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1 PROCESS FOR FORMING DEPOSITED FILM BY 
. . 

USE OF ALKYL ALUMINUM lrYDRIDE AND PROCESS 
I 

FOR PREPARING SEMICOND~CTOR bEVICE 

5 BACKGROUND OF THE INVENTION 
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Field of the Invention 

Thie invention relates: to a process for 

forming a deposited film, p~rt~cularly a process for 

forming a deposited film compored mainly of Al which 

' can be preferably applied to e~ectrodes·or wiring of a 

semiconductor integrated circu~t device, etc. and to a 

process for preparing a semicohductor device. 

Related Background Art 

In the prior art, in eaec~ronic devices or 

integrated oi~ouits by use of ~emiconductors, for 
! 
I 

electrodes and wiring, alwninu~ (Al) or a metal 

containing aluminum as main co~ponent such as Al-Si 

and the like has been primarily used. Al has many 

advantages such that it is ine~pensive and high in 

electrooonductivity, that it c~n be also internally 

chemically protected because a: dense oxidized film can 

be formed on the surface, and ~hat it has good 

adhesion to Si, etc. 

As the method for formJng a film for 

electrodes and wiring of Al or.Al-Si as mentioned 

above, there bas been used in ~he prior art the 

y 
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I 

1 sputtering method such aa magnetron sputtering, etc. 
I 

' However, selective deP;oe~tion and selective 

growth can not be realized by :the sputtering method 

which has been used in the pribr art. ~he sputtering 

5 is the physical deposition met~od based on flying of 

sputtered particles in vacuum,· ttie film thickness at 

the stepped portion or the ins!ulating film side well 

becomes extremely thin, leadinj9 to wire breaking in an 
I 

extreme case. NonuniforMity d.f film thickness or wire 
I 

' 
10 breaking has the drawback that' reliability of LSI is 

15 

20 

25. 

markedly lowered. 

On the other hand, sinPe the integration 

degree of the integrated circuiit: such as LSI, etc. is 

inoreeeed, and fine formation of wiring or multi-layer 

wiring has been pe.,..tieularly r~quired in recent years, 

there is an increasing severe demand not found up to 

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

finer dimensional formation by: increased integration 

degree, tbe surface of LSI, etc. is subject to 
l 

excessive unevenness due to ox~dation, diffusion, thin 
; 

film deposit:io.n, end etching, ~tc. For example, 

electrodes or wiring metal mus~ be deposited on the 

surface with a stepped differe~ce, or deposited in a 
' 

via-bole which is fine in diam~ter and deep. In 4 

Mbit or 16 Mbit DRAM (dynamic kAM), etc., the aspect 

ratio (via-hole deptn/via-hole'.diluneter) of via-hole 
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I 
I 

in which a metal composed maiJly 
I . 

of Al such as Al-Si, 
I 

etc. is to be deposited is 1.0. or more, and the 
I 
I 

hole diameter itself also bec~mes 1 µm or less. 

Therefore, 

ratio, the 

I 
t 

even for a via-hol~ 
. I 

I 
technique which ca~ 

! 
I 

' 
etc. is required. : 

with large aspect 

dtlposit an Al-Si 

via-

As the improved sputte~ing method, there has 

been developed the bias sputte~ing method in which a 
i 

bias is applied on a substrate! and deposition is 

performed so as to embed Al or! an Al-Si compound only 

in the via-hole by utilizing tbe sputter etching 
! 

action and the deposition actibn on the substrate 

surface. However, since the bkas- voltage of some 100 

V or higher is applied on the ~uhBtrate, deleterious 
I 

influence on the device occurs: because of charged 
I 

! 

particle damaging such as chan~e in threshold of MOS-
. I 

FET, etc. Also, because of pr~sence of both etching 
I 

action and deposition aotion, ~here is the ~roblem 
! 
' i 
i 
I 
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1 that the deposition speed cannot be essentially 

improved. 

In order to solve the ~problems as described 
i 

above, various types of CVD <dhe~ical Vapor 

5 Deposition) methods have been ;proposed. In these 

methods, chemical reaction of '.the starting gas in some 

form.is utilized. In plasma dvn or optical CVD, 
I 

decomposition of the starting :ga~ occurs in gas phase, 

end the active species formed ~thsre further r~acts on 

to the substrate to give rise to film formation. In 

these CVD methods, surface coY;erage on unevenness on 

the substrate surface is good., riowever, carbon atoms 
i 

contained in tbe starting gas ~o~ecule ere 
·= 

incorporated into the film. ~leo, particularly in . i . . 
15 plasma CVD, the problem remained that there Kas damage 

i 

20 

25 

by charged particles (so call~d plasma damage) as in 

the case of the sputtering met~od. 
I 

The thermal CVD method, in Nhieb the film 
i 

grows through the surface readtion primarily on the 

substrate surface, is good in ~urfao• coverage on 

unevenness such as stepped po~tion of the surface, 

eto. Also, it can be expecte~ that deposition within 
! 

via-hole will readily occur. Further, wire breaking 

at the stepped portion can be ~voided. Furthermore, 

there are not caused damages by ~harged particles 

which have been observed in th~ oese of the plasma CVD 
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1 or the sputtering method. Th~ methods of such a kind 
I 

i 

include, for example, the met~od seen in Journal ot 

Electrochemieal Society, Vol •. 131, p. 2115 (1984). In 
! 

this method triisobutyl alumidum (i-C4H9 )3AJ (TIBA) is 

5 used as organic aluminum gas ~nd an Al film is formed 

at a film formation temperatu~e df 260 °c end a 

reaction tube pressure of 0.5 Torr. The substrate 
I 

temperature is then maintaine~ at about 4SO·c and SiH4 
is introduced to diffuse Si in= the Al film, thus 

10 obtaining an Al-Si film. 

15 

20 

When TISA is to be use~, a continuous film can 
' 

not be obtained unless pretrea~ment is effected in 
I 

which prior to film formation,: TiC14 ie flowed to 
I 

activate the substrate surface to form nuclei. 

Furthermore, in case where TIB,. i!s used, there is a 

problem that surface flatness ~s not sufficient even 
' 

when TiC14 is used. By this m~th.Od it is not possible 
i 

to effect selective growth such as Al-Si deposition 

only in via-holes. 

As another method, there can be mentioned the 

method described in Japanese J~urnal of Applied 

Physics, Vol. 2?, No. 11, p. L~13~ (1988). In this 

method, TIBA and Si2H6 diluted; with Ar ga$ are 

supplied, and the gases are he~ted before TIBA reaches 

25 the substrate. By this methodr an Al-Si film of a low 

resistivity can be epitaxJally'.grown on a Si (100) 
i 
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1 wafer. Although the film obtain~d by ~his method has 

good high quality, there are ~nvdlved the problems 

that control is difficult due :to.necessity of heating 

the gases and that apparatus ~r effecting this method 

5 is complicated. 

Japanese Laid-Open Patent Application No. 63-

3356.9 describes a method of fo~mi~ng a film by using no 

TiCl 4 , but using in place ther~of organic aluminum and 

heating it in the v1cin1ty of ~he substrate. 

10 According to this method, Al c~n ~e deposited 

15 

selectively only on the metal pr -semiconductor surface 

from wbich the natura.lly oxidi~e~ film has been 

removed. 

In this case, it is cl~a~ly stated that the 

step of removing the naturally: oiidized film on the 
! . 

substrate surface is necessary'. be!fore introduction of 

TISA. Also, it is described tbat·, since TIBA can be 

used alone, no carrier gas is ~eq\i1red to be used, but 
' 

Ar gas may be also used as the:oa~rier gas. However, 
I 

20 the reaction of TISA with anot~er gas (e.g. H2 ) is not 

25 

contemplated at all, and there: is no description of 

use of a2 as tbe carrier gas. Al$O, in addition to 

TIBA, trimethyl aluminUJQ (TMA) an~· triethyl aluminum 

{TEA) are mentioned, but there is no specific 

description of other organic m'ta~s. This is because, 
I 

since the chemical properties of ~rganic metals 
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1 generally vary gre~tly if the:orgenic substituent 

attached to the metel element ;ve.x-ies little, it is 

necessary to invest~gete indi~idually by detailed 

experimentation to determine ~hat organic metal should 

5 be used. 

In the CVD method as 4escribed above, not only 
I 

there is an inconvenience tha~ the naturally oxidized 

film must be removed, but alstj there is the drawback 

that no surface smoothness ca~ be obtained. Aleo, 
. ' 10 there is the restriction that :heating ot the gas is 

15 

20 

25 

necessary, and yet heating must be done in the 

vicinity of the substrate. B~sides, it must also be 

experimentally determined a~ whet poximity to the 

substrate heating must be don~, whereby there is also 

the problem that the place fo~ s•tting the heater 

cannot be necessarily freely ~o~en. 

In the pre-text of th• 2rld Symposium of 

Blectrochemical Society, Bran~ of Japan (July 7, 

1989), on page 75, there is a ~e~cription ot film 

formation of Al according to t~e double wall CVD 
' method. In this •ethoa, TlBA :is used and the device 

is designed so that the gas tei,np~rature of TBA can be 

made·bigher than the substrat9: temperature. This 

method may be also regerded as a modification of the 
I 

above-mentioned Japeneee Laid-open Patent Application 
I 

No. 63-33569. Also in this me~bod, Al can be 
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l selectively grown only ·on a m~tel or semiconductor, . 
but not only the difference b~tw•en the gas 

temperature and the substrate ·su~f ace temperature can 

be controlled with difficulty,· but also there is the 

5 drawback that ·the bomb and th~ p~peline must be 

heated. Moreover, according tb this method, there are 

10 

15 

20 

25 

. 
·involved such problems that no uniform contjnuous film 

can be formed, that flatness ~f the film is poor, 

eto., unless the film is made :thi:ck to some extent. 

As set forth above, thb prior a~t me~hods have 

the problems to be solved that
1 

it: is di ff icul t to 
. . 

obtain a flat Al-Si film of a low resistivity and good 

quality, that there is conside~ab.le limitation in 

apparatus and in film formatiop. 

As described above, pr~or art methods cannot 

necessarily effect well select~ve growth of Al~Si, and 

even if possible, there is a p~oble• with respect to 

flatness, resistance, purity, etc. of the Al film 

formed. Also, there has been ~nvolved the problem 
~ 

that the film formation method is complicated and can 

be controlled with diffioulty., 

rurtheraore, acoordingjto: the prior art as 

described above high throughput s~f f icient to get a 

final commercial success has nbt peen achieved. 
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1 SUMMARY OF THE INVENTION 

As described above, ih t~e technical field or 
! 

i 
semiconductors in which highet i~1tegration has been 

desired in recent years, for providing inexpensively 

s semiconductor devices which ate made highly integrated 

and higher in performances, t~ere have existed many 

10 

rooms to be improved. 

An object of the pres+nt: invention is to provide 

a deposited film formation me~hod which is, excellent 
. : ' 

in controllability, requires *ar~icularly no expensive 

and complicated deposited fil~ f~rmation device, is 

extremely wide in general purP,os~ applicability, and 

yet can form a metal film of ~uality, and a method for 

producing a semiconductor dev~ce~ 
i 

15 An obj.ect of the pres1nt: invention is to provide 

a deposited film formation me~ho4 capable of forming 

a metal film composed mainly tjf ~l of.good quality 
; 

according to the method excel~en~ in reproducibility. 
! . 

Another object of the jpr~sent invention is to 

20 provide a method for preparin~ a .semiconductor device. 
' 

which can provide a highly int!eg.rated semiconductor 
I device of high performance at 1low cost. 
i 

Another object of the pr~sent invention is to 
i 

provide a deposited film forma~itjn method capable of 
. : 

25 forming a metal film composed ~ainly of Al ot good quality 

at high deposition rate with e~cellent reproducibility 

at low cost. 
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10 

Stil1 another object o~ the present invention 

is to provide a method for pre~aring a semiconductor 

device, which can obtain a wir~ng of good quality at 
I 
I 

high through-put and is high i~ reliability. 

Still another object o~ t~e present invention 
. I 

is to provide a deposited film'.formation method which 

can obtain a metal film compos~d mainly of A1 of good 
I , . : 

quality at high deposition rat~ and with excellent 
! 

selectivity, as weli as a meth9d for preparing a 
; 

semiconductor device. 
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These objects are achlev~d in accordance with 
i ' 

the invention by providing a ~rocess for forming a 

deposited film comprising the!st~ps of: 

(a) providing a substtjat• having en electron 
. . 

5 donative surface in a space ftjr formation of the 

10 

deposited film; 

(b) introducing a gas of .an alkyl aluminua 

hydride and hyd~ogen gas into :said space for formation 

of deposited film~ and 

(C) maintaining the t~p~rature _Of said 
' . 

electron donative surface wit~in the range of from the 

decomposition temperature of s~i~ alkyl aluminum 

hydride to 460 °c to form an ajlu~inum. film on said 

electron donative surface wbil~ varying the deposition 
' 

15 speed of aluminum. 

20 

25 

These objects are also! a~ieved in accordance 

with the invention by providin~ a process for forming 

a deposited film ooapris1ng th~ ~teps of: 
' 

(a) providing a substr~t~ having an electron 

donative surface in a speee fo~ fbrma~ion of the 

deposited filrn; 

(b) introducing a gas ~f en alkyl alu.minu• 

hydride, a ges containing silibon; and hydrogen gas 

into said space for formation bf aeposited film; and 
. '. I . . 

(c) maintaining the te~pe~ature of said 

electron donative surface within the range of from the 
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. ' 
I ' 

l decomposition temperature of •ai~ alkyl aluminum 

5 
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' 

hydride to 450 °c to form an ~lu$inum-silieon f ilz on 
' I 

said electron donat-ive surfact! w•11e varying the 

deposition speed of aluminum. : 

In the present inven~ion, Al or Al-Si film is 
: : 

formed by feeding a gas of an a~kyl aluminum hydride, 

or a gas of an alkyl aluminu~ hrdride together with a 

gas containing silicon. In ~dd~tion, the deposition 

rate of A1 is shifted during !fi~m formation • 
l : I 
! i 

Accordingly, a dense Al or A~-S~ film can be formed 
: i 

on a substrate at high speed.! 

' . . ' ·- .. 
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These objects are alsd achieved in accordance 

with the invention by providing a process for forming 

a deposited film comprising the steps of: 

(a) providing a substr.at~ having an electron 

5 donative surface (A) and an electron non-doneti~e 

surface (B) in a space for fo~metion ot the deposited 

10 

film: 

(b) introducing a gas of an alkyl aluminum 

hydride and hydrogen gas into said space for formation 

of deposited film; and 

(c) maintaining the tepap~rature of said 

electron donative surface (A) wit.bin the range of from 

the decomposition ~emperature of ~aid alkyl aluminum 

hydride to 450 °c to form an alu~inum film selectively 

15 on said electron donative surface: (A) while varying 

tbe deposition speed of alumin~m.: 

20 

25 

I 

These objects are also a~ieved in accordance 

with the invention by providing • process for forming 
I • 

a deposited film comprising the steps of: 

(a) providing a substrate: having en electron 

donative surface (A) and an el~ctron non-donative 

surface (B) in a space for for•atfon of the deposited 

film; 
. I 

(b) introducing a gas of an alkyl aluminum 

hydride, a gas containing sili~on;and hydrogen gas 

into said space for formation of ~eposited film: and 



l 

1~ 

(o) maintaining the t~mp+rature of said 

electron donative surface (A) 'within the range of from 

the decomposition temperature;of:se.id alkyl aluminum 

hydride to 450 °c to form an 4luminum-silicon film 
: ; 

5 selectively on said electron do~tive surface (A) 

while varying the deposition ~pe'd of aluminum. 

10 

In the present invent~on, by feeding a gas of 

an alkyl aluminum hydride or a g~s of an alkyl aluminum 
I 
I : 

hydride together with a gas cpnt~ining silicon onto 
. l 

a substrate having an electron dpnative surface (A) 

and a non-electron donative sprf~ce (B}, Al or Al-Si 

film is formed only on the el~ct~on donative surf ace 

(A), shifting the deposition ~at~ of Al during film 

formation. According1y, e dehse: Al or Al-Si film can 

15 be formed at high speed only ~n ~he electron donative 

surface (A) on the substrate. 

! ~-
,/: ' . ' . 

25 

-""'--------------. ·-. ·-· -·----· .. ·----



c 

15 

1 BRIEP DESCRIPTION OF THE DRAwrkGSi 

5 

10 

15 

20 

25 

.~ 

Figs. lA - 10 are sobe~at~c sectional views 
! 

for illustration of. the deposifed: film forming process 

according to one embodiment ot;the present invention. 

Figs. 2 and 3 are sohe~at~c views for 

illustration of a suitable depQSited film forming 
! . 

device in practicing the depos~ted film forming 

process according to the proce$s Qf the present 

invention. 

Figs. 4A - 4E ere ache~atic sectiona1'v1ews 

for illustration of the deposi~sd'tilm forming process 
i 

according to one embodiment of :th~ present invention. 

Fig. 5 is a chart showing:the X-ray 
I . 

diffraction pattern on the Al ~epc)sited Si {111) 

substrate having Al deposited. ~ 
I . 

Figs. 6A and 6B are ch~rt~ showing the X-ray 

diffraction pattern. 

Fig. 7 is a chart show~ng!the X-ray 
! : 

diffraction pattern on the Al ~epqsited Si (100) 
' . 

substrate. 

Fig. 8 is a schematic ~ie~ for illustration of 
! • 

the scanning µ-RHEEO. 

