si and Al-Cu, Al-Si and Al7Si-Cu, Al-Si 

.25 and Al-Ti, Al-Si and Al-Si-Ti, etc. 

Pariicularly, monomethylalu•inW!l hydride 

111iiimur 
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1 (MM.Ml) as described above and/or dimethyla1uminum 

hydride (DMAH} and a gas containing a modifying 
--

element such as silicon, etc. are used as the s~arting 

gases and H2 gas as the reaction gas is usedr and by 

s heating directly the substrate surfaoe under a mixture 

o~ these gases, a metal film comprising Al as :main 

component of good quality can be formed at a high 

deposition speed. 

Thus, also during formation of Al-Si film, in 

10 order to hold at 260 °c to 440 °c which is preferable 

as the substrate su~tace temperature, instead of 

resistance heating of the substrate, the substrate 

surface is directly heated by a lamp, whereby a film 

of good quality can be obtained at a high deposition 
. 

15 · speed of 3000 to 5000 .i../min. 

Description of the metal film fo~ming apparatus (1) 

First, as a preferable metal film forming 

apparatus to which the present invention is app1ied, 

an embodiment employing the direct heating system by a 

20 lamp is to be described. 

Fig. 1 shows a preferable metal tilm forming 

apparatus to which the present invention is applied·. 

The beating means 100 consists of a plurality 

ot combinations of the halogen lamp 102 and the 

25 reflection mirror 103 provided on the front side and 

the back si~e of the substrate 109, and by contro1ling 

iiiii1iiEr 
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1 the current suppl~ed to the lamp by the controller 120 

connected to a power source not shown, the te111perature . 
of the substrate can be set as desired. 

The substrate 109 on which the metal f i1m is 

s to be formed is mounted on the substrate holder 110 

within the reaction chamber 101 which is transparent 

and insulating made of molten quartz, etc. Tbe 

feeding systea of gas includes the mixer 104 and the 

bubbler 105, further including the gas feeding line 

10 having the hydrogen reeding pipe 111 for bubbling 

which is the first gasfine communicated to the mixer 

104 through the bubbler 105 !lousing DMAH , the hydrogen 

feeding line 111A whioh is the second gasline 

communicated to the mi~er 104, and the gas. introducing 

15 line 112 for introducing DMAH gas and hydrogen gas 

through the gas introduoing hole 106 into the reaction 

chember 101. In addition, 115 is tbe gas introducing 

line to be used when introducing other gases. The 

evacuation system 102 has an evacuation pump, and 

20 includes an evacuation line 113 communicated to the 

evacuation hole 108. 

By use of this film forming apparatus, the 

substrate surface temperature can be stabilized to a 

desired temperatu~e by heating for 5 seconds or less. 

25 The constitution of this apparatus also makes i~ 

possible t~obtain high throughput to the e~ent that 
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1 15 to 30 sheets of 5 inch wafer can be treated per one 

hour. 

As the direct heating means for perfo~ming 

direct heating, light sources such as halogen lamps, 

5 xenon lamps, etc. may be included. 

10 

More specifically~ it is not a means as in 

resistance heating by which the substrate surface is 

heated tbrough transmission of the heat transmitted 

through ~he stage mounting the substrate thereon from 

the back surface to the front surface, but a means 

such that: the energy from the heating means is 

converted directly on the substrate surface to effec~ 

heating. It should be .noted tbat this is different 

from the optical CVD ~ethod in which optical 

15 excitation is effected by utllizing UV-ray. 

20 

Descri2tion of metal forming method {l) 

Next, by referring to Fig. 2, the metal film 

forming method to wbich the present invent.ion can be 

preferably applied is described in detail. 

A substrate to be deposited which an 

insulating fil• 2 having openings (VHl, VH2) of 

various diameters is fonaed on a subst~ate 1 having an 

electron-donative surface and comprising a 

semiconduc~or or conductor material is prepared. 

2 s Here, the surface of tbe insulating film. 2 is the non­

elect~on-doJtative surface {Fig. 2 A). 
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Next, according to the CVD method utilizing an 

aik:ylaluminUJD hydride and hydrogen, a metal film 

co~prising Al as main component is formed. For that 

purpose, the substrate is arranged within tlie reaction 

5 chamber 101, and after reducing the pressure in the 

reaction chamber, a gas mixture cf alkylaluminum 

hydride and hydrogen is introduced into the reaction 

chamber. By lighting a lamp and maintaining the 

temperatu~e of the substrate surface at from 260 °G to 

lO 440 °c, more preferably from 270 °c to 440 °c, A1 is 

selectively deposited within the openings. on· the 

basis of the deposition speed determined previously by 

the experiments, Al is deposited to almost ~be same 

height as the insulating film surface (Fig. 2B). 

15 Hext, for forming the wiring for semicoaductcr 

device, Al is deposited on the whole surface. For 

that purpose, the substrate is taken out from the 

reaction chamber iu Fig. 1, placed into the reaction 

cb~~r of another deposition film forming apparatus, 

20 and Al is deposited according to the sputtering method 

or the CVD metbod well known in the art {Fig. 2 C). 

Mechanism of Al deposition may he as follows, 

as presently understood. 

When DMAH reaches with methyl groups directed 

.25 toward tbe substrat~.side under the state where 

hydrogen at(fas are attached on an electron-donative 

1iil~iiITil~ 
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l substrate, namely a substrate having electrons (Fig. 8 

A), the electrons of the substrate will cut one bond 

5 

... 
between Al and methyl group (Figs. 88 and 8C). 

The reaction at this time is as follows: 

(CH
3

) 
2AlH + 2H + 2e _,. 2CH

4 t + AlH 

Further, the reaction proceeds similarly for 

tbe hydrogen atoms remaining on the Al deposited 

having free electrons (Fig. 8 D) • Here, when hydrogen 

atoms are deficient, hydrogen molecules of the 

10 reaction gas will be decomposed to be supplied as 

hydrogen a~oms. On the.surface of the non-elect~on-

donative surface, there is no electron and therefore 

the reaction as described above will not proceed and 

no Al will be deposi~ed . 
. 

15 Thus, ~or obtaining high deposition speed, it 

is important to promote the dissociation-adsorption 

reaction ~n which hydrogen moleoules are decomposed 

into hydrogen atoms to have them adsorbed onto the 

electron-donative surface. Direct heating plays this 

20 role ~o accelerate seieo~ive deposition. 

Comparison has been made between the Al film 

obtained by direct hea~ing with a lamp, etc. by use of 

DMAH as the alkylaluminum hydride and H2 and the Al 

film obtained by heating the substrate to 260 °c with 

25 resistance heating by means of the device shoWD in 

Fig. 3. ~ 

lUiii1ITiiiUf 
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The Al tilm obtained by the resistance heating 

method was found to contain no carbon and have a good . -resistivity, but the deposition speed of the film was 

800 ~/min. at the maximum., wbich could never be said 

5 to be high. Accordingly, improvement of the 

deposition speed was attempted by elevating the 

substrate temperature, but samples with worseoed 

surface morphology, lowered resistivity or DO 

selectivity were generated. Thus, by the present 

10 inventors, it has been f9und that there ensues the 

problem with respect top reproducibility by merely 

elevating the substrate temperature. 

The present inventors have also attempted to 

elaborate enhancement of deposition speed by way of 
. 

15 increasing the gas flow rate of DMAH. However, also 

20 

in this case, samples with worsened surface morphology 

were observed, whereby it has been found that a 

problem also remains with respect to reproducibility 

according ~o tbis method. 

In contrast, the pure Al deposited within the 

openings according to the method as described above 

asswaes a monocrystalline structure, having excellent 

characteristics such as: 

(1) reduced generation probability of hillock; 

.25 (2) reduced generation probability of alloy 

spike- ~ 
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l The method as described above is a deposition method 

excellent in selectivity and tine working, and by 

-applying a non-selective deposition method es the next 

deposition step, for the purpose of comparison with 

5 direct heating by a lamp, e~c. similarly as in the 

case of pure Al as described above, the present 

inventors nave also attempted to form an Al-Si film by 

use of DMAH'. as the alkylaluminwn hydride, a gas 

containing silioon element and H2 by heating the 

lO substrate to 260 ·c with.resistance heating. 

The Al-Si film obtained according to this 

method contained no carbon and had a good resistivity,· 

but the deposition speed of the film was 800 A/min. at 

'the max.:l.mWll, which could never be said to J=>e high. 

15 Accordingly, improvement of the deposition speed was 

attempted by elevating the subst~ate tempe~ature, but 

samples Kith worsened surtaoe morphology, lowere~ 

resistivity or no selectivity were generated. 

In contrast, the Al-Si film deposited within 

20 the openings by the direc~ heating systeia exhibited a 

good crystalline structure, with low generation 

probability of hillock and also low generation 

.Probability of alloy spike. 

Since tbe method described above is a 

25 deposition method excellent in selectivity, by forming 

a metal f il!n comprising Al-Si as main component also 
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1 on tne Al-Si film selectively deposited and the Si02 
which is an insulating film as described above by 

.... 
applying a non-selec~ive deposition method as the next 

dep~sition method, a metal film suitable for the 

5 wiring of a semiconductor device can be obtained. 

The gas containing silicon element is 

introduced through the feeding pipe 115 which is the 

third gasline into the mixer 104. 

By use of the film forming apparatus, 

10 similarly as in the case.of pure Al, the substrate 

surface temperature can~be stabilized to a desired 

temperature by heating for 6 seconds or less. Also, 

there can be obtained by this apparatus a high 

throughput to the extent that 15 to 30 she~ts of 5 
.. 

15 inch wafer can be treated per one hour. 

In still another embodiment of the present 

invention,. by use of a metal film forming apparatus 

having a_ multi-chamber, first a metal film comprising 

Al as main component is formed selectively on a 

20 substrate according to the CVD aetbod by use of an 

alkylaluminum hydride and hydrogen in a first film 

forming chamber, and then the substrate is transferred 

to a second film forming chamber without exposure to 

outer air ~o form. a metal film on the whole surface of 

25 ~he substra~e~ 

SPE!,Fific examples of the metal film formable 
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1 according to the present invention utilizing the metal 

film forming apparatus heving a •ulti-ohembe~ may . 
. 

include eO!Dbinations of pure Al selectively deposited 

and pure Al non-selectively deposited, pure Al and Al-

s Si, pure Al and Al-Cu, pure Al and Al-Si-Cu, pure Al 

and Al-Ti, etc. 

The surface temperature of the substrate 

during Al selective deposition may be preferably from 

the decomposition temperature of the alkylaluminum 

10 hydride or higher to lower 450 °c, more preferably 

from 260 °c t:o 440 °c. ~ 

Particularly, by using monomethylaluminu.m 

hydride (MMAH) and/or dimethylalum.inUJ1L hydride (DMAH) 

as the ster1:ing gas and H2 gas as the reac'!=ion gas. 

15 and heating the substrate su"feee under a mixture o:t 

these gases, an Al film of good quality can be formed 

at high deposition speed. 

In this case, by holding the substrate slirface 

temperature during Al film formation at 260 ° to 440 

20 °c which is more preferable, a film of good quality 

can be obtained at a higher speed of 3000 to 5000 

A/min. than in the oiase of resistance heating. 

Further, specific examples of the metal film 

tormeble according to the present invention may 

25 include suoh ooDlbinations of a metal C011tPrisin9 Al as 

main co-mpon~t and containing a modifying element such 

i11iliiiiflf 
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1 as Al-Si, ete. and Al non-selectively deposi~ed, Al-

Si and Al-Si, Al-Si and Al-Cu, Al-Si and Al-Si-Cu, Al-. -Si and Al-Ti, Al-Si and Al-Si-Ti, etc. 

The surface temperature of the subst~ate 

5 during Al-Si selective deposition may be preferably 

from the decomposition temperature of the 

alkylaluminum hydride or higher to lower than 450 °c, 

more preferably from 260 °c to 440 °c. 
Particularly, by using monomethylaluminum 

10 hydride (MMAH) and/or dimethylalwainum hydride (DMAH} 
.. 

as the starting gas , Si2H6 as the gas eontainino a 

modifying element, and H2 gas as the reaction gas, and 

by lamp heating the substrate surf ace under a mixture 

of these gases, an Al-Si film of good quality can be 

15 formed at high deposition speed. 

Also in this case, by holding the.substrate 

surface temperature during Al film formation at 260 ° 
to 440 °c which is more preferable, a film ot good 

quality cen be obtained at a higber speed of 3000 to 

20 5000 1/min. than in the case of resistan~e heating. 

Description of metal film fo~ming apparatus (2} 

As another embodiment of the preferable metal 

film forming apparatus to which the present invention 

is applied, ~he appara~us having a ~u1ti-cha.mber is 

-25 described. 

Fig.~ 4 through E' ig. 6 show a metal film 
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I continuous forming apparatus to ~hioh the present 

invention can be preferably applied • . 
~-

~he :metal fila continuous forming apparatus, 

as sbown in Fig. 4, consists of a load lock chamber 

s 11, a CVD reaction chamber (first film forming 

chamber) 12, an Rf etching chamber 13, a sputtering 

chamber (second film forming chamber), a load lock 

chamber 15 which are continuously juxtaposed 

communicatably to one another by gate valves 10 under 

10 continuous shielding from outer air, end the 
,_ 

respective chambers are constituted so ~hat they can 

be evacuated or reduced ia pressure by the evacuation 

systems 16a to 16e, respectively. The above-mentioned 

load lock chamber 11 is a chamber for replacing the . 
15 substrate atmosphere before deposition treatment with 

H2 atmosphere after evacuation for improvement of 

"throughput characteristic. The next CVD reac:i:ion 

chamber 12 is a chamber for selective deposition on 

the substrate under normal pressure or reduced 

20 pressure pro~ided internally with a substrate holder 

18 having a resistance heating body (heated to from 

200 to 430 °c) 1'7 and is also constituted so that the 

gas for CVO may be introduced through the gas 

introducing line 19 for CVD. The next Rf etching 

25 chamber 13 is a chamber for performing cleaning 

(etching) ~ the substrate surface af~er the selective 

ii1i1i1i1ii ur 
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l deposition under Ar atmosphere, which is provided 

internally with the subst~ate holder 20 to be heated -
td·f~om 100 °c to 250 °c and the electrode line 21 for 

Rf etching, and also connected to the Ar gas feeding 

~ line 22. The next sputtering chamber 14 is a chamber 

for depositing non-selectively a metal film by 

sputtering onto the su.bstrate surface under Ar 

atmosphere, and provided internally with the substrate 

holder 23 to be heated to from 200 °c to 250 °c and 

10 the target electrode 24 for mounting the sputter 

" target material 24a thereon, and also eonneeted to the 

Ar gas feeding line 25. The las~ load lock ebamber 15 

is a control chamber before telc:ing out the substrate 

after completion ot the metal film deposition into 
. 

lS ·outer air, and constituted so as to replace the 

atmosphere with N2 . 

In Fig. 4, the metal film continuous forming 

apparatus of the above constitu~ion is shown in time 

series on the basis of the steps, but practically, as 

20 shown in Fig. 5, the structure is such that.the above­

described load lock chaml:ler 11, CVD re$ction chamber 

12, Rf e~ching chamber 13, sputtering chamber 14 and 

load lock chamber 15 are 111Utually linked together with 

the conveying chamber 26 as the relay chamber. In 

-25 this constitution, the load lock chamber 11 also 

functions as the load lock chamber 15. In the above-
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1 mentioned conveying chamber 26 shielded from the air, 

es shown in the Figure, an arm (conveying means) 27 

rotatable reversibly in the AA direction and also 

stretchable in the BB direction is provided. By means 

15 of the arm 21, as shown by the arrowhead in Fig. 6, 

the substrate can be moved successively according to 

the steps from the load lock chamber 11 to the OVD 

chamber 12, the Rf etching chamber 13, tbe sputtering 

chamber 14, t:b.e load lock chamber 16 continuously 

10 without exposure to the outer air . 
.. 

Fig. 1 shows another constitutional ex~ple of 

the metal film continuous foraing apparatus, and the 

same members as in Fig. 4 are affixed with the same 

symbols. The difference of the apparatus in Fig. 7 

lS from that in Fig. 4 resides in heating directly the 

substrate surface by use of a halogen lamp 30. Thus, 

by direct heating, the deposition speed can be further 

improved. For effecting direct heating, the substrate 

bolder 12 has a nail 31 arrangeo for holding the 

20 substrate unde~ floated state. 

In the heating systems applicable to this 

•ethod, as the method of direct heating (which heats 

the substate itself by transMission of the energy from 

the heating means}, tor example, lamp heating by 

25 halogen lamp, xenon lamp, etc. may be included. In 

this conneotion, as the resistance heating, there may 
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1 be mentioned heating members, etc. provided on the 

substrate supporting members arranged in the space for 

de~osited film formation for supporting the substrate 

to have deposited tilm tormed thereon. 

5 In the case of depositiag an alwninum film 

containing a modifying element, the metal film forming 

apparatus as shown in FigA 4 to FigA 7 can be also 

used as described above. 

Shortly speaking, a gasline for introducing 

10 the gas other than the gas of organic aluminum may be 

additionally provided. ~ 

In the tollowing, the gas feeding system 

preferably used for the metal film forming apparatus 

as described above is described by referring to Fig. 

15 9. 

The gas introducing line 312 of the reaction 

chamber 301 is connected to the mixer 304. A 

plurality of lines for introducing gases are connec~ed 

to the mixer 3041 one of them is tbe line is 311 ~or 

20 i~t~oducing hydrogen gas and connected to tbe cooler 

320. The other line is the starting gas introducing 

line 312 and connected to tbe bubbler 305. The 

bubbler is connected to the carrier gas introducing 

line 313 for bubbling of liquid starting material and 

~5 connected to the cooler 320 similarly as the line 311. 

FurNler, on the upstreamside is provided 

'I 
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1 through the line 327 the hydrogen purifier 321 . 

. ~he hydrogen· purifier 321 is internally 

separated by a palladium film into the two chambers of 

the purifying cylinder and the primary chamber. The 

5 starting hydrogen feeding li~e 326 is communicated to 

tb.e primary chelliber outside of the pal1adiuiil film of 

the two chambers. In the primary chamber is also 

provided communieatably the gas release line 326, so 

as to release a part of the startiDg hydrogen within 

10 the primary chamber. 331 is a heating coil. 323 is 
... 

the preliminary hea~ing chamber of the starting 

hydrogen, and the starting hydrogen can be heated by 

the heating coil 332. The gas feeding system up to 

this step, the evacuation system represented by 307 

15 and the reaction chamber constitute collectively the 

CVO apparatus. 

It is preferable to design the bydroge~ 

purifier 321 assembled in the main body of CVD 

apparatus and make the length of the pipeline from the 

20 purifying cylinder 330 to the CVD reaction chSJDber 312 

1.5 m. or less. 

Ot courser the bonding portion of the pipeline 

and the valve are suppressed minimum as required. 

Such CVD ap~aratus is placed in a clean room 

25 and the bomb 324 housing the starting hydrogen is 

arranged outside of the clean room. Bo~h are 
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1 connected to each other communicatably with the 

gasline 325. These pipelines are made of SUS -subjec~ed to electrolytic polishing. 

The starting gases are ~ed by use of the 

5 apparatus as described above in the following manner. 

The hydrogen ted from the bom:b 324 through the line 

325 of 10 m or longer to the preli~inary heater 323 is 

heated here to about 400 °c. The starting hydrogen 

heated is purified by the pallac1ium heated to about 

10 420 °c. Shortly speaking, witbin the purifying 
. 

cylinder 330 exists hydrogen with a purity of 99.99995 

% or more, and in the primary chamber hydrogen with 

higher impurity concentration. He~e, an adequate 

emount of hydrogen is reieased through the release 

15 line 326 so that the impurity concentration in 

hydrogen may not become higher. 

The purified hydrogen is cooled by the cooler 

320, of which a part is directly delivered to the 

mixer 304, and a part fed as the hydrogen for bubbling 

20 to the bubbler 305. 

:25 

Description of metal film forming method (2) 

Referring to Fig. 2 and Fig. 4, another 

embodiment of the metal film forming method of the 

present invention is described in detail. 

As described in the above description (1), a 

substrate t~ ~e deposited as shown in Fig. 2 A is 

i1ifi[iU 
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1 prepared. The substrate is placed in the CVD reao~ion 

chamber shown by .12 in Fig. 4, and an alkylaluminum . ... 
hydride gas and hydrogen are introduced through the 

gas introducing line 19. 

5 By maintaining the temperature of the 

substrate at 260 °c to 440 °c, more preferably at 270 

0 c to 440 °c, Al is deposited selectively within the 

openings (Fig. 2 B). 

Next, the substrate having Al selectively 

10 deposited is moved under-the state shielded from the 
... 

outer air into the etching cha•be~ showo. by 13 in Fig. 

4, and its surface is lightly etched. Similarly, 

under the state shielded from the outer air, the 

substrate is moved to the reaction chamber 14 and a 

15 metal film is deposited on the whole substrate surface 

by the sputtering method, etc. {Fig. 2 C). 

The Al deposited within the openings according 

to the method as described above assumes a 

monocrystalline structUl"e, having excellent 

20 characteristics such as: 

(1) reduced generation probability of hillock; 

(2) reduced generation probability of alloy 

spi.k:e. 

The method as described above is a deposition method 

25 excellent in selectivity, .and by applying a n.on­

selective d~position ~ethod as the next deposition 
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1 step, and forming a metal film com.prising Al as ins.in 

componen~ also on the Al film selectively deposited as 

described above and Si02 which is an insulating film, 

etc •• a metal film suitable for the wiring of a 

5 semiconductor device can be obtained. 

Similarly for Al-Si, excellent crystal.line 

structure is also exhibited. 

Therefore, as the next deposition step, by 

applying the non-selective deposition method and 

10 forming a me~al film of Al or comprising Al eg main 

15 

20 

.. 
component on the Al-Si film selectively deposited as 

described above and Si02 which is an insulating film, 

etc., a metal film suitable for the wiring of the 

semiconductor device can be obtained. 

Thus, according to ~he present invention, the 

interface cbaraoteristios of the Al in the openings 

end the Al on the insulating film can be improved to 

give a metal film for wiring by which suff !ciently low 

contact resis~ance can be obtained. 

In the following, explanation is made by 

refe~ring to Examples. 

First, Examples 1 to 9 are described, in which 

a pure Al film is for~ed selectively and then a metal 

film comprising Al as main component non-selectively, 

25 and the Examples 10 to 16, in which an Al film 

containing ierfi element such as Si, etc. is selectively 
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I formed and then a metal film comprising Al as main 

component non-selectively are described. Further, the 
;::. 

metal film forming method utilizing the apparatus 

shown in Figs. 4 to Fig. 7 is described by referring 

5 to Examples 1! to 22. Here, Examples 17 to 21 are 

examples by use of an apparatus in which the direct 

heating system (Fig. 7) is employed1 and Example 22 an 

example in which an apparatus by use of a resistance 

heating sys~em {Fig. 4) is utilized. 

io· Exan.ple 1 

First a substra~e is prepared. The substrate 

is a sample having an Si02 with a thickness of 8000 A 

forned .by thermal oxidation on an lf-type 

monocrystalline Si wafer. This is performed by 
. 

15 patterning of openings with various opening sizes of 

0.25 µm x 0.25 µm square to 100 µ.m :x 100 µm square on 

the Si02 , thereby having the subbing Si single crys~al 

exposed. Fig. 2 A schematically shows a part of the 

substrate. Here, 1 is a monocrystalline si1~con 

20 substrate as conductor substrate and 2 is a thermally 

oxidized silicon film as insulating film. This is 

called Se.mp.le 1-1. VHl and VH2 are openings, having 

different diameters from each other. 

The procedure of forming an Al film on the 

25 substrate 1 is as described below. 

By -dee ot the apparatus shown in Fig. 1, the 
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1 reaction chamber 101 is evacuated internally to ca. 1 

-8 x 10 Torr by an evacuation system 107. However, a 

film of Al can be also formed even if the vacuum 

degree within the reaction chamber 101 may be worse 

s than 1 x 10-s Torr. 

In this txample, DMAH is fed from the first 

gasline 111. As the carrier gas through the DMAH 

line~ H2 is emplo~ed. 

H2 is flowed fro~ the second gasline 111A, and 

10 the pressure within the reaction chamber 101 is 
. .. 

controlled to a predetermined value by controlling the 

opening degree of the slow leak valve not shown. A 

typical pressure in this Example is set at ca. 1.5 

Torr. Through DMAH line 111 is introduced.DMAH into 

1~ tbe reaction tube. The total pressure is ca. 1.5 

Torr, and DMAH pressure is ca. 6.0 x 10-3 Torr. Then, 

a lamp is lighted to heat directly the wafer. Thus, 

Al was deposited. 

After elapse of a predetermined deposition 

20 time, feeding of DMAH is once stopped. The 

predete~mined deposition time of the Al. film deposited 

in this step is the time until the thickness of the Al 

film on Si (monocrystalline Silicon substrate 1) 

becomes equal to the film thickness of Si02 (thermally 

is oxidized silicon film 2) . 

.> The temperature of the substrate surface by 
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1 the direct heating at this time is held at 270 oC. 

The above step is called the first deposition step. 

A~cording to the step up to this, an Al film 3 is 

deposited selectively within the opening as shown in 

5 Fig- 2B. 

Next, without breaking vacuum, a water is 
·""'!- -·-· .. .. ••• 

arranged within tbe 5puttering apparatus, and A1 is 

deposited also on the Si02 film 2 by sputtering. This 

step is a non-selective depositjon step. This is 

10 called the second Al fil~ deposition step. 

The tilm forminQ conditions at this time are 

as described below. By use of Al as the target, the 

f il~ is formed by imparting a DC power of 5 to 10 kW 

in an Ar atmosphere under a pressure of 10~1 to 10-3 

15 Torr. The substrate temperat'IJ.l'e at this time is held at 

200 °c by resistance heating. 

20 

According to the second Al film deposition 

step, an Al film 4 oan be formed on the s102 film 2 a~ 

a deposition speed of 10000 A as shown in Fig. 2C. An 

Al film was formed according ~o the method as 

described above. 

Furtherf by using again ~he substrate 

similarly prepared, but setting for this time the 

sul:>s~ra~e surface temperature at 280 °c to 480 °c by 

2 s direc't heating, .an Al f i Im was p-,;-epe.red according ·to 

the first d~osition step. Here, other film forming 
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1 conditions in the first deposition step and in the 

second deposition step we~e all the sanie. 

- Also1 Al films were formed by setting the 

substrate surface temperature at 200 °c to 260 °c and 

s 490 °c to 550 °c during the first deposition step. 

The results are shown in Table 1 . 

. 10 

15 

.20 

. 25 
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1 Table l 

!.§µbstrate sµrface 
2-00 Z30 2SO 260 270 280 300 temperature < •c > 

5 

Deposition speed 
,,.. 0:3000-5000 '/min. . 

o": 1000-1500 A/min. 0 0 0 0 0 ·o 0 . 
. . Throughput 

" (sheets/hr} .. 
0 0 d 0 0 0 0 O: l5-30sheets/hr 

o; 7-lOsheetsthr 

Line defect of Si . : o: None 0 Q 0 0 0 0 0 
10 

Carbon.content .. 
O: Detectable . 

limit or less 0 0 0 0 0 0 0 

Resistivity ' o:· 2 .8-3.4 (p'2em) 
0 0 0 0 0 0 0 o: 2.7-3.J(µQcm) . 

15 . . 
Reflectance .. 
o=· "90-9s %: 

a 0 o: 85-95 i 0 0 0 0 0 . 
A: 60 % or l.ess 

~-

Hillock density of 
lum or more _

2 0 0 0 0 0 0 0 o: · o;...10 cm 
o: i-102cm-2 
l1: 10-I04cm-2 

20 

~Pike generation 
(breaking probabili- . 
ty of 0.15 pm bond~ 0 0 0 0 0 0 0 "ing) . 
o: ··o ' 
o: 30 % or less 

. 25 

1ilii[ifti 
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10 

20 

. 25 

!Substrate surface 
~temperature' (°C) 

Deposition speed 
0:3000-5000 '/min. 
0 ': 1000-1500 A/min. 

Throughput 
. 

(sheets/hr) 
o: l5-30sheets/hr 
o: 7-lOsheetsthr 

Line defect of Si 

O: None 

Carbon.content 
o: Detectable 

limit or less 

Resistivity . 
o:· 2.8-3.4(p'2cm) 
o: 2.7-3.3(pS2cm) 

Ref lectancie .. o=· "90-95 , 

. . ; 

o: 85-95 t 
A: 60 ' or.less 

-
Bill.ock dens$.ty of 
lum or more _

2 o: · o.;..10 cm 
o: 1-102cm-2 
A: 10-104cm-2 

$pike generation 
(breaking probabili-
ty of 0.15.pm bond~ 

·1ng) 
O: 0 % 
o: 30 i or less 
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Table 1 (continued) 

. 
350 400 4:40 450 460 470 

. ... 
0 0 0 0 0 0 

. 
~ 

0 0 0 0 0 0 

0 g 0 0 0 0 
. 

... 

0 0 0 0 0 0 

0 0 0 0 0 0 
. . . 

0 0 0 A A A 

0 0 0 Ii A ~ 

0 0 0 0 0 0 
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Aa ean be seen froa Table l, at substrate 

surface temperatures ranging froa 260 to 440 °c by 

dir•ct heating, Al was deposited w1tbin tbe open1ngs ... . 

selectively at a deposition speed of 3000 to 5000 

5 .1/Jl.in. 

As the resul.t of examination of the 

characteri$t1c$ of the Al film within the opening at 

substrate teaperatures ranging from 260 to 440 °c, 

they were found to be good with no carbon contained, a 

10 resistivity of 2.8 to 3.4 IJO·cm1 a reflectance of 90 

to 95 ~. a hillock densi~y of 1 µm or acre being 0 to 

10, substantially no 5pike generation (breaking 

probability of o.1s µ.m.. bonding}. 

Of oourser contact with Al film. for:m.ed the:t"eon 

15 by sputtering wais :found • to be good due to ~od surface 

characteristics of the Al film. therebeneath. 

In contrast, at a substrate surface 

teapera~ure of 200 °c to 250 °c, the depos;tion speed 

was low as 1000 to 1500 A/•in., whereby throughput was 

20 also l.owered to 7 to 10 sheets/H. 

On the other hand, when the su.bst:rate surf ace 

temperature exceeds 4.4-0 °cr the reflectance becaiae 60 

% or less, the hillock den~ity of 1 ~· or more 10 to 

104 cm.-'~ ·the spike generation O to 30 ~. whereby the 

25 charae~er1st1c$ ot the Al fil• within the openings 

were lowered.~ 
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Next, •ccording to the method as desc~!bed 

abover an Al til:m. was foraed on a substrate (sample) 

having a constitution as described below. 

On a monoorystalline silicon as the tirst 

5 substrate sur:face :m.ater:ial, a silicon oxide film was 

formed as the second substrate surface .aterial 

according to the CVD method, and then subject~d to 

patterning according to photolithographie .steps to 

have the aonoc~ystalline silicon surface partially 

1 o ex.posed. 

The thermally ox!dized Sio2 ~ilm had a 

thickness ot 7000 ;., and the size of the exposed 

portion of the lllOnocrystalline siiicon, naaely opening 

2.5 µax 3 P• to 10 p.111. x 10 µ.a. Thus, Sample 1-2 was 

Ui prepared (here1natter sqch :sa.m.ple 1.s represent:ed as 

°CVD Si02 (bere1nafter abbreviated as 

S.102)/aonocrystalline silicon"). 

Sample 1-3 is a boron-doped oxide f ila forJmed 

_I by normal pressure CVD (hereiaaf~~r abbreviated as 

20 BSG)/aonoc~ystalline silicon~ 

Saaple 1-4 a phosphoru~-doped oxide film 

formed by norlllal pressure CVD (hereinafter abbreviated 

as PSG)/monocrystalline silicon, 

Saaple 1-5 a phosphorus and boron-doped oxide 

~S film formed by norm.aJ. pressure CVD (hereinafte:i:­

abbreviated '"l8 BSPG}/aonoerystalline silicon. 
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1 Sample 1-6 a nitr,ide film formed by plasma CVD 

(hereinafter abbreviated as P~SiN)/aonocrystalline 

sil:i.con, 

Sample 1-7 a the~m.allY n1trided fila 

5 .(hereinafter abbreviated as T-SiN)/aonocry$talline 

silicon, 

Saaple 1-8 a nitrided film formed by low 

pressure DCVD (hereinafter abbreviated as LP-SiN)r and 

10 Sam.ple 1-9 • nitr~ded f illlt. forned by an ECR 

apparatus (hereinafter abbreviated as ECR-

S1R) /sonocrystall1ne silicon. Purther, according to 

all the combinations ot th~ f 1~st sUb$trate su.rtace 

.aterial and the second substrate surface material 

15 shown below, Samples 1-11 to 1-179 were prepared. As 

the first substrate surface JlUlterial, monocrystalline 

silicon (aonoorystalline Si), polycrystalline silicon 

(polycryst:alline Si), amorphous silicon (amorphous 

Si}, tungsten (W), molybdenwa. (Ho}~ tantalua (Ta), 

20 tungsten silicide (WSi), titaniwa silicide (Tisi), 

alwa.inwa (Al), alu•inwa. silicon (Al-Si), titaniu. 

al'UDLin\la (Al-'l'i), titani\1.11 n:ltride ('ri-Jt), copper 

(CU), alwajnum. silicon copper (Al-Si-CU), aluminum. 

palladium (Al-Pd), titanium {Ti), :m.olybden.wa silicl.de 

25 (Mo-Si), tantalum. silicide (Ta-Si) were employed. As 

the second substrate $ll.rface material, T-Si02, Si02, 
.> 
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1 BSG, PSG, BPSG, P-SiHr ~-SiK, Ll?-SiN 8 ECR-SjN were 

5 

employed. For all of the sa:mples as aent1oned abover 

go°' ~l films could be formed. 

Example 2 

Exmaple 2 was carried out by per£orming the 

sam.e f irat Al deposition $tep as in Example 1 and then 

for•ing an Al film on the Nhole surrace by use ot the 

CVD aethod using trimethylalwainum (TMA) as the second 

deposition step. As the su.bstl."ate, one with the same 

10 co:nstitu'tion as used in ~ple 1 (Sample 1-1) Has 

15 

prepared. According to ~he first Al deposition step 

as described above, a substrate having Al depas1ted 

within the openings was arranged within the CVD 

apparatus. 

As 'the starting.gas, triaethylalwainu. (TMA) 

WllS used, and an Al film ~as foraed on the whole 

substrate surface in a aixed atmosphere w1th TMA and 

Aceordi~g to the second deposition step in 

20 this BxliUl&ple, the Al fila was deposited at a 

25 

deposition speed ot 500 4/ain.~ wh1oh was a f11• 

excellent in aigration resistance with its resistivity 

being 3.3 to 3.5 µQ-cm. 

Ex:ample 3 

In ExaD.ple 3 according to the present 

invention, an alW11inwa (Al) film is foraed by using 
~ 
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1 the apparatus shown in Pig. l, DMAa aa the stut1ng 

5 

gas, hydrogen gas as the reaction gas, and carrying 

out=-direct heating of the substrate surface by a 

halogen lam.p. 

As the substrate, a monocrystalline silicon 

wafer eo•e~ed with s102 f 11• having a plur~lity of 

openings ot 0.25 µa square to 100 µa square siailarly 

as in Exaaple l was prepared. For this substrate. the 

f irat Al f:il• depoaition at~p aeeord1ng to the CVD 

10 method and the second Al-Si film deposition step 

according to the sputtering •ethod were practiced as 

described below to fora an Al film. 

According to the saae procedure as in BXaaple 

1, DMAH and hydrogen were transported :in.to the 

11i ~eaction cham.ber 101 for Al deposition. 

20 

The conditJons of the first Al til• foraing 

step were set at a total p~essure of 1.5 Torr, a DMAB 

partial pressure of 1.5 x 10-4 Torr, a substrate 

surface teaperatu.re of 270 °c. 

According to the first Al deposition step as 

described above, Al was deposited at a deposition 

speed. ot 3000 to 5000 ;Jain. within the openings or 

various pore diameter• to ob~a1n good •electivity. 

Next, the substrate was arranged in a sputtering 
. •' 

25 apparatus and Al-Si was deposited to a thickness of 

sooo 1 on the~whole surface including s102 and 

1f i1iii1iiml 
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1 selectively deposited A.l. The deposit:ton speed at 

th1s t1&e was 10000 A/min. 

:. · · FurtheJ' , aceordj ng to the same method, by us·e 

of the same Samples 1-11 to 1-179 as in Bxaaple l aa 

5 the subst.rate~ Al f:il:aa.s were formed. In all of the 

Samples, good Al films could be formed through the 

first and second deposition steps. 

In the above-nentioned experiaentsr the 

substrate surface temperature was set to 270 °c, but 

10 this condition was varied.from 200 °c to SSO 0 c by 

every 10 °c to form Al r~lms. 

The characteristics ot the Al films of the 

respective ..aa.ples as •entioned above according to the 

first Al deposition step were similar to those shown 

15 in Table 1. 

Example 4 

In Bxample 4, rm Al-Si film. ie foraed on the 

whole surtace by use of the CVD method using TMA as 

the second deposition step after having performed the 

2 o tirst Al depos1 t.1on $tep as in .Exaaple 1 • 

As the subst~ate, one having the same 

constitution as used in Bxaaple 1 (Sample 1-1) was 

prepared. 

A substrate having Al deposited within the 

2$ openings according to the above-mentioned first Al 

deposition Slep was arranged within the CVD apparatus. 
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By use of Si 2H6 and trimethylalwainllll (TMA) as 

the starting gasr and ln a aixed ataosphere with 

hydrogen gas a~d them, an Al-Si film was deposited on 

the whole substrate surface. 

According to the second deposition step in 

this Example, the Al-Si fil• W&$ deposited at a 

deposition speed of 500 J./min., which was a film 

excellent in ~igra~ion resistance with its resistivity 

being 3.3 to 3.5 JJQ·c•. 

10 Exaple 5 

In Example 5, a1r Al-Cu film is formed on the 

whole subs~rate surfage by sputtering as the second 

deposition step af'ter having perfo~aed the sam.e ti~st 

Al deposition step as in Bxaaple 1. As the substrate, 

15 one with the same eons1:1tution as used in E.xalll.ple 1 

(Salliple 1-1) was prepared. 

Af~er Al was d&l>osited selectively within the 

open.1ngs according to the first Al deposition step as 

described above, the aubst:r:a1:e was arranged within the 

20 sputtering apparatus. The film. for.m.ing conditions 

25 

during sputtering are as described below. 

As the target, Al-Cu (0.5 ~) was used and the 

-3 DC power in an Ar atmosphere ot 5 x 10 Torr was 

applied at '7 kW. 

According to the second deposition step in 

th.:[ is lSJCUlple ~ the Al-Cu film. was deposited a't; a 

This Sheet Has Been Replaced 
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1 deposition speed of 10000 J./ain .. , wh1ch was a film. 

excellent in migration resistance with i~s resistivity 

beillg .3·. O to 3. 3 µO· cm.. 

5 

10 

Exaaple o 

In Example 6, an Al-CU film. is formed 

according to the CVD aethod by use of TMA and copper 

bisacetylacetonate CU(C5H1o2) 2 as the second 

deposition step after having perforaed the same first 

Al deposition step as 1n Exaaple 1. 

As the substrate,,one with the saJlle 

""' constitution as used in &xaaple 1 (Sa.pl~ 1-1) was 

pr:epered. 

After selective deposition of Al within the 

openings according to the first Al deposition step as 

rs described above,. the substrate waa arranged within a 

CVD apparatus. 

As the starting gas, TMA and Cu(C5B7o2J2 as 

~he gas coDtaining cu were used, and an Al-CU film was 

deposited on the whole substrate surtace. 

20 According to the seeond deposition step of 

this Exclaple. the Al-CU filll was deposited at a 

deposi~ion speed of 500 1/ain .• which was a fila 

exee11ent 1n migration resistance with 1ts res;istivi't:y 

being 3.3 to 3.5 µQ 0 em. 

25 Exami_le 7 

In Expple 7, an Al-51-Cu film. is forJD.ed on 
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1 'the whole subs't:rate surface according to sputtering as 

the second deposition step after having perforaed the 

same first Al depos1t1on step a& in B>c:ample 1. As the 

substrate. one with the sam.e constitution as used in 

5 Example 1 (Sample 1-1) was prepared. 

After selective deposition of Al within the 

openings according to the first Al deposition step as 

described. above. the·substrate was arranged in a 

sputtering apparatus. The f iln. form.ing conditions 

10 during sputtering ue as follows. kl the target, Al­

Si ( 0 .5 %)-CU(045 %) was employed, and DC power was 

applied at ?kW in Ar ataosphere. 

According to the second deposition step in 

this Example, the Al-Si-Cu tila was deposited at ~ 

15 deposit1on speed of 10000 A/•in •• wb1ch was a t1l• 

excellen~ in migration resistance with its resistivity 

being 3.0 to 3.3 µQ:a. 

Bxa.1lple a 

Example 8 shows forming an Al-Si-cu f illa 

20 according to the CVD method by use of TMA, copper 

bisacetylacetonate cu(c5a1o2 ) 5 • H2 and si2B6 as the 

second deposition step after having performed the same 

first Al deposition step as in Bxaiaple 1. 

As the substrate, one with the =i;cu.e 

25 Qonstitution as Wiled in Example 1 (Sample 1-1) was 

prepared. After selective deposition of Al within the 
~ 

1iiil~~iiITf 
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1 openings according to the first Al depoe1t1oD step as 

described above, the substrate wa~ arrange4 within a 

cvn-=-apparatus. As the starting gasr Si2B:6 as the gas 

containing Si, TMA and Cu(C5H7o2 ) 2 as the gas 

5 containing cu were used. and an Al-Si-Cu film 

deposited on the whole substrate &Ul"face. 

According to ~he aecond deposition step of 

this Exallple, the Al-Si-CU film. was deposited at a 

deposition speed of soo ~/ain., which was a film. 

10 excellent .1n :migration resistance with its resistivity 

being 3.3 to 3.S µQ•oa. ~ 

Bxaaple 9 

EXam.ple 9 shoWs forming an Al-Ti f ila on the 

whole substrate aurtace accordin.g to sputtering as the 

15 second deposition step af"ter having perfor•ed tb.e sam.e 

fi~st Al deposition step as in Exan.ple 1. As the 

substrate, one with the same constitution as used in 

Bxam.ple 1 (Sample 1-1) was prepared. 

After selective deposition ot Al within the 

20 openings according to the first Al deposition step as 

described abover the substrate was arranged in a 

sputtering apparatus. 

~he film forming conditions chu:ing sputtering 

are as follows. A8 the target, Al-T1(0.5 -) was 

25 employed, and DC power was made 7 kW in Ar ataosphere. 

Aocor~1ng to the second deposition step in 

This Sheet Has Been Replaced 
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l this Bxam.ple~ the Al-~i film. was depos:ited at a 

deposition speed of 10000 A/min.~ which ~as a tila 

excillent 1n •igl!'ation resistance with its resistivity 

being 3.o to 3.3 µn.cm. 

6 Having described above about Examples 1 to 9, 

otherwi~e it is also possible to deposit Al in the 

first deposition step and Al-Ti according to the CVD 

method in the second step. It is also possible to 

deposit Al :In the :r1rst step and Al-Si-Ti according to 

10 the sputtering method or the CVD method in the second 

step. 

Coaparative experimental example 1 

By uee of the CVD appara1:us shown in Fig. 3, 

those wJth the constitutions of the substrates used in 

15 BxaJa.ple 1 (Samples 1-1 1:0 1-179) were prepared, and 

the experiments which heat the s~bstrate indJrectly by 

resistance heating under wide tem.perature condition 

range from ioo 0 c to 650 °c were conducted. 

As ~he result, although Al with excellent 

10 se1ectivity was deposited within the openings in, all 

the samples, the deposition speed at that time was 

inferior by about one cipher as 100 to 800 ~/min. as 

com.pared with the Bxaaples a.s described above. 

In Fig. 3, 11 is a reaction chamber, 12 a 

25 heater, 13 a holder, 14 a aixer, 15 a bubbler. 16 a 

gas introdu.c~g hole, 17 an evacuation system, 18 an 

.. ,, 
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1 evacuation hole, 19 a substrater 20 a gas introducing 

line, 21 a gas feeding line for feeding DMAH gas, 21A 

a gas-feeding line for teeding H2 gas and 22 an 

evacuation line. 

5 In Exaaples 1 to 9 as described above, since 

the substrate was directly heated during se1ective 

deposition of alwninua on the substrate, there is the 

effect that a metal fil• with excellent film. 

characteristics Can be formed at high d.epoa1tiOD 

10 speed. 

Exam.ple 10 

First a subS'trate 1~ prepared. The substrate 

is a sample ha~ing an sio2 with a thickness of 8000 l 

foraed by ther11al oxidation on an N-type 

15 aonoc:rvsta.lline wafer. ·This is obtained by patterning 

ot openings with Val"ious opening sizes of 0.25 µa x 

0.25 JDl square to 100 µm. x 100 µm. square on the Si0 2 r 

thereby having the subbi~g Si single crystal exposed . 

Fig. 2 A ~chem.atically shows a part of the substrate. 

20 Here, 1 is a nonoerystalline silicon substrate as 

conductor substrate, 2 a ~hermally oxidized silicon 

film as insulating film. This is called Sa.11.ple 1-1. 

VHl and VH2 are openings, having different diaiteters 

fro:m each other. 

25 The procedure of forming an Al-Si fil• on the 

s~bstrate 1 is as described below. 



- 55 -

1 By use of 'the apparatus ehown. in Fig. 1, 'tbe 

roact1on chamber 101 is evacuated internally to ca. 1 
-8 .. 

x 1~ Torr by an evacuation system 107. However, a 

film of Al-Si can be also tor•ed even the vacuum. 

5 degree wi"thin the reaction chaaber 101 11ay be higher 
-8 than l x 10 Torr. 

In this Example, DMAH is fed from the first 

gasline 1111 and at the sallle time Si2H6 ~dded. from the 

third gaeline 115. As the carrier gas through the 

10 DMAH line, B2 is employed~ 

Through the secoRd gasline 111A is tlowed H2 r 

and the pressure witbin the reaction chamber 101 is 

controlled to a predetera1n@d value by controlling the 

opening of the slow leak valve not shown. A typical 

15 pressure in the th1s Example is JI.a.de ca. 1.S Torr. 

Through OMAH lJne 111 is introduced DMAH into the 

reaction tube. The total pressure 1s ea. 1-5 Torr, 

and DMAB partial pressure •ade ca. 1.s x 10-4 Torr .and 
. -6 Si2H6 partial pressure 2 x 10 Torr. Then, a laap is 

20 lighted to heat directly the wafer. Thusr Al-Si is 

deposited. · 

As the gas containing Si as the seco~d 

starting gaa during formation of the Al-Si film, 

Si 2R6 , SiH4 • Si
3

H8 , Si(CB3 ) 4 • SiC14 , SiH2c1
2

, SiB
3

Cl 

25 can be em.ployed. 

By a~ition of DMAH, HZ and Si starting gas 
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1 such as s1
2
R6 , Al-Si ccntaining o.s to 2.0 ~-of Si can 

be deposited. The reaction tube preseure is o.os to 

76Q:.Xorr, desira~ly 0.1 to 0.8 Torr, the s~bstrate 

temperature 260 °c to 440 °c, the DMAK partial 

5 preasure 1 x 10-5-fold to 1.3 x 10-3-told of the 

pressure within the reaction tube1 the S1 2H6 pa~tial 

pressure within the reaction tube l x l0-7 ~o 1 x 10-4-

fold, whereby Al-Si is deposited. 

After elapse of a predetermined deposition 

10 time, feeding of DMAH is c:>nce stopped. The 

predetermined deposition~tiae of the Al film deposited 

in this step is the ti•e until the thickness of the Al-

Si film on Si (aonocrystalline silicon substrate 1) 

becoaes equai to the f 1la thickness of 5102 (thermally 

·15 oxidized :silJ:con til.a 2).. 

The temperature of the substl."•te au:rface by 

the direct heating at this time is :made 270 °c. The 

above step is called the first deposition step. 
' ·. 
•,_) According to the step up to this. an Al-Si film. 3 is 

20 deposited selectively within the opening as shown in 

F.1g. 213. 

Hext, a wafer is arranged wi~hin the 

·sputtering apparatus~ and Al-Si is deposited aiso on 

the Sio2 film 2~ This step is a non-selective 

25 deposition step. This is called ~he second Al-Si film 

deposition s\ep. 
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The f il• forming conditions at this tim.e are 

as described below. BY use of Al-Si as the target, 

the-:.f:i-lm is formed by imparting a DC power of 5 to 10 

kW in an Ar atmosphere under a pressU1"e or 10-1 to 10 

3 'l"orr. The substJ!'ate teapel."ature at th.is time is 

made 200 °c by resistance heating. 

Aceord3ng to the 5econd Al-Si film deposition 

stepr an Al-Si tilm. 4 can be tor•ed on the Si02 film 2 

at a deposition speed of 10000 ~ as sbown. 1n Fig. 2 

10 (C). AD Al-S1 f1la was formed aecordiug to the nethod 

aa describea above. 

Furtherr by using again the substrate 

siailarly preparedr but eetting for thio time the 

substrate surface teaperature at 280 °c to 480 °c by 

'15 direct heating, an Al-51· film was prepared aecord:ing 

to the tirst deposition step. He~e, other film 

for•1ng conaitions in the first deposition step and 

the fila forming conditions in the second deposition 

step were all aade the sa11.e. 

20 

25 

Also, Al-Si tilas were formed by setting the 

subetrate surface temperature at 200 °c to 260 °c and 

490 °c to 550 °c during the ~irst deposition ~tep. 

The results were found to be the same as shown 

previously in Table 1. 

As can be seen from Table 1, at substrate 

surface tempe~atures ranging from 260 to 440 °c by 
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1 direct heating, Al-Si was deposited within the 

opening~ selectively at a deposit!on $peed of 3000 to 

5000 .i./min. 

As the result of ex&Jaination of the 

5 characteristics of the Al-Si film within the opening 

at substrate te•pe.t"atures ranging from 260 to 440 °c, 

they were found to be good with no carbon contained, a 

resiativity of l.8 to 3.4 µO·cm, a reflectance of 90 

to 95 ~, a hillock density of 1 pa or higher of 0 to 

10 10, substantially no sp1k~ generation (breaking 

probability of 0.15 µa bgnding). 

15 

Of couree, gontaot with Al tila formed thereon 

by sputtering was found to be good due to good surface 

characteristic o~ the Al-Si film therebeneath. 

I'D contrast, at ·a substl'ate surface 

temperature ot 100 °c to 250 °c, the deposition speed 

was low as 1000 to 1500 ~/•1n., whereby ~hroughput was 

also lowered to 7 to 10 shee~s/B. 

Ou the ot:b.e~ band, wb.e.n the 19\lbstr.ate surface 

20 temperature exceeds 440 °c, the reflec~ance became 60 

~ or less, the hillock density ot 1 ~· or more 10-104 

cm-2 , the spike generation Oto 30 ~' whereb~ the 

characteristics of the Al-Si tila within the openings 

were lowered. 

25 Mext, according to the method as described ,,. ... ... 
above, an Al~i fll• wa5 formed on a subs~rate 

..... ; 
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1 (sasple) having a cozustitution as described beiow. 

On a monocrystalline silicon as the first 

sub;ptrate surface aate~ial, a silicon oxide fil• was 

forned as the second subotrate surface aaterial 

5 a.ceording to the CVD 11.ethod, and then subjected to 

patterning according to photolithographic steps to 

have the monocrystalline silicone surface partially 

exposed. 

The thermally o~idized Si02 fila had a 

10 thickness of 1000 .A,. and ~b.e size of the exposed 

portion of the monoc~ystf-1.line silicon, na•ely opening 

2.5 µax 3 JUI to 10 Jllll x 10 µa. Thus,. Sample 1-2 was 

prep~ed (hereinafter such sa:m.pl.e is rep~esented as 

11CVD Si02 (hereinafter abbreviated as 

15 Sio2 )/•onocrystalline s1.licon11
). 

Saaple 1-3 is a boron-doped oxide film. fol":aed 

by nor•al preas~re CVD (hereinafter abbreviated as 

BSG)/monocrystalline silicon, 

Saaple 1-4 a phosphorus-doped oxide film 

20 tox-.ed by noraal pressure CVD (hereinafter abbreviated 

as PSG)/aonocrystalline silicon~ 

Saaple 1-5 a phosphorus and boron-doped oxide 

f ila formed by normal pressure CVD (hereinafter 

abbreviated as BSPG}/monocrystalline silicon, 

Sa•ple 1-6 a nitride film formed by plasma CVD 

(hereinafter _ralled P-SiN)/•onocrystall1ne silicon, 
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Sample l-7 a therma1ly nitrided fila 

(hereinafter abbreviated as T~SiN)/monocrystalline 

sil._!con, 

Saaple 1-8 a nitrided film formed by iow 

5 pressure DCVD (hereinafter abbreviated as LJ?­

SiB/m.onocrystalline silicon), and 

Sample 1-9 a nitrided film formed by an BCR 

apparatus (hereinafter abbreviated as BCR-

S1N) /aouocryst~ll1ne o111eon. F~rther, aecording to 

10 all the combinations of the first substrate surface 

material and the second substrate surface material 

shown below, Samples 1-11 to 1-179 were prepared. As 

the first substrate surface material, monocrystalline 

silicon (lllO:nocrystalline Si), polycrystalline siiioon 

15 (polycrystalline Si) r aaprphous s.llieon (amorphous 

Si), tungsten (WL 11.olybdemua (Mo) 1 tant.al\llD (T:a.), 

tungsten silicide (WS!)# titanium sil1c1de (TiSi), 

aluainum. (Al), alua1nua $iliccn (Al-Si), titan.iWIL 

aluainu• (Al-Ti), titaniWI nitride (Ti-H), copper 

20 (CU), aluminWll silicon copper (Al-Si-Cu), alwn.!htllll 

palladiWll (Al-Pd), titanium (Ti), molybdenwa. silicide 

(Mo-Si)~ tantalua silieid~ (Ta-Si) were e•p1oyed. As 

the second substrate surface aaterialr T-Sio2 , sio2 , 

BSG, PSG, 8PSG, P-SiN, T-SiN, LP-SiN, ECR-SiN were 

~5 ·e.ployed. For all of the samples as :mentioDed above, 

good Al-Si fiJms could b~ formed. 
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1 Ex.ample· 11 

BxaJa.ple 11 was car~ied ou.t by perfor•ing the 

saa~ ~irst Al-Si deposition step as in &lc.all'l.ple 10 and 

th.en form.ing a~ A1-Si t!l~ on the wh.Qle surtace by use 

5 of the CVD method using tr im.ethylalU..inua (TMA) as the 

second deposition step. As the substrate, one with 

the same constitution as used in Exa.JJ:.ple 10 (Sample 1-

l) was prepared. According to the first Al-Si 

deposition step as de$cribed above, a $Ubst~a~e h~ving 

10 Al-Si deposited with the ~penings was arranged within 

15 

the CVD apparatus. .. 
As the starting gas, tr1methylalum.inum. (TMA) 

was used, and an Al-Si f 11• wa5 fo.rmed on the whole 

substrate surface in a mixed atmosphere with H2 gas. 

According to tn~ second deposition s~ep in 

this Example, the Al-Si film. was deposited at a 

depositio~ speed of 500 A/min., which was a t11• 

excel1ent in migration resistance with its resistivity 

being 3.3 to 3.5 µQ·e•. 

20 Ex.ample 12 

Exa:m.ple 12 shows foraing an Al-Cu fil• on·the 

whole sabstrate surface by sputtering as the second 

deposition step after having perform.ed the sa:m.e first 

Al-Si deposition step as in Exaaple 10. As the 

~5 subst~ate, one with the sam.e constitution as used jn 

Example l!J .. ( Saaple l-1) wa$ prep.aJ:"ed. 
~ 

1iiiITT1i~f 
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1 Af~er Al-Si was deposited se1ect1vely wjthin 

th& openings according to the tirst Al-Si deposition 

•.:t~ ; .. _ ~~1'~.A """"""""··..-. •h ...... -•·"'--............ - • _ ......... _ ... ,_ ., ·----------
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As the starting gas, TMA and CU(C5H7o2>2 as 

the gas containing Cu was used~ and an Al-Cu film 

dep6sited on the whole substrate surface. 

According to the second deposition step of 

5 this Bxaaple, the Al-CU t11.a was deposited at a 

10 

de~osition speed of soo itain., which was a fila 

excellent in migration resistance with its resistivity 

befng 3.3 to 3.5 µQ-cm. 

Example 14 

Exam.ple 14 shows ~arming an Al-Si-Cu film on 

the whole substrate surface according to sputtering as 

the second deposition step atter having pe~forllled the 

saae first Al-Si deposition step as in ExaJJiple 10. As 

the substrate1 one with the saJJLe constitution as used 

15 in Bxam.ple 10 (5aaple 1-'l) was prepared. 

After selective deposition of Al-Si within the 

openings according to the first Al-Si deposition step 

as described above, the subs1:rate wa=s arranged in a 

sputtering apparatus. The film for~ing conditions 

20 during sputtering are as follows. As the target, Al-

Si(0.5 ~)-Cu(0.5 %) was elll.ployed, and DC power was 

made 7 kW in A~ at•osphere. 