Fig. 9 is a schematic v~e~ for illustration of 

~he principle of crystal gr~in pbs~rvation with the 
! 

seanning µ-RHEED image. 

Fig. 10 is a chart showan~ the X-ray 
! ; 
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1 diffraction pattern on the Al deposited Si (111) 

substrate. 

Figs. 11A - 11C are sehem~tic views of the 

scanning secondary electron im~ge: and the scanning µ-

5 RHEED image of the Al film sel~Ctively deposited on 

Si(111) substrate. 

10 

Fig. 12 is e chart sho~ing the X-ray 

diffraction pattern on the Al diepos.ited Si (100) 

substrate. 

' Figs. 13A - 130 are schematic views of the 
• I 

scanning secondery electron image and the scanning µ­

RHEED image of the Al film select~vely deposited on Si 

(100) substrate. 

Figs. 14A - 14E are soije.,.tic views showing 

15 one embodiment of formation of .a 'ource drain 

20 

25 

; 

electrode of gate insulation type transistor. 
. ' 

Figs. 15A - 150 are il~us~rations for 

explaining the reaction mechan~sm~ 

DETAILED DESCRIPTION OF THE PR~FERRED EMBODIMENTS 

Preferred embodiments accqrding to the present 
. . 
. ' 

invention are described in detail ·below, but the 

present invention is not limited tjy these embodiment.a, 

and it may have a constitution Hh~oh accomplishes the 

object of the present invention:. 
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! 

In the following, prior tp detailed 
I 

·description, fire~, the proces~ fbr forming a 

deposited film by use of an or,an~c metal is outlined. 
i ' 

The decomp~sition reaciioh of an organic 

5 metal, and hence the thin film.de~osition reaction 

will vary greatly depending on:t~ kind of the met$l 

atom; the kind of the alkyl bo~de4 to the metal atom, 

the means of causing the decom~os~tion reaction to 

occur, the atmospheric gas, et~. 

10 

15 

20 

25 

I ' 
For example, in the case of M-R3 .(M: the group 

llI metal, R: alkyl group), tr~me~hyl gallium: 
I . 

in ther•al decomposition under~eq radical cleavage 
i j 

wherein Ga-CH3 bond is Cleaved,'. w~ile triethyl 
! i 

gallium: 
I • 

i 
i 

in thermal decomposition is deobm~sed through ~­

elimination into: 

· ond c2H4 . On the other hand, tk1ekhyl aluminum 

ot tached with the same ethyl grbup;: 
. I ' 

' 
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l in thermal deoomposi tion unde~go~s radical 

decomposition in which Al-C2H5 i~ cleaved. However, 

tri-iso-butyl aluminum having 'iC~Hg bonded therein: 

5 

10 

.....-iC14H~ 
All : 

--iC!.He; 

is subject to P-elimination. 

Tr1JAethyl aluminum (TM'.A) :comprising ca3 groups 

and Al has a dimer structure a;t ~oom temperature: 

and thermal decomposition is rad~cal deeomposi~ion in 

which Al-CH3 group is cleaved, and at a temperature of 

150 °c or lower, it reacts with ~tmospherio H2 to form 

15 CH4 , and forms finally Al. 

20 

However, at a high temper~ture of 300 °c or 
' 

higher, even if H2 may be pres~nt: in the atmosphere, 

CH3 group will withdraw H from. th~ TMA molecule, until 

finally Al-C oompo~nd is forme~. : 

Also, in the case of T~A, in light or a 

certain region controlled in e~ec~rlc power in H2 
atmosphere high frequency (ca. 13', 56 MHz) plasma, c2H6 
will be formed by the bridging:CHa between two Al's. 

' In essence, since even:an:organic metal 

25 comprising CH3 group which the ei~plest alkyl group, 

! 
I 

! 
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1 c2H5 group or iC4H9 group and ~Al ·or Ga has a reaction 

mode depending on the kind of ·th~ alkyl group, the 

kind of the metal atom, the e~ci~at.ion decomposition 

means, for deposition of e me~al .atom from an organic 

5 metal on a desired substrate, .th~ decomposition 
I 

reaction must be strictly cont~otled. For example, 
i ; 

when Al is to be deposited fro~ t:riisobutyl aluminum: 

(T 18 A : 
i c ... ff.-._ 

A ~ - i C cllf 9) 
_i C.c H .......... ; ; 

10 in the low pressure CVD method; comprising mainly 

thermal reaction, unevenness o~ ~m order is formed on 

the surfaoe, whereby the surfape ~orphology is 

inferior. Also, hillock gener~ti9n by heat treatment, 

Si surface roughening through Si ~if fusion at the 

15 interface between Al and Si ocru~, and also migration 

resistance is infe~ior, whereby i~ can be utilized for 

ultra-LSI process ~ith difficu~t~. 

20 

' 
For this reason, a met~o~ for controlling 

precisely both the gas tempera~ure and the substrate 
~ 

temperature has been atte•pted~ ~owever, the device 

is complicated, and the method. is. of the sheet 

treatment type in which deposi~io~ can be effected 
: I 

only on one wafer by one depos~ti~n process. Besides, 

since the deposition speed_ is ~oo' .1/min. at the 

25 highest, the throughput necess~ry for bulk production 

cannot be realized. 
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Similarly, when TMA i$ e•ployed, Al deposition 
I 

hes been attempted by use of ~lasma or light, the 

device also becomes complioat~d due to use of plasma 

or light, and also because of the sheet type device, 

5 there remains room for improv~me~t for sufficient 

improvement of throughput. 

Dimethyl aluminum hyd~ia• (DMAH) ·as the alkyl 

aluminum hydride to be utiliz~d Jn the present 
: i 

invention is a substance know1 a~ alkyl metal, but it 

' 
10 could not. be estimated at all .whet Al thin film could 

be deposited depending on wha~ r.!aetion mode, unless 

deposited films are formed un4er.all the conditions. 

For example, in an example of :de~osition Al by optical 

CVD from DMAH, the surface mo~pbqlogy is inferior, and 
. 

15 the resistivity value was gre~ter then the bulk value 

20 

25 

(2.7 µohm•om) as several µohm ;to!lO µohm.cm, thus 

being inferior in film qualit~. 
I 

Now, referring to the ~r~wings, preferred 
' . 

embodiments of the present in~ention are described in 

more detail. 

In the present inventilon,; for depositing an Al­

Si film of good quality as tb~ e~ectroconductive 

deposition film on a substratei, t;he CVD method is 

used. 
: I 

More specifically, by us~ of dimethyl aluminum 

hydride (DMAH): 
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i ! 

Chemical formula: C~s-!__ 
j ;~A.fl. -H 

C II :s-r'" 
I : 

or monomethyl aluminum hydrid4 (~MAH2 ): 
i 
! 
i 

C~s~ _.:.....ff 
~ .+-A .e 
i . 

Chemical formula: 

as"alkyl aluminum hydride whidh :(s an organic metal as 
I 

I 
the starting gas containing a~ l~ast one atom which 

I , 

becomes the constituent of th~ d~posited film, 
I . ' 

optionally a gas containing s~ a~oms as.the starting 

gas and H2 as the reaction 

formed by gas phase growth 

on a substl"ate. 

ga,, an Al-Si film is 

wit!h a gas mixture of these 

1 
I 

As the substrate eppli~able in the present 
I ! 

invention, a material having ~ledtron donative 

property may be employed. 
• ! 

The electron donative tnatierial is described in 
; . 

detail below. 

The electron donative ~at~rial refers to one 
I . 

I 
having free electrons existing: or free electrons . . 
intentionally formed in the subst~ate, tor example, a 

I : 

material having a surface on whic~ the chemical 
I . ; 

reaction is promoted through g~ve~and-take of 
' I 

electrons with the starting ga~ ~plecules attached on 
I ' 

the substrate surface. 
i • 

For ex;mp~e, generally metals 

and semiconductors such as P ttpej, N type and 
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intrinsic semiconductor etc. crr~espond to such 

material. Those having very t~in oxidized film on the 
I ! 

metal or semiconductor surface; ar~ also included. 
I : 

For, with such thin film, the che)nical reaction can 

occur between the substrate an~ t~e attached starting 

molecules. 

Specifically, there may b~ included 
: I 

semiconductors such as monocrystalline silicon, 
I . 

polycrystalline silicon, amorp~ou~ silicon, etc., 
: 

10 binary system or ternary syste~ o~ quaternary system 

III-V compound semiconductors ~om~rising combinations 

ot Ga, In, Al as the group III'.el~ment and P, As, N as 
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the group V element, or II-IV bom~ound 
I ' 

semiconducters, 
i : 

or metals the•selves such as tfng~ten, molybdenum, 

' tantalum, aluminum, titanium, topper, etc., or 
i i 
i ! 

silicides of the above metals +uo~ as tungsten 
' 

silicide, molybdenum s1licide,:ta~talum silicide, 

aluminum silicide, titanium silicide, etc., tur~her 
I I 

metals containing either one of t~e consti~uent ot the 
I 
I 

above metals such as aluminum $11icon, aluminum 

titanium, aluminum copper, alu,in~m tantalum, aluminum 
l . 

silicon copper, aluminum silicqn titanium, aluminum 

palladium, titanium nitride, e~o •. 
' I 

On the substrate with ~ucll constitution, Al is 
I 

' i I 
deposited only through simple 1lhell'mal reaction in the 

i i 
I l 

reaction system of the startind g~s and H2• For 
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1 example, the thermal reaction ~n ~he reaction system 
i 

5 

10 

between DMAH and H2 may be bas~cally considered as 

follows~ 

. 
DMAH assumes a dimer structure; et: room temperature .. 

Also, with MMAH2 , a high quali~y Al film could be 

formed by thermal reaction as ~hawn below in Examples. 
l 

Since MMAH2 bas low va.Por pressure as 0.01 to 

O. 1 Torr at room temperature, ia l:arge amount of the 

starting material can be trans~orted with difficulty, 

and the upper limit value of t~e ;deposition speed is 

several hundred A/min. in the pr~sent embodiment, and 

15 preferably, it is most desiratile to use DMAH of which 

20 

vapor pressure is 1 Torr at rd,om tempera~ura. 

In another embodiment :of ;the present 

invention, the CVD method is ~sed for selective 

deposition of a good metal f i~m S.s the 

electroconductive deposition ~ilm on the substrate. 

More specifically, as :de.eribed above, by use 

of dimethyl aluminum hydride (DM4H> or monomethyl 

aluminum hydride {MMAH2), opt~on~lly a gas containing 

Si atoms as the starting gas ~nd.H2 as the reaction 

25 gas, a metal film is selectiv9,ly formed on the 

substrate by gas phase growth.with a gas mixture of 
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1 these. 
I 

The substrate applica~le in the present 
I j 

invention has a f irat eubstrat~ $Urface material for 
. . 

formation of the surface on w~ietj a metal is 

s deposited, and a second subet~ate surface material on 

whioh no metal is deposited. ~And, as the first 
• I ' 

substrate surface material, a material having the 

electron donative surface is ~sed. 
I 

In contrast, as the m~teuial for forming the 

io surface on which pure Al or Al-Si is not deposited 
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. 
selectively, namely the mater~el for forming the 

electron non-donative surfaoe,
1 

conventional insulating 
i 

materials, oxidized silioon fQrm~d by thermal 
' 

oxidation, CVD, etc., glass ot oxidized film suob as 
! 

BSG, PSG, BPSG, etc., thermally nitrided fila, silicon 
: 

nitrided film by plasma CVD, ~ow pressure CVD, ECR-CVD 

method, etc. 

Figs. 1A - 1D show ho~ t~e pure Al or Al-Si 

film according to the present "invention is grown. 
I 

Fig. lA is an illustr~ti~n ehoNing 

schematically the cross-secti~n of the substrate 

before formation of the pure 41 deposited film 

according to the present inve*~19n. 90 is the 
I 

substrate comprising an elect~on donative material. 

When DMAH, optionally·~ogether with si 2H6 as 
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1 starting gas and a gas mixture· containing H2 as 

reaction gas are fed onto the ~ub'strate 1 heated under 

the first: deposition condition;, pui:re Al or Al-Si is 

precipitated on the substrate 9o to form the 

5 continuous film of pure Al or Al~si as shown Fig. 18. 

Further depositi~n of Al-Si is continued under 
! 

the second deposition conditi~ to obtain Al-Si film 

as shown in Fig. lD via the st~te of Fig. 1C. 
I 

As the result of analy~i• according to Auger's 

IO electron spectroscopy or phot~eleotric spectroscopy, 

no entrainment of an impurity ~udh as carbon or oxygen 

is recognized in this film. 

15 

20 

25 

The deposited film th~s f,ormed has a 

resistivity of, fo~ example, W.ith a film thickness of 

400 ~, 2.7 - 3.0 ~ohm•cm at. r~oa.temperature which is 

substantially equal to the bu~k ~esistivity of Al, and 
. 

becomes continuous and flat f~lm. Also, even with a 
' 

film thickness of l µm, its r~ei•tance at room 
I 

temperature is approximately 2.7 - 3.0 µohm•cm and a 

sufficiently dense film is fo~med with a relatively 
I 
i 

thicker film. The ref leotancd in the visible 

wavelength region is approxim~tely 80 %, and e thin 
I ' 

film with excellent surface f~at~ess can be deposited. 
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As descr~bed in detai~ above, in the present 

invention, in addition to the .finding of depositing 

pure Al on an elect~on_donati~e surface (A) by main­

taining the electron donative :surface at a temperature 

between of the decomposition ti.emperature of an a1kyl 

aluminum hydride and 450 •c in a :gas mixture atmosphere 
I . 

of~a gas of an a1kyl aluminum ~ydride, particularly 

an alkyl aluminum hydride cont~ining methyl group and 

the hydrogen gas, or depositinjg ~1-Si by use of the 
i . ' 

above-mentioned gas mixture at~o~phere in which a gas . 
containing Si is further added~, for effecting higher 

through-put in formation of pu~e Al or Al-Si film, 

during the deposited film formt;ttion, shift from the 

low deposition rate ,to the big~ d!eposition rate is 

effected. By doing so, higher.through-put can be 

accomplished without lowering ~il~ quality. 
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1 Fig. 2 is a schematic ~i~w showing a 
. . 

preferable deposition film forming device tor applyinQ 

the present invention. 

Here, l is a substrate fdr forming an Al-Si 

5 film. The substrate 1 is moutjte~ on a substrate 

holde~ 3 provided internally ~f ~he reaction tu.be 2 

for forming a space for forma~ion of a deposited fil• 

which is substantially closed to Fig._ 2. As the 

materiel constituting the reedtion tube 2, quartz is 

10 preferable, but it ~ay be also m~de of a metal. In 

this ease, it is preferable to cQol the reaction tube. 

15 

20 

' 
The substrate holder 3 is mad$. ot. a metal, and is 

. 
provided with a heater 4 so that the substrate aounted 

thereon can be heated. And, ~he constitution is made 

so that the substrate tempera~ure can be controlled by 
; 

controlling the heat generatidn temperature of the 

heater 4. 

The feeding system of :gaaes is constituted as 

described below. 

5 is a gas mixer, in ~hi~h the first starting 

gas, the second starting gas dnd.the reaction gas are 

mixed, and the mixture is fed into the reaciton tube 

2. 6 is a starting gas gasif~er provided f~r 

gasification of an organic me~al.as the first starting 

25 gas. 

The organic metal to be ~sed in the p~esent 
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1 invention is liquid at roOM te~perature, and is formed 

5 

into saturated vapor by passinp a carrier gas through 

the liquid of the organic meta~ w·i thin the gasifier 6, 

which is in turn introduced in~o the mi~er 5. 
! 
I 

The evacuation is cons~it~ted as described 

below. 

7 is a gate valve, whibh :is opened when 

performing evacuation of a larbe volume such as during 

evacuation internally of the rpa~tion tube 2 before 
\ 

10 formation of the deposited f 11.. 8 is a slow leak 
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' 
valve, which is used when perfpr~ing evacuation of a 

I 

small volume suc:h as in contro~liing 'the pressure 

internally of the ~eaction tub~ 2 during formation ot 
: 

the deposited film. 9 is an e~e~uation unit, which ie 

constituted of a pump for evac~ation such as turbo 

molecular pump, etc. 

The conveying system olf ~be substrate 1 is 
I 

constituted as described below). 
. ' 

10 is a substrate conJ~y~ng chamber which can 

house the substrate before and' a~ter formation of the 

deposited film, which is evac~t·d by opening the 

valve 11. 12 is an evacuatio~ u~it for evacuating the 
I 

conveying chamber, which is constituted of a pump for 
I . 

i . 
evacuation such as turbo ~ole~l~r pump, etc. 

The valve 13 is opened orlly when the substrate 

l is transferred between the iieaction chamber and the 
I 

I 
I 
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l conveying space. 

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

gasifier 6 which is.the gas torma~ion chamber for 
I 

forming the starting gas, the ~iq4id DMAH maintained 

5 at room temperature is bubbled: wi~h H2 or Ar (or othe.r 

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

which is transported to the mi~er S. The H2 gas as 

the reaction gas is transporte~ through another route 

into the 1nixer 5. The gases ate bontrolled in tlow 

10 
' 

rates so that the respective p~rt~al pressures may 
I 

become desired values. 
I 

In the case of forming;& film by this ~evice, 
I 

the first starting gas may be ~f ~ourse MMAH2 , but 

DMAH with a vapor pressure enoµgb. to become 1 Torr at 
I 

lS room temperature is the most Pref~rred. Also, DMAH 

20 

25 

and MMAH2 may be used in a mix~ur~. 