According to the second deposition step in 

this Example, the Al-Si-Cu film was depo8ited at a 

25 deposition speed ot 10000 4/ain., which was a film 

excellent in~migration resistance with i~s ~esi~tivity 

l~iiiiUir 
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1 being 3. O to 3. 3 µg. cm.. 

BXUple 15 

- . - . Example 15 sb.ows forming an Al-Si-CU film. 

aco:cording to the CVD method by use of copper 

S bisacetylacetonate Cu(C5H70 2 ) 5 , R2 and Si2H6 after. 

having perforn..ed the same first Al depos1ticn step as 

in Bxa.lllple 10. 

As the substrate. one with the sam.e 

constitution as used in Bxaaple 10 <Saaple 1-1) was 

10 prepared. After selectiv~ deposition of Al-Si within 

the openings according to the first Al-Si deposition 

step as described above, the substrate waa arranged 

within a CVD apparatus. As the starting gas~ TMA, 

si2E6 as the gas containing Si and CU(C6B
7
o2) 2 as the 

l5 gas containiJlg Cu were used. and an Al-Si-CU fil:aa 

deposited. on the whole substr~te surface. 

Acoording to the second deposition step of 

this Bxaaple, ~he Al-Si-CU fJla was deposited at a 

( ' · _, deposition speed of soo Al•in., which wa=; a. film. 

. 10 excellent in aigration res1stance with it$ resistivity 

being 3.3 to 3.5 llC·ca. 

Exaaple 16 

Example 16 shows torm.ing an. Al-Ti film. on the 

whole s~bstr.ate surface according to sputterittg as the 

25 ~econd deposition step after having performed the same 

tirst Al-Si deposition step as in Exa•ple 10. As the 
~ 



w" .... .. .... ~· ' , .. · ·1 ..... ~..,, ...... '· .. 

- 5.5 -

1 substrate, one with the same coll.st1tution as used in 

Example 10 (Sample 1-1) was prepared. 

~ " After selective deposition af Al-Si w!th1n the 

openings according to the first Al-Si deposition step 

5 as described aoove, the substrate was uranged in a 

sputtering apparatus. 

The film forming conditions during sputtering 

are as tolloW$. As the target, Al-T1(0.5 X) was 

employed, and DC power was m.a.d.e 2' kW in Ar atmosphere. 

10 Aecord1ng to the second deposition step in 

this Bxample, the Al-Ti fw.ila was deposited at a 

deposition speed of 10000 •fain., which was a tila 

excellent in migra~Jon resistance with its resistivity 

being 3.0 to 3.3 µa.ca. 

15 Having described"above about Sxaaples 10 to 

16, otherwise it is also poss1ble to deposit Al-Si in 

tbe first deposition step and Al-Ti according to the 

CVD aethod in the second step. It is also possible ~o 

deposit Al-Si in the first step and Al-Si-Ti acco~ding 

10 to the $puttering aethod or the CVD method in the 

second step. 

Comparat1ve experiaental exa.m.p_le 2 

By use of the CVD apparatus shown in Pig. 31 

those ~ith the constitu~ions of the substrates used in 

25 Example 10 (Saaples 1-1 to 1-179) wel"e prepued~ and 

the experi:m.e~ts which heat indirectly by resis~ance 

i1ii1ii1iiif 
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1 heating und.e~ wide. 'temperature oandition range from 

200 °c to 6~0 °c were eonduo~ed. 

-.... As the result, elthough Al-Si with excellent 

selectivity was·deposited within the openings in all 

5 'the samples, the depositio.n speed. at that ti.m.e was 

iDferior by about one cipher as 100 to aoo A/ain. as 

com.pa.red with the Examples as described above. 

In Fig. 3, 11 is a reaction chasaber, 1a a 

heater, 13 a holder, 14 a aixer1 15 a bubbler, 16 a 

10 gas in.troducing hole, 11 ~n evacuation system, 16 an 

evacuation hole, 19 a substrate, 20 a gas introducing .. 

15 

line~ 21 a gao feeding line ~or feeding DMAH gas, 21A 

a gas :reeding line for feeding H2 ga3 and 22 an 

evacuation line. 

In sx .. pl.es 10 tp 16 as described above, since 

the subatrate was directly heated during selective 

deposition of alwainum on the substrate, there is the 

effect that a metal fil~ with excellent fila 

() charae't:e::r:istics can be :for:111.ed at high deposition 

ao speed. 

Exanple 17 

First a substrate is prepared. The .substrate 

is a sample having an Sio2 with a thiQkness of 8000 A 

formed by ther•al oxidation on an N-type 

25 :m.onocrystalline wafer. This is obta.J.ned J:>y patterning 

of openings with various opening sjzes or 0.25 µm x 
~ 
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1 0.2S }lJB. square to 100 1Ul x 100 µm square on the Si02 , 

thereby having the subbing Si single crystal exposed. 

Fig: 2A scbeJD.atically shows a part of the substrate. 

Her~, 1 is a monocrystalline silicon substrate as 

5 conductor substrate 1 2 a therma1ly oxidized silicon. 

film as ilUf.Ulating fila (layer). This is called 

Sample 1-1. VHl ·and VR2 are openings (exposed 

portions), having different diaaeters froa each other. 

The p~ocedure of foraing an Al film on the 

10 substrate 1 is as de$Crib•d below. 

First, the subst~ate 1 is arranged in a load 

lock cha...ber 11. Into the load l~k chamber 11 is 

introduced hydrogen as described above to make the 

chamber under hydrogen atmosphere. The reaction 

15 chamber 12 is evacuated 'internally to ca. 1 x 10-8 

Torr by an evacuation systea 10. 

20 

However. a fils of Al ~an be also formed even 

the vacuwa degree within the reaction cha:aber 12 aay 

be higher than 1 x 10-8 Torr. 

DMAH is fed from the gasl!ae not shown. As 

the carrier gas t:hX"oU.gh 'the DMAH line, u2 1$ e:m.ployed. 

The second gasline not ~hown is provided tor 

H2 as the reaction gas, and the pressure within the 

reaction chamber 12 is controlled to a predetermined 

25 value by controlling the opening of the slow l~ak 

valve not shswn. A t\'l>ical pressure-in this case is 
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1 aade ca. l .. 5 Torr. Through DMAH line is introduced 

DMAH tnto the reaction tube. The to~al preosu.re is 

ca.~1.s Torr, and DMAll partial pressu~e :inade ca. 5.0 x 

10-3 Torr. Then. current is passed through the 

5 resistance heat generating meaber 17 of the substrate 

holder 18 to heat directly the water. Tb.us, Al is 

deposited. 

After elapse of a predetermined deposition 

tiae, reeding ot OMAH is once stopped. The 

10 predetermined deposition ~ime of ~he Al film deposited 

.15 

in this step is the time~until the thickness of the Al 

film on Si (monocrystall1ne silicon subst~ate l) 

becomes equal to the film thickness of Si02 (thermally 

oxidized silicou film 2). 

The temperat\U'e .of the substrate surface by 

the direct heating at this tiae is aa.de 210 °c. The 

above step is called the first deposjtion step. 

According to the step up to this, an Al film 3 ·is 

deposited se1ectively within the opening as shown in 

20 Fig. 2 B. 

After completion of deposition of the above-

mentioned Al, the CVD reaction Ch41.\lllber 12 is evacuated 

by the evacuation systea 10 un.til reaching a vacuwa 

degree of 5 x 10-3 Tor~. At the same tim.er the Rf 

25 e~ching chaaber 13 is evacuated to 5 x 10-6 Torr o~ 

less. After contiriaation that the bo~h chambers bave 
.} 
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.reached the above ~acuwm degree, the gate valve 10 is 

opened, the subs~rate moved from the CVD reaction 

chailber 12 to the Rf etching chamber 13 by use of a 

conveying means (ara) 27, and the gate valve 10 

closed. 

When the substrate is conveyed to the Rf 

etebing Qha.ber 13, the Rf etcning chamber 13 is 

evacuated by the evacuation system. 10 until ~eaching a 

vacuwa degree or 10-6 Torr o~ lees. 

Then, argon is fe~ to th~ argon feeding line 

22 for Rf etching, and tqe Rf etching chamber 13 is 

aaintained at an-argon atmosphere ot 10-l to 10-S 

Torr. The substrate holder 20 fer Rf etching is 

:aiwaintained at 200 °c. Rf of 100 W is supp1ied to the 

15 electrode 21 for Rf etching for 60 

seconds, whereby discharging of argon occurs within he 

Rt etching chaaslber 13 to etch the s~rface of the 

substrate with argon ions to re•ove the surface layer 

of the CYD depoeited fila. In this case, the etching 

zo ~th corresponds to the oxide, and is about 100 .A. 

In this description, the surtaee etching of 

the CVD deposited tilla wa$ ettected in the Rf etching 

chamber, but since the surface layer of the CVD film 

of the substrate conveyed through vacuwn. contains ~o 

25 oxygen, e't:c., and therefore no Rf etching may be 

effected. ID that case, the Rf etching cham.ber 13 
~ 
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1 functions as the temperature changing challlber for 

5 

effecting temperature change within a short time, when 

the=te:m.peratu.re difference between the CVD reaction 

chamber 12 and tbe sputtering cha.J11.ber 14 is great. 

In the Rf e~ching chamber 13, after completien 

of Rf etching, inflow of argon is stopped and argon in 

the Rf etching chamber 13 is evacuated. After the Rf 

etching chamber 13 is evacuated to 5 x 10-6 Torr and 

the sputte~ing chamber 14 to 5 x 10-6 Torr or less, 

10 the gate valve 10 is opened. Then, the substrate is 

aoved. by •ea.ns of the ar• 21 froa the Rf etching 

chaJiber 13 to the sputtering ch.amber 14, followed by 

closing of the gate valve 10. 

·When t:he substrate i$ conV'eyed into the 

15 sputtering chaaber 14, the substrate h.older 23 is set 

at 250 °c in an <ll'gon ataosphere of 10-1 to 10-S Torr 

si:111.1lal' ly as in the Rf etching cbtA11t'ber 13. 

Discharging of argon is effected at a power of 

' . . .J DC 7 KW in this Example to shaven the target material 

20 Al-Si (0.S ~) with argon ions, thereby depositing Al-

Si at a deposition speed ot 10000 A/min. on the 

sub•trate. This step ia the non-selective deposition 

step·:: 

This step is called the second Al film 

25 deposition s~ep. 

Afte~ ~he Al fila of 5000 A i3 deposited on 

iii ifli 1ilii 
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1 the su~strate, intiow of argon and application of »C 

power are stopped. Atter the load lock chamber 11 

-3 
(l~l is evacuated to S x 10 Torr or less, the gate - •. 

valve 10 is opened~ and tb.e substrate is •oved.. After 

S closing of the gate valve 10, N2 gas flows into the 

lo•d lock chamber 11 (15) until reaching the 

10 

at•oapheric pressure, and the substrate moves passing 

through the gate valve 10 to the outside ot the 

apparatus. 

The f ila forming ~onditions in the above­

mentioned second Al film deposition step are as 

described below. By use of Al as the targetf the filJD.. 

is formed by i•parting a DC power of 5 to 10 kN iD an 

Ar atmosphere under a pressure of 10-1 to 10-3 Torr. 

15 The substrate temperatur~ at t~is time i• aade 200 °c 

by resistance heating. 

According to the second Al film. deposition 

step a~ described above, an Al film 4 can be for•ed on 

the Si02 film. 2 at a deposition speed of 10000 A as 

20 shown in Fig. 2C. An Al film was for.med according to 

the •ethod as described above. 

Further, by using again the substrate 

similarly prepared, but setting for this time the 

substrate surface teaperature at 280 °c to 480 °c by 

~5 di~ect heating, an Al fil• was prepared according to 

the first deposition step. Re~e, other film foraing 

.) 

ii1i1iiiimr 
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1 concU.tions in. t:he :first depos.ition step, and the film 

foraing conditions in the eecond deposition step were 

all-::. iaade the sam.e. 

Alsor Al films were foraed by setting the 

5 substrate surface teaperature at 200 °c to 260 °c and 

490 °c to 550 °c during the first deposition step. 

The result• were fouud to be the same as shotrn 

previou~ly in Table 1. 

As can be seen froa Table 1, at substrate 
' 0 10 sur.tace temperatures "t'ang~ng fro• 260 to 440 C by 

direct heating, Al was d4!pos1ted within the openings 

selectively a~ a deposition speed of 3000 to sooo 
Umin. 

As the result of exa•ination of the 

16 characteristics ot the Al f il• within the opening at 

substrate surface temperature~ ranging froa 260 to 440 
0 C, there were found to be good with no carbon 

contained, a resistiv1ty of 2.8 to 3.4 µO-c•,· a 

reflectance of 90 to 95 ~, a hillock density of 1 µ• 

20 or higher of O to 10, substantially no spike 

generation (breakjng probability of 0.15 µm bonding). 

Of course1 contact with Al film formed thereon 

by sputtering was foUQd to be good due to good surface 

charac~eristic of ~he Al fil~ therebeneath. 

25 In contrast~ at a s~bst~a~e S\U"face 

teape~a~ure of ~00 °c ~o 250 °c, the deposition speed 
~ 
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1 was low as 1000 to 1500 .A.Im.in. • whereby thl-oughput was 

also lowered to 7 to 10 sheets/H. 

- ·· on the other hand. when tb.e substrate surf ace 

temperature exceeds 440 °c, the reflectance became 60 

5 ~ or less, the hillock dens1ty of 1 µm or more 10 to 

io4 CJD.-2 1 the spike generation o to 30 ~.whereby the 

characteristics of the Al film withi~ the openings 

were lowered. 

Rext, according to the method as described 

10 above, an Al film was fo~ed on a substrate (aaaple) 

having a constitution as·described below. 

On a aonocrystalline silicon as the first 

substrate surface aaterial6 a silicon oxide fi!Jl was 

for.m.ed as the second substrate surface material 

15 according to the CVD 11.ethod., and then subjected to 

patterning according to photQlithographic steps to 

have ~he monocrystalline silicone surface par~ially 

exposed. 

'l'he thernally oxidized Si02 film had a 

20 thickness of 7000 A, and the size of the.exposed 

portion 0£ the monocrystal1ine sjliconr nam.ely opening 

0.25 µm x 0.25 pa ~o 10 µn x 10 µa. Thus1 5anple 1-2 

was prepared (hereinafter such sanple i~ represented .. • 

as ncvo 5102 (hereinafter ~bbreviated as 

25 Si02 )/monocrystall1ne silicon"). 

Sam.p~e 1-3 is a boron-doped oxide filla. form.ed 

11ii1iinr 
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1 by norm.al. pressure CVD (hereinafter abbreviated as 

BSG)/monocryatailine silicon, 

~ , SaJD.ple 1-4 a phosphorus-doped oxide film 

.formed by noraal pressure CVD ('hereinafter abbreviated 

5 as PSG)/monocrystalline silicon, 

Sample 1-5 a phosphorus and boron-doped oxide 

fil• formed by norriial pressure CVD (hereinafter 

abbreviated as BSPG)/monocrystalline silicon~ 

SaJD.ple 1-6 a nitride film formed by plasma CVD 

10 {hereinafter called P-SiN)./monocrystalline silicon, 

Sample 1-7 a therm.ally nitrided film ... 

(hereinafter abbreviated as T-SiN)/monocrystall1ne 

silicon, 

Sample 1-8 a nitrided film for•ed by low 

15 pressure DCVD (hereinaft'r abbreviated as ~P~SiN), and 

Sample 1-9 a nitrided f1la formed by an ECR 

apparatus (hereinafter abbreviated as ECR-

t'• ': SUl)/monocrystalline silicon. .i'urther, according to 

20 all t~e combinations of the first substrate surface 

lllaterial and the second substrate surface material 

shown below, Samples 1-11 to 1-179 were prepared. A~ 

the first substrate surface material, .m.onocrystalline 

silicon {monocrystallihe Si)t polycrystalline silicon 

25 (pol~crystalline Si}, aJno~phous silicon (aacrphous 

Si), tungsten (W), molybdenwa (Mo), tantalum: (Ta), 
~ 

iiiiiili1iff f 
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1 tungsten silicide (WSi), ·titaniwn silicide (TiSi), 

a1uminum (Al), aluainum silicon (Al-Si), titanium 

alUJ!li.itiwn. (Al-Ti), titanium n1tride (Ti-N), copper 

(Cu}, al'Wll.inum silicon copper (Al-Si-Cu), aluminwn. 

5 palladiwa (Al-Pd) r tita.ni'Wli (Ti) , m.olybde:n.um silicide 

(Mo-Si), tan.talum. silicide (Ta-Si) were employed. As 

the second substrate surface material, T-S102 , s102 , 

BSG, PSG, BPSG~ P-SiN, T-Si~, LP-$1N, BCR-SiN were 

employed. For all of the samples as mentioned above, 

10 good Al filas could be formed. 

Example 18 

&<ample 18 according to the present invention 

shows forming a~ Al film by use of the apparatus shown 

in Fig. 7 using DMAH as the s~art1ng gas and hydrogen 

15 gas as the reaction gas,·and by directly heating the 

substrate surface by the halogen la.op 30. 

As the substrate, similarly as in Bxaa.ple 17, 

a monocrystalline silicone wafe~ covered with an s102 

·' film having a plurality of val'ious opening>s of 0. 25 pm 

20 square- to 100 µm square was prepared. On the 

substrate wa$ carried out the first Al film deposition 

step according to the CVD •etbod ae described below, 

the second Al-Si film d~position step according to the 

sputtering method to form aD Al film. 

25 AccQrding to the sam.e procedure as ~n Example 

17. DMAH and~ hydrogen were transported to the C"ID 



.. , 

...... J ~ • ,/ h. .. .. 

- "16 -

1 reaction chamber 12 tor Al deposition. 

The conditions of the tirs~ Al film forming 

step •ere a total pressure of 1.5 Torr, a DMAB partial 

pressure of 1.5 x 10-4 Torr, and a substrate surface 

5 t.em.perature of 2'70 °c. 
Acco~din.g to the first Al depos1tion step as 

described above, Al was deposited at a deposition 

speed of 3000 to 5000 A/min. within the opening ot 

varjous pore diameter$, ~hereby good selectivity could 

10 be obtained. Next, by ar~anging the substrate in the 

sputtering challber 141 and Al-Si was deposited to as 

15 

20 

thickness of 5000 A on the whole surface containing 

Sio2 and A1 selectively deposited. The deposition 

sp~ed at this ti•e was 10000 1/min. 

Further, accordi~g to the same met:b.od, by use 

ot the same S9lllples 1-11 to 1-119 as in Bxam.ple 17 as 

tbe substrate, Al films were formed. In all of the 

Sample$, good Al film~ could be foraed through the 

first and second deposition steps. 

In the above exper!aen~s, the substr~te 

surface teaperature was set at 210 °c, and Al films 

were formed by varying this condition trom 200 °c to 

550 °c by every 10 °c. 

The characteristics of the Al films according 

25 to the first Al deposition step of all the ~espective 

Sam.pies ~e~e found to be simila~ to those shown in 
~ 

·· 1liilii1iU 
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1 Table 1. 

Example 19 

= · Bxaaple 19 shows forning an Al-Cu. f 1lm. on the 

whole substrate surface by sputtering as the second 

5 deposition. step after having perform.ed the sane first 

Al deposition step as in Exaiapl~ 1~. As the eubstrate, 

one with the same constitution as used 1n Example 17 

(Saaple 1-1) was prepared. 

After Al was deposited selectively within the 

10 openings according to the first Al depo•i~ion step as 

de$cribed above. the substrate w~s arranged within the 

sput~ering apparatus 14. The film forming conditions 

during aputtering are as described below. 

As· the target1 Al-Cu (0.5 ~)-was used and the 

15 DC power in an Ar at•osphere of 5 x 10-3 Torr was aade 

7 kW. 

According to "the second deposi·tion step in 

this Example, the Al-Cu fila was deposited a~ a 

deposition speed of 10000 A/min., which was a f1la 

20 excellent in 11tigrat.1on resistance with its resistivity 

being 3.0 to 3.3 µO·Clll. 

Example 20 

tn Example 20 an A1-Si~C~ f il• is formed on 

the whole s~bstrate surf~ce according to sputtering as 

25 the second deposition step after having perfor•ed 'the 

same first AJ depositiou step as in E~ample 17. As 
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1 the substrate, one with the sam.e constitution as used 

in Exuple 17 (Sample 1-1) was prepiillred. 

_ . After selectl~e deposition of Al within the - . 
opeuings according to the first Al-Si deposition step 

5 as described above, the substrate was arranged in a 

sputtering chamber 14. The fil~ for•ing conditions 

during sputtering a~e as follows. As the target, Al-

Si(0.5 ~)-Cu(0.5 %) was employed, and DC power was 

applied at 1 kW in Ar atmosphere. 

10 According to the second deposition step in 

this Exam.ple, the Al-Si-Cu film was deposited at a ... 
deposition speed or 10000 A/min., which was a film 

excellent in migration resistance with its resistivity 

being 3.0 to 3.3 µg.cm. 

15 BxaD.:ple 2 l 

In Exalaple 21 an Al-Ti fil• is formed on the 

whole substrate surface according to sputtering as the 

second deposition step after having performed the same 

fir~t Al depo$ition step as in Bxaaple 11. As the 

20 substrate, one with the same constitution as u~ed in 

Example 17 (Sample 1-1) was prepared. 

After selective deposition of Al within the 

openings according to the first· Al depoGition step as 

described above, the ~ubstrate was arranged in a 

25 sputtering chamber 14. 

The fil• forming conditjons during oputtering 
~ 
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1 are as follows. As the target, Al-Ti{0.5 ") was 

eaployed, 5puttering effected in Ar atao&phere and DC 

power ;was made T kW •. 

According to the second deposition step in 

5 this Example, the Al-Ti film. was deposited at a 

10 

15 

deposition speed of 10000 1/mi~., which was a fil~ 

excellent in migration re$!Stance with its resistivity 

being 3.0 to 3.3 µQ•ca. 

Exaaple 22 

By use of the metal fil~ continuous torming 

apparatus shown in Fig. ~' tilm for~ation was carried 

out in the saJa.e :manner as in Example 17 on the above 

substrate under the te•perature cond1tion5 ot 200 °c 

to 650 °c by resistance heating. 

As the result, under the temperature 

conditions by resistance hea~ing of 160 °c to 450 °c, 

a tilm of good quality with no carbon, a saall 

resisti~ity of about 3 µ0-em and high reflectance was 

obtained More preferably, at 260 °c to 440 °c, the 

20 deposition speed became higher as 100 to 800 A/min., 

25 

and also the wiring life was long. Most preferably, 

the temperature was 270 °c to 350 °c~ arid within this 

range, h:il.lock density was extre111.ely small, ·and also 

generation probability of allov spike was low. 

Having dese~ibed above about ExaD.ples 12 to 

22, otherwise it is also possible to deposit Al in the 
,} 

11iliiiUf 
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1 first deposition step and Al-Si-Ti in the second step. 

In Examples 17 to 22 as described above, since 

co~~inuous deposition is carried out by depositing a 

aet~l til• non-selec~ively without exposing the 

5 substrate to outer air after selective deposition of 

aluminu• on the substrate, a metal film with excellent 

. film characteristics such as step coverage, 

electroaigration, etc. can be formed at high 

deposition speed. 

10 

15 

20 

25 
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In the following, Examples (2~ - 28) conducted 

by use of the apparatus shown in tbe Fig. 4 
..:: 1 

(resistance hea~ing) and Fig. 1 {direct heating) are 

shown. Examples 23 - 27 are conducted by use of the 

5 apparatus of more preferable direct heating system 

(Fig. 7) and Example za by use ot the apparatus of the 

resistance heating system (Fig. 4). 

Example 23 

First a substrate is prepared. The substrate 

10 is a saaple baving an $102 with a thickness of SOOO A 
.. 

formed by thermal oxidation on en H-type 

monoorystalline wafer. This is oJ?tained by patterning 

of openings with various opening sizes ot 0.25 ~m x 

0.25 µm square to 100 µm x 100 µm square .on the Si02 , . 
15 thereby having the subbing Si single crystal exposed. 

Fig. 2A schematically sbows a part of the substrate. 

Here, 1 is a monocrystalline silicon sul>str,te as 

conductor substrate, 2 a thermally oxidized silicon 

film es insulating film (layer). ~his is called 

20 Sample 1-1. VHl and VH2 are openings (exposed 

portions), having different diatn.eters from each other. 

The procedure of forming an Al-Si ~ilm on the 

substrate 1 is as described below. 

First, the substra~e 1 is arranged in a load 

25 lock chamber 11. Into the load iock chamber 11 1s 

introduc~ hydrogen as described above to make the 
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1 chamber under hydrogen atmosphere. The reaction 

chamber 12 is evacuated internally to ca. l x 10-8 
: . 
Torr by an evacuation systeJn 10. 

However, a film of Al-Si can be also formed 

5 even if the vacuum degree within the reaction chamber 

12 is worse ~ban l x 10-8 Torr. 

10 

DMAH and Si2H6 are fed fro• the gasline not 

shown. As the carrier gas through tbe DMAH line, H2 
is employed. 

~be seoond gasline not shown is used for H2 as 

tbe reactiOQ gas, and the pressure within the reaction 

chamber 12 is controlled ~o a predetermined value by 

controlling the opening degree of the slow leak valve 

not shown. A typical pressure in this case is set at 
. 

15 ca. 1.5 Torr. ~hrough DMAH line is introduced DMAH 

into the reaction tube. The total pressure is ca. 1.5 

torr, DMAH partial pressure is ca. 1.5 x 10~4 Torr and 

Si 2H6 partial pressure 2 x 10-6 Torr. Then, a lamp is 

lighted to heat diree~ly the wafer. Thus, Al-Si is 

20 deposited. 

As the gas containing Si which is the second 

starting gas during formation of the Al-Si fi1m1 

Si2H6 , SiH4 , Si3H8 , Si(CH3 ) 4 , SiCl4 , SiH2c12 ~ SiH3Cl 

can be employed. 

· 25 By addition of DMAH, H2 and Si starting gas 

such as Sl2H6, etc., Al-S1 containing 0.5 to 2.0 % of 
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1 Si can be deposited. The reaction tube pressure is 

0.05 to 760 Torr, desirably 0.1 to 0.8 Torr, the 
.::.. ; 0 0 
substrate temperature 260 C to 440 C, 

-5 partial pressure 1 x 10 -fold to 1.3 x 

the DMAH 

-3 10 -fold of 

5 the pressure within the reaction tube, the Si2H6 
partiai pressure within the reaction tube 1 x 10-1 to 

1 x 10-4 -fold, whereby Al-Si is deposited. 

After elapse of a predetermined deposition 

time, feeding of DMAH is once stopped. The 

10 predetermined deposition time of the Al-Si film 

deposited in this step is the time until the thickness 

or the Al-Si film on Si (monocrys~alline silicon 

SUbstrate 1) becomes equal to the film thickness of 

Si02 (thermally oxidized silicon fib1 2) •. 

15 The temperature of the substrate surface by 

the direc~ heating at this time is set at 270 °c. Tne 

above step is called the first deposition s~ep. 

According to the step up to this, an Al-Si film 3 is 

deposited selectively within the opening as shown in 

20 Fig. 2B. 

After completion of deposition of the el:>ove-

mentioned Al-Si, the CVD reaction chamber 12 is 

evacuated by ~he evacuation system 10 until reaching a 

vacuum degree of 5 x 10-3 Torr o; less. At the same 

- 25 time, the Rf etching chamber 13 is evacuated to 5 x 10-

6 Torr ot less. After confirmation that the both 

1i11Uiflil~ 
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i chambers have reached the above vacuum. degree, the 

gate valve 10 is opened, the substrate moved from the 

CVD reaction chamber 12 to the Rf etching chamber 13 

by use of a conveying means (arm) 27, and the gate 

5 valve 10 closed. 

10 

When the substrate is conveyed to the Rf 

etching cbatnber JS, the Rf etching chamber 13 is 

evacuated by the evacuatio~ system 10 until reaching a 

vacuum degree of 10-6 Torr or less. 

Then, argon is·fed froa the argon feeding line 
.. 

22 for Rf etching, and the Rf etching chamber 13 is 

111aintained at an argon atmosphere of 10-l to 10-3 

Torr. The substrate holder 20 for Rt etching is 

maintainea at 200 °c. Rf of 100 w is fed. to the 

15 electrode Zl for kf etching is supplied for 60 

seconds1 whereby discharging of argon occurs within he 

Rf etching chamber 13 to etch the surface o~ the 

substrate with argon ions and remove the surface layer 

of the CVD deposited film. In this case, the etcbidg 

20 depth corresponds to the oxide, and is about 100 A. 

In this description1 the surface etching of 

the GVD deposited f.ilm. was effected in the Rf etching 

chamber, but since the surface layer of the cvo film 

of the substrate conveyed through vacuwa contains no 

· 25 oxygen, etc., no Rf etching may be effected. In that 

case, th• Rf etching chamber 13 functions as the 
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1 temperature changing chamber tor effe~ting temperature 

change within a short time, when the temperature 

5 

dif fe~ence between the cvo reaction chamber 12 and the 
"':' 

sputtering chamber 14 is great. 

In the Rf etching chamber 13, after completioD 

of Rf etching, inflow of argon is stopped and argon in 

the Rf etching chamber 13 is evacuated. After the Rf 

-6 etching_chamber 13 is evacuated to 5 x 10 Torr and 

the sputtering chamber 14 to 5 x lo-6 Torr or less, 

10 the gate valve 10 is o~ened. Then, the substrate is 

moved by means of the~arm 27 from the Rf etching 

chamber 13 to the sputtering chmuber 14, followed by 

closing of the gate valve 10. 

When tbe substrate is conveyed into the 

15 sputtering chamber 14, the substrate holder 23 1s set 

at 250 °c in an argon atmosphere of 10-l to 10-3 Torr 

similarly as in tbe Rf etching chamber 13. 

Discharging of argon is effected a~ a power of 

DC 7 EW in this Example to shaven the target ~a~erial 

20 Al-Si (0.5 %) with argon ions, thereby depositing Al­

Si at a deposition speed of 10000 A/min. on the 

substrate. This step is the non-selective deposition 

step. 

This step is called the second Al film 

25 deposi~ion step. 

After the Al-Si film of 5000 A is deposited on 

i11iii1iUf 
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i the substrate, inflow of argon and applioa~ion of DC 

power are stopped. After the load lock chamber 11 
- . . -3 
(15) is evacuated to 5 x 10 Torr or less, the gate 

valve 10 is opened, and the substrate is moved. Afte~ 

5 closing of the gate valve 10, N2 gas flows into the 

load lock. chamber 11 {15) until reaching the 

10 

atmospheric pressure, and the substra~e moves passing 

through ~he gate valve 10 to the outside of the 

apparatus. 

The fila forming conditions in the above-
... 

aentioned second Al film deposition step are as 

described below. By use of Al-Si as the target, the 

film is formed by imparting a DC power of 5 to 10 kW 

in an Ar atmosphere under a pressure of 10-l to 10-3 

15 Torr. The sUbetrate temperature at this time ~s set 

at 200 °c by resistance heating. 

According ~o the second metal film deposition 

step as described above, an Al-Si film 4 can be formed 

on the s102 film 2 at a deposition speed of 10000 i as 

20 shown in Fig. 2C. An Al was deposited according to 

the method as described above. 

Further, by using again the substrate 

similarly prepared, but setting for this time the 

substrate surface temperature at 280 °c to 480 °c by 

.'25 direct heating, an Al-Si film was for:tned according to 

the firs• deposition step. Here, other f~lm forming 
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1 conditions in the first deposition st~p and in the 

second depositions step were all the same. 

Also, Al-Si films were formed by setting the 

subst~ate surface temperature at 200 °c to 260 °c and 

s 490 °c to 550 °c during the first deposition step. 

The results were found to be the same as shown 

previously in Table l. 

As can be seen from Table 1, at substrate 

surtace temperatures ranging from 260 to 440 °c by 

10 direct heating, Al was-deposited within the openings 
,,. 

selectively at e deposition speed of 3000 to 5000 

A/min. 

As the result of examination of the 

characteristics of the Al f~lm. deposited within the 

15 opening at substrate su.rtace te•peratures ranging from 

260 to 440 °c, they were found to be good with no 

carbon contained, a resistivity of 2.8 to 3.4 ll!l·cm, a 

reflectanoe of 90 to 95 %, a hillock density of l µm 

or higher being 0 to 10, substantially no spike 

20 generation (breaking probability of 0.15 µm bonding}. 

25 

O~ course, contact witb Al-Si film formed 

thereon by sputtering was found to be good due to good 

surface characteristics of the Al-Si film 

therebeneath. 

In contrast, at a substrate surface 

temperatWz.e of 200 °c to 250 °c. the deposition speed 
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l was low as 1000 to 1500 A/min., whereby throughput was 

·also iowered to ? to 10 sbeets/H . 
.;:. c • 

On the other hand, when the substrate surface 

temperature exoeeds 440 °c, the reflectance became 60 

5 % or less, the hillock density of l ·µm or more 10 to 

104 cm-2 , the spike generat1on Oto 30 %, whereby the 

characteristics of the Al-Si film within the openings 

were lowered. 

Next, according ~o the method as described 

10 above, an Al-Si film •as formed on a substrate .. 
(sample) having a constitution as described below. 

On a monocrvstalline silioon as the first 

substrate surface material, a si1icon oxide film was 

formed es the second substrate surface mate~ial . 
15 according to the CVD 1nethod, l!lnd then subjected. to 

patterning according to photolithographic steps to 

have the monocrystalline silicone surface partially 

exposed. 

The thermally oxidized Si02 film had a 

20 thickness of 7000 l, and the size of the exposed 

Portion of the mouoorystalline si1icon1 omaely openi~g 

0.25 llJD x 0.25 µm to 10 pm x 10 µm. Thus, Sample 1-2 

was prepared (hereinafter sueh sample is represented 

as ~cvn Si02 (hereinafter abbreviated as 

· 25 Sio2 ) /monocrystalline silicon") . 

Sample 1-3 is a boron-doped oxide fi1~ formed 
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1 by normal p~essu~e CVD {hereinatter ebbreviated as 

BSG)/monocrystalline s1licon, 

sample 1-4 a pbosphorus-doped oxide film 

formed by normal pressure CVD {hereinafter abbreviated 

5 as PSG)/monocrystalline silicon1 

Sample 1-5 a phosphorus and boron-doped oxide 

film formed by normal pressure CVD (hereinafter 

ebbrev1ated as BSPG)/monoorystalline silicon, 

Sample 1-6 a nitride film formed by plasma CVD 

10 (hereinafter called P-SiN)/monoorystalline silicon, . 
Sample 1-7 a thermally nitrided film 

(hereinafter abbreviated as T-SiB)/monocrystalline 

S.ili.con·, 

Sample 1-8 a nitrided film formed by low . 
15 pressure DCVD (hereinafter abbreviated as LP-

SiN/single crystalline silicon), and 

Sample 1-9 a nitrided tilm formed by an ECR 

apparatus (hereinafter abbreviated as ECR-

SiN)/monocrystalline silicon. Further, according to 

io all the colnbinations ot the first substrate surf ace 

material and the second substrate surface material 

shown below,"Samples 1-11 to 1-179 were prepared. As 

the first substrate surface lllaterial, monocrystalline 

silicon (monocrystalline Si), polycrystalline silicon 

25 (polycrystalline Si), amorphous silicon (amorphous 

Si}, tungsten {W), molybdenum (Mo)~ tantalum {Ta), 
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1 tungsten silicide (WSi), titanium silicide (TiSi), 

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

aluminum (Al-Ti), titanium nitride (Ti-N}, copper 

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

5 palladium (Al-Pd), titanium (Ti}, molybdenwa silicide 

(Mo-Si), tantalum silicide (Ta-Si} were employed. As 

the second substrate surface material, T-Si02 , Sio2 , 

BSG, PSG, BPSG, P-SiH, T-S1N, LP-SiN, ECR-SiN were 

employed. For all of the samples as mentioned above, 

10 gocd A1 filas could be·formed • 

Example 24 
... 

Example 24 according to the present invention 

forms an aluminum-silicon (Al-Si) film by use of the 

apparatus shown in Fig. '1 using DMAH and Si2H6 as 
. 

15 starting gas and hydrogen gas as reaction gas, and by 

-directly heating the substrate surface by the halogen 

lamp 30. 

As the substrate, a monocrystalline silicon 

wafer covered with an Si02 film having a plurality of 

20 openings of various sizes of 0.25 µ.,n square to 100 µm 

squa~e was prepared similarly as in Example 23. On 

~he substrate was carried out the first Al-Si fil..m. 

deposition step according to the CVD method as 

described below, the second Al-Si film deposition step 

25 according to the sputtering method to form a metal 

film. ~ 

1~iii1iiHii 
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l According to the same procedu~e as in E::itample 

~3~ DMAH, si2H6 and hydrogen were transported to the - . 
CVD reaction chamber 12 to effect Al-Si deposition. 

The conditions of the first Al-Si film forming 

5 step were a total pressure of 1.5 Torr, a DMAH partial 

pressure of 1.5 x 10-4 Torr, and a substrate surface 

temperature of 270 °c. 
According to the first A1-Si deposition step 

as described above, Al-Si was deposited at a 

10 deposition speed of 3000 to 5000 Alain. Nithin the 

15 

openings ot various pore diameters, whereby good 

selectivity could be obtained. Neat, by arranging the 

substrate in the sputtering chamber 14, and Al-Si was 

deposited to as thickness of 5000 A on the whole 

surface including s102 and the ~l-Si selectively 

deposited. The deposition speed at this time was 

10000 A./min. 

Fur~her, acco~ding to the saae method, by use 

of the same Samples 1-11 to 1-179 as Jn Example 23 as 

20 the substrate, Al-Si films were formed. In all ot the 

samples 1 good metal films could be tormed through the 

first and the second deposition steps. 

In the above experiments, the substrate 

surface temperature was set at 210 cc, and metal Al 

· 25 films were formed by varying this condition from 200 

cc to 55C» 0 c by every 10 °c. 
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l. The characteristics of the Al-Si films 

according to ~he first Al-Si deposition step of all 
..::: ' 
the respective samples were found to be similar to 

those shown in Table 1. 

5 E::icam.ple 25 

Example 25 shows forming an Al-Cu film on the 

whole substrate surface by sputtering as the second 

deposition step after having performed the same first 

Al-Si deposition step as in Exa:mple 23. As the 

10 substrate, one with the same constitution as used in 
... 

Example 23 (Sample 1-1) was prepared. 

After Al-Si was deposited selectively within 

the openings according to the first Al-Si deposition 

step as described above, the substrate was arranged 

15 within the sputtering chamber 14. The film forming 

conditions du~ing sputtering are as described below. 

20 

As the target, Al-Cu (0.5 %) was used and the 

DC power in Ar atmosphere of 5 z 10-3 Tor~ was made 7 

kW. 

Aeoording to the second deposition step in 

this Example, the Al-Cu film was deposited at a 

deposition speed ot 10000 ~/min., which was a film 

excellent in migration resistance with its resistivity 

being 3.0 to 3.3 lJQ·cm. 

25 Example 26 

Ilxample 26 shows forming an Al-Si-Cu film on 
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l the whole substrate surface accordin~ to sputtering as 

the second deposition step after having performed the - . - . 
same first Al-Si deposition step as in Example 23. As 

the substrate, one with the same constitution as used 

S in Exalllple 23 (Sample 1-1) was prepared. 

After selective deposition of Al-Si wi~hin the 

openings according to the first Al-Si deposition step 

as described above, the substrate was arranaed in a 

sputtering chamber 14. The film forming conditions 

10 during sputtering are as follows. As the target, Al-
.. 

Si(0.5 %)-Cu(0.5 %) was employed, and the DC power was 

made 7 kW in Ar atmosphere. 

According to the second deposition step in 

this Example, the Al-Si-Cu fil• was deposited at a 

15 deposition speed of 10000 ..\./min., whieb was a film. 

excellent in migration resistance with its resistivity 

20 

. '.25 

being 3.0 to 3.3 lJQ·cm. 

E~ple 2'7 

Example 27 descrioee forming an Al-Ti film on. 

the whole substrate surface according to sputtering as 

the second deposition step after having performed tbe 

same first Al-Si deposition step as in Example 23. As 

the substrate, one with the same constitution as used 

in Example 23 (Semple 1-1) was prepared . 

After selective deposition of Al within the 

openings~according to the first Al-Si deposition step 
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1 as described above, the substrate was arranged in a 

sputtering ehembe~ 14. 

The film forming conditions during sputtering 

are as follows.· As the target, Al-Ti(0.5 ') was 

s emp1oyed, sputtering effected in Ar atmosphere and the 

DC power was made 7 kW. 

According to the second deposition step in 

this Example, the Al-Ti film was deposited at a 

deposition speed of 10000 .1/min., which was a film 

10 excellent in migration-resistance with its resistivity 

being 3.0 to 3.3 µ0.ci... 

~le 2.§. 

By use or the me~al ~ilm continuous forming 

apparatus shown in Fig. 4, fil• formation was carried . 
15 out in the sa:me manner as in Example 23 on the above 

20 

substra~e under the temperature conditions of 200 °c 
to 650 °c by resistance heat~ng. 

As the result, under the temperature 

conditions by resistance hea-t1ng of 160 °c to 450 °c,_ 
a film containing no carbon of_ good quality ~ith a 

small resistivity of about 3 ll!l·cm and high 

reflectance was obtained More preferably, at 260 °c 
to 440 °c, the deposition speed became higher as 100 

to 800 ~/min., and also the wiring life was long. 

25 Most preferably, the temperature was 270 °c ~o 350 °c, 
and wi~hin this range, hillock density was extremely 
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1 s~all, and also generation probability of alloy spike 

was low. 

Having described above about Exa~ples 23 to 

28, otherwise it is also possible to deposit Al-Si in 

5 the first deposition step and to deposit Al-Si-~i in 

the second step. 

In Examples 23 to 28 ae described above, since 

a metal film is deposited non-selectively without 

exposing a substrate to outer air successively after 

10 selective deposition of aluminum-silicon on the 

subst~ate, a metal film with excellent film 

characteristics such as step coverage, 

electromigration, etc. can be formed at a high 

depositioP speed. 

15 ExEu1121e 29 

By use of ~he CVD apparatus eqg.ippd with a gas 

feeding system as shown in Fig. 9, the experiment as 

described in Example 1 was conducted. 

!he pipeline length from the purifying 

20 cylinder to the CVD reaction chamber was 1.4 m. The 

a.mount of the gas leaked between these was found to be 

5 x 10-lO atm. cc/sec. !he purity of hydrogen was 

99.99995 to 99.99999 vol. %. 

When the samples having Al tilm formed thereon 

. 25 ~ere observed, the results Here basically the same as 

in Table~ previously shown, but as the result of the 
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l experiment as described below, it has.been found that 

the interplanar distribution of film thickness has 
:: .. 
bec0111e uniform. 

By use of an Si wafer of 5 inches as suchr 

5 s&lllples were prepared in the same procedure as in 

l!:xample 1. 

According to the Al-CVD method, Al was 

deposited selectively within the openings, and the 

maximum value and the minimum value of the Al film 

10 thickness were measured and the value (m 
max 

... 
was divided by the average value m: 

>:& s 
M 

15 As the resu1t, tbe film thickness distribution 

S was 2 to 4 *· 
In view of the fact that the value of S is 5 

to 10 % when a hydrogen purifier is provided outside 

of a CVD apparatus at a distance apart of 10 m or 

20 longer from a CVD reaction chamber without use of the 

above-described apparatus, this Example may be 

considered to be greater in the effect in 

semiconductor devices where multiple units are taken 

f:t'om a wafer. 

25 
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l WHAT IS CLAIMED IS 

1. A process for forming a metal film 

comprising the steps of: 

arranging a substrate in a space for formation of 

S the film; 

introducing en alkylalwninwu hydride gas and 

hydrogen gas into said space; and 

heating directly said substrate to form a metal 

film comprising aluminum as main co~ponent on the 

10 surface of said subs~rate • 

15 

.. 

2. The process according to Claim 1, wherein 

said direct heating is carried out by use of a lamp. 

. . 
3. The process according to Claim 1, wherein 

the surface temperature of said substrate is held at 

260 °c to 440 °c by said direct heating. 

4. The process aeoording to Claim lr wherein 

20 said JJ1etal film is an alu1ninum single crystal. 

25 

5. The process according to Claim 1, wherein 

said alkylalwninum hydride is dimethylaluminum 

hydride. 

6. ~ A process for forming a ~etal film 

This Sheet Has Been Replaced 

1111111111111111111111111 
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l comprising the steps of: 

arranging a substrate in a space for formation of 

the film; 

introducing an alkylaluminwa hydride gas, a gas 

5 containing a modifying element and hydrogen gas into 

said space; end 

heating directly said substrate to form a metal 

film comprising aluminum as main component and said 

modifying element on the surface of said substrate. 

10 

7. The process according to Claim 6, wherein 

said direot heating is carried out by use of a lamp. 

8. ~he process according to Claim 6, wherein 
. 

15 the su~tace temperature of sa~d substrate is held at 

20 

25 

260 °c to 440 °c by said direct heating. 

9. The process according to Claim 6, wberein 

said alkylalUlJlinum hydride is dimethylaluminum 

hydride. 

lO. The process according to Claim 6, wherein 

said modifying element is at least one selected from 

Si, Ti and Cu. 

11. ~A process for forming a metal film 

ii1ii1iiur 
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1 comprising the steps of: 

arranging a substrate having an exposed portion 

with a semiconductor and/or a conductor exposed 

partially from an.insulating layer formed on the 

S sur~ace in a first film forming chamber; 

introdUcing an alkylaluminum hydride gas and 

hyd~ogen gas "into said first film forming chamber; 

maintaining heating of said substrate to 

selectively deposit a metal film comprising aluminum 

10 as main component on said exposed portion;and 

moving to arrange said substrate under shielding 

of outer air into a second film forming chamber 

provided adjacent to said first tilm forming chamber 

so as to be capable ot being continuously shielded . 
15 from outer air and forming a aetal film on said 

20 

· 2S 

substrate according to the gas phase method. 

12. ~be process according to Claim 11, wherein 

said he,ating is a direct heating by ot a lamp. 

13. The process according to Claim 11, wherein 

the surface temperature of said substrate is held at 

260 °c to 440 °c by heating of said substrate~ 

14. The process according to Claim 11, wherein 

said allqpalwninum hydride is dimetbylalum.inum. 
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1 hydride. 
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: A. 

· 15. The process according to Claim 11, wherein 

said metal film comprising aluminum as main component 

s is an aluminum single crystal. 

16. A process tor forming a metal film 

comprising the steps of: 

arranging a substrate having an exposed portion 

10 with a semiconductor and/or a conductor exposed 

partially from an i·nsdlating laye:t" formed on the 

surface in a first film forming chamber; 

introducing an alkylaluminum hydride gas, a gas 

containing a modifying elemen~ and hydrogen gas into 

15 said first fil• fol"Jlli'hg ch8lllbe.r; 

maintaining heating of said substrate to 

selecti~ely deposit a metal film co~prising aluminum 

es main component on said exposed portion;and 
: I 

· .. · moving to arrange said substrate under shielding 

20 of outer air into a second film forming chamber 

provided adjacent to said fjrst film forming chamber 

so as to be capable of being continuously shielded 

from outer air and forming a metal film on said 

substrate according to the ges phase method • 

. 25 

17. ~The process according to Claim 16, wherein 

iiii1iiUf 
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l 

5 

10 

15 

20 

said heating is direct heating b~ a lamp. 

-·- 18. The process according to Claim 16, wherein 

the surface temperature of said substrate is held at 

260 0 c to 440 °c by beating of said subetrate. 

19. The process according to Claim 16, wherein 

said alkylaluminum hydride is dimethylaluminum 

hydride. 

... 
20. The process according to Clai~ 16, wherein 

said modf ifying element is at least one selected from 

Si, Ti and Cu-

21. A process for.forming a metal containing film 

which comprises contacting a gaseous aluminium compound 

with a substrate having a temperature such that a film 

containing aluminium is formed on said substrate from said 

compound. 

22. A method fo~ forming a metallic film with a hole 

in or through a subst~ate which comprises depositing the 

metal in thehole by decomposition of a gaseous material 

conta:i.ning the metal induced by elevated temperature 
.. :.·.-···. --

25 

of· the substrate. 

23. A method according to claim 22, wherein metallic 

film is separately formed which cover5 a whole surface 

~ 
of the substrate. 
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PROCESS FOR FORMING METAL DEPOSlTED 

FILM CONTAINING ALUMINUM AS MAIN 

COMPONEN'? B~ USE OF ALICYL A~OMINUM 

HYDRIDE 

BACgGROUND or TH! INVENTION 

Field ot the Invention 

~his invention rela~es to a metal deposited 

fi1m for•ing method, particularly to a process for 

forming metal deposited film which can be preferably 

applied to wi~ing of semiconductor integrated circuit 

device, etc. 

Related Baokg;•ound Ar~ 

P~r elaotroda or wiring in electronic device 

or integrated circuit by use of semicondueto~ of the . 
prior art, aluminum (Al) or aluminum containing 

silicon (Al-Si), etc. has been primarily used. Here, 

Al is inexpensive, has high -lect~oeonductivity, and 

also a dense oxide fil• is formed on the surface, 

whereby it has many advantages such that it can be 

chem.~ca1ly protected. inte~nal.~y to be stabilized, that 

adhesiveness with Si is good, etc. 

Whereas, integration.degree ·of integrated 

circuit sucb as LSI, etc. is increased, and fine 

formation o~ wiring and multi-layer wiring are 

particul~~ly require11 in recent years. Thus, more 

stringen~demands n · u to date are resented 
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for wiring. For example, in dynamic RAM such as 4 

Mbit or 16 Mbit, etc., the aspect ratio {depth of 

op'&ning diameter of opening) of openings (via-holes) 

in which a metal such as Al, etc. must be deposited is 

1.0 or more. The diaaeter itself of the opening is l 

µm or less, and a technique capable of depositing Al 

also in openings with large~ aspect ratio is required. 

Besides, to be comaercially successful 

concerning seaiconductor integrated circuit devices, 

the technique must enabl' bulk production at low cost. 

There have been-known in the art the 

sputtering method, the gas phase aethod such as the 

CVD ae'thod.b:f.use of t:r:imethylalum.inu:m, etc. as a 

method of forming metal film such as Al fila, etc. 

Above all, tbe thermal ·cvn (chemical vapor deposition) 

method bas been Variously studied. For example, there 

bas been employed tbe method 1D which an organic 

aluminum dispersed in a carrier gas is transported 

onto a hea~ed &ubs~rate, and the ges molecules are 

20 thermally deco•posed on the substrate to form a film. 

!'or example, as described in •Journal o~ 

Electrochemical Society Vol. 131, p. 2175 (l984Jw, by 

use of triisobutyl aluminum (i-C4H9 J3Al {TIBA), film 
. 

formation is carri~d ou~ at a film formation 

25 temperature of 260 °c, a reaction tube pressure of 0.5 

Torr, wher~y a film of 3.4 µ c~ is formed. 



REr:_:~-GE~·.:~.'":~Yir SHEET 
i"---·-~-··--··---

25NOV1996 3 -

However, according to this method, the surface 

flatness of Al is poor, and no film of good quality is 

o~tained in view of step coverage, electro11Ligration, 

etc. Besides, the Al within openings do not become 

dense. 

Japet'lese Patent Laid-op•n No. 63-33569 

disc1oses a method for til• formation by heating an 

organic aluminum in the vicinity of the substrate. 

According to this method, Al can be deposited 

according to the CVD met~od selectively only on the 

metal or semiconductor surface of the substrate where 

the natu~ally oxidized film on ~he surface bas been 

removed. .I~ ;is further described t:o deposit Al on the 

oxide film a9 the sputtering method after embedding of 

the openings. 

However, e.lso accor<ling to 'this method, sinoe 

the surface S111oothness of Al within opening which is a 

major prem~se is not sufficient, ele~trical contact of 

the interface botween the Al film according to the CVD 

method and the Al film according to the sputtering is 

poor to bring about increase in resistivity. 

As an example of ~odification of this method, 

the pre-text of "2nd Symposium ot Electrochemical 

Society, Brauch ot Japan (July 7th, 1989), on p. 75. 

described the double wall C'YD method. "?his method can 

g~ow selec3ively Al only on a metal or semiconductor 
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by use of TIBA gas. However, i~ is difficult to 

control precisely the difference between the gas 

teltperature and the subs~rate surface temperature and 

also the bomb and the wiring must be heated, thus 

including the draWbaek that the apparatus constitution 

.becomes complicated. 

More specifically, if these are to be 

controlled, the apparatus for metal deposited film 

formation is complicated and it cannot but be made the 

sheet treatment type in !Jhich dePosit.1on can be 

effected only one sheet~of wafer by ODe deposition 

process .... Besides, only a film which can never be said 

of good ~li_ty can .be obtained at a deposition speed 

ot 500 1/min; at the highest, whereby i~ is impossible 

to realize tha tbroua.hPut necessary for bulk 

production. ~oreover, even the film obtained 

•ceording to this method canno~ become a uniform 

continuous film unless made to have some thickness. 

Thus, this method. proved to be unsatisfactory and 

unsuitable for bulk production, because 

reproducibility was poor for such reasons tbat 

· flatness of the film is poor, that selectivity of Al 

selective growth cannot be maintained tor so long 

time, etc. 

Further, when one metal film forJa.ing appa~atus 

is emplove•, various gases for tila fo~mation or gases 
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for cleaning ot the chamber, e~c. are introduced into 

a reaction chamber tor the purpose of film formation 

ac4i:uation or ma~ntenance of the apparatus to carry out 

the des~~ed treatments. When fila formation is 

continued while performing such treatments, even in 

the CVD method with little containment of carbon, etc. 

from an organic aluminum starting material~ there will 

ensue tbe fear that various impurities other than 

carbon may be entrained into the in'terface, etc. Such 

problem may become sudde~ly a cause to lower the yield 

in bulk production of a~miconduotor devices. 

SUMMARY O!' .THE INVENTION 

A~ d~scribed above, aocording to the CVD -.· 
method of ~h~ prior art, none of improvement ot 

depos~tion speed and improve•ent of throughput which 

are indispensel)l• for lr~lk production of semiconductor 

integrated circuit devices at low cost could be 

des~red, and also there was the problem that no 

selective growth ot Al at good quality could be 

successfully done. Even if selective growth of good 

Al could be obtained, problems remained with respect 

to flatness, purity and step coverage, embedding of 

dense Al within contact boles, etc.~ whereby 

reproducibil1:ty was poor. Tnus, there has been much 

room to be improved tor improvement of higher 
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An objee~ of the present invention is to solve 

tbe technical problems as described above and provide 

a~metal film forming method by which a metal film. can 

be obtained with good reproducibility at high 

deposition speed and high throughput even without use 

of a complicated and expensive deposited film 

formation apparatus. 

Another object of the present invention is to 

provide a metal tilm forming method which can form a 

:metal film within openings with a large aspect ratio. 

Still another dbject of tb.e present invention 

is to proyide a metal f ila. forming .. thod which can 

fo~m e •etal f il:a excellen~ as a electrode aud a 

wiring materi•l of a semiconductor device due to 

improve the contact be~Meen the metal excellent in 

electroconductivity and flatness deposited first 

within the openings and the metal film deposited 

thereafter, thus having low resistivity and being 

st~ong to electromig"ration, by depositing a metal ot 

good quality within the openings according to tb.e film 

forming method excellent in selectivity, and then 

depositing the metal on the whole surface including 

the insulating film surface according to the non­

eelective tiim for•ing method. 

Still another object of the p~esent invention 

is to prov1-de a metal film for•iog •ethod which is 
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substantially free ~rom entrainment of an impuri~y 

even after the metal film forming apparatus has been 

u!ed repeatedly for a long term. 

For accomplishing such objects, the present 

invention comprises the steps of arranging a substrate 

in a space for formation of the f ilm1 introducing an 

alkylalumioum hydride gas and hydrogen gas 1nto the 

space and heating directly the substrate to form a 

metal film comprising aluminum es main component on 

the surface of the substJ'ate. 

or course, dur~g film formation, by 

introducing a gas containing element such as Si, eto1 

if necessary, in combination, a metal film comprising 

aluminum as main component: such as Al-si1 etc. can be 

formed. 

In the present invention, by heating directly 

the substrate during selective deposition of aluminumr 

a metal film with excellent film characteristics can 

be formed at higher deposition speed than expected. 

According to the present invention, since the 

direot heating method by lamp~ etc. is utilized, the 

deposition speed can ~e improved by promoting supply 

of hyd~ogen atoms onto the electron-doria.tive surface 

while maintaining surely selectivity. 

Improvement of deposition speed not only 

enhances t~oughput, but also br~ngs about the effect 
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of preventing entrainment o~ impurities even under bad . 
conditions where impurities are readily entrained into 

thit metal film. Therefore, both of film quality and 

throughput can be improved at once. whereby remarkable 

effects can be exhibited in the field of preparing 

semiconductor devioes. 

The problem ot entraimnent of impurities can 

be also iapro~ed by utilizing a metal film forming 

apparatus having a so called multi-chamber, in which 

the tormation step of th~ Al film is divided to two 

steps, a selective deposition step and a non-selective 

deposition step, and the reaction chambers of above-

mentioned two steps are jointed mutually together, to 

carry out continuously the above two steps. 