As the second starting~ga~ containing Si, 
! 

there can be used Si 2H6 , SiH4 ,: Si~H8 , Si(CH3) 4 , S1Cl4 , 

SiH2c12 and SiH3c1. Of these pompounds, ·si2H
6 

which 

can be easily decomposed at th~ l~w temperature of 200 

- 3oo•c. The gases such as Si2Hs: are diluted Nith H2 
i 

or Ar artd transported to the m~x~ 5 tb~ougb e system 
i 

other than the DMAH systea. 

The deposited film for~e& at a substrate 

temperature of 160 °c to 450 °b b:y use of such 

starting gas and reaction gas, wlth a thickness of for 
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1 example 400 1, has a resiativi~y ~t room temperature 

I ' of 2.7 - 3.0 µohm·cm which is ~u~tantially equal to 

Al bulk resistivity, and is a ponitinuous and flat 

film. At this time, the pressbrei during film 
I 

5 formation ean be chosen within; t~~ range from 10-3 Torr 
' ' to 760 Torr. Also, even when ~he; film thicknesfS 

• I may .be 1 µm, its resistivity i~ ce,. 2.7 - 3.0 µohm.cm, 
. ' 

and a sufficiently dense.film ba& be formed also with 

a relatively thicker film. Al~o, the reflectance in 

' IO the visible light wavelength r~g~~n is approximately 

15 
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25 

. . 
80 %, whereby a thin film exce~l~nt in surface 

flatness can be deposited. 

The subetrate temperatbr~ is desirably the 
i : 

decomposition temperature of t~e jstarting gas 
• I 

containing Al or higher, and 4BO 0 c or lower as . 
I • 

described above, but epecific~lly the substrate 
I • 

temperature of 200 to 450 °o i~ ~ore desirable, and . . 

when deposition is carried out'. udder this condition, . ' 

by making the DMAH partial pr~s~re 10-4 to 10-3 Torr, 
! 

the deposition speed becomes ~erY, great as 100 1/min. 
i I 

to 800 1/min., whereby suffici~n~ great deposition 

speed corresponding to the co~t ~s the Al-Si . . 
: . 

deposition technique for ultr~L~I can be obtained. 

A more preferable ~ub~tr~te· temperature 

condition is 210 °c to 350 °c,: and the Al-Si film 

deposited under this condition is also strongly 
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orientatable and, even when subj~cted to the heat 

treatment at 450 °c for 1 houri, the Al-Si film on the 

Si monocrystalline or Si polyc~ystalline substrate 
I . 

becomes a good Al-Si film withput~ generation of 

5 hillock, spike as seen in the ~il~ forming method of 

10 

15 

20 
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' 
the prior art. Also, such Al-Si film is excellent in 

' 
• I 

electro-migration resist$nce .. 
i I 

In the device shown i~ F~g. 2, Al-Si can be 

deposited on only one sheet of1 s~bstrate in deposition 
; ' 

for one time. Although a dep~i~ion speed of ca. 800 

1/min. ean be obtained, it is etill insufficient for 

performing deposition of a large 'number of sheets 
! ~ 

within a short time. 
' I . 

As the deposition fil~ fd,raing device for 
i : 

improving this point, there ia ttie low pressure CVD 
' : 
i 

device which oen deposit Al-S~ by simultaneous 
i I 

mounting of a· large number of ~h~ets of we.fer. Since 

the Al-Si film formation aeeo~piqg to the present 

invention utilizes the surfec~ r~action on the 

electron donative substrate surface, 
I • 

in the hot wall 
: ' 

type low pl"essure CVD method ~he~ein only the 

substrate is heated, Al-Si corrtpo~nd containing 0.5 -
2.0 % of Si can be deposited <>;n ~he substrate by use Of 

DMAH and H2 and the Si startin!g 9,aS such as Si2H6• etc. 

The reaction tube pre~sut:e may be 0.05 to 760 

j· 
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I Torr, desirably 0.1 to 0.8 Tor~, the substrate 

temperature 160 °c to 450 °c, ~es~rably 200 °c to 400 

0 c, the DMAH partial pressure • x' 10-6-told to 1.3 x 

10-3-fold of the press\lre in the reaction tube, the 

5 Si 2H6 partial pressure 1 x 10-~-f~ld to 1 x 10-4-fold 

of the pressure in the reaotioh tube, and under such : . 

10 

conditions, Al-Si can be well ~ep~sited on the 

electron donative substrate. 

Fig. 3 is a schematio ~ll~stration showing a 

deposited film forming device ~o which such ~resent 

invention is applicable. 

57 is a substrate for ~o~~ation of Al-Si film. 
; I 

50 is an outside reaction tub- mede of quartz for 
! i 

f or•ing a space for formetion ~f ~eposited film 

l5 substantially closed to the su~ro~nding, 51 an 
' . 

inneraide reaction tube made o~ quartz looeted for 

separating the flow of gas witbi~ the outside reaction 
I • 

: ; 

tube 50, 54 a flange made of a; m~tal for opening and 

closing of the ope~ing of the but~ide reaction tube 
! 

20 
50,· and the substrate 57 is lo~at~d within ~he 

: ! 
substrate holding member 56 prbvided internally of the 

I ; 

innerside reaction tube 51. T~e _substrate holding 
i : 

member 56 should be preferablyi m~de of quartz. . . 

Also, in the present d~vi~e, the substrate 

25 temperature can be controlled by :the heater portion 
i 

59. The p~essure internally o~ the reaction tube 50 
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i . 

1 is constituted so as to be cotjtr~llable by the 

5 

10 

. : 
i : 

evacuation system ·connected t~ro~gh the gas evacuation 

outlet 53. 
i 

The gas feeding syste• i~ constituted to have 
I 

a first gas system, a second ~as ·ayst~m, a third gas 

syste• and a mi~er (none are ~ho,n in Fig. 3) 
I ' 

siailarly as the device shown '.by the symbols 5 and 6 
I 
I 

in Fig. 2, and the starting g~se~ and the reaction gas 

are introduced into the react~on;tube SO through the 

starting gas inlet 52. 
I : I 

These :ge~es react on the 

surface of the substrate 67 d4ri~g passage internally 

of the innerside reaction tube 51 as shown by the 
! : 

arrowhead 58 in Fig. 3 to depds1~ Al-Si on the 

substrate aurface. The gases '.atter the reaction pass 

15 through the gap formed between the innerside reaction 

tube 51 and the outside react~on'.tube 50, and 

evacuated through the gas evadue~ion outle~ 53. 

25 

' . 
In taking out and in ~he~substrate, the flange 

: i 
54 made of a metal is permitt~d ~o fall by an elevator 

(not shown) together with the~s~strate holding member 

56 and the substrate 57 to be'.mo~ed to a predetermined 

position where the substrate ~s ~ounted and detached. 
. -

By forming a depositeJ f~lm under the 
I 

conditions as described above:bv'.use of such device, 
; 

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

wafers within the device. 
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When depositing Al-Si ~y:use of the device sho~n 

in Fig. 2, as an example, unde~ Jhe conditions of: 
I ! 
i 

Torr pressure: 1.5 ~orn 
' I ! . 

DMAH partial pressure:i JJ.5 x 10-4 Torr 
' i 

Si containing gas par~ia~ pressure: 2.0 x 10-6 Torr 
~ i 

Substrate temperature:! Jl60 °C - 450 •c, 
I 

' 

an.A1-Si fi1m can be Oeposited! od the electron donative 

material surface. Even with a! f~lm thickness of 400 A, 
: ! 
I 

the film is continuous and its! r~sistivity is 2.7 - 3.0 
' 
j I ' 

~n·cm which substantially eq~~l to the.bulk value of Al. 
: . 

When the substrate temperature: i9: 270 •c - 350 •c, t.he 
. ' 

deposition rate is 100 - 800 ~/m~n., and for high speed 

i i 
deposition, the deposition rat~ ~s required to be made 

, I ~ 

I ' 

larger. In the case of depos~~i~g pure A1, silicon 

containing gas is omitted. 

For realizing big~ sp~ed!deposition, it may be 

conceivable to make the subst~at~ temperature higher and 

DMAH partial pressure higher. : F~r example, by making 
! . 
I • 

the substrate temperature 330 .•c,, and the DMAH partial 
i ; 

pressure 10-2 to 10-J Torr, a ~e~osition rate of 0.2 to 
! ! 

0.5 ~m/min. can be realized. ~o~ever, if the deposition 
I i . 

rate is too large, the probab~li~y becomes higher that · 
: 

a surface inferior in surface '.£1dtness will be obtained. 
l I 
. I 

For example, the probability d,ec4mes higher that a pure 
I I 

Al or Al-Si film with a refletjta11ce of about 10 to 30 t 
I I 

will be obtained. The reason !wh~ a film inferior in 
' I 

surf ace flatness is thus obta~ned may be considered 
i 
! 
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I 
i : 

1 to be due to ·the fact that sur~ac;e migration of metal 

atoms or molecules are great at a' high temperature, 
I . . 
I 

whereby deposition proceeds on~y pt specific nuclei to 

deteriorate surface f1atness when: becoming a f i1m 
' I 
: . 

5 thickness. Thus, the greatest'.rersons is that, at the 
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. 
initial stage of deposition, a:fiam with inferior 

. . 
surface flatness is formed, which: exerts deleterious 

influences even afterwards. 

In the present inventi~n,· as the means for shifting 
' I 

from low deposition rate to hi$h ~eposition rate during 

deposited film formation, for ~x~ple, the method of 
: ! 

varying the substrate temperat4re:and the starting gas 

partial pressure is used to prdvi~e a method of obtaining 
i ; 

pure Al or Al-Si deposited fi1~ of high quality and 
. ' 

excellent in flatness at subst4nt~ally high deposition 

rate. 

By doing so, a deposited 
I 
I 

tilm which has 
l 

substantially high deposiiton ~at~ 
i i 

and is also f.lat 

with high quality can be obtaitjedj 

In the deposited film iorrliation by the surface 
I 

chemical reaction according to :th~ prese~t invention, 
: ; 
; I 

it appears that even a thin fi]Jn ~ecomes a continuous 
I j 

and high quality film under th~ c~ndition of lower 
I I 

deposition rate under lower sub~t~ate temperature 

and lower starting gas partial ~r~ssure, provided 
: : 

that there is no contamination ~r~ the reaction tube. 

According to the knowle~g~s by the present 
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1 inventors, a deposited film of _pure Al or Al-Si of good 

quality can be formed under go4>d ~electivity at a sub­

strate temperature of 160 to 4SO De, more preferably 

210 to 350 •c. 

5 Accordingly, in the fitst:deposition step in the 

10 
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' I 
present invention, namely the 4ep(>sited film formation 

I ! 

step at low deposition ra~e, u*def a total pressure of 

10-J Torr to 760 Torr, preferall>ly. S x.10· 2 Torr to 5 Torr, 
: . 

the substrate temperature is s*1t~biy chosen from 270 to 

350 °c, preferably 270 to 

pressure from 1.3 x 10-S 

1.3 x 10-5 to l.3 x io-4 

. . . ' 

JOO ~c.:and the DMAH partial 
; ; 3 

to 1.~ x· 10· -fold, preferably 

-fold of: the total pressure. 

In the second deposition step in the present inYention, 

namely the deposited film forzn;tibn step at high deposi­

tion rate, under a total press+re'.of io·3 Torr to 760 Torr, 

preferably S x 10-2 to 5 Torr, "th~ substrate temperature 

is made 270 to 350 •c, prefera~ly! 300 to 350 •c, and 
I 

the DMAH partial pressure 1.3 * lb-5 to 1.3 x 10-3-fold 
! 

of total pressure. 
• I 

For elevating the substra~e temperature4 instead 
I : 

of using only a heater, the su~Stfate temperature may b~ 

quickly eleveted by irradiatio~ of w lamp or Xe lamp on . 
the wafer surface. Heating by: a ?.amp is effective for 

quick elevation of the substra~e temperature. . ! 

Specifically, the DMAH=paktial pressure is 
. I 

suitably selected from the con~it~on of 1.3 x 10-4 

to 1.3 x 10-3-foid of the totaf ptessure, so that a 
I 

i 
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1 deposited film may be formed at a higher deposition rate 

than in the deposition rate in'. the first step as mentioned 

above. 
i : 

For example, under the; same total pressure, with 
i 

the substrate temperature being made constant, the 
! 

5 partial pressure of DMAH may b~ increased, or with 

10 

15 

20 

25 

l 
the DMAH partial pressure bein~ ~onstant, the substrate 

temperature may be elevated. bf ~ourse under the same 

total pressure, both of the subst~ate temperature and 
i • 

the partial pressure may be eleva'ted. 
I . 
i l 

For example. it is pre~e~able to deposit a 

continuous film of 100 to 200 ~ Jithin the range of 

a substrate temperature from 2~0 :to 300 •c in the 

first deposition st~p under th~·a~ove-mentioned.pressure 

conditions, and then form the ti.tin at an increased 
I 

deposition rate of, for exampl~. ~-1 to 1 ~rn/min.by 

increasing the substrate tempekatpre to 300 to 350 •c. 
I 

The deposited film thus formed~be;!comes a film of good 
! i 

quality with surface migration; b~ng inhibited. . . . 

By varying the deposit~od conditions as . . 

. : i 
described above, a c~ntinuous, fl~t and high quality 

film of 100 to 200 A is formed'.w~thin a deposition time 

of 1 to 5 minutes under the first deposition conditions, 
: ~ 

while under the second deposit~oai conditions, since a 
. . 

; 

continuous and flat pure Al (o~ Al-Si) has been already 
I 

formed, a flat. and h.i.gh quality t~in film can be formed 

even if pure Al (or Al-Si) may'. be: deposited at a high 
: i 

deposition rate of 0.1 to 1 µmVmi~. 
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A pure Al film or Al-S~ film of lum thickness 

can be sufficiently formed by ~eposition for l to 5 
I 

minutes under the first conditions. and with the 
! 

deposition time for 1 to 3 minµtes under the second 

conditions. 

In the device shown in'. Fig. 2, pure A1 or Al-Si 

can be deposited oniy on one s~eet of substrate in 

deposition at one time. 

The method according tp the present invention 

10 is also applicable to the reduped-pressure CVD device 
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I 
i 

for a number of sheets as showp in Fig. 3. Since 

deposition according to the present invention employs 

the surf ace reaction at the heated electron donative 

substrate surface, according t~ the hot wal1 type 

reduced-pressure CVD method in; which only the substrate 
I 

is heated, an Al-Si containing_ 0.5 to 2.0 % of Si can 

be deposited at high speed by ~ddition of DMAH and a 2 , 

and an Si starting gas such as~ si2H6, etc., if necessary. 

When a reduced pressu~ CVD device is used, the 
I 

reaction tube pressure may be O~OS to 760 Torr, desirably 
I 

0.1 to 0.8 Torr. As the first deposition conditions, 

the substrate temperature may ~e 270 to 350 °C, desirably 

270 to JOO 0 c, and the DMAH p~rtial pressure may be 

1.3 x 10-5 to 1.3 x 10-3-fold.; desirably 1.3 x l0-5 

to 1.3 x 10-4 of the reaction tube pressure. As the 

second deposition conditions, the substrate temperature 

is made _270 to 350 °C, preferably 300 to 350 •c, and 
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the DMAH partial pressure 1.3 ~ 10-S to 1.3 x 10-3 , 
I 

preferably 1.3 x 10-4 to 1.3 xl 10- 3-fold of the partial 

i 
pressure reaction tube. The sr2a6 partial pressure, 

in both the first and the secohd deposition conditions, 
I 

: -7 -4 5 may be within the range of 1 x1 10 to 1 x 10 . -fold of 

the ~eaction tube pressure, wh~reby Al-Si is deposited 
! 
; 

at high speed on the electron k!onative surface. 
I . 

Sy forming a doposite4 film under the 

conditions as described above~by use of such device, 
\ 

10 Al-Si films of good quality cln be formed in all the 
! 

wafers within the device. 
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According to the prese~t invention, in the 

initial stage of deposition, a'. continuous and dense 
i 

pure Al or Al-Si is ·formed, -an~ therefore even pure 
I 
I 

Al or Al-Si may be deposited thereafter at high speed 
I 

i 
5 deposition conditions of 0.2 to 1 µ m/min., film quality 

! 
such as surface flatness, etc •. will not be deteriorated, 

' but pure Al or Al-Si film of h~gh quality can be deposited 
I 

at a high speed practically ef~ectively. 

Even if deposited at a: high speed, the film obtained 
I 

10 ls dense with little amount of impurity such as carbon, 

etc. contained, its resistance is similar to that of 

bulk, and also surface flatnes~ is extremely high. 

The deposited film, in spite o~ deposition at high 
I 

speed, has the specific featur•s as mentioned below: 

15 (1) reduction of hillock, 
: 

(2) improvement of electromigtation resistance, 
I 

(3) reduction of al1oy pit at:tne contact portion. 

(4) improvement of surface fl.tnees, 

(5) improvement of resistance:within via-hole and 

20 contact resistance, 
i 

(6) lowering the temperature +f heat treatment during 

wiring step. 

Since Al-Si film of hi~h quality can .be deposited 
I 

at high speed, the through-put;in the ultra-LSI process 
' 

25 is dramatically improved. In ~he low pressure CVD device 

as shown in Fig. 3, Al-Si can ~e deposited at the same 
I 

time on 100 to 200 sheets of 4 inch wafer, and the effect 
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l of high speed deposition contr~butes greatly to the 

improvement of th~augh-put. 14 ultra-LSI in the future, 

the wafer to be used will be ~de to have a size of 6 

or 8 inch. When the wafer siz~ becomes ·as large as 

5 6 inch or 8 inch, the low presJure CVD device as shown 

in Fig. J can be practically a~plied with difficulty, 

because the reaction tube diam~ter becomes larger. 