Par accomplishing the objects as described 

above, the present invention comprises the steps of 

arranging a substrate in a first film forming chamber, 

introducing en allcylalWDinu.m hydride gas and hydrogen 

gas into the first tiim forming chamber, heating the 

substrate to form an aluminum film on the surface of 

the substrate, and moving to arrange the substrate 

under shielding of outer air into a second film 

forming chamber provided edjacent to the first film 

forming chamber so as to be capable of being 

continuously shie1ded from outer air and formlng a 

metal film gn the substrate according to the gas 
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phase method. 

~he Al deposited selectively within contact 

holes becomes a monocrystalline material of good 

quality to form a dense film with excellent surface 

flatness. Further, by moving the substrate onto the 

film continuously through. the film forming chamber 

without expoS"~re to outer si~, selective 

deposition/non-selective deposition can be carried out 

continuously. Based en the surface reaction at a low 

temperature ot DMAH and ~2 gases when ~erforming 

selective deposition, A1 is selectively deposited 

within contact holes. Since this Al is an Al film of 

good quality with very ezc:ellent selectivity, for 

application as the wiring material of a semiconductor 

device, further a aetai film must he formed non-

selectively· on the insulating layer, thereby enabling 

a multi-layer wiring. Here, the Al film deposited 

·within contact holes has been found to be a single 

cryste1 with excelleDt surface flatness. W~th an 

insulating film surface including su.ch monoe~ystalline 

Al surface, even when a metal film such as Al, etc. 

may be formed according to the spu~tering or CVD 

me~hod, good connection betffeen the Al film formed 

thus and the Al film selectively deposited within 

contact holes can be maintained, whereby an Al film 

with small &pecitic resistance ca~ be obtained. 
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Also, for ~ccomplishing the objects as 

mentioned above, the present invention comprises the 

steps of arranging a substrate in a first film forming 

chamber, introducing an alkylalumillUDl hydride gas_, a 

gas containing silicon element and hydrogen gas into 

the first film forming chamber, heating tne substrate 

to deposit an aluminum-silicon film on the surface of 

t:he substrate, moving to arrange the subst:rate under 

shielding of outer air into a second film foraing 

chamber provided adjacen~ to the first film forming 

chamber so as to be capable of being oontinuous.ly 

shielded from outer air and forDling a metal film on 

the substrate according to the gas phase aetbod. 

The Al-Si deposited selectively within contact 

holes becomes a monocrjstalline material of good 

quality to become a dense film with excellent surface 

flatness. Purther, by moving the substrate 

continuously within the film forming chamber without 

ezposure to outer air, selective deposition/non-

selective deposition can be ca~ried o~t continuously. 

Based on the surface reaction at e low temperature of 

DMAH, a gas containing silicon and H2 gas when 

performing selective deposition, Al-Si is selectively 

deposited within contact holes. Since the Al-Si is an 

Al-Si film of good quality with very excellent 

selectivity~ for application as the wiring mate~ial of 
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a semiconductor device, further a metal film must be 

iormed non-selectively on the insulatiJ:lg layer, 

ttfereby enabling a multi-layer wiring. Here, the Al­

Si film deposited within co~tact holes has been £ound 

to be a single crystal with excellent surface 

flatness. With respect to an insulating film SU%.'faoe 

including such monoerystalline Al-Si surfacer even 

when a metal film such as Al, etc. may be formed 

according to the sputtering or CVD method, good 

connection can be mainta~ned between the metal film 

formed such and the Al ~il.m selectively deposited 

within contact holesr whereby an Al film with small 

specific resistance can be obtained. 

BRIEF DESCRIPTION OF THE DRA.WIHGS 

Fig. 1 is a scn911lat1c view showing an example 

of the preferab1e metal film forming apparatus for 

practicing the present invention: 

Fig. 2 is a schematic vieN for illustration of 

the metal film forming method according to the present 

invention; 

Fig. 3 is a schematic ~iew showing an ·example 

ot the metal film forming apparatus.suitable for 

comparison with the present invention; 

Fig. 4 through Fig. 6 show an example of the 

p~eferabie metal film continuous rorming apparatus for 

prae~icing the present inven~ion; 
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Fig. 4 shows a sche•atic view of the steps 

aligned successively; 

Fig. 5 is a schematic plan view ot the 

constitution: 

Fig. 6 is tne same plan view of the 

constitution es of Fiq. 5 and is added with the 

movement orde~ by arrowheads: 

Fig. 7 is schematic view showing another . 

example of the preferable metal film continuous 

forming apparatus for pr~ticing the present 

.invention; .. 

Fig. 8 is a schematic view showing the manner 

of selective deposition of Al: and 

Fig. 9 ~s a schematic view showing the CVD 

apparatus to be used preferable in the present 

invention. 

DE~AZLED DESCTIPTION OF !HE PREFERRED EMBOOIMElfTS 

Before detailed descript~on of the present 

invention, first the film·to~ming me~bod (Al-CVD 

•etbod) of a metal film (including pure ~l) comprising 

Al as main component preferable for the present 

invention is described below. 

This method is a metbod suitable tor embedding 

of a metallic material into, for exSlllple, fine and 

deep openingg {contact holes, throuholes) with an 

aspect ratio~of 1 or more, and also is a deposition 
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method excellen~ in selectivity. 

-.... 
The metal film formed by this method is 

ex~remely excellent in c1"ystallinity such as formation 

of a mo~ocrygtalline Al and contains little carbon 

ete. 

This method is a method of forming a 

deposition film through the sur£ace reaction on an 

elec~ron-donative substrate by use of an alkylaluminwa 

hydride gas and hydrogen gas. Particularly, by use of 

an alkylaluminum hydride.containing methyl groups such 

as monomethylaluminum hydride (MMAH) or 

dimethylaluminum hydride (DMAH) as starting gas and H2 
gas as reec:::tion gas, and by beating o:f the substrate 

surface under a gas mixture of these, ea Al ri1m of 

good quality can be dei>osited. 

By applying the CVD method to the substrate in 

which the electron-donative surface portion and noD-

electron-donative portion co-exist, a single crystal 

of Al is formed under good selectivity only on the 

electron-donative substrate surface portion. 

An electron-donative material refers to a 

material baving the surface ffhere ~he chemical 

reaction is promoted by give-and-take of electrons 

with the starting gas molecules attached on ~be 

substrate su~face, due to tbe presence ot free 

elec~rcns w~hin the substrate or inten~ionai 
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forme~ion ot free electrons. For example, metais and 

semiconductors generel1y correspond to this. Also, 

on~ having a thin oxide film present on the metal or 

semiconductor surface undergoes the chemical reaction 

through give-and-take between the substrate and tbe 

a~tacbed starting material molecules, and therefore 

includes in the electron-donative material of the 

present invention. 

Specific examples of electron-donative 

materials may include binary system, ternary system or 

more mu1tiple ~ys~ea I~l-v group compound 

semiconductors comprising the combination of Ga, In, 

Al, etc. as the group lII element and P, As, Nr etc. 

as tbe ~oup v elemen~; semiconductor materials of P­

~ype, !-type, N-type, etc. such as monocrystalline 

silicon, amorphous silicon, etc; the following metals, 

alloys, silicides, etc., for example, tungsten, 

molybdenum, tantalum, copper, titanium, aluminum, 

titanium-aluminum, titanium nitride, aluminum-silicon-

copper, a1Wllinum palladium, tungsten silicide, 

titanium silicide, aluminum. silicide, molybdenum. 

silicide, tantalum silicide, e~c. 

On the other hand~ as the material for forming 

the surface Kbere Al o~ Al-Si is not selectively 

1deposited, nSlllely the non-electron-donative material, 

there may b~ exemplified glasses, oxide ~ilms, 
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'· thermally nit~ided films such as siliGon oxide,. BSG. 

PSG, BPSG, etc. formed by thermal oxidation, CVD, e~c • . ... 
and silicon nitride fil•s formed by the plasma CVD 

method, tbe reduced pressure CVD metbod, the ECR-CVD 

method, etc. 

According to the Al-CVD method, a metal film 

containing a modifying element end comprising Al as 

main componen~ can be also deposited selectively, and. 

its film quality also exhibits excellent 

characteristics. 

For e~ple, in addition to an alkylalwninuna 

hydride gas and hydrogen, 

a gas containing Si element such as SiH4 , 

Si2H6, Si3Ha, Si(CH3}4, S1Cl41 SiH2Cl2, SiHCl3, etc., 

a gas oontainiilg Ti element such as TiC14 , 

TiBr4 , Ti(CH3 )4, etc., 

a gas containing Cu element sach as copper 

bisacetylacetonate Cu(C5Hl02 )2, copper 

bisdipivaloylmethanite Cu(c11H19o
2

}2 , copper 

bishexafluoroacetylacetonate Cu(C5HF6o2) 2 , etc. 

may be conveniently combined and introduced to 

form a gas mixture atmosphere, thereby depositing 

seieetively an eleetroconductive materiel such as Ai-

Si, Al-Ti1 Al-Cu, Al-Si-Ti, Al-Si-Cu, etc. to form an 

elec1:rode. 

Also, since the above-described Al-CVD method 
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is a ~i1m formi~ method excellent in selectivity and 

also gives good surface characteristics of tbe film 

deposited, by applying a non-selective film forming 

method for the next deposition step to form a metal 

film ot Al or comprising Al as main component also on 

the Al fila selectively deposited as described above 

and Si02 , eto. es tne insulating film, a suitable 

metal film of high general purpose availability as the 

wiring for semiconductor device can be obtained. The 

method is described la~e~ as a pref er~ed embodiment of 

the present invent·ion ... 

such metal film is specifically described 

below. That is, it is a cOJDbioation of Al, Al-Si, Al-

Ti, Al-Cu, Al-Si-Ti, Al-Si-Cu selectively deposited 

with Al, Al-Si, Al-Ti, .Al-Cu, Al-Si-Ti, Al-Si-Cu non­

selectively deposited. As the film forming •ethod for 

non-selective deposition, there are CVD methods o~her 

than the above-mentioned Al-CVD method, .sputtering 

methods, e"t:c. 

As the metal film to be deposited non-

selectively, a metal comprising, w. Mo, etc. as aain 

component may be empioyed. 

Now, the present invention is described by 

referring to specific embodiment·s, but the present 

invention -is not llltited to the embodiments as 

described b"1ow, but includes various modified 
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embodiments, which may have constitutions capable of 

accomplishing the object of the present invention. 

In one embodilllent of the present invention a 

deposited film of a metal is formed by directly 

heating the substrate surface by a lamp, etc. when 

forming an Al film on a substrate by use of at 1east 

two kinds of an alkylalum.inum hydride gas and hydrogen 

gas. 

The •etal film comprising Al as main component 

which can be formed aocordinq to the present invention . . 
may include such combiaations as pure Al selectively 

deposited and pure Al no~-seleotively deposited, pure 

Al and Al-Sr, pure Al. and Al-cu, Al and Ai-si-Cu, Al 

and Al-Ti, Al and Al-Si-ri, etc. 

Particularly, monomethylalu.minum hydride 

(MMAH} and/or dimethylaluminum hydride (DMAH) as the 

starting gas is used and H2 gas as the reaction gas is 

used, and by heating (lamp heating) directly the 

substrate surface under a ~ixture of these gases, an 

A.l tilm of good quality can be formed at a high 

deposition speed. 

Thus, instead of resistance heating of the 

substrate in order to hold a~ 260 °c t~ 440 °c ~hich 
is preferable as the substrate surface temperature 

during Al film formation, the substrate surface is 

directly he,ted by a lamp, whereby a film 0£ good 
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quality can be obtained at a high deposition speed of 

3000 to 5000 A/min. 

The above explanation has been made about an 

embo~iment of depositing pure Al as the metal film 

composing Al as main component by use only of a gas of an 

organic aluminum as the starting gas. In the pre~e~·f 

invention. it is also possible to form e metal f~1m 

having excellent film charaoteristics at high 

deposition speed by beating directly th~ substrate 

_during selective deposition of aluminua containing a 

" modifying element such as aluminum-silicon (Al-Si) on 

'the substrate. 

Zn this embodiment of the present invention, a 

deposited tilm of a metal is formed b~ directly 

heating the substrate surface by a lamp, .etc. when 

forming an Al film on a &,U,strate by use of an 

alky1alwainum. hydride gas, a gas containing silicon 

element and hydrogen gas. 

The metai film which ce.n be foraed according 

to the present invention ataY include ·combinations of a 

metal comprising aluminum as main component an.a 

containing a modifying element such as Al-Si, etc., 

selectively deposited and Al-Si non-selectively 

deposited, Al-Si a~d Al-Cu, Al-Si and Al~Si-Cu, Al-Si 

and Al-Ti, ·Al-Si and Al-Si-Ti, etc. 

Pariicularly, monomethylaluininum. hydride 
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(MMAH) as described above and/or dimethyla1uminum. 

hydride (OMAR) and a gas containing a modifying 
·-element such as silicon, etc. are used as the starting 

gases and H2 gas as the reaction gas is usedr and by 

heating directly the substrate surtaoe under a mixture 

of these gases, a metal film comp~ising Al as main 

component of good quality can be formed at a high 

deposition speed. 

Thus# also during formation of Al-Si film, in 

order to bold at 260 °c to 440 °c which is preferable 
. 

as the substrate surface temperature, instead of 

resistance beating of the substrate, the substrate 

surface is directly heated by a lamp, whereby a film 

of good quality can be obtained at a high deposition 
. 

speed of 3000 to 5000 itmin. 

Description of the metal film forming apparatus (1) 

Firs~, as a preferable metal film foi:ming 

appara~us to which the present invention is applied, 

an eiabodiment empioying the direct heating system by a 

lam.p is to be described. 

Fig. 1 shows a preferable metal film forming 

apparatus to which the present invention is applied. 

The heating means 100 consists of a plurality 

ot combinations of the halogen lamp 102 and the 

reflection mirror 103 provided on the front side and 

the back si~e of the substrate 109, and by controlling 
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the ourrent supplied to the lamp by the controller 120 

connected to a power source not shown, the temperature 

of the sul:>strate can be set as desired. 

The substrate 109 on which the metal f i1m is 

to be formed is mounted on the sUbstrate holder 110 

within the reaction chamber 101 which is transparent 

and insulating made of molten quartz, etc. The 

feeding systea of gas includes the mixer 104 and the 

bubbler 105, further including the gas teeding lioe 

having the hydrogen reeding pipe 111 for bubbling 

which is the first gastine communicated to tbe mixer 

104 'through the bubbler 105 bousing OMAK, the hydrogen 

feeding line 111A which is the second gasline 

communicated to the mi~er 104, and the gas introducing 

line 112 for introducing DMAH ges and hydrogen gas 

through the gas introducing bole 106 into the reaction 

chamber 101. In addition, 115 is the gas introducing 

line to be used when introducing other gases. The 

evacuation system 102 has an evacuation pump, and 

includes an evacuation line 113 communicated to the 

evacuation hole 108. 

By use of ~his film forming epperetus, the 

subs~rate surface temperature can be stabilized ~o a 

desired tempe~eture by heating for S seconds or iess. 

Tbe consti~ution of ~his apparatus also makes it 

possible t~obtain high throughput to the exent that 
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15 to 30 sheets of 5 inch wafer ean be treated per one 

hour. 

As the direct heating means for perfo~ming 

direct heating, light sources such as halogen lamps, 

xenon lamps • etc. may be included. 

More specifically, it is not a means as in 

resistance heating by which the substrate sur£ace is 

heated tbrough trans•ission of the heat transmitted 

through ~he stage mounting the subst~ate thereon from 

the back surface ~o the front surface, but a means 

such that the energy from th• heating means is 

converted directly on the substrate surface to effect 

heating. It shoul~ be noted tbat this is different 

from the optical CVD method in which optical 

excitation is effected by utilizing UV-ray. 

Descri2tion of metal for21ing method (l) 

Next, by referring to Fig. 2, the me~al film 

forming method to which the present invention can be 

preferably applied is described in detail. 

A substrate to be deposited which an 

insulating fil• 2 having openings fVHl. VH2) of 

various diamete~s is for•ed on a subst~ate 1 having an 

electron-donative surface and comprising a 

semiconductor or con~uctor material is prepared. 

Here, the surface of the insulating film 2 is the non­

electron-doikltive surrace (Fig. 2 A}. 
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Next, according to the CVD method utilizing an 

alkylaluminum hydride and hydrogen, a metal film 

comprising Al as main component is formed. For that 

purpose, the substrate is arranged within tlie reaction 

chamber 101, and after reducing the pressure in the 

reaction chamber, a gas m.ixture cf alkylaluminum. 

hydride and hydrogen is introduced into the reaction 

chamber. By lighting a lamp and maintaining the 

temperature of the substrate surface at from 260 °c to 

440 °c, more preferably from 270 °c to 440 °c, Ai is 

selectively deposited within the openings. On the 

basis of the deposition speed determined previously by 

the experiments, Al is deposited to almost the same 

height as the insulating film surface (Fig. 2B). 

Next, for forming the wiring for semiconductor 

device, Al is deposited on the whole surface. For 

that purpose, the substrate is taken out from tbe 

reaction chamber in Fig. 1, placed into the reaction 

cb~~r of another deposition film forming apparatus, 

and Al is deposited according to the sputtering method 

or the CVD method well known in the art (Fig. 2 C). 

Mechanism of Al deposition may be as follows, 

as presently understood. 

Wben DMAH reaches with methyl groups directed 

toward the substrat~.side under the s~ate where 

hydrogen at~s are at~ached on an electron-donative 
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substrate, namely a substrate having electrons (Fig. 8 

A) the electrons of the substrate will cut one bond 

between Al and methyl group (Figs. 88 and SC). 

The reaction at this time is as follows: 

(CH3 )
2
AlH + 2H + 2e _, 2CH4 t + AlH 

Further, the reaction proceeds similarly for 

the hydrogen atoms remaining on the Al deposited 

having free electrons (Fig. 8 D). Here, when hydrogen 

atoms are deficient, hydrogen molecules of the 

reaction gas will be dec9mposed to be supplied as 

hydrogen a~oms. On the~surface of tbe ncn-electron-

donative surface, there is no electron and therefore 

the reaction as described above will not proceed and 

no Al will be deposited • . 
Thus, for obtaining higb deposition speedr it 

is important to promote the dissociation-adsorption 

reaction ~n which hydrogen moleoules are decomposed 

into hydrogen atoms to have them adsorbed onto the 

electron-donative surface. Direct heating plays this 

role ~o accelerate se1ec~ive deposition. 

Comparison has been made between the Al film 

obtaineo by direct hea~ing with a lamp, etc. by use of 

DMAH as the alkylalum.inum hydride and H2 and the Al 

film obtained by heating the substrate to 260 °c with 

resistance heating by means of the device shown in 

Fig. 3. ~ 
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The Al film obtained by the resistance heating 

method was found ~o contain no carbon and have a good 

-resistivity, but the deposition. speed of the :tilm was 

800 •lmin. at the maximum., which could never be said 

to be hi~n. A.ocordingly, improvement of the 

deposition speed was attempted by elevating the 

substra~e temperature, but samples with worseDed 

surface morphology, lowered resistivity or ~o 

selectivity were generated. Thus1 by the present 

inventors, it has been f9und that there ecsues the 

problem with respect to~reproducibility by merely 

elevating the substrate temperature. 

'Xhe present inventors have also attempted 'to 

elaborate enhancement of deposition speed by way of 

increasing the gas flow rate of DMAH. However, also 

in this case, samples with worsened surface morphology 

were observed, whereby it hes been found t:hat a· 

probleJn also remains with respect to reprodueib~11~y 

according to this method. 

· In contrast, the pure Al deposi~ed within the 

openings according to the me~hod as described above 

assuiaes a monocrystalline structure, having excellent 

characteristics such as: 

(1) reduced gener~tion probability of hillock; 

{2) reduced generation probability of alloy 

spike- Jo 
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~he method as described above is a deposition method 

excellent in selectivity and fine working, and by 

-applying a non-selective deposition method as the next 

deposition step, for the purpose of comparison with 

direct heating by_ a·' lamp, etc. similarly as in the 

case of pure Al as described above, the present 

inventors na~e also attempted to form an Al-Si film by 

use ot DMAH as tbe alkylaluminum hydride, a gas 

containing silicon element and H2 by heating the 

substrate to 260 ·c with.resistance heating. 

The Al-Si film obtained according to this 

method con~ained no carbon and had a good resistivity,· 

but the deposition speed of the film was 800 A/min. at 

~he max~mum, which could never be sai~ to ~e high • 
. 

Accordingly, improvement of the deposition speed was 

attempted by elevating the subst~ate temperature1 but 

samples with worsened surface morphology, lowere~ 

resistivity or no selectivity were generated. 

In contrast, the Al-Si film deposited within 

the openings by the direct heating system exhibited a 

good crystalline structure, with low generation 

probability of hillock and also low generation 

.Probability of alloy spike. 

Sinee the method described above is a 

deposition method excellent in selectivity, by forming 

a metal film comprising Al-Si as main component also 
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on toe Al-Si film selectively deposited and the Si02 

which is an insulating film as described el:>ove by 

applying a non-selec~ive deposition method as the nex~ 

deposition method, a metal film suitable for the 

wiring ot a semiconductor de~ice can be obtained. 

~he gas containing silicon element is 

introduced through the feeding pipe 115 which is the 

third gasline into the mixer 104. 

By use of the film forming apparatus, 

similarly as in the case.of pure Al, the substrate 

surface temperature can~be stabilized to a desired 

temperature by heating for 5 seconds or less. Also, 

there can be ob~ained by this apparatus a high 

throughput to the extent ~bat 15 to 30 she~ts of 5 
. 

inch wafer can be t~eated per one hour. 

In still another embodiment of the present 

invention, by use of a metal film forming apparatus 

having a multi-chamber, first a metal film comprising 

Al as main component is formed selectively on a 

substrate according tc the CVD aetbod by use of an 

allcylaluminum hydride and hydrogen in a first tilm 

forming chamber, and then the substrate is transferred 

to a second film forming chamber wi~hout exposure to 

outer air to form. a metal film on the whole surtace ot 

the substrate~ 

Spe,5;ific examples of the metal film forma.ble 
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according ~o the present invention utilizing the metal 

film forming apparatus he.ving a multi-onember ~ay 

include eombina~ions ot pure Al selectively deposited 

and pure Al non-selectively deposiTed, pure A1 and Al­

Si, pure Al and Al-Cu, pure Al and Al-Si-Cu, pure Al 

and Al-Ti, etc. 

The surtace temperature of the substrate 

during Al selective deposition may be preferably from 

the decomposition temperature of the alkylalu.m.inum 

hydride or higher to lower 450 °c, more preferably 

from 260 °c ~o 440 °c. ~ 

Particularly, by using monomethylaluminUlll 

hydride (MMAK) and/or dimethylaluminUlll hydr1de (DMAH) 

es tbe sterting gas and H2 gas as the reac~ion gas, 

and heating the substrate surface under a mixture of 

these gases, en Al· film or good quality can be formed 

at high deposition speed. 

In this case, by holding the substrate surface 

temperature during Al-film forma~ion at 260 ° to 440 

0 c which is more preferable,· a film of good quality 

can· be ootained at a higher speed of 3000 to 5000 

A/min. than in the ease of resistance heating. 

Further, specitic examples of the metal film 

for•el)le according to the present invention may 

include such colll.binations of a metal co•prising Al as 

main compon~t and containing e modifyi~g element such 
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as Al-Si, etc. and Al non-selectiveiy deposited, Al­

Si and Al-Si, Al-Si and Al-Cu, Al-Si and Al-Si-Cu, Al-
.:. 

Si end Al-Ti, Al-Si and Al-Si-Ti, etc. 

The surface temperature of tbe sUbs~rete 

during Al-Si selective depos_ition may be preferably 

from the decomposition temperature of the 

alkylaluminum. hydride or higher to lower than 450 °c, 

more preferably from 260 °c to 440 °c. 

Particularly, by using monomethylaluminum 

hydride (MMAH) and/or dimethylalum.inum hydride (DMAH) 

" es the starting gas , Si2B6 as the gas containing a 

m~difying element, and H2 gas as the reaction gas, and 

by lamp heating the substrate surface under a mixture 

of these gases, an Al-Si film of good quality can be 
.. 

formed at high deposition speed. 

Also in this case, by holding the substrate 

surface temperature during Al film formation at 260 ° 
to 440 °c which is more preferable, a film ot good 

quality cen be obtained at a higher speed of 3000 to 

5000 A/min. than in the case of resistan9e heating. 

Description of metal film fox-ming appara"tu$ (2) 

As another embodiment of the preferable metal 

film forming apparatus to which the present invention 

is applied, the.appara~us having a Multi-chamber is 

described. 

Fig . .). 4 t.hrougb Fig. 6 show a metal film 
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continuous forming appa~atus to which the present 

invention can be preferably applied. 

~he metal fila continuous forming apparatus, 

as shown in Fig. 4, consists of a load lock chamber 

llr a CVD reaction chamber (first film forming 

chamber) 12, an Rf etching chamber 13, a sputtering 

chamber (second film terming chamber), a load lock 

chamber 15 which are continuously juxtaposed 

communicatably to one another by aate valves 10 under 

con'tinuous shielding fro• outer a:1r, and the 
... 

respective challlbers are collS~ituted so that they can 

be evacuated or reduced iii pressure by the evacuation 

systems 16a to 16e, respectively. The above-mentioned 

load lock ~hamber 11 is a chamber for replacing the . 
substrate atmosphere before deposition treatment with 

H2 atmosphere after evacuation for improve•ent of 

'throughput characteristic. 'lbe next CVD reaction 

chamber 12 is a chamber for. selective deposition on 

the substrate under normal pressure or reduced 

pressure pro~1ded internally with a substrate bolder 

18 having a resistance heating body (heated to from 

200 to 430 °c) 17 and is also constituted so that the 

gas for CVI> may be introduced through the gas 

~ntrodu.cing line 19. for CVD. The next Rf etching 

ch~er 13 is a chamber for performing cleaning 

(etching) dt the substrate surface af~er the selective 
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deposition under Ar atmosphere, which is provided 

internally with the substra~e bolder 20 to be heated 

to from 100 °c to 250 °c and the electrode line 21 for 

Rf etching, and also connected ~o the Ar gas feeding 

line 22. The next sputtering chamber 14 is a chamber 

for depositing non-seleetively a me~al film by 

sputtering onto the su.bstrate surface under Ar 

atmosphere, and provided internally with the substrate 

holder 23 to be heated to from 200 °c to 250 °c and 

the target electrode 24 for mounting the sputter 
.. 

target material 24a thereon, and also connected to the 

Ar gas feeding line 25. The last load lock chamber 15 

is a control chamber before telc:ing out the substrate 

after completion of the metal film deposition into 

.outer air, aad constituted so as to replace the 

atmosphere with N2• 

In Fig. 4, the metal film continuous forming 

appara~us of the above cons~itu~ion is shown in time 

series on the basis of the steps, but practically, as 

shown in Fig. 5, the structure is such that the above­

described load lock chamber 11, CVD reaction chamber 

12, Rf e~ching chamber 13, sputtering ehslllber 14 and 

load lock chamber 15 are mutually linked ~ogether with 

the conveying chaaber 26 as the relay chamber. In 

this constitution, the load lock chamber 11 also 

functions as the load lock chamber 15. In ~he above-
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mentioned conveying chamber 26 shielded from the air. 

as shown in the Figure, an arm (conveying means) 27 

rotatable reversibly in the AA direction and also 

stretchable in the BB direction is provided. By means 

of the arm 21, as shown by the arrownead in Fig4 6, 

the substrate can be moved successively according to 

the steps from the load lock chamber 11 to the CVD 

cbaml:Jer 12, ~he Rf etching chamber 13, the sputtering 

chamber 14, the load lock chamber 16 continuously 

without exposure to the outer air . 
• Fig. 1 shows another constitutional example of 

the metal film continuous forai~g apparatus, and the 

same members as in Fig. 4 are affixed with the same 

syml:>ols. The difference of the apparatus in Fig. 7 

from that in Fig. 4 resides in heating directly the 

substrate surface by use of a b.alogen lamp 30. Thus, 

by direct heating, the deposition speed ~an be further 

improved. For effecting direct heating, the substrate 

bolder 12 has a nail 31 ar~anged for holding the 

substrate under f1oated state. 

In the heating systems applicabie to this 

~ethod1 as the method of direct hea~ing (which heats 

the substate itself by transmiss~on of the energy from 

the heating means}, for example, lamp hea~ing by 

halogen lamp, xenon la211p, etc. may be included. In 

this conne~ion, as the resistance heating, there may 
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be mentioned heating members, etc. provided on the 

substrate supporting members arranged in the space for 

deposited film formation for supporting the substrate 

to have deposited film tormed thereon. 
,·· 

In the case of depositi~g an aluminum film 

containing a modifying element, the metal film forming 

apparatus as shown in Fig. 4 to Fig. 7 can be also 

used as described abo~e. 

Shortly speaking, a gasline for introducing 

the gas other than the gas ot organic aluminum may be 

additionally provided. w 

In the following,.the·gas feeding system 

preferably used fer the metal film forming apparatus 

as described ·above is described by referring ~o Fig. 