' However, the sheet type CVD deyice as shown in Fig. 2 
I 
i 

are very advantageous in enlargement of wafer, because 
: \ 

10 the size of the device as a wh~le will not change greatly 
' 

even if the wafer size may bec4me larger. However, in 

Al-deposition according to the'.CVD method of the prior 
I 

' art, no high speed deposition of 0. 2 to 1 µ m/min.. cannot 
I 

be realized, and therefore it fOuld be employed with 
; 

15 difficulty even if a deposited: film of high qua~ity 

was formed. However, by use o} the deposition method 

according to the present invention, Al-Si of high 
: 

quality can be deposited at high speed of O·. 2 to 1 
I 

µm/min., and particularly the;meaning fulfilled by 

20 the present invention in a she~t type CVD device corres-

25 

1 
I 

ponding to 6 inch or 8 inch de~anded for high through- . . 
put is very important. 

' ! 
I. 
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Figs. 4A - 4E show how; the Al or Al-Si film 

according to the present invention is selectively 

grown in the via-hole. 

Fig. 4A is an illustra~ion showing 

sohematioally the cross-sectioh of the substrate 
I 

before formation of the deposi~ed tilm according to . 
the present invention. 90 .is ~he substrate comprising 

an electron donative material,· and 91 a thin film 

comprising en electron non-donbtive material • 
. \ 

When DMAH, optionally fOgether with Si2H6 as 

starting gas end a gae mixture: containing H2 as 

reaction gas are fed onto the ~ubstrate 1 heated under 

the.first deposition condition~ pure Al or Al-Si is 
-
precipitated on the substrate ~O to form the . 

15 continuous film of pure Al or Al-Si as shown Pig. 48. 

20 

When deposition of Al-~1 is continued under 

the second deposition conditiobs, via the state of 
I 

: 
Fig. 4C, the film grows to the: level of the uppermost 

portion of the thin film 91 as· shown in Fig. 40. 

Further, when grown under the ~ame conditions, as 

shown in Fig. 4B, the Al-Si fi~m can grow to 5000 A 
I 

substantially without growth ih the lateral direction. 

This.is the most characteristi~ point of the deposited 

film obtained by the present i~vention, and it will be 

25 understood how a film of good ~uality can be formed 

under good selectivity. 
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As the result of analy~is according to Auger's 

electron spectroscopy or photo~lectric spectroscopy, 

no entrainment of a~ impurity buch as carbon or oxygen 

is recognized in this film. 

I 
The deposited film thu~ fprmed has a 

resistivity of, for example, w~th a film thickness of 
I 

400 1, 2.7 - 3.0 µohm•cm at ropm temperature which is 

substantially equal .to the bulk resistivity of ·Al, and 

becomes continuous and flat f!~m. Also, even with a 

10 film thickness of 1 µm, its re~istance at roo~ 

temperature is approximately 2:.2 - 3.0 µohln·o• and a 

sufficiently dense film is for~ed with a relatively 

thieker film. The ref leetance~ in the visible 

wavelength region is approximately 80 %, and a thin 

15 film with excellent surface f l~tness can be deposited. 

20 

25 
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As described in detail; above, ·1n the present 
! 

invention, in addition to the rinding that pure A.l is 
i 

deposited selectively on an electron donative surface (A) 

by maintaining the electron dohative 
I 

surf ace (A) at a 

temperature between the decompbsition temperature of an 
' 

alkyl aluminum hydride and 450: •c in a gas mixture 
' atmosphere of the alkyl aluminµm hydride gas and 

hydrogen gas. or Al-Si is sele~tive1y deposited by 
i 
I use of the above gas mixture in which a gas containing 
I 

Si is further added, for effecking higher thr~ugh-put 
in formation of pure Al or Al-~i film, the deposition 

rate is shifted from a low dep~sition rate to e high 

deposition rate during the dep~sited film formation. 

By doing so, higher through-pu~ can be attained without 

deterioration of film quaiity.· 
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When depositing Al-Si by Jse of the device shown 

in Fig. 2, as an example, under tJe conditions of: 

T'otal pressure: 1. 5 Torr 

DMAH partial pressure: -4 1.5 x l.O Torr 

Si containing gas partial pressure: -6 2.0 x 10 Torr 

Substrate temperature: 1 O 0 c - 450 °c, 

an Al-Si film can be selectively ~eposited only on the 

electron donative material surface!. Even with a film 

thickness of 400 A, the fi1m is cohtinuous and its 

10 rooiotiv:ity is 2. 7 - 3. 0 JJQ ·cm wh.L ·h tiub~'tan'tia1ly equal. 

15 

•" , ,, .... •-•'-u.~ vcs.1.uw ui: AL. wnen tne sut>otrQtC temperature 

is 270 °C - 350 •c, the dePo*it~on J. v ~ Lal~ i~ 100 ~ ROO /min., 

and for high epeed dcpooition, the depooition rate l6 

required to be mitdA 1~r9er. 

For realizing high speed eposition, it may be 

conceivable to make the substrate temperature higher and 

DMAll parti~l prcooure higher. Fo example, by Jl)aking 

the substrate temperature 330 °c. and the DMAH partial 

preaaure 10-2 to 10-3 ~or.r, a sition rate of 0.2 to 

?.O 0.5 Um/min. can be reeiized. How ver, if thA dApORi~ion 

ratA IA tno large. the probabilit~ becomes higher that 

a surface inferior in surface flatness will be obtained. 

For exaJ11Ple. the probability beco.les higher that a pure 

Al. or Al.-0.1 ~1.1.m with a refl.cct-.-a1.Ju uJ: a.bouL 10 i.o 30 e 

25 wil.l be obtained. The raaaon why a t" 1 Im 1 nh~~i nr in 

eur£aoe ~latneee ie thus obtained may b$ considered 

""- .... ..., .. 
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1 to be due to the fact that surfa e migration of metal 

atoms or molecules are great at high temperature, 

whereby deposition proceeds only at specific nuclei to 

deteriorate surface flatness when becoming a film 

5 thickness. Thus, the greatest relson~ is that, at the 

initial stage of deposition, a fi~m with inferior 
. 

surface flatness is formed, which exerts deleterious 

influences even afterwards. 

in the present invention, as the means for shifting 
' 

10 from low deposition rate to high eposition rate during 

15 

20 

deposited fiim formation, for ex p1e, the method of 

varying the substrate temperature the starting gas 

partial p~essure is used to provi method of obtaining 

pure Al or Al-Si deposited film o high quality and 

excel1ent in flatness at substantla11y h~gh deposition 

rate. l 
By doing so, a deposited ilm whi~h has 

substantialiy high deposiiton ratl and is also flat 

with high quai~ty can be obt•inedJ 

Jn the .deposited film forlation by the surface 

chemical reaction according to tbJ present invention, 

it appears that even a thin film continuous 

and high quality film under the c ndition of lower 

deposition rate under lower· substf te temperature 

25 and lower starting gas partial pr ssure, provided 

that there is no contamination fro the reaction tube~ 

According to the knowledg~s·by the pr~sent 
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in~entors, a deposited film 

quality can be formed under 

i 
I 

of pjre Al or Al-Si 

good !selectivity at 

of good 

a sub-

$trate temperature of 160 to 450 °c,, more preferably 

270 to 350. 0 c. 

Accordingly, in the firs deposition step in the 

present invention, namely the dep sited film formation 

step at low deposition rate, und~ a total pressure of 

10-J Torr to 760 Torr,, preferabli5 x.10- 2 Torr to S Torr, 

the substrate temperature is suit b1y chosen from 270 to 

10 350 °C, preferably 270 to 300 •cJ and the ~H partial 

pressure from 1.3 x 10-S to 1.3 J 10-3-fold, preferably 

, 1.3 x lo- 5 to 1.3 x 10-4-fold of lhe total pressure. 

15 

20 

25 

In the second deposition step in ~he present invention, 

namely the deposited film formati n step at high depos1-

tion rate, under a tota1 pressure of 10-l Torr to 760 Torr, 

preferably 5 x 10·2 to 5 Torr, the substrate temperature 

is made 270 to 350 •c, preferably 300 to 350 •c, and 

the DMAH partial pressure - 5 to 1.3 x 10-3-fold 

of total pressure. 

For elevating the substr te temperature, instead 

of using only a heater, the subst ate temperature may be 

quickly elevated by irradiation o W lamp or Xe lamp on 

the wafer surface. Heating by a amp is effective for 

quick elevation of the substrate emperaturo. 

suitably 

to 1.3 x 

Specifioal1y, the OMAH pa tial pressure is 

selected from the condit'on of l.3 x 10-4 

l0- 3-fold of the total pkessure, so that a 
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deposited film may be formed at l higher deposition rate 
I 

than in the deposition rate in tte first step as mentioned 

above. For exampJ.e., under the same total pressure, with 
I 

the substrate temperature being 1ade constant, the 

partial pressure of DMAH may be ncreased, or with 

· 1 · b · I h b the OMAH partia pressure eing constant, t e su strate 

temperature may be elevated. Ofjcourse under the same 

total pressure, both of the subs ~ate temperature and 

the partiai pressure may be elevlted. 
For.example, it is prefeiable to dep0sit a 

continuous film of 100 to 200 A Jithin the range of 

a substra~e temperature from 270Jto 300 •c in the 

first deposition step· unde~ the bove~mentioned.pressure 

conditions, and then form the fi m at an increased 

deposition rate of, for example, 0.1 to l ~m/min.by 

increasing the su~strate tempera ure to 300 to 350 •c. 

The deposited film thus formed blcomes a film of good 

qua1ity with surface migration bling inhibited. 

By varying the depositiol conditions as 

described above, a continuous, flat end high quality 

• film of 100 to 200 A is formed w thin a deposition time 

of l to 5 minutes under the firs deposition conditions. 

while under the second depositio conditions, since a 

continu<:>us and flat pu:i;e A.l (or l1-si) has been already 

formed, a flat and high quality Jhin film can be formed 

even if pure Al (or Al-Si) may b deposited at a high 

deposition rate of O.l to 1 µm/mln. 
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I 
A A1 film of 1 pm thickn~ss can be 

I 
sufficiently formed by depositio1 for l to 5 

I 

minutes under the f~rst conditiorls, and with the 

deposition time for 1 to 3 minutJs under the second 

conditions. j 
In the device shown in F'g. 2, Al-Si 

can be deposited only on one sheJt of substrate in 

deposition at one time. · J 
The method according to he present invention 

is a1so applicable to the reduced-pressure CVD device 

for a number of sheets as shown Jn Fig. 3. Since Al-Si 

deposition according to the presJnt invention employs 

the surface reaction at the heatJd electron donative 

substrate surface, according to Jhe ho~ wall type 

reduced-pressure CVD method in wJich only the substrate 

is heated, an Al-Si containing 0.5 to 2.0 % of Si can 

be deposited at high speed by ad ition of PMAH and H2 , 

and an Si starting gas such as s· 2H6 , etc., if necessary. 

When a reduced pressure VD device is used, the 

reaction tube pressure may be o.Js to 760 Torr, desirably 

0.1 to 0.8 Torr. As the first d conditions, 

the substrate temperature may be to 350 •c, desirably 

270 to 300 °C, and the DMAH par pressure may be 

1.3 x 10-5 to 1.3 x 10-3-fo1d, d sirebly 1.3 x 10-5 

to 1.3 x 10-4 of the reaction tu e pressure. As the 

second deposition conditions, th substrate tempe~ature 

is made 270 to 350 •c, preferab1 300 to 350 •c, ond 
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the DMAH partial pressure 1.3 x 0-S to 1.3 x 10-J, 

preferably 1.3 x 10-4 to 1.3 x 1 - 3-fold of lhe partial 

pressure reaction tube. The si
2 6 partiai pressure, 

in both the first and the secondjdeposition conditions, 

may be.within the range of 1 x 1 -·7 to 1 x 10-4-fold of 

the reaction tube pressure, wherJby Al-Si is deposited 

at·high speed on the electron doJative surface. 
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According to the present itwention, in the 

initial stage of deposition, a co tinuous and dense 

Al-Si is formed, a~d therefore evln Al-Si may be 

deposited thereafter at high spee1 deposition 

conditions of 0.2 to 1.,um/mln., fllm quality such as 

surface flatness, etc. wi11 not bl·deteriorated, 

but ·Al-Si film of high quality cJn be deposited 

at a high speed practically effeclively. 

:even if Al-Si film deposi(ed at a high speed, the 

film obtained is dense with 1ittlJ amount of impurity 

such as carbon, etc. contained, iJs resistance is similar 

to t_hat of bulk, and also surfacejflatness is extremely high. 

The deposited Al-Si film. in spitl of deposition at high 

speed, has the specific features s mentioned below: 

(1) reduction of hi1lock, J 
(2) improvement of electromigrat .on resistance, 

(3) reduction of alloy pit at thl contact portion, 

(4) improvement of surface flatnlss, 

(5) improvement of resistance wiJhin vie-hole and 

contact resistance, j 
(6) lowering the temperature of eat treatment during 

wiring step. 

Since Al-Si film of high uality can be deposited 

at high speed, the through·put in the ultra-tsl process 

25 is dramatically improved. In the low pressure CVD device 

·as sho~n in Fig. 3, Al-Si can be eposited at the same 

time on 100 to 200 sheets of 4 in and the effect 



of high speed deposition contribu es greatly to the 

improvement of through-put. In u tra-LSI in the future, 

the wafer. to be used will be to have a size of 6 

or 8 inch. When the wafer size b comes us large as 

5 6 inch or 8 inch. the low pressur CVD dev.i.ce as shown 

in Fig. 3 ca~ be prac::tica1ly appl"ed with difficulty, 

because the reaction tube diametel becomes larger. 

However, the sheet type CVD dev!cl as sho"'n in Pig. 2 

are very advantageous in enlargemknt of wafer, because 
' 

IO the size of the device as a whole will not change greatly 

15 

20 

25 

even if the wafer size may become larger. However, in 

A1-deposition according to the CV method of the prior 

art, no high speed deposition of b.2 to l µ m/mi~ cannot 

be realized,.and therefore it could be employed with 

difficulty even if a deposited film of high quality 

was formed. However, by use of the deposition method 

according to the present inventio , Al-Si of high 

quality can be deposited at high peed of 0.2 to 1 

µm/min •• and particu1ar1y the me ning fu1fi1led by 

the present invention in a sheet type CVD device corres-

ponding to 6 inch or 8 inch deman ed for high through-

put is very important. 
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I 
First, the procedure for iAl film for~etion is 

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

reaction tube 2 is internally ev cuated to ca. 1 x 

10-8 Torr by the evacuation unit 9. However, Al film 

can be also formed if the vacuum degree within the 

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

After washing of Si wate~, the conveying 

chamber 10 is released to atmospWeric pressure and Si 

wafer is mounted in the oonveyinJ chamber. The 
conveying chamber is evacuated td ca. l x 10-6 Torr, 

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

mounted on the wafer holder 3. 

After mounting of the wa~1er on the wafer 

bolder 3, the gate valve 13 is c~osed, and the 

reaction chamber 2 is evacuated lo a vacuum degree of 

ca. 1 x 10-e Torr. 

In this Example, DMAH is fed through the first 

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

20 employed. The.second gas line i used for H2• 

25 

By passing H2 through th second gas line_ the 

pressure within the reaction tub 2 is made a 

opening of the 

in this Example 

predetermined value by controlli g the 

slow leek valve 8. A typical prJssure 

is approxi111ately 1.5 Torr. Then.I ~he 
by current passage through the hJater 4. 

water is heated 

After the 
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wafer temperature has reached a ~redetermined 
temperature, OMAH is introduced into the reaction tube 

I 
through the DMAH line. The tota~ pressure is ca. 1.5 

Torr, and the OMAH .partial press~re is made ca. 1.5 x 

10 5 Torr. When DMAH is introdu~ed into the reaction 

tube 2, Al is deposited. 

The outline of the first deposition step is as 

described above. 

In the first deposition tep, after the 

formation of the oontinuous Al fllm of about 
1

100 to 

200 A, high speed deposition is lffected at the second 

deposition step. The condition !or the second 

deposition step are made the totll pressure of ca. 1.5 

Torr and the DMAH partial pressu~e of ca. 1 x 10-3 

Torr. After a predetermined sition time has 

elapsed, feeding of DMAH is sto ed. Next, heating of 

the heater 4 is stopped to cool he wafer. Feeding of 

H2 gas is stopped, and after eva uation internally of 

the reaction tube, the wafer is ransferred ~o the 

conveying chamber, and only the lonvey.ing chamber is 

made atmospheric before taking o~t the wafer. The 

outline of Al ~ilm formation is ls described above. 

Actually, 130 Sheets of amples of Si wafer 

were prepared, the substrate tem eratures were set at 

13 levels, and Al films were dep sited at the 

respective temperatures each for 10 sheets according 
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to the procedure as described ab6ve under the 

following conditions: I 

! 
during the first deposition stepl' 

Total pressure: 1.5 Tor 

DMAH partial pressure: .5 x 10-5 Torr 

during the second deposition 

Total pressure: 1.5 

DMAH partial pressure: .s xl0-3 

The Al films deposited bJ varying 

Torr 

the 

10 substrate temperature at 13 leve s were-evaluated by 

JS 

use of various evaluation method . The results are 

shown in Table 1. 

Al was deposited on the i water within the 

temperature range from 160 •c - lso•c. 
When the substrate tempeJaturee in the first 

and second deposition steps e~ceJd 300 •c, high speed 

deposition at 0.5 to 1.0 µm was Jossible, but the 

samples that surface ref lectance]becomes more or less 

worse as compared with the case f the temperature of 

20 300 ·c or lower were found. The reason may be 

considered to be due to the fact that, if the 

temperature in the first deposit on step is high, the 

possibility that flatness of the extremely thin Al 

film deposited in the first depo ition step is 

25 slightly inferior is enhanced. 
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2 
I 

Following the same procedure es in Example 1 

the parameters as follows: 

the first deposition step, 

Total pressure: 1.6 Tor 

DMAH partial pressure: ~.o x 10-5 Torr 

Substrate temperature:" J1o·c Ol" aoo·c 
I 

during the second deposition ste~, 

Total pressure: 1.5 Tord 

DMAH partial pressure: J.o x 10-3 T~rr 
and the substrate temperature ofjthe second deposition 

step was varied at several level which were higher 

than that of the first depoaitioJ step to deposit the 

Al film. And variou~ evaluationjresults of the Al. 

film deposited are shown in Tebl 2. 

When the substrate tempeJature in the ~irst 
deposition step is 270 •c or 30o]·c, there is no 

difference in the results obtain d. 

Similarly as in Example J, when the substrate 

temperature in the second step eJceeds 300 ·c, high 

speed deposition at 0.5 to 1.0 µJ/min. was possible. 

The difference from Example 1 isjthat an Al film with 

high surface flatness having a r f lectanee of 80 to 95 

% could be formed even when the Jubstrate temperature 

in the second step was 330 •c, aJo •c by suppressing 

the substrate temperature in thelfirst deposition step 
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1 at 300 •c or lower. 

Example 3 

This Example carries out IA1 deposition by use 

of Ar in place of H2 as the carr er gas for OMAH in 

5 the same procedure as in Example 1. From the gas 

10 

second line, H2 is fed. As the esult of evaluation 

of Al film obtained by this Exam le, Al was deposited 

on Si wafer at a temperature ranJe of 160 •c to 450 ·c 
similarly as in Table 1 in Example 1. 

\ 

When in the first 

and second deposition steps exce d 300 •c, high speed 

deposition at 0.5 to 1.0 µm was ossible, but the 

probability that surface reflect nee becomes more or 

less worse is slightly enhanced. The reason may be 

15 considered to be due to the fact that, if the 

temperature in the first deposit on step is high, 

flatness of the extremely thin A film deposited in 

20 

25 

the first deposition step 

Example 4 

This Example 4 performs deposition by use 

ot Ar in place of H2 as the carr er gas for DMAH in 

the same procedure as in Example 2. The second gas 

line fed e2 . When the substrate temperatures in the 

first deposition step kere 270 • and 300 ·c, there 

was no difference in the results obtained. The film 

quality-obtained is substantiall the same as in Table 
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Si•ilarly as in Exa11ple ~ or 2, when the 

substrate temperature in the seodnd step exceeds 300 

·c, high speed deposition at o.s to 1.0 µm/min. was 

5 possible. The difference from E amples 1 and 3 is 

that an Al film with high 

ref lectanee of 80 to 95 % 

the substrate temperature 

•c, 350 •c by suppressing 

surfao flatness having a 

could Je formed even when 

in thejsecond step was 330 

the su strate temperature in 
\ 

10 the first deposition step at 300 •c or lower. 

Example 5 

The Al f il• was formed o the substrate having 

the following constitution by usJng low pressure CVD 

device as shown in Pig.· 3. TheJ is, as the 

15 substrate, the following 11 kind thin films were used 

on the Si wafer. 

20 

25 

(1) polycrystalline sili on (polycrystalline 

Si), (2) amorphous silicon (amorJhous Si), (3) 

tungsten (W), (4) molybdenum {Mo , (5) tantalum (Ta), 

(6) tungsten silicide (WSi), (7) titanium silicide 

(TiSi), (8) aluminum (Al), {9) a uminum silicon (Al-. 

Si), (10) titanium aluminum (Al- i), (11) titanium 

nitride (TiN), (12) copper (Cu), (13) aluminum silicon 

copper (Al-Si-Cu), ( 14) al·uminuin palladium (Al-Pd), 

(15) titanium (Ti), (16) molybde um silicide (Mo-Si), 

(11) tantalum silicide (Ta-Si) wJre employed. 
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1 these samples were place in the low pressure 

CVD device shown in Fig. 3 and A1 films were formed 

within the same ba~eh. j 
.The deposition condition at this time are as 

5 fOllOtfS: 

during the firs~ deposition s~ep, 

Total pressure: 0.3 Tor 

DMAH partial pressu~e: ~ x 10-6 Torr 

Substrate temperature: 70"C 

10 during the second deposition ste , 

Total pressure: o·. 3 Tor 

DMAH partial pressure: x 10-4 Torr 

Substrate temperature: 

The film quality of the l film formed under 

15 suoh conditions is not differentjfrom those at a 

subs~rete tempera~ure in the sec nd deposi~ion of 

330*C in Table 2 as described abJve, and also the 

20 

25 

deposition rate in the second de step was very 

high as ca. 0.7 µm/min. for all f the substrates. 

Examele 6 

According to the same pr oedure as in Bxample 

2, Al film was deposited by the se of MMAH2 in place 

of DAMH as the .starting gas. Asjthe substrate, the 

same Si wafer as in Example 1 wa used. 

The deposition conditionJ at this time are as 

follows: 
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1 during the first deposition step,! 
! 

Reaction tube pressure: :1.6 Torr 

MMAH 2 partial pressure: Js x 10-5 

Substrate temperature: 1o·c 

Torr 

5 during the second deposition ste , 

Reaction tube pressure: 1.5 Torr 

MM~H2 partiel pressure: l x 10-3 Torr 

The film quality of depo ited Al was not 

different from one at a substrat temperature in the 

10 second deposition step of 33o•c Jn Table 2. 

Also, the deposition ratJ of Al in the second 

15 

20 
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deposition step was ca. O.'I µm/m n. end not 

substantially different from the case of using OMAK. 

Example 1 

First, the procedure for Al-Si film forma.tion is 

as follows. By use of the devic shown .in Fig'. 2, the 

reaction tube 2 is internally evJcueted to ca. 1 x 

10-s Torr by the evacuation unit 9. However, Al-Si film 

can be also formed if the vacuum degree within the 

~eaction tube 2 may be higher th n 1 x 10-S Torr. 

After washing of Si wafe • the conveying 

chamber 10 is released to atmospJeric pressu~e and Si 

wafer i~ mounted in the conveyind chamber. The 

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

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

mounted on the wafer holder 3. 
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I 
I 

s1 I 
After ~ounting of the ,,..flr on the wafer 

holder 3, the gate valve 13 is clrsed, and the 
I 

I reaction chamber 2 is evacuated to a vacuum degree of 
! 

ca. l x 10-8 Torr. I 
ln this Bxample, DMAH is }ed through the first 

I . 

gas line. As the carrier gas of JMAH line, 

Ar is employed. The second gas ilne is used 

for H2 and the third gas line for Si
2

H
6 

• 
. _;, .. 

By passing H2 through.the 1second gas ~ine, the 

10 pressure within the reaction tube 2 is made a 

predetermined value by controllinJ the opening of the 

slow iealc valve s. A typical presrure in this Example: 

is made approximately 1.5 Torr. Then, the wafer is 

haetad by current passage through ~he heater 4. A?ter 

15 the wafer temperature has reached b predetermined 

temperature, DMAH introduced into !the 

reaction tube through the DMAH linl.· 

The total pressure is ca. 1. 5· Tor , and the · 

DMAH parti~l pressure is made ca. .5 x 10-5 Torr. 

20 The Si2H6 partial pressure is made 2 x 10-7 Torr. When 

si 2H6 and DMAH ere introduced into the reaction tube 

2. Al-Si is deposited. 

25 

The outline of the first d position step is as 

described above. 

In the first deposition st p, after the 
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i 
formation of the continuous Al-Si film of about 

200 A, high speed deposition is Jtfected at the 

100 to 

second 

deposition step. The condition or the second 

deposition step are made the tot 1 pressure of ca. 1.5 

Torr and the DMAH partial pressu of ca. 1 x 10-3 

Torr. After a predetermined dep sition time has 

elapsed, feeding of DMAH and si 2~6 is stopped. Next, 
I 

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

Feeding of H2 gas is stopped, and after evacuation 

internally of the reaction tube, lthe wafer i~ 
transferred to the conveying chanibe~, and only the 

conveying chamber is made atmosp~eric before taking 
I 

out the wafer. The outline of film formation is 

as described above. 

Actually, 130 Sheets of amples of Si wafer 

were prepared, the substrate temJeratures were set at 

13 levels, and Al-Si films were eposited at the 

respective temperatures each for 10 sheets according 

to the procedure as described ab ve under the 

20 following conditions: 

during the first deposition step, 

Total pressure: 1.5 Tor 

25 during 

DMAH par~iel ·pressure: .5 x 10-5 Torr 

J 
-7 Si2H6 partial pressure: 2.0 x 10 Torr 

the second deposition ste , 
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Total pressure: 1.5 Tor~ 

DMAH par~ial pressure: J.o x 10-3 Torr 

I -s s12a 6 partial pressure: 
1
1.5 x 10 Torr. 

l 
I 

The Al-Si films deposited by varying the 
I 

i 

substrate temperature at 13 leve~s were evaluated by 

I 
use of various evaluation methoda. The results are 

I 
the same as ~hose in Table 1. J 

Al-Si was deposited on t e Si wafer within the 

temperature range from t6o•c - 4Jo•c . 
! 
I 

When the substrate tempe,atures in the first 

and eecond deposition steps exoe~d 300 •c, high speed 

deposition at 0.5 to 1.0 µm was Jossible, but the 
I 

probability that surface ref lect1nce becomes more or 

less worse is slightly enhanced. The reason may be 

considered to be due to the faot that, if the 

temperature in the first deposit on step is high, 

tlatness of the extremely thin A -Si film deposited in 

the first deposition step is inf rior 

Example 8 ·J . 
gollowing the seme proee ure es in Example 7 

to set the parameters as followsJ 

during the first deposition step 

Total pressure: 1.5 Tor 

DMAH partial pressure: 

Si2H6 partial pressure: 

Substrate temperature: 
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I 
I during the second deposition ste~, 

Total pressure: 1.5 Tor~ 
MAH · l J.o x 10-3 Torr D partia pressure: ~ 

! 

Si
2
H

6 
partial pressure: i1.s x 10-5 Torr 

5 and the substrate temperature ofJ!the second deposition 

step was varied at 13 levels. Al a result, various 

evaluation results of the Al-Si ~ilm are the same as 

those in Table 2. 

When the substrate ature in the first 

10 deposition step is 270 •c •c, there is no 

Similarly as in Example , when the substrate 

temperature in the second step e ceeds 300 •c, high 

speed deposition at O.S to 1.0 µ /min. was possible. 

15 The difference from Example 7 isjthat an Al-Si film with 

high surface flatness having a r f lectance of 80 to 95 

% could be formed even when the ubstrate temperatures 

in the second step was were 330 c, 350 •c. 

Example 9 

20 Following the same proce ure as in Example 8 

to set the parameters as follows: 

during the first deposition step 

Total pressure: .5 Torr 

DMAH partial pressure: .o x 10-5 Torr 

25 Substrate temperature: 10 •c 
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I 

during the second deposition stJ. 

Total pressure: 1.5 TorL 
DMAH partial pressure: l.o x 10-3 Torr 

Substrate temperature: ~30 •c 

and the Si2a6 partial preseure .wis ... v~ried from 

fold of DMAH ~artial presiure to effect to 0.2 
. deposition • 

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

0.005% to 5% approximately in pr portion to the si2H
6 

partial 

pressure. As to resistivity, ca bon content, average 
l 

10 wiring life, deposition speed, h'lloek density and 

15 

20 

spike generation, the same resul s as in Example 1 

were obtained. However, in samp es having a 51 

content of 4 % or higher, deposilion was generated in 

the films which appeared to be sk to worsen slightly 

surface morphology, thereby makihs the reflectance 65 

t or lower. Samples having a Si content of less than 

4 % exhibited a reflectance of 8 to 95 %, which was 

similarly good as in example 8. 

E.xamele 10 

This Example 10 carries rur Al-Si deposition 

by use of Ar in place or H2 as the carrier gas for 

DMAH in the same procedure as in Example 7. Fro• the 

gas second line, H2 as the on gas is fed. As 

the result of evaluation.of Al- i film obtained by this 

25 
Example, Ai-Si was deposited on-lsi wafer at a temperature 

range of 160 ·c to 450 •c sim11al.1y as in Table 1 in 
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l Example 1. 

When the substrate tempera~ure~ in the first 

and second deposition steps :exceed: 300_ •c, high speed 

deposition at 0.5 to 1.o;µm~was possible, but t:he 

5 proba.bili~Y that surtace;refleo~an~e becomes.more or 

less worse is s1~ghtly enhanced. Tbe reaso~ may be 
. . . 

10 

considered to be due to ~he:fact that,_ if "t:he 

~emperature ~n the first: deposition step is high, 

flatness of 'the extremel;y t~in Al-.Si ~ilm deposited in 

the first depositiou step is inferior. 

Exal!lp1e :1..1 

This Example 11 per~orms Al-Si dePosition by 

use .of Ar in p1ace of B~ as the carrier gas for DMAH 

in the same procedure asi in : ~xample 8. The second gae 

15 line fed H2 • Wheu the ~stra'te t:emperatures .in the 

firs~ ~eposition step were 210 ·c ;and ·soo •c, there 

20 

25 

! : 

was no d~f~erence in the results obtained. The film . : : . 

quality obta~ned ~a s'Ub~tantial1y.the·same as in Table 

a. 
Similarly as in;Example 7 .or 8, when the 

l . 
. . 

~ubstrate temperature i~ the second step exceeds 300 
. ' 

·c, Mgh speed depositi~n ~ o.s 't!o l~O µm/m..in. was 
: . 

possible. The differen~ f~om Exampl~s 7 and 8 is 

that an Al-Si film with~h£g~ surface ~iatness having a 

reflectance of 80 to 95~~ cou.ld be formed even when 

the su.bstrate temperat~es in the· second step were 330 



Example 12 

Tb.i.s Example 12 performs A1-Si deposition by 

use of Ar in place.of·H2 jas the carrier gas for DMAH 

5 in the saJD.e procedure as-in :Example 9. Tbe seoond gas 

10 

15 

. . 
Deposition condi~ion was shown below. 

dl.ll'ing the first deposit~on step, 

Total pres~e: i l.~ Torr 

DMAH partial pre~su~e: 1.0 x 10-s Torr 
I 

SUbs1:rate 1:emperature: 270 •c. 

dur:lng the second depos:t:tiori step,· 

and the 

10-4 to 

Total pressure: i l.~ Torr 

DMAK partia1 pr~sure: 1.0 x 10-3 Torr 

SUbstrate tem.perat~e: 330 •c 

si2H6 partial pr~ssure was· varied from. a x 
. . 

0.2 fold of DMAfi:·p~~ia1 P.res~ure to effect deposition. 
. . . . 

The Si content (wt.t) o~ th•·Al-Si £i1ms we.re va~ied from 

0.005 % to 5 ~ approxim~teiy in propoition to the s~2H6 partia1 
! . . 

20 
pressure. As to resi_st~vit~, carbon content, airerage 

25 

. . . 

wiring life, deposition _speed, hil~oek density and 

spike generation, the s~e ~esult~ as ·in Example l 

were obtained. However) i.n.·sam.pies having a Si . . ~ 

I 

content o:f 4 % or higher,· ~positi=ou was generated in 
. : : 

the :films which appeare~ to.be Si to ~orsen s~ight1y 

surface morphology, ther;eby,meking the reflectance 65 
: 

' 
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l % o~ 1ower. Samples having ~ Si content of less than 

5 

10 

15 

20 

2S 

4 % exhibited a refleet~ce :of 80 to 9~ %, wbicb was 

similarly good the same as in Example 8. 

6xemp1e 13 

The Al f:i1m was ~ormed on the :substrate having 

the following constitu~i~n by usin~ 1~ pre~sure CVD 

device in Fig. 3. ~bet ts, .as th~ s~trate, (1) 
. . 

pol-gcrystalline silicon l{polyorystalline Si), (2) 

amorphous silicon (e.morphou.S Si), (3) :tungsten (W), 
. = : 

(4) molybdenum (Mo), (5): ten~a.lum. ·cTa)·, (6) tungsten 

silicide (WSi), (?) ~it~i~ si1icide ·{TiSi), (8) 

aluminum (Al), (9) alumin"tllll.silicon (Al-Si), (10) 

titanium. aluminum (Al-Ti'.), (11) t.itan~um nitride 
. . 

(TiN), (12) copper (Cu),: (1~) aluminum silicon copper 

(A1-Si-Cu), (14) aluminv!m. palladium (Al-Pd), (15) 
1 . 

~~tanium (T~), (16) molv,bdedwn silicide (Mo-Si), (11) 

tantalum si1i.cide (Ta-S.ii) were eDtployed. 
' . 

These samples were placed in the low pressure 

CVD device shown in Fig." 3· ~d Al-Si £il.ms were formed 

within the same batah. 

The deposition ~onditions ·at ~his time are as 

~ollows: 

~uring the f~rst deposi~ion-~tep, 
: 
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Total pre~~e: '.0.3 Torr 

DMAH par~ial pre~sure; 3 x 10:6 Torr 

si2H6 partial pr~sure: l.O x io-7 
Torr 

Substrate temperature: 21o·c 

5 during the second deposi~ion step, 

To'tal pressure: · O. 3 Torr · 
! 