9. 

The gas introducing line 312 of the reaction 

chamber 30l is connected to the mixer 304. A 

plurality of lines for introducing gases are connected 

to the mixe~ 304~ one of them is the line is 311 ~or 

i~troducing hydrogen gas and connec~ed to the cooler 

320. The other line is the starting gas introducing 

line 312 and connected to tbe bubbler 305. The 

bubbler is connected to the carrier gas introducing 

line 313 for bubbling of liquid starting material and 

connected to the coole~ 320 similarly as the line 311. 

Fur~er, on tne upstrea:mside is provided 
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through the line 321 the hydrogen purifier 321 • 

. ~be hydrogen· purifier 321 is internally 

separated by a palladium film into the two chambers of 

the purifying cylinder and the primary chamber. The 

starticg hydrogen feeding line 326 is communicated to 

the primary che:lliber outside of ~he palladium film of 

tbe two chambers. In the primary chamber is also 

provided communicatel:>ly the gas release line 326, so 

as to release a part of the starting hydrogen within 

the primary chamber. 331 is a heating coil. 323 is 
,. 

the preliminary hea~ing chamber of the starting 

hydrogen, and the starting hydrogen can be heated by 

the heating coil 332. The gas feeding system up to 

this step, the evacuation system represented by 301 

and the reaction chamber constitute coilectively the 

CVD apparatus. 

It is preferable to design the bydrogen 

purifier 321 assembled in the main body of CVD 

apparatus and make the leng~h of the pipeline from the 

puritying cylinder 330 to the CVD reaction chemDer 312 

1.5 m or less. 

Of oourser the bonding portion of the pipeline 

and the valve are suppressed minimum as required. 

such CVD apparatus is placed in a elean room 

and the bomb 324 housing the starting hydrogen is 

arranged ou,side of the clean room. Bo~h are 



Rr:pt ·' ... , ··''"""'T SHt:ET L L.1"'.ln.:.: 0.t: ~' a r :~ .... 

~0Vm6 l 34 -

connected ~o each other communicatably with the 

gasline 325. These pipelines are made of SUS 

subjee~ed to electrolytic polishing. 

The starting gases are ~ed by use of the 

apparatus as described above in the following manner. 

The hydrogen ted from the bomb 324 through the line 

325 of 10 m or longer to the preliminary heater 323 is 

.heated here to about 400 °c. The starting hydrog~n 

heated is purified by the pallad.iwn hea~ed to about 

420 °c. Shortly speaking, within the purifying 
. 

cylinder 330 exists hydrogen with a purity of 99.99995 

t or more, e.nd in the primary chamber hydrogen with 

higher impurity concentration. Here, an adeq~ate 

amount of hydrogen is ~eieased through the release 
. 

line 326 so that the impurity concentration in 

hydrogen may not become higher. 

The purified bydrogen is cooled by the cooler 

320, ot which a part is directly delivered to the 

mixer 304, and a part fed as the by<!rogen for bubbling 

to the bubbler 305. 

Description of me~al film forming method {2} 

Referring to Fig. 2 and Fia. 4, another 

embodiment ot the metal film forming method of the 

present invention is described in de~ail. 

As described in the above description (1), a 

substrate td b~ deposited as shown in Fig. 2 A is 
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step, a..~d forming e metal film comprising Al as main 

component also on the Al film selectively deposited as 

described above and Si02 which is an icsulating film, 

etc .• a metal film suitable for tbe wiring of a 

semiconductor device can be obtained. 

Similarly for Al-Si, excellent crystalline 

structure is also exhibited. 

Therefore, es the next deposition step, by 

applying the non-selective deposition method and 

forming a meta1 film of Al or comprising Al as main 
.. 

component on the Al-Si film selectively deposited as 

described above and Si02 which is an insulating film, 

etc.r a metal·film suitable for the wiring of the 

semiconductor device can be obtained. 

Thus, according to the present invention, the 

interface characteristics of the Al in the openings 

end the Al on the insulating film can be improved to 

give a metal film for wiring by which suff icien~ly low 

contact resis~ance can be obtained. 

In the following, explana~io~ is made by 

refe~ring to Examples. 

First, Examples 1 to 9 are described, in which 

a pure Al film is fcrmed selectively and then e metal 

film comprisiug Al as main component non-selectively, 

and the Examples 10 to 16, in which an Al film 

containing sh element such as Si, etc. is selectively 
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formed and then a metal film comp~ising Al as main 

component non-selectively are described. Further, the 

metal film forming method utilizing the apparatus 

shown in Figs. 4 to Fig. 7 is described by referring 

to Examples 1i to 22. Here, Examples 17 to 21 are 

examples by use of an apparatus in which the direct 

heating system (Fig. 7) is employed, and Example 22 an 

example in which an apparatus by use of a resistance 

heating system (Fig. 4) is utilized. 

Exampl.e 1 

First a substrate is prepared. The substrate 

is e sample having an s102 with a thickness of 8000 i 

formed by thermal oxidation on an :N-type 

monocrystalline Si wafer. This is perfonned by 
. 

patterning of openings with various opening sizes of 

0.25 µm x 0.25 ~m square to 100 µm x 100 µm square on 

the Si02 , thereby having the subbing Si single crystal 

exposed. Fig. 2 A schematically shows a part of the 

substrate. Here, 1 is a monocrystelline s11icon 

substrate as conductor substrate and 2 is a thermally 

oxidized silicon film as insulating film. Tbis is 

called Sample 1-1. VHl and VH2 are openings, having 

different diameters from each other. 

The procedure of forming an Al film on the 

substrate 1 is as described below. 

By lise of the apparatus shown in Fig. 1, tbe 
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reaction chamber 101 is evacuated internally t.o ca. 1 

x 10-B Torr by an evacuation system 107. However, a 

film of Al can be also formed even if the vacuum 

degree within the reaction chamber 101 may be worse 

than 1 x 10-a Torr. 

rn this Example, DMAH is fed from the first 

gasline 111. As the carrier gas th.rough the DMAH 

line~ H2 is employed. 

H2 is flowed from the second gasline 111A, and 

the pressure within the reaction chamber 101 is 
... 

controlled to a predeter11ined value by controlling the 

opening degree of the slow leak valve not shown. A 

typical pressure in this Example is set at ca. 1.5 

Torr. Through DMAH line 111 is introduced.OMAK into 

the reaction tube. The total pressure is ca. l.5 
-3 Torr, and OMAH pressure is ca. 5.0 x 10 Torr. Tben. 

a lamp is lighted to heat directly the wafer. Tbus1 

Al was deposited. 

Af~e~ elapse of a predetermined deposition 

time, feeding of DMAH is once stopped. The 

predetermined deposition time of ~he Al film deposited 

in this step is the time until the thickness of the Al 

film on Si (monocrystalline silicon substrate 1) 

becomes equal to the film thickness of Si02 (thermally 

oxidized silicon film 2). 
~ The temperature of the substrate surface by 
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the direct heating at this time is held at 270 oC. 

The above step is called the first deposition step. 

According to the step up to this, an Al fil~ 3 is 

deposited selectively within the opening as shown in 

Fig. 2B. 

Next, without breaking vacuum, a wafer is 
·~ ··-·- .... 

arranged within tbe 5puttering apparatus, and Ai is 

deposited also on the Si02 film 2 by sput:teri.ng. This 

step is a non-selective deposi~ion step. This is 

called the second Al fil~ deposition step. 

~he film formin~ conditions at this time are 

as described below. By use of Al as the target, the 

film is formed by imparting a DC ·power of 5 to 10 kW 

in an Ar atmosphere under a pressure of ~o~1 to 10-3 

Torr. The substrate temperature et this t1•e js held at 

200 °c by resistance heating. 

According to the second Al film deposition 

s~ep, an Al £ilm 4 can be rormed on the s102 film 2 at 

a deposition speed of 10000 A as shown in Fig. 2C. An 

Al film was formed according ~o the method as 

described above. 

Further, by using again the substrate 

similarly prepared, but setting for this time the 

subs~rate surface temperature at 280· 0 c tc 480 °c by 

direc~ heating, an Al film was prepared according to 

the first d~osition step. Here, other film forming 
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conditions in the first deposition step and in the 

second deposition step were all the same. 

Also, Al films were formed by setting the 

substrate surface temperature at 200 °c to 260 °c and 

490 °c to SSO 0 c during the tirst deposition step. 

The results are shown in Table l. 
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Table l 

!.§~bstrate s~rface 
J 'tempera'ture ( •c) 2-00 230 250 260 270 280 300 

Deposition speed 
0:3000-sooo ~/min. . ... 
o: 1000-1500 A/min. 0 0 0 0 0 ·o 0 . 

. . Throughput .. .. (sheets/hr) 
0 0 d 0 0 0 0 O• 15-30sheets/br 

o: 7-lOsheetsthr 

Line defect of Si 

O: None 0 0 0 0 0 0 0 

Carl:lon.content .. 
O: Detectable . 

limit or less 0 0 0 0 0 0 0 

Resistivity · 
o:· 2.8-3.4(µ'2cm) 

0 0 0 0 0 0 0 o: 2. 7-3 .. 3 (pQcm) . . 
Reflectance .. 

. 
o=· "9o-9s ' o: ,85-95 " 0 0 0 0 0 0 0 
A: 60 % or less 

-
Hillock density of 
lwn or more _

2 0 0 0 0 0 0 o: ; o;..10 cm 0 
o: i-102cm-2 
~: l0-104cm-2 

Spike generation 
(breaking probabili- . . 
ty of 0.15 pm bond~ 0 0 0 0 0 0 0 

· ing) . . 
o: °'O t 
o: 30 i or less 
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!Substrate surface 
rtemperature. (°C) 
Oeposition speed 
0:3000-sooo ~/min. 
o: 1000-1500 A/min. 

Throughput -
(sheets/hr) 

o: l5-30sheets/hr 
o: 7-lOsheetsthr 

Line defect of Si 

O: None 

Carbon.content 
o: Detectabl.e 

limit or less 

Resistivity . 
0:· 2.8-3.4(pQcm) 
o: 2. 7 .... 3. 3 { µS2cm) 

Reflectance .. . . ' o=· '9o-9s , 
o: 85-95 ' 
A: 60 -%" or .less 

-
~il1ock den$i.ty of 
lwn or more _

2 o: · o;..10 on 
o: l-102cm-2 
A! 10-104cm-2 

$pike generation 
(breaking probabili-
ty of O. lS pm bo.nd.:. 

·1ng) 
o: 0 % 
o: 30 i or less 
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Table l (continued) 

. 
350 400 440 450 460 470 

. 
... 

0 0 0 0 0 0 

. -
0 0 0 0 C) 0 

0 g 0 0 0 0 
. 

... 

g 0 0 0 g 0 

0 0 0 0 0 0 
. . . 

0 0 0 ll ~ ~ 

• 
0 0 0 A a. tl 

0 0 0 0 0 0 
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As can be seen froa Table 1 , at substrate 

surface temperatures ranging trom 260 to 440 °c by 

dir~ct heating, Al was deposited with1n tbe openings 
~ . . 

selectively at a deposition speed of 3000 to 5000 

l./11..in. 

As the :resu1t of examination of the 

characteristics of the Al film within the opening at 

•ubstrate te•peratures ranging from 260 t~ 440 °c, 

they were found to be good with no carbon contained, a 

resistivity of 2.8 to 3.~ µQ·c•~ a reflectance of 90 

to 95 ~. a hillock densi~y of 1 µm or :m.ore being O to 

10, subetant1ally no =spike generation (breaking 

probability of o.1s µm. bonding). 

Of coursep contact with Al fillll forlll.ed. thet"eon 

by sputtering was found.to be good due to good surface 

characteristics of the Al fil.IL therebeneath. 

In contrast, at a substrate surface 

teapera'tu.re of 200 °c to 250 °c, the depos;tion speed 

was low as 1000 to 1500 A/ain., whereby throughput was 

also lowered to 1 to 10 sheets/H. 

On the other hand. when the s~bstrate surface 

1:em.perature exceeds 440 °cr the reflectance became 60 

% or less, the hillock density of 1 µm er more 10 to 

104 ca-4 ; "the spike gener~tion O to 30 •, whereby the 

charae~er1stic8 ot the Al fila wi~hin the openings 

were lowered. 
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Next, •ccording to the aethod as described 

above, an Al film was toraed on a s~bstrate (sample) 

hav~ng a constitution as described below: 

On a aonocrystalline $ilicon as the.tirst 

substrate surface material, a silicon oxide fila was 

formed as the second substrate surface 11aterial 

according to the CVD method, and then subjected to 

patterning according to photolithographic steps to 

have the monocryatalline silicon surface partially 

exposed. 

The 'ther:m.all.y o~dized Sio2 tilm had a 

thickness of 2000 .:., and the size of the exposed 

p~rtion of the ::m.onocrys~alline si1icou, Jl81lely open1ng 

2.5 P• x $ ~· to 10 µa x 10 µJl. Thus, Saaple 1-2 was 

prepared (hereilUlfter sq.ch ema.ple i• rep~esen~ed •a 

"CVO s102 (hereinafter abbreviated as 

Si02 )/aonoc:rystalline silicon11
). 

Sample 1-3 is a boron-doped oxide f ila forllled 

by normal pressure CVO (hereinafter abbreviated as 

BSG)/:m.onocrystalline silicona 

Saapie 1-4 a phosphorus-doped oxide film 

formed by normal pressure CVD (hereinafter abbreviated 

as PSG)/monocrystalline silicon, 

Sample 1-5 a phosphorus and boron-doped oxide 

film ~ormed by normal. pressure CVD (hereinaf~er 

abbreviated qS BSPG)/aonocrystalline silicon. 
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Smaple 1-6 a nitride film formed by plasma CVD 

(hereinafter abbreviated as P-SiN)/aonocrystalline 

sil:icon, 

Sample 1-7 a thermally n1tr1ded film 

(hereinafter abbreviated as T-S!N)/~onocrystalline 

silicon, 

Sample 1-8 a nitrided film formed by low 

pressure DCVD (hereinafter abbreviated as ~P-SiN), and 

Sample 1-9 a nitr~ded f il.JD. forned by an BCR 

apparatus (hereinafter abbreviated as ECR-

S1B) /aonocryatalline silicon. Fu:r~her, according to 

all the combinations of the first substrate surface 

Jlateri«l and. the second subst:rate surface J1Laterial 

shown below, Saaples 1-11 to l-179 were prepared. As 

the tirst s~bstrate aurface JIUlterial, monocrystalline 

silicon (aonoorystalline Si), po1ycrystalline silicon 

(polycrys'talline Si), amorphous silicon (a:m.orphous 

Si}, tungsten (W), molybdenwa (Mo}, tantalwa (Ta), 

tungsten silicide (WSi), titanium. silicide (TiSi), 

alum.inua (Al), aluainua silicon (Al-Si), titaniWD. 

alum.inua (Al-T1), t~tani'\UI nitride (Ti-B)r copper 

(CU), alwainum silicoa copper (Al-Si-CU), aluminum 

palladium. (Al-Pd), titanium. (Ti), molybdenum si11cjde 

(Mo-Si), tantalu.a silicide (Ta-Si) were employed. As 

the! second substrato a~rf~ce material, T-Si02• s102, 
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BSG, PSG, BPSG, P-Silf, T-S:il.f, LP-SiH,. ECit-SiN were 

employed. For all of the samples as aentioned above, 

go<>!l ~l tilms could be formed. 

Example 2 

Exaaple 2 was c~r~ied out by performing the 

sam.e fi~at Al deposition step as in Example 1 and then 

forming an Al f ibl on the Nhole surtaee by use ot the 

CVO aethod using trimethylal'WllinWll. (TMA) as the second 

depositio:n step. As the sabstrate, one wit~ tbe salll.e 

constitution as used in ~ple l (Saaple 1-l) was 

prepared.. According to ~he first Al deposition step 

as described above, a substrate having Al deposited 

within the opening• was arranged within the CVD 

apparatus. 

As 'the star't1ng .gas, tri•ethylalUJ1Linwa (TMA) 

was used, and an Al tJlm was foraed on the whole 

substrate surface in a aixed atmosphere with TMA and 

According to the second depoaition step in 

this Bx:aaple, tbe Al fila was deposited at a 

deposit1on speed ot 500 •t•in .• which was a fil• 

excellent in aigration resistance with its resi$tivity 

being 3.3 to 3.5 lJQ·Clll. 

Example 3 

In Example 3 according to ~he present 

invention, an aluminWll (Al) film is toraed by using 
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the apparatus sbown in Fig. l, DMAa a• the starting 

gas, hydrogen gas as the reaction gas. a.~d carrying 

out,o:.direct heating of the substrate surface by a 

halogen la.11.p. 

As the substrate, a monocrystalline silicon 

water co~ere<l with s102 f1lm having a plurality of 

openings o~ 0.25 µa square to 100 µm square siailarly 

as in Bxa.ple l was prepa?'ed. For 'th.is substrate. the 

first Al til• deposition step aeeordibg to the CVD 

method and the second Al-Si film deposition step 

according tc the sputtering method were pra~ticed as 

described below to fora an Al film.. 

According to the saae procedure as jn Bxaaple 

1. DMAH and hydrogen were transported into the 

reactJon chaaber 101-for Al deposition. 

The cond1tions of the tirst Al t11• rorm1ng 

step were set at a total pressure of 1.S Torr, a DMAB 

partial pressure of 1.5 x 10-4 Torr, a substrate 

surface temperature of 270 °c. 
~ecording to the first Al deposition step as 

described above, Al was deposited at a deposition 

speed ot 3000 ~o 5000 Alain. Nithin the openings of 

various pore diameters to ob~ain good •ele~tivi~y. 

Next, the substrate was arranged in a sputtering 
. •' 

apparatus and Al-Si was deposited to a thickness of 

sooo l on the~whole sqrface including s102 and 



- 48 -

selectively deposited Al. The deposition speed at 

this time was 10000 A/min. 

Further, aceordjng to the same method, by use 

of the sam.e Samples 1-11 to 1-179 aa in Exa.m.ple 1 a.a 

the subst~ater Al filllls were foraed. In all of 'the 

Samples, good Al filas could be formed through the 

first and·second deposition steps. 

In the above-nentioned exper~aentsr the 

~ t :t f + tu t to 270 °c. but su~s ra e sur ace ~eapera re was se . 

this condition was varied.troa 200 °c to SSO 0 c by 

ev-ery 10 °c to form Al f~lms. 

The characterist1cs ot the Al f 1lm.s of the 

respective samples as •entioned abo~e according to the 

f il'st Al deposi'tion step were similar to :those shown 

1n Table l •. 

Example 4 

In Bxalllple 4, an Al-Si fi1m. 1s :toraed on the 

whole surtace by use or the CVD aethod U$1Dg TMA as 

the second deposition step after having perfor.11Led the 

first Al depo$1tion step a$ in .Exaaple 1. 

As the substrate, one having the smte 

constitution as used in Bxaaple l (Sample 1-1) was 

prepared. 

A substrate having Al cleposited within the 

openings according to the above-mentioned tirst Al 

deposit1on s~ep was·arran.ged within the CVD apparatus. 
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By use of Si 2H6 and trim.ethylalwa1num (TMA.) as 

the starting gasr and 1:D. a m.ixed at:aosphere with 

hydrogen gas and them1 an Al-Si film was deposited on 

the whole substrate surtaca. 

According to the second deposition step i~ 

this Exalll.ple, the Al-51 fil• was deposited at a 

deposition speed of 500 J../min., which was a film 

excellent in aigration resistance with its resistivity 

being 3.3 to 3.S JlQ·c•. 

In Bxample 5, an" Al-CU fil:m is form.ed on the 

whole substrate surface by •putt:ering as the second 

deposition step after having perfo~•ed the saJle first 

Al deposition step as in Example 1. As the substrate, 

one with the same constitution as used in BxaJLple 1 

(SULple 1-1) was prepared. 

After Al. was deposited selectively within the 

ope2Ungs according to the first Al deposition step a1S 

described above, the aul:>st:r:ate was arranged within the 

sputtering apparatus- The tila tor.m.ing conditions 

du.ring sputtering are as described below. 

As the target, Al-Cu. (0.5 "> Wa1S used and the 

DC power in an Ar atmosphere of 5 x 10-3 Torr was 

applied at 7 kW. 

According to tbe second deposition step in 

thia li!:xaaple .... the Al-Cu film. was deposited at a. 
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deposition speed of 10000 ~lain., wb1eh was a film 

excellent in migration resistance with its resistJvitY 

beiAg .3·.o to 3.3 lJQ·cm.. 

Example o 

In Example 6, an Al-CU .film. is formed 

according ~o the CVD aethod by use of TMA and copper 

bisacetylace'tonate CU(C5H7o2 ) 2 as the second 

deposition step after having pertormed the same first 

Al deposition step as in Exmn.ple 1. 

As tbe aubstrate,.one with the saJD.e 

constitution as used in Bxaaple 1 (Salllple 1-1) was 

pJ.'epared. 

Atter seiective deposition of Al within the 

openings according to ~he first Al deposition step as 

described above, the subst~ate was arranged within a 

CVD apparatus. 

As the star'tiJl9 g.s, TMA and Cu(C5B70 2) 2 as 

~he gas containing. Cu we~e used, and an Al-CU f11• was 

deposited on the whole substrate s~tace. 

According to the seoond deposition step ot 

this Exnple, the Al-CU filll was deposited at a 

deposition speed of 500 l./ain., which was a film 

excellent in migration resistance with its resistivity 

being 3.3 'to 3.5 JIQ•cm. 

Exut.ple 7 

In Bxfmple 7, an Al-Si-Cu film is tor•ed on 
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the whole substrate surface according to sputtering as 

the second deposition step after having performed the 

same f1~st Al deposition step as 1n Bx~ple 1. As the 

SJJ.bstrates one with the same constitution as used in 

.Bxaaple 1 (Saaaple 1-1) was prepared. 

After selective deposition of Al within the 

openings according to the first Al deposition step as 

described. aboves the substrate was arranged in a 

sputtering apparatus. The film forming conditions 

during sputtei-ing are as follows. b -the target, Al­

Si(0.5 f')-CU(0.5 ~) was e•ployed, and DC power was 

applied at 7kW in Al' ataosphere. 

Accord1ng to the second deposition step in 

this ZXam.ple, the Al-Si-Cu fila was deposited at a 

·deposition speed of 10000 A/•in •• which wae a film 

excellent in migration resistance with its resistivity 

being 3.0 to 3.3 µQa. 

Bxallple 8 

Example 8 shows forming an Al-Si-CU filla 

according to the CVD method by use of TMA, copper 

bisacetylacetonate cucc5a 7o2 ) 5 • B2 and S1
2
H6 as the 

second deposition step after having performed the sam.e 

first Al deposition step as in Exam.ple 1. 

Ae the substrate, one with the sa211.e 

constitution as used in Example 1 (Sample 1-1) was 

prepared. After selective deposition of Al within the 
~ 
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openings according to the tirst Al depos1t1on step as 

described above, the s~bstrate wa~ arranged within a 

~apparatus. As the star'ting gasr Si2R6 as the gas 

containing Sir TMA and Cu(C5R7o2 J2 as the gas 

containing Cu were used.1 and an Al-Si-CU film 

deposited on the whole substrate surface. 

Aceordi~g to the second deposition step of 

this Exaaple, the Al-Si-CU film was deposited at a 

deposition speed of soo A/min.1 which was a film. 

excellent in llligration resistance with its res~stivity 

being 3.$ to 3.S µ{l·oa. ~ 

!xalaple 9 

Exam.ple 9 shows ~orming an ~l-T1 f lla on the 

whole substrate surface according to sputtering as the 

second deposition step a~er ha~ing perfor•ed the sam.e 

first Al deposition step as in Example 1. As the 

substrate, one with the same constitution as used in 

Bxam.ple 1 (Sample 1-1) was prepared. 

Af~er selective deposition of A1 within the 

openings according to "the first Al deposit1.o.n step as 

described above, t:he substrate was arranged in a 

sputte~ing apparatus. 

The ~11.Ja ~orsing conditions during sputtering 

are as follows. As ~he target, Al-T1(0.S ~) was 

e•ployed, and DC power was made 7 kW in Ar atlllosphere. 

Aocor~ing to th~ second deposition step in 
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this Example, the Al-~i fila was deposited at a 

depcsJtion speed ot 10000 A/&in., which -as a film 

exc'&llent in •igration resistance with its resistivi~y 

Having described above abo~t Examples 1 to 9, 

otherw1tSe it ia also possible to deposit Al in the 

f i~st deposition step and Al-Ti according to the C'\7D 

method in the second s~ep. It is also possible to 

deposit Al in the t1rst step and Al-Si-Ti according to 

the sputtering method or the CVD method in the second 

step. ... 

Com.parative exper !mental example 1 

By use cf the CVD apparatus shown in !'ig. 3, 

those with the constitutions of the s~bstrates used in 

Bxalllple 1 (Samples 1-1 1!o 1-179) were prepared, and 

the experiments which heat the substrate indirectly by 

resistance-heating under wide tem.perature condition 

range from 200 °c to 650 °c were conducted. 

As the resultr although Al with excellent 

,se1ect1vity was deposited within the openings 1» a1l 

the saaple•, the deposition speed at ~hat time was 

in~erior by about one cipher as 100 to 800 A/min. as 

compared with the BJCaaples ~• described above. 

'In Fig. 3., 11 :is a reaction chamber-, 12 a 

heater, 13 a holder, 14- a m.1xer ,· 15 a bubbler, 16 a 

gas introduc~g hole, 17 an evacuation system, 18 an 
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evacuation hole, 19 a substrate, 20 a gas introducing 

line, 21 a gas feeding line for feeding DHAR gas, 21A 

a g&s·teeding line tor teeding H~ gas and 22 an 

evacuation line. 

In Examples 1 to 9 as described above, since 

the substrate was directly heated during selective 

deposition of alwninua on the substrate, there is the 

effect that a metal film with excellent film. 

character1st1ca can be formed at high depoa1t1on 

speed. 

Example 1 o 

First a substrate is prepared. The substrate 

is a sample having an Sio2 with a thickness of 8000 ~ 

£oraed by theraal oxidation on an N-type 

J1.0nocrystalline wafer. "This is obtained by patterning 

of openings with various opening sizes of 0.25 µa x 

0.15 1Dl ~quare ~o 100 µ~ x 100 p.m. square Oh the Sio2 , 

thereby having the subbing Si single cry•~al exposed. 

Fig. 2 A aehematicaily shows a part of the substrate. 

Here, 1 is a aonocrystalline s111co~ substrate as 

conductor substrate, 2 a thermally oxidized silicon 

film as insulating film. This is called Sample 1-1. 

VHl and VB2 are openings, having dit:terent dia111.eters 

fro:m. each other. 

The procedure of for~ng an. Al-Si f il• on the 

subs~rate 1 is as described below. 
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By use of the apparat:us shown in Fig. 1, tbe 

reaction chamber 101 is evacuated internally to ca. 1 
-8 . 

g l~ Torr by an evacuation syste~ 107. Rowever, a 

f il.Jll of Al-Si can be also tor•ed even the vacu'UJll 

degree within the reaction chaaber 101 aay be higher 
-8 than 1 ~ 10 Torr. 

ln this Example, DMAH is fed from the first 

gasline 111, and at the sam.e tiae si2H6 added fro• the 

third ga$line 115. As the carrier gas through the 

DMAR line, H2 is employed~ 
Through the secoad gasline 111A is flowed R2 r 

and the pressure within the reaction chamber 101 is 

ccntrol1ed to a predeterained val~e by controlling the 

opening of the slow leak valve not shown. A typical 

-pressure in the th1s Exam.ple is aade ca. l.S Torr. 

Through OMAK line 111 is introduced DMAH into the 

reaction tube. The to~al pressl.U"e is ca. 1.5 Torr, 

and DMAB partial pressure 1ade ea. l.S x 10-4 Torr and 
-6 Si2H6 partial pressure 2 x 10 Torr. Then, a lamp is 

lighted to beat directly the wafer. Thus, Al-Si is 

deposited. 

As the gas containing Si as the secoJld 

starting gas during formation of the Al-Si film, 

Si2R6 , SiH4 , Si3H8 , Si(CR3 J 4 , SiC14 , SiH~Cl2 , SiB3Cl 

can. be e•pl.oyed. 

By aqdi~ion ot DMAH, B2 and Si starting gas 
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•Ueh as Si
2
R

6
, Al-Si containing 0.5 to 2.0 ~·of Si can 

be deposited. The reaction tube pressUJ:"e is o.os to 

76Q:.Torr, desira~ly 0.1 to 0.8 TorrT the substrate 

temperature 260 °c to ''o 0 c, the DMAK partial 

pressure 1 x l0-5-fold to 1.3 x 10-3-told of the 

pressure within the reac~ion tube1 the Si2H6 partial 

pressure within .the reaction t-ube 1 x 10-7 to 1 ~ l0-4-

fold, whereby Al-Si is deposited. 