DMAH par~ial pre8sur~: 1 x io-4 Torr 

Si 
2

H
6 

pe.r'tial pr~ss~e: s· x 1=0-6 Torr 
. . 

Substrate tempe~ture: 33(PC . 
IO The film quality of the A1-si fil.m £ormed ~nder 

; 

Su.oh conditions is not d!ifferent from those at a 

substrate temperature in the second deposition Of . : 
. . 

33o•c in Teb1e 2 as desdr.ibed abov:e, and also the 

depos1tion rete in the s.eoond deposition step was very 

15 high as ea. o. 7 µm/min. ;for :all of tb.e substrates. 

Example 14 

According to thti same proced~e as in Example 

8, Al-Si :til:m was deposil"ted:by the use of MMAB2 in 
! 
I 

place of DAMR as the start:i.Qg- gas. As the substrate, 
! .. 

20 Si wafer obtained by patterning the same Si02 thin 

film as shown in Bxampl~ 7. 

The deposition conditions at this time are as 

follows: 

du.r~ng the f~r$~ deposition step, 

25 



1 Reactioo tube pr;essure: 1.S Torr 
.. 

l:0-5 MMAH2 partial p~esslire: 5 x Torr 

Si2H6 partial pres~ure; 1.0 x 10-6 Torr 
' 

Substrat:e temperature: 27o•c. 

5 during the second depos~tion step, 
' 

Reaction t:ube press=ure: 1 .. 5 ~Orr 

MMAH2 partial pre5S'tli-e: 1 x :io-3 Torr 

s12H6 partial pi::essure: 1 x 10-5 Torr 

The film qualitV of·deposited'.Al-Si was not 
: . l 

IO different from one at a;suo~trate'temperature in the 

second deposition step Q~ 3?o•c iri Table 2. 

Also, the depos~tion rate :·of Al-Si in 'the 

second depositiou step ~·ca. 0.7_µm/min. axi.d no1: 

$Ubstant~a11y dif~erent~frolli the case.of wsing DMAH. 

15 Sxemp1e 15 

20 

25 

Aeoording to th~ same p:rooedure as in Example 

8, Al-Si film was deposited· by the use Of SiHA in 
: -

plaee of s12H6. As tlie~substrate; Si~wafer was used. 

The deposition ~ond~tions·at this ti•e are as 

follows: 

' during the first deposi~io~ s~ep1 

React~on tube pressure: 
i 

DMAH partial pressure: 
! 

1.5 Torr 

1~0 x;10~5 rorr 

5.0 ~ 10-1. ·~orr 
Substrate teJnpe~ature: 27o·c· 

during the secopd depos~~ion step; 
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iteact.ion tube pr~ssare: · 1·.s Torr 

DMAH partial pressure: 1 :x. 10-3 Torr 

Si
2
H

6 
partial pr~s~re: 5. x 1"0-S Torr 

33o·c · 

The film qua.1ity of· ·Cleposited Al-Si was not 

different from one at a Substrate temperature in the 

second deposition step 0.f 33o·c in Table 2. 

Also, the deposi~ion· rate of ~l-Si in the 

second deposition step~ ca. O.T "Jllll./min. and not 

10 substantially different ~rom the case .o~ using Si2H6• 

Example 16 
; 

Semp1es haviug A1 films formed according to 

t:he same method as in EXample 1 were prepared~ When 

crY"sta1linity of the Al '.film deposite~ on ~he Si wafer 
' 

15 ot the respective sampl~s, namely _uuder the same film 

20 

25 

. . 
foraing conditi~ as in Example 1 by·use of the X-ray 

' 
diffraction method end ~he 'refl~ive_electron beam 

di~~raction me~hod, it was found to be as described 

below a 

When the cristal direa~ion of 'the Si substrate 
' 

. . 
is (111) plane, from X-zfe.y d.:iffraction, as shown in 

Fig. 5, on1y the diffra~tion peak shOMing Al (100} was 
' 

observed concerning Al.: In·refle~ti~e high speed 
' 

eiectron beam diffrac~ion by ttSe of an acceleration 
; . : 

~oltage of 80 kV or 100~kV, as shown in Fig. 6, a 

monocryst:al spot show:iug Ai. (100) .we.a·ob$erved. Fig. 
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l 6A is a diffra.ct'.ion. pat.c'.ern when elec'f:;ron beam is 

permitted to enter Al (_~00). in the. (0~1] direction, 

Fig. GB a diffraction p~ttern when el~etron beam is 
. . 

permitted to enter.Al (100) .in the direction of [011]. 

Thus, t:he Al fil.m on thE! Si.. (111) : substrate was found 
' 

to be a monocrystaJ. bav!ng (100) plan~. Within 'the 

first: and second substr~te teJnperature range in Table 

~,those deposited at a;range from 250 °c to 330 °c 
were found to have Al f~lms repro~ucibly deposited 

10 which were monocrystalline. 

15 

20 

25 

Aiso. the A1 ·f~~ms.~eposi~ed. on the Si (111) 

substrate with the substrate surface having off-angles 

differing by 1°, 2°, 3°J 4°, s 0 from the Si (111) 
I 

plane were also found to have Al (100) monocrystals 
. . 

deposited. stably,. parti~1a;.1y under ~be te!llperature 
! . 

conditions of the first:and:second substrate 

temperature ranging fr~ 250- 0 c to 330 °c, similarly 

as in 1:he case when depes.ited on the Si (111) 

Substrate as described ~ove. 
: 

When the crY'sta~ direction. of the Si S"l.lbstrate 
I 

is (100) p1ane, from x-7ay O~ffractio~, as shown iu 

Fig. 7, only the diffraction peak show~ng Al ·(111) was 

observed concertdng Al. ra: refleet:ive high speed 

e1ectron beam diffraoti~n by use of an acceleration 
: . . 

voltage of 80 kV or lOO;kV, ·a monocrystal spot showing 
; : 

A1 (111) was observed. ;Thi.Us, the.Al t!lm on the Si 
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1 ( 100) substrate was found to be a monoc;rystal having 

(111) plane. Within th$ first and second substrate 

temperature range in T~le 1, tbo~e deposited at a 

·o 
range from 250 °c ~o 33Q c:were tound to have Al 

I 

5 films deposited. which w~re, stably ~onocrystalline. 

Also, the Al films deposited ~n the Si (100) 
' i 
substrate with the substrate surface haviPg off-angles 

o o o' o o 
differing by 1 , 2 , 3 ~ 4 , 5 from ~he Si (100) 

plane were al.so found tr; have Al (111} 111onoorystals 

10 deposited stably, part:iqular1y under the_t:e.m.perature 

condit~ons o~ the first;and:secon4 s~strate 

temperature ranging fro~ 250 °c to 330 °o, sim~lar1y 

as in the case when de~sited on the Si {111) 
: 

substrate as desoribed ~e. 
: 

15 Example 1 Y 

Samples havi~g ~ films formed according to 

the same met:hod as in ~ampie 2 were ~repared. When 

crystallj,!llty of the A1;fi~m deposi"ted on the Si wafer 
i . 

by use of ~he X-ray d~f fraCtion method and ~be 
; . 

20 ~ef1ecti~e electron beam diffrac~ion method, it was 

tound to be as described :below. 

25 

When'the Cl:YStai direction of:~he Si substra~e 
is (111) plene, from x-~ay diffraotio~, as shown in 

Fig. 5, only the diffraction peak.showing Al (100) was 

observed concerning Al.'. In: reflective high speed 
i . 

electron beam d~ffractiQn by use of aJ;l. acceleration 
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1 voltage o~ 80 kV or 1~0 ~V, ·as shoW%1 ia Figs - 6A and 6B, a 

monocrys'tal spot showinglAl (100) was observed. Fig. 

SA is a diffraction_patt~rn when electron beam is 

permitted to enter Al {100) ~in the. [OOi] direction, 

5 Fig. 6B a diffraction pa~te~~ when; electron beam is 

10 

15 

20 

25 

. . 

permitted to ent:er Al' (190) in the. direction of [011]. 
. . 

Thus, the Al film on tbe: Si ·(111) subs.trate was foUJ:Ld 

t:o be a monocrystal havihg (:l.00) plane;. Within the 
; 

second substrat:e tempera~ure reng~ in Table 2, those 
: ' 

deposited at a range fro~ 250 °c to 330 °c were found 
; 1 : 

to have A1 films deposit~d which were monocrystalline. 
' . . 

Also, the Al fil~s ~eposited ~n the Si. (111) 

substrate with the substfat~ surface having oft-angles 

0 0 0: o. 0 . 
4iffering by 1 , 2 , 3 ,; 4 , 5 from the Si (111) 

p1ane were also fOtl!ld t~ have Al (100): monoorystals . . I . . 

depos1'te<1 stably,. partid.ulerly under the temperature 

condi.tions of the second ~strat~ te~~erature ranging 
: . . . 

from 250 °c to 330 °c, ~im1ierly ~ in the case when 
j 

deposi~ed on the Si {11l) $\ibstrate a.$ descr.ibed 

above-

When the ~tai d~rection of ·the Si substrate 
I • ' • • 

;is (100) p1ane, from X-~ay cli££re.c1:iori, 8S $hOWD. iD 

F1g. 7, only the diffra~tio~ peak 5ho~in9 Al (111) was 

obseZ"\f'ed concerning Al. ; In.refleetive high speed 
~ . . 

electron beam dif frac;tion by use of an acce1eration 

voltage of 80 kV or 100 ;kV,:a ~onocrystal spot showing 
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1 Al (111) was observed. 1hus, the Al f'ilm on tbe Si 

(100) substrate was found to be a monocrystal having 

(.111) plane. Within the: second substrate temperature 
• ! 

range in Table 21 those ~eposited at ~ rao.ge from 250 

s 0 c to 330 °c were found !Co have Al f il:ms Cleposi ted 

which were stably monocr~stalline. 

Also, the Al £~lms deposit°ed on the Si (100) 

substrate wi~b the subst~ate surface having off-angles 

differing by 1°, 2°, 3°) 4°, 5° from the Si (100) 

10 plane were al.so found t~ have Al ( 111), monocrystals 

deposited stably, parti®lar.ly under the temperature 
: : 

' 
cond~tions of the secon~ substrate temperature ranging 

~rom 250 °c to 330 °c, ~imilarly as 1ri the case When 
i 

deposited on the Si (11l) substrate as described 

15 Shove. 

20 

25 

E21:am.ple 18 

Crysta11inity o~ t:he Al film formed. by the 

method o~ Example 3 was ;examined. Si~ilarly as in the 

' : 

case of Examp1e 1~ et a~subs~rate tem~erature of the 

first and second substr~te in Table 2,ranging·from 
i • • 

2so·c to 33o•c, Al(lOO) '.•O~~crys~al ~s deposited on 

the Si (111) substrate, ;and Al (111) monO<irystal on 

the Si (100} substrate. ; 

Example 19 

Crystallinity o~ ~he Al film formed by the 
. . 

me1:hod ot Example 4 was !examined •. Similarly as in the 
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1 case of Example 1, at a ~ubstra'te temperature of the 

first and second subs~ra~e ~n Table 2 ranging from 

5 

270•0 to 33o•c, Al (100): aonocrystal was deposited on 

the Si (111) substi:.:ate, ~d Al (111} m.onocryStal on 

tbe Si. {100} substra't°'e. 

Example 20 

First, 'the proo~ttre for A1 film fo:rlllation ~s 

as fol1ows. By use of ~he device shown in Fig. 2, the 

~eaction tUbe 2 is inter;nal1y ev~ated to ca. 1 x 10-S 
. ' 

10 Torr by the evacuation upit ·g_ Howeve;r,. A1 film can 

l>e al.SO fOrDled if the vacumiz degree w:itbiJl the 

reac~ion t"tlbe 2 may he higher than 1 ~ 10-S Torr. 
. . 

After washing o~ Si.wafer,- the conveying 

chamber 10 is re1eased "t!o atmospheric'pressure and Si 
I . . 

15 wafer is mounted in the '.couvey.ing ch~er. The 

20 

25 

conveying chamber is ~cuated to ca. 1 x 10-6 Torr, 

iiUld then 'the gate va.tvel1s is ope~ed aiid the wafer is 

mounted ou the wate~ ho.lde:io 3. 
. . 

A£ter m.ouuti11g of "the 1q1.fer on the wafer 

holder 3, the ga:te va1"V'e 13 is c1osed, and .the 

reaction chamber 2 .is e~ted t:o a vaeuwn degree of 
! 
i 

l x 10-S Torr. ca. 

In ~h.:l.s Exmnple; DMAH is fed through the first 

gas line. As tbe carrier gas of DMAH line H2 i.s used. 
! 

'.rhe ., second gas l.ine is used . for H2 • 
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By passing fia tltj:ough the second gas line, the 

pressure withiu the reaction tu.be 2 is made a 

predetermined value-by c~ntrolling the opening of the 

s1ow 1eak va1ve 8 •. A typiea:.I pressure in this Example 

~s made approximately 1.~ T~rr. Then,: the wafer £& 

heated by current passa~ through the bea~er 4. After 
. 

the water ~emperature haS reacheCi a predetermineCi 

temperature, DMAH is i:c.t~oduced into the reaction tube 

through the DMAH line. The total pressure is ca. 1.5 

10 ~orr, and the DMAH parti~l pressure is: made ea. 1.5 x 

!o-4 Torr. When DMAH 1s: in~roduce~ into the reaction 

tube 2, Al is deposited.~ 

15 

20 

25 

' 
The 011tline of the first depos::i.~ion step ie as 

described above. 

In the first dep~s.i.tion step, .after the 

format.ion. of the con:t..inuous Al filin. o:f about 100 to 
. . 

200 A., high speed depos.iltion·j,s ef:fected at the second 
. . . 

4epos1ti.on step. T'he ~dition for the second 

deposition step are made the tota1 pressure of ca. 1.5 

Torr and the DMAH pert:iat pressure of ca. 1 x 
! . . 

10-3 Torr. After a predetermined deposition time has 

~lapsed, feeding of DMAH iei.stoppE!d. ·Next, heating of 

' 
the heater 4 is stopped~to 0001 the wafer. Feeding of . : 

! 

H2 
gas is stopped, and ~fter evacuation internally of 

' . 
the reaction tu.be, the Wafer is tiansferred to the 

i 
I . . 

conveying anQ. ~n1y -i:he conveying chamber is 
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1 made atmospheric pressure before taking ou~ ~he wafer. 

s 

The out1ine of Al. tilm formatio~ is as' described 

above. 

Si. substrates {N~type, 1 - 2 obm·cm.) were 

Subjected ~o thermal o~ikat~o~ at a temperature of 
i 

1000 °c according to thelhy~rogen combustion system 

C;H2 : 4 liters/M, o2 : ~ llters/M). 

· The film thickness was 7000 A + soo A, and the 
; 

r,efraotive index 1.46. ~ photoresist Wa.s ooa~ed on 

10 ~he whole Si substrate, ~nd.a des~red pattern was 
. : : . 

~aked by an exposure mac~ine~ The pattern was such 

that various holes of o.25 µm x 0.'25 µin - 100 µm x 100 . : . 

µm were opened. After ~evelopmen~ of :the resist, with 
. ' 

the photores:ist as the ~k, the ~b~ng s102 .we.s 

15 etched by the reactive 1Jon etoh.ing (RIE), etc. to have 

~he Substrate S:i partia~ly exposed. Thus, 130 -sheets 

~f samples having variots s~zes o~ Si02 holes of 0.25 

~ x 0.25 µm - 100 p.m z:1oo·µm were p~epared, the 

substrate temperature ~ set at 13 l~vels, and for 

20 ~he samples each of 10 ~heets at the ~espective 

' 
temperatures, A1 f.il.ms ¥ere.depos.ited·fol.l.owing the 

! . 
i 

procedure as aescribed above under the £o11owi.ng 

conditions: 

duriog the first deposi~ion step, 

25 Total pressure: ; 1. S Torr 

DMAB par~1al pr~s~e: 1.6 x 10-S Torr 
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' 
l during the second c:leposi'.tioa step, 

' 
Total pressure; 19 5 ··Torr 

DMAR partia1 pr~sure: 1.s· x l0-3 Torr 

The Al fi1~s de~si~ed by var-Ying the 
. . . 

5 substrate temperature a~ 13 levels were eve.Iua~ed by 

10 

15 

20 

25 

use of various evaluatioP. methods." The results are 

shown in Table a. 
In the above samples, no Al was deposit:ed. on 

~i02 at a temperature range from 1ao·o to 45o•c, and 

A1 was deposited only o~ the port±on with opening of 

Aiso, when 2µm of A1 
. . 

deposition was carried dut in tbe :abo~e temperature 
: . . . 

: 

range continuous1y, simi!lar selective:depositability 
; . : 

was :maiutained. 

When the substr~te ~e~ratur~s in the first 

and second deposition s~eps-excee4 300 •o, high speed 

deposition at 0-5 to 1.~ lUD,Was possi~le, but the 
I ; : 

probability that surfac~ reflectance l)ecomes more or 
: 

less worse as compared ~!th the case o~ aoo•c or lower 

is slightly enhanced~· ~he reason·may:be considered to . : . : 

~e due to the fact that~ if·~he tempe~ature in the 
! 

firs~ deposi~ion step ~~ h~gh, flatness of the 
: . 

extremely thin Al film ~ep~~ited in t~e first 

deposi't:ion step is inferior·. 

Example 21 

Fo1lowiug the stbie prooedure ~s in. Example 20 
' 
' 
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l to set the parameter$ as: fol lows: 

dur~ng the fir$t deposition step, 

Total pres$U.t"e: : 1.5 Torr . . 
: 

DMAH partial pre:Ssure.: 
' 
I 

5 Substrate tempe~ture: 2-zo•c or3oo•c 

during the secoud deposi!tion step,· 

Total pressure: '. 1.5 Torr 

DMAlt par'tial pre~sur~: 1.0 x 10-3 Torr . . 

Slld the substra~e tempe~ture Of the SeCOlld depOSi~ion 

10 ~tep was varied at se~~al levels which were higher 
. . . . 

than tb.at of the first ~position step to.deposit the 
t . . 

A1 film. And var1ous eval:~'tion results of the Al 

~i1m deposited are s~ in:Table .4. 
. . . 

When the su.bstr~te temperature in the tirst 

15 deposition step is 270 ~c or soo ··c, there is uo 

difference in the results ob~ained. 
! : : 

Similarly as iniE:xalllple 2Q, wlien the substrate . . 

temperature 1~ the seco~d s~ep e~~ 300 ·c, high . . . . . 
~peed deposition at 0.5 :to 1.0 µm/min~ was possible. ; : . . . 

20 The difference trom Example 20 is '~hat an Al film with : . 

high surrace f latn.ess h~vin{;i a reflectance of. 80 to 95 . . 
. . 
% could be formed even '!hen:the subst~ate.temperature 

' 
in the second step was sso:·c, 350 ·c~ 

Similar1y as in~Exemp1e 20, ~was sel.ective1y 

25 
~ ~ 

deposited only on Si. Also, even:when A1 was 
I • . . 

deposited to 2p.m, the selective d.epos!t:ability was 

' .. 
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1 maiotaii:i.ed. 

Example 22 

Tbis Example 22 earrie$ ou~ Al deposition by 

use of Ar . in place of H2; as· ·the carrier gas for DMAH 

5 in tbe same procedure as· in Exampl~ 20. From t:he gas 
; 

second line, H2 ~e fed. ! 

Similarly as in 1abie 3 of: Example 20, no Al 

was deposited on Sio2.ati a temperature range from 

1,6o·c to 450•0, mid A1 w;as ~eposi:-t~ on1y on the 

IO portion w~th opening of ~iO~ to have s~ exposed. 

15 

20 

25 

. . 

Also, when 2µm of A1 ~ep~s1-c1o:n was carried out: in the 
' 

above temperature range (x)zitinuou.s.ly, silll.il.ar 
' . 

selective depositebilit~ wa~ me.intaine'.ci. 

When the substra;~e tempera.tur~ in 
I . 

the first 
. . . 
j : : 

second deposition st~s .exceed 300. •c, 
l . and high speed 

. I • .· 

deposition at o.s to 1.~ µm was po$si~le, but the 
: . . 

probability that surface re~~ectance b'.ecomes more or . . : . 

' 
less worse is slightly enhanced. The 'reaso:n may be 

! 

I 

considered to be due 'to ~the . fact that,: if the 
. . 

temperature ~n the f~~s~ depositi~n step is high, 

flatness of the extreine~iy "thin Al 'film deposited in 
] 

the first deposition ste.P ie· inferior.' 

Example 23 

This Exem.ple 23 '.Performed ;Al deposition by use 

of Ar in place of a2 as;the·oe~rier ~s for DMAH in 
' . . 

t:he same procedure as in Example 21. The second gas 
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line fed a2 • When the sii.bstrate tempera~ures in the : . 

first deposition step were 270 ·c and 300 •c, there 

was no difference in theJresults o~tained. The film 

quali'ty obtained is. subs~antially the same as in Table 

5 4. 

Similarl.y as in ~le 20: or 21, w~en the 

s:utJstrate temperature in! tbe seoond st~p exceeds 300 

·c, high speed deposit~oh at·o.s to 1.0 µm/min. was 

p~ssible. The difference from ~ples 20 and 21 is 

10 that an A1 f.:i.ht w.ith bj,g-h surface flat~ess having a 

re~lectanee of 80 to 95 ~could be.reproduc1bly foraed 
' even when the substra~e itemx:ierature in 'the second step 

was 330 •c, aso •c. 

Similarly as in ~ample 20 and Example 21, Al. was 
I 

15 sel.ectiv~1y deposited on~y on Si. Al.so, ev~n when A1 wes 

~eposited to 2µm, the s~ective deposi:tability was 

aieinta1ned. 

20 

25 

I.ii the above sa.mPle~, .no Al was deposited 

on Sio2 a~ a tempera~~ ra:nge fro~ 1&:o·c to 450•0, 

and Al was depos~ted only on the portion with 

~pening of Si02 to have ~i ~osed. Also, whei:a. 2µm of 

A1 deposit.ion was carri~ out iD ~e ~ve t&1Dp$raturo 

range continuously, similar selective "depositability 

~ :maintained. 

Example 24 

By means of the lowpressure·cvn device shown 
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l in Fig. 3, Al. films wer~ formed·on 'the substrates with 

5 

10 

15 

20 

25 

t:he constitutions as described below {$amples 5-1 - s-

179). 

Preparation.of S~ple 5-1 
. i 

On a monocrysta~1ine.silioon as the electron 

donative first substrat~ surface material, ~ thermally 

oxidized s102 film as t~ e~~ron non-donative second 

slll:>st:rate surface materi;a1 was formed,.'. and patterning 

was effected aooording ~o the photo1ithographic steps 

as shown iQ Example 20 ~o have the moriocrysta111ne 

surface pe.rtially ex:Pos~. . 

The rilm thiclcDess ·6r the .the~mally ox~dized 

~io2 film was found to ~e 70~0 1, wit:~ the size of the 
.. . 

exposed port:ion of the ~onocrystalli~ silicon, nalllely 
. ' 

opening being 3 pm x 3 lia- 'Thus, ·sample 5-1 was 
• I . . . 
prepared. (Hereinatter~ such sample is expressed. as 

~t:hermally oxid:l.zed Si.O~ (h~reina~ter '.abbreviated as T­

~102)/monoc;.r:ystalline s~licon"). 

Preparation of Semrp1es 5-2 - 5-179 
' 

semp1e s-2 .:ls aD. o~d:ized :film fonted·by 
! . . 
I ' • 

normai pressure CVD {he~eina.fter abbreviated as 

Si02 }/monoorystalline s~lic0n. 
. . 

Sample 5-3 is a~bor~n dopE!d oxidized film 

formed by normal pressure. CVD (hereinaf~er abbreviated 
: ~ . 

as BSG)/monocrys~allinelsi~~con. 

Semple 5-4 is a:phospborus doped oxidized. fi1m 

T 
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l formed bl" normal pressu.r~ CVD (hereinafter abbre~ie1:ed 

5 

10 

15 

20 

25 

; 

as PSG)/monoorystalline silicoc. i . 

Sample 5-5 is ~ khosphorus'. and boron doped 
' . 

oxidized film formed by rormal press~e CVD 

(hereinafter abbreviated as BSPG)/monocrystalline 
~ 

s.i1icon. 

Sa.mp1e 5-6 is e ~it~ided ~ilm:formed by plasm.a 
I 

CVD (hereinafter abbrevie.ted as P-S:N)/monocrystalline 

s:llico:r:i. 

Sample 5-7 is a 'thermally'nit11"id"ed film 

(hereinafter abbreviate~ as T-S:N)_lmo:4oorystalline 

silicon. 

samp1e·s-s is a~nitrided film formed by low 
' . ; . . 

pressure CVD (hereinaft~r ~breviated·as LP-

S:N)/monocrystal1ine si1icon. 
~ 

Semple 5-9 is a;nitrided ~il.m._formed. by ECR 

device {hereinafter abb~eviat9d as Eci-
$iNJ /monocrystalline si~i~n. 

' ' Further, by com0inat-ions of the electron 

~onative first subs~rat~ ~faae mate~ials end the 
i 

: . 
electron non-donative s~~on~ ~ubstrat• surfac~ 

materials, Samp1es 5..:.11 '- s·-179 shown'. in Table 5 w6r6 

prepared. As ~e :firs't substrate S\tt"faoe material, 

monocrystalline silicon (monoc;rystalline Si), 

polycrystalline silicon (polycryst~ll~ne Si), 

amorphous silicon (emorphocii Si) ~ : tungsten (W) , 
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l molybdenum (Mo) , tantalttjn {Ta) r tungsten silicide 
. I . 

(WSi), titanium s1licideJ (T~Si) r aluminum (Al) r 

aluminum silicon {Al-Si>;, titanimi alu:mi11um (Al-Ti}, 

titanium. nitride {TiN), ~opper {cU), aluminwn silicon 

s ~opper (A-1-Si-Cu), a1um.i~ palladium. :(Al-Pd), 
. i . .. : 

10 

15 
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25 

t:itan1um (T:l.), moly.bdenciz& sili.oide (Mo-Si), tant:alum 
! 

silicide (Ta-Si) were e~lo~~d- ~es~ samples were 

p1aced in the 1ow press1*'e CVD device ;shown. in Fig. 3, 
:· 

~d Al films ~ere formed within the same batch. 
: . 

The deposition ~onditions were as follows: 

during the f1rs~ deposi~ion step, 

Total pressure: : o. 3 Torr 

DMAH par-cial pr~sure: s x 1·0-6 Tol:'r 

t 

4uring the second deposition step,; 
I 
' 

Total pressure: ~ o .. 3 'Torr 

DMAH partial pr~ssure: 1 x 16-4 Torr 

Substrate tempe~attll-e: sao·o: 
i 

As ~he resul.t of film forma~ion under such : . . 

?onditioas, concerni:o.9 ~11 the sempl~ applied with 
1 . . . 

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

' I ~ 

film occurred·only on the electron donative first 

Substrate surface film to embed compl~tely the opening 

with the depth of 7000 ~. 
' 

The film qua1!ty of the Al film forme~ is not 
I • 

d!fferent f~om those atia ~strete tempera~ure in the 
J 
: 
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as 

1 sec:ond deposition o~ 33otc in Table 2 as described 
. . 

above, and also the depo~ition rate in ~be second 
; 

deposition step was. very; high as c:a. o·. 7 µm/min. for 

all of the substra~es. 

5 Examp1e 26 

. . According to th~ sallie proced~ as in Example 

21, Al film was depositeJi by· the use o_f ~~H2 in 
i . . : 

place of DMAH. As th~ ~strate, Si wafer obtained by 
. : 

patterning the same SiO~ thin film as shown in Example 

10 20-

15 

20 

25 

The deposition ~onditions et this time are as 
: 

~ol.l.ows: 

4uring the first deposit'..ion.step, 

React:f.on tube p~ssU.re: 1.5 ~-orr 

MMAH2 part~a1 p~essU:!-e: 5x . -5 
TO:t"r 10 

; 
I 

SUbst:rate tempexja-t'D:1!'e; 27o•c. 
i 

~uring the second depoe~t:i~n step, 
J 

Reac::tion tube 
I 

p~essure: 1.5 'J!orr 
' . -3 

MMAH2 part.ial p~essure: 1 x 10 Torr 
1 

S:imilarly as in!Example 21, Al; film embeded 
' . . 

: : . : 
~ompletely the s102 ~pe~ing with the ~epth of 7000 ~ 
: ; . . . 
and the film quality of ·deposited·Al was not 

: 

. i . 

different from. one at a:substrate te~perature in the . . . . 

second deposition step of· 33o•c in Table 4. 
: . 
' 

Also, the deposit~on: rate of Ai in the 

second deposition step was ce. 0.7 µm)min. and no't 
' 
' 
i 
' 
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i . 
substantia1iy different ~rom the oase of usiDg DMAH. 

! 

In the above samples, no Al was deposited on · 

Si0
2 

at a temperature r~s~.from 1eo·c to 450•0, end 

Al was deposited o~ly on the portion with opening o~ 

s ~io2 to have Si exposed.; llso, when ~_of Al 

4eposition was carried ~u~ in the above ~emperatu.re 
,. : : . . . 

zi'ange continuously, simJ.ilar selec-t.ive deposi tabili ty 

was Jnaintained. 

Example 26 

10 F1rst, the proc~dure for Al-Si £i1m £ormation ~s 

15 

20 

2S 

' 
as follows. By use of ~be device shoWn in Fig. 1, the . . 
~eaetion tube 2 is inte~lly evacuated to ca .. 1 x 
: -8 . ; . 
10 T.orr by the evacuation lUrl t ~. However, Al-51 film 

; 

08.D. be also formed if the vacuum degree within ~he . . 

~eaetion tube 2 lllEl.Y be ~igber thatl 1 x 10-8 Torr. 

Arte~ W$$hing of Si wafer, the conveyJ.J1Q" 
I 

I • 

chamber 10 is released to atm.ospherie·pressure and Si 
: . . 

wafer is mounted .in ~be)oon~eyfng:ch~r. The 

conveying chamber is ev.icuat.ed to ca. · 1 x 10-6 Torr~ 

and then the gate valve 11S is opened and the wafer is 
' . 
! 

•ounted on the wafer hoider 3. 
; 

A:tter mounting c;?f the wafer ori. the wafer 
! . ; 

hol~er 3, the gate valve 13'is closed~ and the 
; 

~eaotion chemtI:H;tr 2 is etaou~ted to a vacuum degX"ee of 
: 

1 x 10-S Torr. ea.. 

rn this Elcamp~e~ DMAB is fed through the first 
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i 

1 gas l.ine. As t:he cerri~ g:as of DMAH line Ar i.s 

employed. The second get& line is used for H2 and tbe 

third gas line ror Si2H~. 
By passing_H2 t1f-ou~h the ·second gas line, the 

5 pressure within ~he reaqtion ~e 2 is made a 

predetermined value by 9ontroll~ng the opening of t:he 

10 

15 

20 

25 

. . 

slow leak valve 8. A ~ical pressur~ in this Example 

is made approxiJ11ately 1.·s Torr. Then, the wafer is 

' ~eated by current passage through the ;heater 4. After 
; 

the wafer temperature ~ reached :a predetermined 
i 

temperature, DMAH is in~rodUced into the reaction tube 
' 

through the DMAH line. ~The total _pressure "is oa. 1. s 

Torr, and the DMAH part!al pressure is made ca. ·1.5 x 
• I 

io-5 Torr. The s12H6 p~~i~l presSUJ:~ is made 2 x 

10-7 Torr. 
' 

When DMAH ~ Si2H6 are i~t~odu.ead into 
I • 

ihe reaction tube 2,. Al~Si ;s deposit~. 

The outl.ine of the ·first ~epo~i-tion step is as 

' 
described above. 

l 

i '. 
In the first de~osition step, :after the 

formation of ~he contintlous Al-Si film of about 100 to 
i • 
~ 

200 .l, hj,gh speed depos~t:.ion is effected at the second 

deposition step. The cdndit:iqn for tbe second 
' . . 
' . 

depositiOD S~ep are mad~ the total pres51.lre of ca. 1.5 

Torr, the DMAH partia1 pressure of ea~ 1 x 10-3 Torr 

~d the Si2H6 partia~ _p~essu:re of _ca. '.1.s x 10-5 Torr. 
; . : 

After a predeterm~ned d~position ~i:me:hae elapsed, 

~ . 
' 
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1 ~eeding of DMAH and Si2H6 is stopped. Nex~, heating 

~f the hea1:er 4 is sto:pp~ to cool .. the: wafer. . Feeding 
: ' 

of H
2 

gas is stop~, ~ af~er evacuation inte~ally 
' 

ot the reaction tube, th~ wafer is tr~sferred to the 

5 ~onveying chamber, and '*11 y. ·the co:c.V'ey'.ing chamber is 

10 

15 

20 

25 

. : 

made atmospheric pressur:e before taking out the wafer. 
' 

The outl!ne of Al rilm ~ormation is as' described 

above. 
I 

Si substrates (~ type, 1 ~ 2 ohm·cm) were 

subjected to thermal o~da'f:iou at a t&mpel:'ature of 
. . 

1000 °c according to th~ hydrogen co~ustion system 

~H2 : 4 1iters/M, o2 : 2 ~ite~s/M). 

The film thickn~s was 7000 A:+ 500 A, and the : : . 
; . 

refraat~ve i~de.x 1.46. ;A photores~st was coated on 

the whole Si substrate, ~and a desired.pattern was 

. baked by an exposure :ma~i.ne-·. Th~ pa~ter11 was such 

that various holes of 0:2s µm x o.25 tim - 100 µm x 100 . . 
: . 

Jim were opened. After 4eve+opment of ;~he resist, with 

the pho~oresist as the iask~ the ~ubbing Si02 was 

etched by the reactive ~on etchin~ (~E)~ etc. to have 

the substrate Si part1~1y ~osed~ ~hus, 130 sheets 

of samples baviDg vario~ s~zes of Si~2 _holes of 0.25 
. 

µa Jt. 0.25 µm - 100 µ.Jn x.~100 p.m were prepared, the 

~ubstrate temperature ~$ set at 13 1evels, and for 
. . 
the samples each of" 10 sheets at the respec~ive 
. ~ 

temperatures, Ai-s~ f11•s were select~veiy deposi~ed 
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so 

1 fo11ow~ug the procedure :as described above under the 

5 

10 

follow~ng condi~ions: 

during the first deposi~ion step, . 
Total pres~ure: ;1.s.Torr 

DMAH partial pr~ssure: l.~ _x 10-5 Torr 

i 7 Si
2

H6 partial p~essure: 2.0 ~ 10- Torr 

during the secoud deposition step; 

Total pressure: :1. 5 Torr : 

DMAH partial pr~sS1.lre: 1.0 ~ ~o-3 Torr 

si2H6 partial p~essure: 1.s ~ 10-5 Torr 

The Al-S~ filmsldep0eited:by ~ing the 

~ubstrate temperature a~ lS levels were eva.lua~ed by 

use of var.i.ous eva1uatiqn methods. The resU.lts were 

the same as shown :in ~able 3. 