After elapse of a predetermined deposition 

time. feeding of DMAH is ~nee stopped. The 

predetermined depoeition~tiae of the Al fil• deposited 

in this step is the ti•e until the thickness of the Al-

Si film on Si (aonocrystalline silicon substrate 1) 

becomes equal to the f:U.a thickness ot sio2 (thermally 

cxidized silicon f11m 2~. 

The telll.perature of the subst~ate $U~f aee by 

the direct heating at this time is made 270 °c. ~he 

above step is called the first deposition step. 

According to the step up to this, an Al-Si film 3 js 

deposi~ed.oelectively within the opening as shown in 

Fig. 2B. 

Rext, a wafer is arranged WiThin the 

·sputtering apparatus~ and Al-Si is deposited aiso on 

the Si02 fil• 2. This step is a non-selective 

deposition step.. This is called ~he &econd Al-Si fil~ 

deposition step. 



-- l or,:nl,il"i:.~.; qJ 1~ ~,i4r.-r.·r · rli:t ,. .,J~ .1ff,.. •'\ , · '- :.... I 

"'--· ... >••"•O"' •' "•·"' "•••••·•''•-ft'"'l 

25 NOV 1996 I l 
; 

- 57 -

The film forming conditions at this ~ime are 

as described below. By use of Al-Si as the targe"t, 

th~f$l• js formed by imparting a DC power ot 5 to 10 

kW in an Ar a"taosphere under a pressure of 10-1 to 10 

3 Torr. The substrate teaperature at this time is 

m.ad.e 200 °c by resistance heating. 

AceordJng to the second Al-Si film deposition 

step, an Al-Si film 4 can be toraed on the Si02 film 2 

at a deposition speed of 10000 ~ as shown in Fig. 2 

(C). An Al-51 fil• was fol'llled according to the •ethod 

as described above. 

Further, by using again the substrate 

siailarly prepared, but setting tor thio time the 

substrate surface temperature at 260 °c to 480 °c by 

direct heating, an Al-51· film. was prepared according 

to the tirst deposition step. Here# other film 

for•ing conditions in the first deposition step and 

the f1la forming conditions in the second deposition 

step were all aade tbe same. 

Also, Al-Si filas were for•ed by setting the 

aubst~ate surface ~eaperature at 200 °c to 260 °c and 

490 °c to 550 °c during the ~irst deposition step. 

The re$Ults were found to be the same as shown 

previously in Table l~ 

As can be seen trom Table l, at substrate 

~urtace tempe~-ture• ranging from 260 to ''o 0 c by 
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direct heating, Al-Si was deposited within the 

openings •electively at a deposit1on speed of 3000 to 

sool> i/min. 

As the result of exalllination of the 

characteristics of the Al-Si film within the opening 
0 at substrate te•peratures ranging f"l'mi. 260 to 440 C, 

~hey were found to be good with no carbon contained. a 

resi~tivity of l.8 to 3.4 JJO·c•, a reflectance of 90 

to 95 ~r a hillock density ot 1 pa or higher of 0 to 

10, substantially no spik~ generation (breaking 

probability of 0.15 µa bonding). 

Of course, oontact with Al tila ~ormed thereon 

by sputtering was :found to be good due to good surface 

characteristic of the Al-Si film therebeneath. 

In contrast, at ·a substrate surface 

te•pera1:ure- of 200 °c to 250 °c, the deposition speed 

was low as 1000 to 1500 J./a1n., whereby 'throughput was 

also lowered to 7 to 10 sheets/B. 

On the other handr whe.n the subst~ate surface 

temperature exceeds 440 °cr the reflectance becaae 60 

~ or less, the hillock density of 1 µa or aore 10-104 

-2 
cm • the spike generation O to 30 -· wh&reby the 

characteristics of the Al-Si fila within the openings 

were lowered. 

Next6 according to the method as described 
,.. "\I" 

above, an Al-Si fil• wa~ formed on a substrate 
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(sa:aple) having a con:stitution as described below. 

On a monocrystal.line silicon as the first 

sub§trate surface Jaate~~al, a silicon oxide fil• was 

forned as the aecond substrate surface aaterial 

according to the CVD method, and then subjected to 

patterning ac:cordinq 'to photolithog.raphic steps to 

have the monocrystalline silicone surface partially 

exposed. 

The thermally oxidized Sio2 film had a 

thickness of 1000 Ar and ~be size of the exposed 

portion of the monoc~tf.l.line s1licon, namely opening 

2.s µax 3 µm to 10 JDll JC 10 µa. Th.us, 9aaple 1-2 was 

prepa?:ed (hereinafter such sam.p1e is represe~ted as 

"CVD s102 (hereinafter abbreviated as 

Sio2)/monocrys'talline s1.licon11
). 

Saaple 1-3 is a boron-doped oxide film. for.ed 

by noraal pressure cvo (bere1narter abbreviated as 

BSG)/•onocrystalline silicon, 

Sa.aple 1-4 a phosphorus-doped oxide ~ilm 

torm.ed by norJAl pressure CVD {hereinaf1:er abbreviated 

as PSG)/aonoc.rystal1ine si1ieon, 

Sa11aple 1-5 a phosphorus and boron-doped oxide 

f illll. foraed by normal pressure CVD (here1natter 

abbreviated as BSPG)/monoc~ystall1ne silicon, 

~aple 1-6 a nitride f ila foraed by plasaa CVD 

(hereinafter called P-SiN)/•on.ocrystalline silicon, 
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Sample 1-7 a thermaliy nitrided film 

(hereinafter abbreviated as T-SiN)/monocrystalline 

si1!con, 

SCU!Lple l-8 a nitrided fil• tormed by low 

pressure DCVO {hereinafter abbreviated as r.P-

Silf/m.onocrystall.ine silicon"), and 

Saaple 1-9 a nitrided film formed by an BCR 

apparatus (hereinafter abbreviated as ECR-

S1N)/aouocrystalliue $1l1eon. Further, according to 

all the combinations of the first substrate su.rfac:e 

•aterlal and the second substrate surface material . 
shown below, Samples 1-11 to 1-179 were prepared. As 

the first substrate surface aaterialt monocrystalline 

silicon (:monocrystalline Si), polycrystalline silicon 

(polycrystalline Si), amprphous silicon (alllorphous 

Si), tungsten (W), molybdenwa (Mo)1 tant.alUlll (Ta), 

tungsten silicide (WS!}# titaniWll s111c1de (T151), 

alW11.inum (Al), alwaiDWIL silicon (Al-51), titaniwa 

alua1nu• (Al-Ti), titanium nitride (Ti-N), copper 

{Cu), alwainwa silicon copper (Al-S~-Cu), alwa.inWll 

palladiwa (Al-Pd), titanium (Ti), molybdenwa. silicide 

(Mo-Si), tantalum. silicide (Ta-Si) were eaployed. As 

the second substrate surface iaaterial, T-sio2 , Sio2 , 

BSG, PSG, BPSG, P-SiN, T-SiH, LP-SiN, ECR-SiN were 

eaployed. For all of the samples as mentioned above, 

good Al-Si films could b~ formed. 
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Example 11 

BxaJaple 11 was carried ou.t by performing the 

sa.m! ~irst Al-Si deposition step as in B.xaJtple 10 and 

then forJD.ing an A1-Si til~ on tbe whole surface by use 

of the CVD method using triaethylalWll1nWIL (TMA) as the 

second deposition step. As the substrate,. one with 

the same constitution as used in Exan:.ple 10 {Sa.Dlple 1-

l) was prepared. ·According to the first Al-Si 

deposition step as described abo~e. a subst~ate having 

Al-$1 deposited with the ?Peni.ngs was ~ranged wi~hin 

the CVD appa~atus. 

As the starting gas, triJILe1:hylalUDLinum. (TMA) 

was usedr and an Al-Si f il• was formed on the whole 

subst:rate su.rface in a :m.ixed at:aosphere with H2 gas. 

According to th~ aeeond deposition step in 

this Examp1e~ the Al-Si fill'll.. was deposited at a 

deposition speed of 500 A/min., which was a tilm 

excellent in aigration resistance with its resistivity 

being 3.3 to 3.5 µ!°2·e•. 

Example 12 

Example 12 shows forming an Al-CU film on the 

whole substrate surface by sputtering as the second 

deposition step after having performed the sam.e first 

Al-Si deposition step as in !xam.ple 10. As the · 

subat~ate, one with the sam.e constitution as used in 

B.xam.;>le l!J .. (Saaple 1-1) was prepared. 
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Af~er Al-Si was deposited seiectively within 

the openi~gs according to t~e tirst Al-Si deposition 

THIS SHEET HAS BEEN 
REPLACED 
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As the starting gas, TMA and CU(C5H7o2 >2 as 

the gas containing Cu was used, and an Al-C~ film 

dep6sited on the whole substrate surface. 

According to the second deposition step of 

this B.xaaple, the Al-CU f11.a was deposited at a 

deposition speed of 500 ~lain., which was a f1la 

excellent in migration resistance with its resistivity 

being 3.3 to 3.5 µQ·cm. 

Example 14 

Bxmaple 14 shows ~orming an Al-Si-Cu film o~ 

the whole substrate surface according to sputtering as 

the second deposition step after having pe~foraed the 

aaae first Al-Si deposition •tep as in Exa.Japle 10. As 

the substrate, one with t:he sam.e c:onst_i tut ion as used 

in Bxa:aple 10 (5aaple 1-'l) was prepared. 

After selective deposition of Al-Si within the 

openings according to the first Al-Sj deposition step 

as descr1bed above, the substrate was arranged in a 

$putteri~g apparatus. The film foraing conditions· 

during sputtering are as :follows. As the target, Al-

51(0.S ~)-Cu(0.5 ~) was eaployed, and DC power was 

made 2 kW in Ar atmosphere. 

According to the second depo$1tion step in 

this Example, the Al-Si-Cu ~ilm was depOGited at a 

deposition speed ot 10000 ~/min., which was a film 

excellent in~•igx'ation resistance witb its reaiotivity 
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being 3.0 to 3.3 µQ·ca. 

Bxaaple 15 

Example 15 shows tor~ing an Al-Si-Cu f illlL 

according to the CVD method by use of copper 

bisacetylacetona.te Cu(C5K7o2 ) 5 , H2 and si2K6 after 

having perform.ed the saae tirst Al deposition step as 

in Example 10. 

As the substrate1 one with the same 

constitution as used in Bxaaple 10 (Sample 1-1) waa 

prepared. After selectiv~ deposition of Al-Si within 

the opening=s according to the first Al-S~ deposition 

step as described above, the substrate waa arranged 

within a CVD apparatus. As the sta:t"ting gas, TMA1 

si2H6 as the gas containing Si and CU(C5H7o2 ) 2 as the 

gas con"tain1Jlg cu were used. and an Al-Si-CU f ila 

deposited on the whole substrate surface. 

According to the second deposition step of 

this lxam.ple, the Al-Si-CU fila was deposited at a 

deposi"tion speed of 500 .Alm.in. 1 which wa=s a. film 

excellent in aigration resistance with its resistivity 

being 3.3 to 3.5 'llO·ca. 

:Bxaaple 16 

Bxam.ple 16 shows forming an Al-Ti fil.JIL on the 

whole substrate su.r£aee according to sputtering as the 

second deposition step atter having performed ~he same 

first Al-Si deposition step as in Example 10. As the 
.,) 
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subs~rate~ one with the same constitution as used in 

Example 10 (Sam.pl~ 1-1) was prepared. 

· Atter selective deposition of Al-Si within the 

openings according to the first Al-Si deposition step 

as described above, the substrate was arranged in a 

spattering apparatus. 

The film forming conditions during sputtering 

are as ~ollow•. As the target, Al-Ti(0.5 ~} was 

employed" and DC power was made 7 kW in Ar·atm.osphe;t-e. 

Aecord!ng to the ~econd deposition step in 

this Exalllple, the Al-Ti fwJ.1-. was deposited at a 

deposition speed of 10000 A/&in.r which was a film 

excellent in aigratlon resistance with its resistivity 

being 3.0 to 3.3 µ0.e11.. 

Having described"above about Exaaples 10 to 

16, otherwise it is also possible to deposit Al-Si in 

the first deposition step and Al-Ti according to the 

CVD ~etbod in the second step. It is also possible to 

deposit Al-51 1n the tirst step and Al-Si-Ti according 

to the $puttering aethod or the CVD method in the 

sec:and step. 

Co3parative exper1•ental example 2 

By use of the CVD apparatus shown in Fig. 3, 

those ~ith the constitutions of the substrates used in 

Example 10 (Saaples 1-1 to 1-179) were prepared, and 

the experiae~ts which heat indirectly by resistance 
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heating under wide temperature condition range froa 

200 °c to 650 °c were conducted. 

As the result, altnough A1-Si with excellent 

selectivity was·deposited within the openings in all 

"the samples,- the deposition speed at that 'tiae was 

inferior by about one cipher as 100 to 600 A/min. as 

com.pared with the Examples as described above. 

In Pig. 3, 11 is a reaction chaJD.ber, 12 a 

heater, 13 a holder, 14 a •1xer, lS a bubbler, 16 a 

gas 1~t~oducing hole, 17 ~n evacuation systes, 18 an 

evacuation hole, 19 a substrate, 20 a gas introducing .. 
line~ 21 a gao feeding line ~or feeding DMAH gas~ 21A 

a gas feeding line for feeding H2 gas and 22 an 

evacuation line. 

In Bxaapl.es 10 tp 16 as described above, since 

the s~botrate was directly heated during selective 

deposition of alum.in'U.lll on the substrate, there :la the 

eftect that a metal fila with excellent fila 

charac~e~istics can be ~oraed at high deposition 

speed. 

Exam.ple 17 

First a substrate is prepared. The substrate 

is a sample having an Sio2 with a thickness of 8000 A 

foraed by ther•al oxidation on an N-type 

monocrystalline wafer. This is obtained by patternikl.g' 

of openings wi~h various opeQing sizes or 0.25 µax 
•. 
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o.2s µa square to 100 lUl x 100 µm square on the 5102 , 

thereby having the subbing Si single crystal exposed. 

Fig: 2A scbe:ma.tically shows a part ot the substrate. 

Her~, 1 is a monocrys~alline silicon subs~rate as 

conductor substrate. 2 a therm.ally oxidized silicon 

fila as insulating fila (layer). This is called 

Sample 1-1. VHl and VR2 are openings (exposed 

portions), having diffe~ent diaaeters froa each other. 

"l'he p~ocedure of foraing an Al film on the 

substrate 1 is as describ~d below. 

First, ~he subst~ate 1 is arranged in a load 

lock chm..ber 11. Into the load lock chamber 11 is 

introdu.ced hydrogen as described above to :make 'the 

chamber under hydrogen atmosphere. The reaction 

chamber 12 is evaeuated'internally to ca. 1 x 10-8 

Torr by an evacuation system 10. 

However, a film of Al can be also formed even 

the vacuwa. degree within the reaction chamber 12 aay 

be higher than 1 x 10-8 Torr. 

DMAR is fed from the gasline not shown. As 

the carrier gas through 'the D!K..AH line, a:2 is ell.ployed. 

The second gasline not ohown is provided fo~ 

H2 as the reaction gas, and the pressure within the 

reaction chamber 12 is controlled to a predetermined 

value by controlling the opening of the slow leak 

valve not sh5wn. A typical pressure in this c•se is 
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•ade ca. l.5 Torr. Through DMAH line 1s introduced 

DMAH in~o the reaction tube. The total pre~sure is 

ca.:1.s Torr, and DMAH partial pressure :ma.de ca. 5.0 x 
-3 10 Torr. Thenp cur:t:ent is passed through the 

resistance heat generating member 17 of the substr~te 

holder 18 to heat directly the wafer. Thus. Al is 

depositecl. 

After elapse af a predetermined deposition 

tiae, reeding of OMAH is once stopped. The 

prede~erained deposi~iOD ~iae of the Al film depo$ited 

in this step is the tiae.until the thickness of the Al 

film on Si (monocrystalline silicon substrate 1} 

beco~es equal to the film thickness of Sio2 (thermally 

oxidized silicou film. 2). 

The temperatUl"e .of the substrate surface by 

the direct he~ting at this ti•e ie iaade 210 °c. The 

above step is called the first deposjt1on step. 

According to the step up to this, an Al fil• 3 is 

deposited selectively w)thin the opening as shown in 

Fig. 2 B. 

After completion of deposition of the above-

mentJoned Al, the CVD reaction eh~ter 12 is evacuated 

by the evacuation systea. 10 until reaching a vacutJ.J& 

degree of 5 x io-3 Torr. At the same tim~. the Rf 

e~ching chaaber 13 is evacuated to 5 x 10-6 Torr o~ 

less. Af~er conf!raation that the both chambers bave 
.,). 
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.reached the above vacuum degree. the gate valve 10 is 

opened, the aubs~rate moved from the CVD reaction 

clKQlber 12 to the Rf etching chamber 13 by use ot a 

conveying means (ara} 21, and the gate valve 10 

closed. 

When the substrate is conveyed to the Rf 

e~ehing cha.ber 13, the Rf etching cham.ber 13 is 

evacuated by the evacuation system 10 un~il reaching a 

vacuum degree of 10-6 ~o~r or less. 

Then, argon is fe~ to the argon feeding line 

22 tor Rf etch1ng. and tQe Rf etching chamber 13 is 

maintained at an·argon atmosphe~e of 10-l to 10-3 

Torr. The substrate holder 20 fer Rf etching is 

Ja41.intained at 200 °c. Rf of 100 W is supp1ied to the 

electrode 21 for Rf etching for 60 

seconds, whereby discharging of argon occurs within he 

Rf etching eballber 13 to etch the surface of the 

substrate w1th argon ions to remove the surface layer 

of the CVD depo•ited fila. In this case~ the etching 

depth corresponds to the oxide, and is about 100 .x. 

In this description, the surface etching of 

the CVD deposited tiln. was effected in the Rf etching 

chamber, but since the surface laye~ of th~ CVD f1l• 

of the substrate conveyed through vacuwa. contains no 

oxygen, etc., and tnerefore no Rf etching may be 

effected. In that case, the Rf etching cham.ber 13 
~ 
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functions as the temperatu:re changing challlber for 

effecting temperature change within a short time, when 

the.:.Cemperature difference between the CVD reaction 

chaaber 12 and tbe 5puttering chaaber 14 is grea~. 

In the Rf etching chamber 131 after completion 

ot Rf etching, inflow of argon is stopped and argon in 

the Rf etching chamber 13 js evacuated. After the Rt 
-6-

etching chamber 13 is evacuated to 5 x 10 Torr and 

the sputtering cbamber 14 ~o 5 x 10-6 Torr or less, 

the gate valve 10 is .opened. Then, the substrate is 

aoved by aeans of the arn- 21 from the Rt etching 

chalilber 13 to the sputtering cballlber 14, tollowed by 

closing of the gate valve 10. 

When t:he substrate is conveyed into the 

sputte~ing cb.aaber 14, the substrate holder 23 is set 

at 250 °c in an argon atmosphere o! 10-1 to 10-3 Torr 

si•ilarly as in the Rf etching cb~mber 13. 

Discharging of argon is ef tected at a power of 

DC 7 XW in this Example to shaven the. target J1Laterial 

Al-Si (0.S ~) with argon ions, thereby depositing Al-

Si at a deposition speed ot 10000 A/min. on the 

substrate. This step is the non-selective deposi~ion 

step·:·· 

~his step is called the second Al film 

deposition s'tep. 

Afte~ ~he Al film. ot 5000 A is deposi~ed on 
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power are stopped. Atter the load lock c~am.ber 11 

-3 
(l~l is evacuated to 5 x 10 Torr or less, the gate - '• 

valve 10 1s opened~ and the substrate is moved. After 

closing of tbe gate valve 10, N2 gas flows into the 

load lock chamber ll (15) until reaching the 

at•o•pberic pressure, and the s~bstrate moves passing 

through the gate valve 10 ~o the outside of the 

apparatus. 

The filll. £orm~ng conditions in tne above-

zent1oned second Al fila depo$ition step are as 
.... 

described below. By use of Al as the t•rget, the filJL 

is f oraed by iaparting a DC power of s to 10 kW in an 

Ar atmosphere under a pressUl"e of 10-1 to 10-3 Torr. 

The substrate tem.peratur:e at tb..is tiae is aade 200 °c 

by resistance heating. 

According to the second Al film. deposition 

step as described above, an Al film 4 can be tor•ed on 

~he s102 fi1m. 2 at a deposition speed of 10000 ~ as 

shOND. in Fig. 2C. An Al film was formed acco~ding to 

the method as described above. 

Further, by using again the subs~rate 

similarly prepared, but setting for this time the 

substrate surface teaperature at 280 °c to 480 °c by 

direct heating, an Al fi1m was prepared according to 

the fir$t deposition step. He~e. other fila forming 
~ 
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cond~tions in the first deposition step and the film. 

foraing conditions in the second deposition step were 

all: 21.ade the sallle. 

Alsor Al films were foTaed by se~ting the 

0 0 substrate ~urface teaperature at 200 C to 260 C and 

490 °c to 550 °c during the first deposition step. 

The results were found to be the same as shown 

previouely in ~able 1. 

As can be seen tram Table 1, at substrate 

•urtace temperatures ~ang~ng fro111. 260 to 440 °c by 

direct heat.in.g, Al was d~posi ted within the openings 

selectively at a deposition speed of 3000 to sooo 

1./min. 

As the result of exa21:1.ina1:ion of the 

characteristics cf the Al fil• withi~ the opening at 

substrate surface temperatures ranging from 260 to 4~0 

0 c, there were found to be good with no carbon 

con~ained, a resistivity ot 2.8 to 3.4 lJQ·ca; a 

reflectance ot 90 to 9~ ~. a hillock density of l µa 

or higher of 0 to 101 substantially no spike 

generation (breaking probability of 0.15 µm bonding). 

Ot course, contact with Al f ila formed thereon 

by sputtering was found ~o be good due to good surface 

characteristic of the Al til~ therebeneath. 

In cont:r:ast r. at a. substrate surface 

teaperature of 200 °c to 250 °c, ~he deposition speed 
~ 
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.,as low as 1000 to 1500 A.Im.in., whereby throughput was 

also lowered to 7 to 10 sheets/ff. 

- ·· On the other hand, when the substrate surf ace 

temperature exceeds 4.40 °c, the reflectance becaJD.e 60 

~ or less, the hillock density of 1 µm or more 10 to 

104 cm-2 • the spike generation Oto 30 ~. whereby the 

characteristics of the Al film within the openings 

were lowered. 

Next, according to the method as described 

above, an Al £ilm was for~ed on a substrate (sample) 

having a constitution as-described below. 

On a aonocrystalline silicon as the first 

substrate surface material, a silicon oxide tilJD. was 

foraed ~s the second substrate surface material 

according to the CVD Jaethod., and then subjected to 

patterning according to pbotolithographic steps to 

have the monocrystalline silicone surface par~ially 

exposed. 

The therma1ly oxidized S10l film had a 

thickness of 7000 A. and the size of the.exposed 

portion 0£ the monocryGtal1ine sil~con, nam.e1y opening 

0.25 pm x 0.25 µ• to 10 µm x 10 ~·· Thus1 Sanple 1-2 

was prepared (hereinafter such sam.ple is represented 

as 11 CVD SiO (hereinafter abbreviated a:s 
2 

Si02 )/m.onoc:rys't:all1ne silicon"). 

Sam.p~e 1-3 1$ a boron-doped oxide fil~ formed 
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by normal pressure CVD (hereinafter abbreviated as 

BSG)/aonocrystalline silicon, 

~ : Suiple 1-4 a phosphorus-doped oxide filla 

~ormed by noraal pressure CVD (bereinafter abbreviated 

as PSG)/aonocrystalline siliconz 

Saaple 1-5 a phosphorus and boron-doped oxide 

film formed by normal pressure CVD (hereinafter 

abbreviated as BSPG)/aonocrystalline silicon, 

Smaple 1-6 a nitride fil• formed by plasma CVD 

(hereinafter called P-SiNl/monoc~ystalline silicon, 

Sam.ple 1-7 a thermally nitrided fill; 
• 

(hereinafter abbreviated as T-SiK)/aonocrystalline 

silicon, 

Sample 1-8 a nitrided film for•ed by low 

pre•su.re DCVD (hereinaft,r abbreviated as Le-SiN), and 

Sample 1-9 a nitrided fila formed by an ECR 

apparatus (hereinafter abbreviated as ECR-

SiN}/monocrystalline silicon. Further,_according to 

all the coabinations ot the first substrate surface 

laaterial and the second substrate surface material 

shown below, Sam.ples 1-11 to 1-1~9 were prepared. A~ 

the tirs~ substrate surface mate.rial, aonocry$tallin.e 

silicon (monocrystalline Si), polycrystalline silicon 

(polycTystalline Si), alP.orphous silicon (borphous 

SiJ, tungsten (W), molybdenwa (Mo), tantalu.m. (Ta), 
.,). 



- 'l5 -

tungsten silicide (WSi), titaniwa silicide (TiSi). 

a1wainwa (Al), aluainum silicon (Al-Si), titanium. 

alum:inwn (Al-Ti). titanium. nitride (Ti-N), copper 

(Cu), alWllin'WIS. silicon copper (Al-Si-Cu), aluminum 

palladiwa (Al-Pd), titanium (Ti), molybdenum silicide 

(Mo-Si), tatttalwn. silicide (Ta-Si) were eaployed. As 

the second substrate surface m~terial, T-$102 , Sio2• 

SSG, PSG, BPSG, P-SiN, T-SiN, LP-Si•, ECR-SiN were 

employed. For all of the $ample$ as me~tioned above, 

good Al f ilas could be formed. 

Example 18 

EJCample 18 according to the present invention 

ehows forming an Al f il• by use of the apparatus shown 

in fig. 7 using OM.AH as the start1.n9 gas and hydro~n 

gas as the reaction gas,·and by directly heating the 

substrate surface by the halogen laJ1Lp 30. 

As the substrate, siailarly as in Exaaple 111 

a manocrystalline silicone wafer covered with an s102 
film having a plurality of vat'ious openings of 0.25 µm 

square to 100 µm square was prepared. On the 

substrate was carried out the first Al film deposition 

step according to the cvP me~bod a$ described below, 

the second Al-Si film deposition step according to the 

spu~tering method to form ap Al fila. 

According to the sam.e procedure as jn Example 

17, DMAH and hydrogen were transported to the C"~D 
.) 
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reaction chamber 12 for Al deposition. 

The conditions ot the tirs~ Al film forming 

steE ~ere a total pressure of 1.5 Torr, a DMAH partial 

pressure of 1.5 x 10-4 Torr, and a substrate surface 

0 temperature of 270 C. 

Accordi.ng to the first Al deposition step as 

described above, Al was deposited at a deposition 

speed of 3000 to sooo A/min. within the opening ot 

various pore diameter$, ~hereby good selec~ivity could 

be obtained. Next, by ar~anging tbe substrate in the 

sputterin~ chamber 14, and Al-Si was deposited to as 

thickness of 5000 A on the who1e surface containing 

Sio2 and A1 selectively deposited. The deposition 

speed at this time was 10000 l./min. 

Further, accordi_pg t:o the same 111.ethod, by use 

of the same s ... ples 1-11 to 1-179 as in Example 17 as 

tbe substrate, Al films were termed. In all of the ... 
Samples, good Al filas could be formed through the 

first and second deposition steps~ 

In the above experim.ent=s, the substr:ate 

surface temperature was set at 210 °c, and Al films 

were formed by varying this condition trom 200 °c to 

550 °c by every 10 °c. 

The characteristics of the Al f .ilm.s according 

to the first Al deposition step of all the respective 

SaJD.ples were found to be similar to those shown 1n 
.). 
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Table 1. 

Example 19 

= · Bxam.ple 19 shows foraing an Al-Cu til:m. on the 

whole substrate surf ace by sp~ttering as the second 

deposition step after having performed the Sallle first 

Al deposition step as in Sxa•ple 17. As the substrate, 

one with the same constitution as used 1n Example 17 

(Saaple 1-1) was prepared. 

After Al was deposited selectively within the 

openings according to the first Al deposition step as 

described above. the substrate was arranged wi~hin the 

sputtering apparatus 14. The film forming conditions 

during sputtering are as described below. 

As the target, Al-Cu (0.5 ~) was used and the 

DC power in an Ar ataosphere of 5 x 10-3 Torr was aade 

7 kW. 

According 'to the second deposi"tio:n step in 

this Bxaaple, the Al-Cu film was deposited at a 

deposition speed of 10000 1/min., which was a f11a 

excellent in migration resi~tan.ce with its resistivity 

being 3.0 to 3.3 µ!2-cm. 

Example 20 

In Example 20 an A1-Si-Cu f ila is formed on 

the whole s~bstrate surface according to. sputtering as 

the second deposition step after hav1ng perfor•ed the 

same first Al deposi~iou step as in Example 17. As 
~ 
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the s~ostrate, one with the sam.e coustitution as used 

in Example 11 (Sample 1-1) was prepared. 

_ . After selecti~e deposition ot Al within the - . . 

ope~ings according to the first Al-Si deposition step 

,,. as described above, the su.bstrate was er-ranged in a 

sputtering chamber 14. The fil• £or11ling conditions 

du.ring sputtering are as follows. As the target, Al-

Si(O.S ~J-CU(O.! %) was employed, and DC power was 

applied at 7 kff in Ar ataosphere. 

According to the second deposition step in 

this Example, the Al-Si-Cu film was deposited at a 
.... 

deposition speed of 10000 A/min., which was a film 

excellent in mjgration resistance with its resistivity 

being 3.0 to 3.3 ~·cm. 

Example 21 

In Exalap1e 21 an Al-Ti fila is formed on the 

whole substrate surface according to sputtering as the 

second deposition step after having per£ormed th~ same 

fir3t Al depQ$1tiou step as in Example 11. As the 

substrate, one with the salllle constitution as uaed in 

!xample 17 (Sample 1-1) was prepared. 

After selective deposition of Al within the 

openings according to the first· Al depoeition step as 

described above, the ~ubstrate was arranged in a 

sputtering chamber 14. 

The fjlm torming conditions during oputtering 
J. 



are as follows. As the target, Al-Ti(0.5 ~) was 

eaployed, spu~tering eftected in Ar ataosphere and DC 

power~was made 1 k.W. 

According to the second deposition step in 

this Example, .the Al-Ti f1J.m. was deposited at a 

deposition speed of 10000 1/min., which was a fil~ 

excellent in aigration resistance with its resistivity 

being 3.0 to 3.3 µQ•ca. 

Bxa.ple 22 

By use of the aetal film continuous forming 

apparatus shown in Fig. i, film formation was carried 

out in the saae manner as in &ta11.ple 1% on the above 

substrate under the te•p~rature conditions ot 200 °c 

to 650 °c by resistance heating. 

As the result, under the temperature 

conditions by resistance heating of 160 °c to 450 °c. 

a fil• of good quality with no carbon, a small 

resisti~ity of •bout 3 ~Q-em and high reflectance was 

obtained Hore preferably, at 260 °c to 4'0 °c, the 

deposition speed became higher as 100 to 800 l/m1n., 

and also the wiring life was long. Most preferably~ 

the temperature was 2?0 °c to 350 °c, and within this 

range. hill.ock density was ex:trelllely snall, ·and also 

generation probability of alloy spike was low. 

Having dese~ibed above about· Examples 17 to 

22, otherwise it is also possible to deposit Al in the 
~ 
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first' deposition s1:ep and Al-Si-Ti in the second step. 

In Example$ 11 to 22 as described above, since 

co~~inuous deposi~ion is carried out by depositing a 

•etal til• non-selectively witho~t expo~ing the 

substrate to outer air after se1ective deposition of 

alwninua on the s~bstrate, a ~etal film with excellent 

film characteristics such as step coverage, 

electroaigrat1on, etc. can be for~ed at high 

deposition speed. 
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In tbe following, Examples (23 - 28) conducted· 

by use of the apparatus shown in the Fig. 4 

(resistance heating) and Fig. l (direct heating) are 

shown. Examples 23 - 27 are conducted by use of the 

apparatus of more preferable direct heating system 

(Fig. 1) and ixample 28 by use of the ·apparatus of the 

resistance heating system '(Fig. 4). 

Example 23 

First a substrate is prepared. The substrate 

is a sample having an s102 with a thiokness of 8000 4 
.. 

for•ed by theraal ox~dation on an H-type 

monocrystalline wafer. This is o~tained by patterning 

of openings with various opening sizes of 0.25 ~m x 

0.25 µm square to 100 µm x 100 11m. square .on the s102 , 
. 

thereby having the subbing Si single crystal exposed. 

Fig. 2A scbeaatically snows a part of the subst·rate. 

Here, 1 is a monocrystalline silicon substr,te as 

conductor substrate, 2 a thermally oxidized silicon 

film es insulating fil• (layer). This is called 

Samp.le 1-1. VHl and VH2 are openings (exposed 

portions), having different diameters from each other. 

The procedure of fo~ming aa Ai-Si film on ~he 

substrate 1 is as described below. 

First, the substra~e 1 is arranged in a load 

lock chamber 11. Into the load iock chamber 11 is 

introduc~ hydrogen as described above to make the 
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chamber under hydrogen atmosphere. The reaction 

chamber 12 is evacuated internally to ea. l x 10-B 

Torr by an evacuation system 10. 

However, a film of Al-Si can be also formed 

even if the vacuum degree within the reaction chamber 

12 is worse ~ban l x 10-8 Torr. 

DMAH and Si2H6 ere fed from the gasline no~ 

shown. As the ca~rier gas through the OMAH line, :K2 
is employed. 

~he second gasline not shown is used for H2 as 

tbe reaction gas, and the pressure within the reaction 

chamber 12 is controlled to a predetermined value by 

controlling the opening degree of the slow leak valve 

not shown. A typical pressure in this case is set at . 
ca. 1.5 Torr. Through DMAH line is introduced DMAH 

into the reaction tube. The total pressure is ca. 1.5 

-4 Torr, DMAH partial pressure is ca. 1,5 x 10. Torr and 

Si2H6 partial pressure 2 x 10-6 Torr. Then, a lamp is 

lighted to heat direc~ly the wafer. ~hus, Al-Si is 

deposited. 

As the gas containing Si which is the second 

start~ng gas during formation of the Al-Si film, 

Si2H6 , SiH4 , S1 3H8 , Si(CH3) 4 , SiCl4 , SiH2Cl2 , SiH3Cl 

can be employed. 

By addition of DMAH, e 2 and Si starting gas 

such as Sl.2H6, etc., Al-Si containing 0.5 to 2.0 % of 
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Si can be deposited. The reaction tube pressure is 

0.05 to 760 Torr, desirably O.l to 0.8 Torr, the 
.:. ; 0 0 
substrate temperature 260 C to 440 C, the DMAH 

-5 -3 partial pressure 1 x 10 -fold to 1.3 x 10 -fold of 

the pressure within the reaction tube, the Si2B6 

partiei pressure within the reaction tube 1 x 10-1 to 

1 x 10-4-fold, whereby Al-Si is deposited. 

After elapse of a predetermined deposition 

time, feeding of DMAH is once stopped. The 

predetermined deposition time of the Al-Si film 

deposited in this step is the time until the thickness 

ot the Al-Si film on Si {monocrystallioe silicon 

substrate 1) becomes equal to the film thickness of 

Si02 (thermally oxidized silicon filDl 2) •. 

The temperature of the substrate surface by 

the direct heating at this ~ime is set at 270 °c. Tne 

above step is called the first deposition s~ep. 

According to ~he step up to this, an Al-Si film 3 is 

deposite~ selectively within the opening as shown in 

Fig. 2B. 

After completion of deposition of tbe above-

mentioned Al-Si, the CVD reaction chamber 12 is 

evacuated by the evacuation system 10 until reaching a 

vacuum degree of S x 10-3 Torr o~ less. At the same 

time, the Rf etching chamber 13 is evacuated to s x 10-

6 Torr ot less. After confirmation that the both 
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challlbers have reached the above vacuum. degree, the 

gate valve 10 is opened, the substrate moved from the 

CVD reaction chamber 12 to the Rf etching eha•ber 13 

by use of a conveying means (arm) 2?, and the gate 

valve 10 closed. 

When the substrate is conveyed to the Rf 

e~ching chamber lS, the Rf etching chamber 13 is 

evacuated by the evacuation system 10 until reaching a 

vacuum degree of 10-6 rorr or less. 

Then, argon is·fed froa the argon feedinQ line 
.. 

22 £or Rf etching, and the Rf etching chamber 13 is 

11aintained at an argon atmosphere of 10-l to 10-3 

Torr. The substrate holder 20 for Rf etching is 

maintained at 200 °c. Rf of 100 W is fed. to the 

electrode 21 for Rf etching is supplied for 60 

seconds1 whereby disehal'ging of argon oecurs within he 

Rf etching chamber 13 to etch the surface o~ the 

substrate with argon ions and remove the surface layer 

of the CVO aeposited film. In this case, the etcbiftg 

depth corresponds to the oxide, and is about 100 A. 

In this description, the surface etching of 

the CVD deposited film was effected in the Rf etching 

chamber, but since the surface layer of the CVD film 

of toe substrate conveyed through vacuum contain5 no 

oxygen, etc., no Rf etching may be effected. In that 

case, th~ Rf etching chamber 13 functions as the 
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temperature changing chamber for ef fe~ting temperature 

change within a short time, when the temperature 

diffe~ence between the CVO reaction chamber 12 and the 
•: 

sputtering chamber 14 is great. 

In the Rf etching chamber 13, after completion 

ot Rf etohin~, inflow of argon is s~opped and argon in 

the Rf etohing chamber 13 is evacuated. After the Rf 

etching chamber 13 is evacuated to 5 x 10-6 Torr and 

the sputtering cb.mnber 14 to 5 x 10-6 Torr or less, 

the gate valve 10 is o~ened. Then, the substrate is 

moved by means of the~arm 21 from the R£ etching 

chamber 13 to ~he sputtering chamber 14, followed by 

closing of the gate valve 10. 

When the substrate is conveyed into the 

sputtering chamber 14, the substrate hoider Z3 is set 

at 250 °c in an argon atmosphere of 10-1 to 10-3 Torr 

similarly as in ~he Rf etching chamber 13. 

Disoha.rgiag of argon is effected at a power of 

DC l KW io this Example to shaven the target Jl\8terial 

Al-Si (0.5 %) with argon ions, thereby depositing Al-

Si at a deposition speed of 10000 A/min. on the 

sUbstrate. This step is the non-selective deposition 

step. 

This step is called the second Al film 

deposit:ion step. 

Rfter ~he Al-Si film of 5000 A is deposited on 
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tbe substrate, inflow of argon and applica~ion of DC 

power are stopped. After the load lock chamber 11 
.::: ' . -3 
(15) is evacuated to 5 x 10 Torr or less, the gate 

valve 10 is opened, and the substrate is moved. After 

elosing of the gate valve 10, N2 gas flows into the 

load lock chamber 11 {15) until ~eaching the 

atmospheric pressure, and the substrate moves passing 

through ~he gate valve 10 to the outside of the 

apparatus. 

The film forming conditions in the above-
~ 

mentioned second Al film deposition step are as 

described below. By use of Al-Si as the target, the 

film is formed by imparting a DC power of 5 to 10 kW 

in an Ar atmosphere under a pressure of 10-1 to 10-3 

Torr. The substrate temperature et this time ~s set 

et 200 °c by resistence heating. 

According to the second metal film deposition 

step as described above, an Al-Si film 4 can be formed 

on the Sio2 film 2 at a deposition speed of 10000 i as 

shOWll in Fig. 2C. An Al was deposited according to 

the method es described above. 

FurtheX", by using again the sUbstrate 

similarly prepared, but setting for this time the 

substrate surface temperature at 280 °c to 480 °c by 

direct heating, an Al-Si film was formed according to 

~he firs+ deposition step. Here, other film torming 
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conditions in the first deposition st~p and in the 

second depositions step were all the same. 
: .... 

Also, Al-Si films were formed by setting the 

substrate surface temperature at 200 °c to 260 °c and 

490 °c ~o 550 °c during the fi~st deposition step. 

The results were found to be the same as shown 

previously in Table 1. 

As can be seen from Table 1, at substrate 

surf ace temperatures ranging from 260 to 440 °c by 

direct heating, Al was-deposited within the openings 
... 

selectively at a deposition speed of 3000 to 5000 

.l/min. 

As the result of examination ct the 

characteristics of the Al ~~lm deposited within the 

opening at sucstrate surf ace temperatures ranging ~om 

260 to 440 °c, they were found to be good with no 

carbon contained, a resistivi~y of 2.8 to 3.4 llO·em, a 

reflectance of 90 to 95 %, a hillock density of l µm 

or higher being 0 to 10, substantially no spike 

generation (breaking probability of 0.15 }lll1 bonding}. 

Of course, contact with Al-Si film formed 

thereon by sputtering was tound to be good due to good 

surface characteristics of the Al-Si film 

therebeneath. 

In contrast, at a substrate surface 

temperat-wre of 200 OC to 250 °c. the deposition speed 
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was low as 1000 to 1500 A/min., whereby throughput was 

also lowered to 7 to 10 sheets/ff. 

On the other bend, when the substrate surface 

temperature exceeds 440 °c, ~he reflectance became 60 

% or less, the hillock density of l µm or more 10 to 

104 cm-2 , the spike generation Oto 30 %, whereby the 

characteristics of the Al-Si film within the openings 

were lowered. 

Next, according to the method as described 

above, en Al-Si film -as formed on a substrate 
... 

(sample) having a constitution as described below. 

On a monocrystalline silicon as the first 

substrate surface material, a siiicon oxide film was 

formed as the second subs~rate surface material 
. 

according to the OVD method, and then subjected to 

patterning according to photolithographic s~eps to 

have the monocrystalliae silicone surface partially 

exposed. 

The thermally oxidized s102 film had a 

thickness of 1000 i, and the size of the exposed 

portion of the monoorystalline silicon, oamely openi~g 

0.25 llm x 0.25 µm to 10 pm x 10 µm. Thus, Sample 1-2 

was prepared (hereinaf~er such sample is represented 

as ~cvn Si02 {hereinafter abbreviated as 

Si02 )/moaocrystalline silicon"). 

sample 1-3 is a boron-doped oxide fiim formed 
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by normal pressure CVD (hereinafter abbreviated es 

BSG)/monocrystalline silicon, 
.:: 

Sample 1-4 a pbosphorus-doped oxide film 

formed by normal pressure CVD (hereinaf~er abbreviated 

as PSG)/monocrystalline silicon1 

Sample 1-5 a phosphorus and boron-doped oxide 

film formed by normal pressure CVD (hereinafter 

abbrevia~ed as BSPGJ/monoorystalline silicon. 

Sample 1-6 a nitride film formed by plasma CVD 

(hereinafter called P-SiN)/monocrystalline silicon, 

Sample 1-7 a thermally.nitrided film 

(hereinafter abbreviated as T-SiN}/monoorystalline 

silicon, 

Sample 1-8 a nitrided film formed by low 

pressure DCVD (hereinafter abbreviated as LP-

SiN/single crystalline silicon), and 

Sample 1-9 a nitrided film formed by an ECR 

appara~us (hereinafter abbreviated as ECR-

SiN) /monocrystalline silicon. Further, according to 

all the combinations of the first substrate surf ace 

material and the second substrate surface material 

shown below,· samples 1-11 to 1-179 were prepared. As 

~he first substrate surface lll&terial, •Onoorystalline 

silicon {monocrystalline Si), polycrystalline silicon 

(polycrystalline Si), amorphous silicon (amorphous 

Si), tunosten {W}, molybdenum (Mo), tantalum (Ta), 
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tungsten silicide (WSi), titanium silicide (TiSi}, 

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

aluminum (Al-Ti), titanium nitri~e (Ti-N), copper 

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

palladium (Al-Pd), titanium {Ti}, molybdenum silicide 

(Mo-Si), tantalum silicide (Ta-Si) were employed. As 

the second substrate surface material, T-Si02 , Si02 , 

BSG, PSG, BPSG, P-SiN, T-SiN, LP-SiN, ECR-SiN were 

employed. For all of the samples as mentioned above, 

good Ai filas could ~e-formed. 

Example 24 

Example 24 according to the present invention 

forms an aluminum-silicon (Al-Si) film by use of the 

apparatus shown in Fig6 7 using DMAH and Si2H6 as 
. 

starting gas and hyarogen gas as reaction gas, and by 

-directly heating the substrate surface by the halogen 

lamp 30. 

As the substrate, a monocrys~all1ne silicon 

wafer covered witb an Si02 film having a plurality of 

openings of various sizes of 0.25 µm square to 100 µm 

square was prepared similarly as in Example 23. On 

~he substrate was carried out the tirst Al-Si fi.lm 

deposition step according to the CVD method as 

desc~ibed below, the second Al-Si film deposition step 

according to the sputtering method to form a metal 

film. .) 
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According to the same procedu~e as in Example 

23, DMAH, si2H6 and hydrogen were transported to the 
=· 
CVD reaction chamber 12 to effect Al-Si deposition. 

The conditions of the first Al-Si film forming 

step were a total pressure of 1.5 Torr, a DMAH partial 

pressure of 1.5 x 10-4 Torr, and a substrate surface 

temperature of 270 °c. 
Acco~ding to the first A1-Si deposition step 

as described above, Al-Si was deposited at a 

deposition speed of 3000 to 5000 A/min. within the 

openings of various pore diameters, whereby good 

selectivity could be obtained. Negt, by arranging the 

substra~e in the sputtering chamber 14, and Al-Si was 

deposited to as thickness o~ 5000 A on the whole 

surface including Si02 and the Al-Si selectively 

deposited. The deposition speed at this time was 

10000 1./min. 

Fur~her, according to the S&llle method, by use 

of the same Samples 1-11 to 1-179 as in Example 23 as 

the substrate, Al-Si films were formed. In all of the 

samples, good metal films could be ~ormed througb the 

first and ~he second deposition steps. 

In the above experiments, the substrate 

surface temperature was set at 210 °c, and metal Al 

films were formed by varying this condition fro~ 200 
0 c to SSW. 0 c by every 10 °c. 
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The characteristics of the Al-Si films 

according to the first Al-Si deposition step of all 
.-:: . 
the respective samples were found to be similar to 

those shown in ~able 1. 

Example 25 

Example 25 shows forming an Al-Cu film on the 

whoie substrate surface by sputtering as·the second 

deposition step after having performed the same first 

Al-Si depos~tion step as in Example 23. As the 

substrate, one with the. same constitution as used in 

"' Example 23 (Sample 1-1} was prepared. 

After Al-Si was deposited selectively within 

the openings according to the first Al-Si deposition 

step as described above, the substrate was arranged 

within the sputtering cbamber 1,. The film. forming 

conditions du~ing sputtering are as described below. 

As the target, Al-Cu (0.5 t) was used and the 

DC power in Ar atmosphere of 5 x 10-3 Tor~ was made l 

kW. 

According to the second deposition step in 

this Example, the Al-Cu tilm was deposited at a 

deposi~ion speed of 10000 i/min., which was a film 

excellent in migration resistance with its resistivity 

being 3.0 to 3.3 lJO·cm. 

Exnple 26 

Sxample 26 shows forming an Al-Si-Cu film on 
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the whole substrate surf ace accordin~ to sputtering as 

the second deposition step after having performed the 

same first Al-Si deposition step as in Example 23. As 

the substrate, one with the same constitution as used 

in Exa•ple 23 (Sample 1-1) was p~epared. 

After selective deposition of Al-Si within the 

openings according to the first Al-Si deposition step 

as described above, the substrate was arranaed in a 

sputtering chamber 14. The film forming conditions 

dl" ·ng sputtering are as follows. As the target, Al-
~ 

: ~,o.5 %)-Cu(0.5 ~) was employed, and the DC power was 

made 7 kW in Ar atmosphere. 

According to the second deposition step in 

th··'.' Example, the Al-Si-Cu film was deposited at a 

d-:-· . .)Si tioo. speed of 10000 .1/m.in. , which was a film 

excellent in migration resistance with its resistivity 

being 3.0 to 3.3 1-\Q·cm. 

Example 2'7 

Example 27 describes forming an Al-Ti film on. 

the whole substrate surface according ~o sputtering as 

the second deposition step after having performed the 

same first Al-Si deposition step as in Example 23. As 

the substrate, one with the same constitution as used 

in Example 23 (Semple 1-1) was ·prepared. 

After selective deposition of Al within the 

openings~according to the first Al-Si deposition step 
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as described above, the substrate was arranged in a 

sputtering chamber 14. 

The film forming conditions during sputtering 

are as follows. As the target, Al-Ti(0.5 %) was 

employed, sputtering effected in Ar atmosphere and the 

DC power was made 7 kW. 

According to the second deposi~ion step in 

this Exelnple, the Al-Ti film was deposited at a 

deposition speed of 10000 .1/min., which was a film 

excellent in migration-resistance with its resistivity 
... 

being 3.0 to 3.3 Jl{l•cm. 

~_![maple 2.! 

By use of the metal ~ilm continuous forming 

apparatus shown in Fig. 4, fila formation was carried 
. 

out in the same manner as in Example 23 on the above 

substrate under the temperature conditions of 200 °c 
to 650 °o by resistance heating. 

As the result, under the temperature 

conditions by resistance heating of 160 °c to 450 °c, 

a film containing no carbon of. good quality with a 

small resistivity of about 3 JlO•cm and high 

reflectance was obtained More preferably, at 260 °c 

to 440 °c, the deposition speed became higher as 100 

to 800 ~/min., and also the wiring life was long. 

Most preferably, the temperature was 2.'ZO 0 c t:o 350 °c, 
and wi~h•n this range, hillock density was extremely 
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small, end also generation probability of alloy spike 

was low • 
.=,; 

liaving aescribed above about Examples 23 to 

28, otnerwise it is a1so possible to deposit Al-Si in 

the first deposition step and to aeposit Al-Si-~i in 

the second step. 

In Examples 23 to 28 as described above, since 

a metal film is deposited non-selectively without 

exposing a substrate to outer air successively after 

selective deposition of aluminum-silicon on the 

substrate, a metal film with excellent film 

characteristics such as step coverage, 

electromigration, etc. can be formed at a high 

d.epositioa speed. 

Exa.e,le 29 

By use of 't.he CVD apparatus equ.ippd with a gas 

feeding system as shown in Fig. 9r the experiment as 

described in Example 1 was conducted. 

The pipeline length from tbe purifying 

cylinder to the CVD reaction chamber was 1.4 m. The 

amount of the gas leaked between these was found to be 

5 x 10-lO atm. cc/sec. The purity of hydrogen was 

99.99995 to 99.99999 vol. %. 

When the sample$ baving Al tilm formed thereon 

were observed, the results we~e basically the same as 

in Table SJ. previously shown, but as the result of the 
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experiment as described below1 it has been found that 

the jnterplanar distribution of film thickness has 

bec0111e uniform. 

By use of an Si wafer of 5 inches as such, 

samples were prepared in the sam.e procedure as in 

!xample 1 .. 

According to the Al-CVD method, Al was 

deposited· selectively within the openings, and the 

maximlllll value and the minimum value of the Al film 

thickness were measured and the value (m ma:g 
"' was divided by the average value m: 

lo& s 
M 

. 
As the result, tbe film thickness dis~ribution 

s was 2 'to 4 %. 

In view of the fact that the value of s is 5 

to 10 % when a hydrogen purifier is provided outside 

of a CVD apparatus at a distance apart of 10 m or 

longer from a CVD reaction chamber without use of the 

abo~e-described apparatus, this Example may be 

considered to be greater in the effect in 

semiconductor devices whe~e multiple units ere taken 

from a wafer. 
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WHAT IS CLAIMED IS 

l. A process for forming a metal film 

comprising the steps of: 

arranging a substrate in a space for formation of 

the film; 

introducing en alkylalwninum. hydride gas and 

hydrogen gas into said space; and 

heatinQ directly said s\lbstrate to form a me~el 

film comprising eluminwn as main component on the 

surface of said substrate. 

2. The process according to Claim 1, wherein 

said direct heating is carried out by use of a la;!mp. 

. . 
3. The process according ~o Claim 1, wherein 

the surface temperature of said substrate is held at 

260 °c to 440 °c by said direct heating. 

4. ~he p~ooess according to Claim lr wherein 

said llletal film is an ah1111inum single crystal. 

5. The process acco~ding to Claim 1, wherein 

said alkylalwninwn hydride is dimethylaluminum 

hyd:tiide. 

6. ~ A process for fo~ming a metal fil~ 

' lll\111 llll\l lllll "'" " Ill\ * c L M S * 

I 
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comprising the steps of: 

arranging a substrate in a space for formation of 

the film; 

introducing an alkylalwninum hydride gas, a gas 

containing a nodifying element and hyd~ogen gas into 

said space; and 

heating directly said substrate to for~ a metal 

film comprising aluminum as main component and said 

modifying element on the surface of said substrate. 

7. The process according to Claim 6, wherein 

said direct heating is carried out by use of a lamp. 

8. ~be process according to Claim 6, wherein 
. 

the surtace temperature of sa~d substrate is held at 

260 °c to 440 °c by said direct heating. 

9. The process according to Claim 6, wherein 

said alkylalwninum hydride is dimethylaluminum 

, hydride. 

10. The process according to Claim 6, wherein 

said modifying ele~ent is at least one selected from 

Si, Ti and Cu. 

11 ~ J. A process for forming a metal film 

111111111111111111111111111111 
* C L M S * 
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comprising the steps of: 

arranging a substrate ha~ing an exposed portion 
.:: .c 

with a semiconductor and/or a conductor exposed 

par~ially from an insulating layer formed on the 

surface in a first film forming chamber; 

introducing en alkylaluminum hydride gas and 

hydrogen gas 'into said first film forming chamber; 

maintaining beating of said substrate to 

selectively deposit a metal film comprising aluminum 

as main component on said exposed portion;and 
... 

moving to arrange said substrate under shielding 

of outer air into a second film forming cbamber 

provided adjacent to said first film forming chamber 

so as to be capable of being continuously shielded 
. 

from outer air end forming a aetal film on said 

substrate according to the gas phase method. 

12. The process according to Claim 11, wherein 

said h~ating is a direct heating by of a lamp. 

13. The process according to Claim 11, wherein 

the surface temperature of said substrate is held at 

260 °c to 440 °c by heating of said substrate. 

14. the process according to Claim ll, wherein 

said alkYJ.aluminu.m hydride is dimetbylaluminu.m. 

' 111\lll l\ll\I 111\l l\lll I\ \Ill 
* C L M S * 
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hydride. 

15. The process according to Claim 11, wherein 

said metal film comprising aluminum as main component 

is an aluminum single crystal. 

16. A process for forming a metal film 

comprising the s~eps of: 

arranging a substrate having an exposed portion 

with a semiconductor and/or a conductor exposed 

partially from an icsdlating layer formed on the 

surface in a first film forming chamber; 

introducing an alkylalum.inWll hydride gas, a gas 

containing a modifying element and hydrogen gas into 

said first film forming chamber; 

maintaining heating of said substrate to 

selecti~ely deposit a metal film comprising aluminu~ 

es main component on said exposed portion~and 

moving to arrange said substrate under shielding 

of outer air into a second film forming chamber 

provided adjacent tc said first film forming chlUlber 

so as to be capable of being continuously shielded 

from outer air and forming a metal film on said 

substrate according to the gas pbase method. 

17. ~The process aocording to Claim 16, wherein 

THIS SHEET HAS BEEN 
REPLACED 
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said heating is direct heating b~ a lamp. 

18. The process according to Claim 16, wherein 

the surface temperature of said substrate is held at 

260 °c to 440 °c by heating of said substrate. 

19. The process ac:cordi:ig to Claim 16, wherein 

said alkylaluminum hydride is dimethylaluminum 

hydride. 

... 
20. The proces5 according to Clai~ 16, wherein 

said modf ifying element is at least one selected from 

Si, Ti and Cu. 

21. A process for.forming a metal containing film 

which comprises contacting a gaseous aluminium compound 

with a substrate havini a temperature such that a film 

containing aluminium is formed on said substrate from said 

compound. 

22. A method for forming a metallic film with a hole 

in or through a substrate which comprises depositing the 

metal in thehole by decomposition of a gaseous material 

containing the metal induced by elevated temperature 

of the substrate. 

23. A method according to claim 22, wherein metallic 

film is separately formed which covers a whole surface 

of the substrate. 

\ \11\11\ \\\I\\ Ill" \\1\1 \\ \II\ 
* t L M S * 
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After Al-Si was dep~sited selectively within 

the openings according to the first Al-Si deposition 

step as described above, the substrate was arranged 

within the sputtering apparatus. The film forming 

5 conditions during sputtering are as described below. 

As the target, Al-Cu (0.5 ~) was used and the 

DC power in an Ar atmosphere of 5 x 10-3 Torr was made 

7 kW. 

According to the second deposition step in 

10 this Example, the Al-Cu film was deposited at a 

15 

20 

deposition speed of 10000 Alm.in., which was a film 

excellent in migration resistance with its resistivity 

being 3.0 to 3.3 µQ 0 cm. 

B:xample 13 

Example 13 shows forming an Al-Cu film on the 

whole surface according to the CVD method by use of 

TMA and copper bisacetylacetonate Cu(C5B7o2 ) 2 as the 

second deposition step afte~ having performed the same 

first Al-Si deposition step as in Example 10. 

As the substrate, one with the same 

constitution as used in Example 10 (Sample 1-1) was 

prepared~ 

.After selective deposition of Al within the 

openings according to the first Al-Si d~position step 

25 as described above, the substrate was arranged within 

a CVD apparatus. 
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