15 In the above s~ples, no Al-Si was deposited 

20 

25 

pn Si02 at a temperatur~ range from 1~o·c to 45o·c, 

and Al-Si was deposited only on the portion with 

9pening ot Si02 to have Si Spas~-. ~lso, when 2µm. ot 

Al-Si deposition was c~ried out in the above 
• t • 

temperature range conti~u~ly, similar selective 
. ! 

depositability was Jnaintain~d~ 
c . 

When the sU]:)str~te teni.peratur~s in the first 

and secoPd deposition steps exo~ed 30() •c, h:ig-h speed 
! : 

deposition at 0.5 to 1.~ _µm 'lllSS possi~le, but the 

probab~lity that surfac~ reflectance ~omes more or 

·less worse is Slightly enbenoed •. The· reason may be 
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1 ~orisidered to be dtte to '.tbe .. fac't "tba-c, if the 

t:eJUperature in t:he firsti deposit.ion sl:ep is high, 

f;latness of the extrem~ly tqin Al-Si film deposited in 

t"he first deposition step is. inferior.: 

5 Example 27 

10 

15 

20 

25 

l 
Fo1lowing the· same procedu~e as in Example 26 

. 
to set the parameters asi fo11ows: 

d.u.ring the first: deposit;s..ou _step, 

Tota1 pressure: ; l.S Torr 

DMAH ~art::Lal pre~sure: 1.0 x io-5 Torr 

Si2H6 partia1 pr~ssure: 1.5 ~ io-7 Torr 
I . 

substrate tempe~tu~e: 27o•c ~r 3oo·c 

dur~ng tbe second deposi~ion step, 

Total. pressure: : 1.5 Torr 
. : 

DMAH part~al pr~e: 
. . -3 

1. 0 :z: ;10 Torr 

1.5 ~ 10-5 Torr 
• 

Si2H6 partial: p~essure: 
; 

and the substrate tempe~ture of the ~eeond deposition 

~tep was varied at 13 1e.1ve1s. 
: . : 

I 

r,esuit:s o~ the Al-Si f~ljm deposited were the same as 

:in Table 4. 
~ 

When the substr.te ~e•perature in the first 

deposition step is 270 •b o:r 300 ··c~ t:here is no 
; 

' difference in the resu1~s obtained. 
. : . 

S:imilarly as iniEXaliiple 2~, w~en 'Che substrate 
' 

temperature in the seco:rld step ex~eed~ 300 •c; high 

$peed deposition at 0-? l~o ~.O µ.m~mi~.: was possible. 
i 

The difference from ~ple 20 is that an Al-Si film w~th 
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1 high surfeee flatness baying e reflectance of 80 to 95 

% could be formed even when the substr~te temperature 

in the second step was 330 •c, 350: •c. 

Similarly as in Example 20·, Ai:-si was se1ectively 

5 deposited only on Si. Also, even when· Al-Si was 

deposited to 2}1Jll, the selective deposi~ability was 

mai.n't:ained. 

Example 28 

Fo11owing ~he s~e-prooedure as in Examp1e 27 

lO to se't the panuiieters as; follows: 

during the first deposi~~on step, 
i 

Total pressure: l.5 Torr 
: 

' 
DMAH partial pressure: 1.0 x 10-5 Torr 

' : 

Substrate temper~ture: 270 •c. 

15 during the second dep0si~ion s~ep, 
' 

Total pressure: : ·l. 5 · Torr . 

DMAH partial pre~sure: 1.0 x io~3 Torr 
: 

Substrate tempe~~e: 330 • c: 
i 

and the Si2HG partial:pr~s~Ure was varied from 3 x 

: -4 : ~ 
10 to 0.2 fold of DMAH~partia1 press:ure to effect 

. . . 20 

deposition. The Si cont~t 
' 

("wt:.%) of the Al.-S.i film;s we:t"e varied ;trom 0-005 '5 to 

. i • 

5 % approximately in pro~rtion to ~he' s12a6 partial 
: . . 

pressure. As to resisti~ity, _car~n c~nte:.::li:, .average 

25 wirina life~ deposition speed, hilloc~ density and 
. i 

I 

~pike generation, the same results as :in Example 1 
; 
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l were obt:a.ined. However,' in samples having a Si 

content of 4 % or b~gber~ deposition was generated in 

the films which appeared; to be Si :to l'forsen slightly 

surface morphology •. ther~y making: th~ reflectance 65 

5 
' 

% or lower. samples hav?-ng a Si conte~t of less than 
: . 

4 % exhibited a :refleetahce. of so 1:0 95 ~, which was 
' 

~~m1lar1y good as in 

Similarly as ~n ~zample 27, the selective 

depositability based on the substrate surface material 
; 

10 Was confit'Jlled at the wb.Ole region. 

15 

Bxal!ple 29 

This Example 29 perfo~ A;..1-Si deposit~on by 

'Use of Ar iu place of H~ as the carrier gas for DMAH . 
:i.n the same procedure a, in Example 26. The $econd 

gas lin~ fed &2 • 
• 

Similarly the same results as :in Table 3 in 

Example 20, no A1-Si wa~ deposited on;sio2 a1: a 

temperature range from i6o•o to 450·0) and A1-S~ was 
i : 

depos~ted only on 'the PQrt~on with op~ning of Si02 to 

20 have Si. exposed. Also. jwhen 2'Jllll 0£ A1-Si deposition 

~ carried 012:t in the ~ov~ temperature range 

25 

. 
continuously. similar select"ive deposit:ability was 

maintained. 

When the substrate temperatures in the first 

and second depos1t1on s~eps ·exceed 300 ··c, high speed 

deposition at 0.5 to 1.~ llJrl/min. was i;>ossibie, but the 



( ··. 
•.! 

94 

I probability that surfac• re~lectance becomes more or 

less worse is slightly ~nhai?-ced. ·The reason may ce 

considered to be due to!the.fact that, if the 

5 

10 

! 

~emperature 

f1atness of 

in the fi~st deposition step is high, 

the ~reme~y ~h~n Al~Si fil.m deposited in 
: 

the first deposi~ion stEfP is inferior~ 

:Ex8mp1e ao 

Th.is ~1e 30 1peri'orm.s Al-S4 ~eposi t:ion by 
! 

use of Ar in place of HJ a.S the carri~r gas for DMAH 
. I 

in the same procedure~ in Example 2~ •. The second 

gas 1ine fed H2 • When ~he·sUbstrate ~emperatures in 

the first 

there was 

deposition St~ were 21<? •c'and 300 .•c, 
i 

no difference~in tbe results obtained. 
i 

The 

f~lm quality obtaitted i~ substautially t:he same as in 

is Tebl.e 4. 

20 

Similarly as in'.Exanq;,Ie 7 or 27, when the ·. 
substrate temperature i~ the second step exceeds 300 

·c, high speed deposition e.t o.s to 1~0 Jlm/•in. was I .. 

possible. The di~feren4e from ~Plf'.!S 26 and 27 is 

that an A1-Si fil.m with!high surface fl~tness having a 
. ~ . 

reflectance of 80 to 95:~ coU.ld be formed. even when 

the substrate temperattifes in the· second step wer& 330 

•
0 c and 350 °c. 

Similarly as·in:Examples 26 a.net 27, Al 

~electively deposited o~ly Od Si. Alsor e~en when Al-

Si was deposited to 2pm. the selective depoeitability 
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1 was maintained. 

Example 3:1. 

This Example 31 performs Al-Si: depositiou by 

use or Ar in place _of a2i as the carrier !jc!t$ for DMAH 

s in the same procedure as~ in _sxam.pl~ 26. The second 

10 

15 

20 

25 

~as line fed H2 . 

Deposition condi~ion was shown below. 

~uring the first deposi t:ion s1:ep, 
.. . 

Total.presstire:; 1.5 Torr 

DMAH partial pr~sure: 1 •. 0 x :10-5 T~rr 

Substrate tempe~ture: 270 •c 

during the seooi:td depositt;ion· step·,· 

Total presS\tt"e: ! 1. 5 Torr 

DMM partial pr+sare: 1.0 x;10-S Torr 

Su.bstra'te tempe~ature: 330 •c 
: .. 

and the si2H6 part~al p~e~e was ·varied.· from. 3 z 10-4 
! 

to 0.2 fo1d of DMAH par~ial pr~s~ure ~o e£fect deposition. 

Si.mi1ar1.y as in Exampl.e las, the Si co~tent (we • .\-) of t~ A1-

~i £.il.JDs were varied fr~ 0~005 % to ~ t appr~ximately 1n 
. . 
proportion to the si2li6 jpartial pressure. As to 
: : 

resistivity, carbon content~ average ~iring life, 
: . ! . ; 
deposition speed, hilloqk de08ity.and;spike 

~enera'tion, the S&llle re·~ul1;s. as in ~le 20 were 
I 

obtained. However, in Ja.mp1es ha~ing'a Si content of 
: : 

4 % or higher, depos~tidn was generated in the films 
: 

wb:ich appeared to be Si. to worsen-s1.ightly surface . . 
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l morphology, thereby ~aki.ng the reflectance 65 % or 

lower. Samples having a; Si content of less than 4 % . 
exhibited a ref1ectance of 80 to 95 %, which was 

sim~larly good the.same ~sin Exalllple 27. 

5 Also, simile.r1y !!J.S .in Examp.le :26, the 
I 

! : 
selective depositabilitYbased on the substrate 

! . 

surface material was conlfirmed at the whole region .. 

Exaaip1e 32 

By: means of t:he l.ow pressure ~ device shown 
. . \ 

10 ~n Fig. 3, Al-Si films ~re- £oi:me4 on '.the sub~trates with 

the constitutions as des~ril:Jed below (Samples 5-1 - 5-. 
i79). 

: 

Prepara~ion of sample 5-l 

On a monoerystailine silicon as the electron 
i . 

15 donative first substrat~ surface mate~~a.1, a thermally : . . 

ondized s102 film as t:~ ~lectroii ":o.o~-dona:t.iTe second . 
SUbstrate surface mate~i'.ai ~s for_med,. 1111d patterning 

c·· Was effec;ted according ~o the photolithographic steps 
! : . . 

as shown .in Example 7 td. have the ·monoerystalline 
' 

20 surfaoe partielly expos~d. . . 
! 

The £ilm thickness of the :the~ally oxidized 

~102 film was found to ~e ~~00 i, wi~~ the size of the 
i . . 

exposed portion of the ~onoerysta1lin~ silicon, :oamely 
' 

opening being 3 µ.m x 3 ,k,. Thus, ·sample 5-1 was 
: . . 

25 prepared. (Hereinafter; sueh sam~le ~s expressed as 
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1 •.thermally oxidi20ed s:1.0
2

; (hereinafter ebbrevi.a'ted a:s T­

~i02)tmonocrySta.11ine si~ieonn). 

5 

10 

normal 

Preparation.of S~ples 5-2· - 5~179 

Sample 5-2 is· an; oxidized film formed by 
i 

pressure CVD (her,ei~f ter abbreviated. as 

. . 
Sample 5-3 is a ~oron doPe:d oxidized f il~ 

! 
~ormed by normal press~e cVo (her·ei~fter abbreviated 

as BSG}/monocrysta11ine ~ilicon. 
! 
' 

sample 5-4 is.a phQsphorus doP,ed o~idized film 
: ; 

formed by normal pr~e CVD (herein~fte~ abbreviated 

~ PSG)/monocrystal1i.ne ~ilicon. 
: 

Sample 5-S is a}>hosphoru.S and boron doped 
. . 

oxidized ~1lm formed by1norina.l. pre5sure CVI> . . 
' 15 {herei.nafter ebbreviat·e4 as .BSPG) /moiic)orystalline 

20 

25 

silicon. 

Sample 5-6 is a;nitrided ~ilm,formed. by plasma 
1 

CVD (hereinafter abbrev~ated· as P~S:N)/m.onocrystalline 
; 

sil.icon. 

SaJ11P1e 5-7 is a;the~ally'.nit~~ded film 
' 

(hereinafter abbreviated as.T-S:N}/monocrystalline 

silicon. 
.: 
; 

' 
Sample 5-8 is ·a;nit~ided film'formed by low 

pressure CVD (hereiuafter abbreviated·as . ! ; LP-

S;N)/monoorystalline s£iicon. . . 
' 

Sample 5-9.is a;nitrided fil.m:formed by BCR 
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l device (hereiaafter abbreviated·as ECR-

S1N)/monoerystal1ine sil~con. 

Further, by.comb~na~ions cf the electron 
. . 

donative first substrat~ surface materials and the 

5 electron non-donative s~ond substrate surface 
~ ~ . 

materials, Samples 5~11 ~ 5-179 shown ;in Table 5 were 

prepared. As the_ first '.sub~trate surface material, 
' 

~onocrystailine silicon ;cmonocrystall~ne Si), 
: . 

polycrystalline silicon ~(po~ycrystal1~ne Si), 
; l 

10 ~rphous s:ilieon (amorphous Si), tun~ten {W], 

15 

20 

25 

molybdenum (Mo), t:antal"tim (Ta}, tungs1:en silicide . : ; 

(WSi), titanium silicide (T:iSi), aium.inW11 (Al)., 
.= : 

al.uminum si.1.icon (A.1-s:iJ:, t~tanium al-dminwa (Al-Ti), ' . 
' 

"titanium n.:£.t:r:ide (Ti-:N) ~; copper (Cu), ·al.undnum silicon . ; . ~ 

' 
copper {Al-Si.-Cu) , ali:uu.fnum · pallad:i:um : (A1-Pd), 

I 

titanium (T:i.), molyi)d~ silicJ.de (M~-Si), tantalum 
! 

silicide (Ta-Si) were ~pl.o~. Tbes~ sa.mples were 

placed in the 1ow press~e CVD devioe:shown in Fig. 3, 

and Al-Si films we:re f~ within th~ same 'batch. 
I ; 

The deposition conditions were es follows: 
: : 

during the first deposition step, . 

Tota1 pressure:; 0.3 Torr 

DMAH partial pr~ssure: 3 x 19-o Torr 

Si2H6 partial p~~sure: 1 x ~o-7 Torr 
I 
j 

Substrate teUlpe*ature: 27o•c'. 

during the second depos!tiop step, 
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Total pressure; · 0.3 Torr 

DMAH partial pr~su.re: l x 10-4 Torr 

si2H6 parti~l p~ssure: 3 x 10-6 Torr 

substrat:e temperature: 33o•c 
. . 

As the result of film formation under sueh 

conditions, concerning ~11 tbe samples applied with 
. . : 
~atterning from Sample ~-1 to 5-179, deposition o~ Al-

; 
: ; 

Si film occurred only o~ the elee~ron ·donative first 
. , 

' substrate surface film ~o embed ccimpletely the opening 

with the depth of 7000. %. 
i 

The film qua.lit¥ o~-~he Al-Si ·film formed is not 
' 

d~fferent from 'those at:a substrate tempe~ature in the 
. . 

second deposi1:::i.on of 33~·c in Table 2:as descr:ibed 

~ove, and also the dep~sition rate in t:he second 
i 

15 deposi 1:.iOD. step was verj high as ca. 0. 7 pm/min. for 

all of the substrates. 

Example 33 . 
According t:o the same proced~e as in Example 

27, ll-Si film was depoSit:ed by 'the u&e of MMAH2 in 
1 ! 

20 place of DMAH. As the Substrate, Si We.fer obtained by 
i ~ 

patterning the same SiO~ th~n film as:sho'Nll. in Exeunple 

26. 

The depositio~ 9ond~tions a~ this time are as 

follows: 

25 
during the first deposi~ion· step, 
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l Reaction tube pr~ssure:. 1.5 Torr . 
MMAH2 partial pr~sSlJ.re: s x 10-5 Torr 

Si2H6 parti~l prrssure: l x 10-6 Torr 

Substrate temper~ture: 27.o·c 
'. 

5 during the seco~d deposi~ion.step, 

Reaction tube pr'.es$ure: l.S ~orr 
' 

MMAH2 partial p~ssure: 1· x 10-3 Torr 

Si2H6 partia1 p~ss1ire: 1x 
: -s 

10 'l'Or1' 
l 

S.imilarly as :in Example 2'1, ll-Si f.ilm embedded . r .. 
: . ' 

10 completely the Sio2 ope~ing with the ~epth of 7000 ~ 

15 

20 

25 

and the film qg.al.ity of ~dep0sited Al-Si was not 
: 

different from one at a;substrate temP6rature in the . 
second deposition step of 330•0 in Table 2. 

i ~ 

. ! . 
Also, the depos~tion ra1:e of Al-Si in the 

second depos11:ion step ~as ca. 0.7 µmtJD.in. and not 
: i . 
• I 

Substan~ially dif~ere~t !fro~ the ciase:of using DMAH. 

Examole 34 

According to th~ same pr~edu~e as in Example 

?"I, Al-S1 film was d~po,it.ed by the u~e of SiH4 in 

·Place of Si2H6 • As the jsuti~trate~ Si ~wafer obtained 

9y pattern~ng the same ~io2 thi~ fi1mlas sbcw.o. in 

Example 1. 

The deposition conditions a~ ~his time are as 

' fol1ows: 

during the first depos~t~on s~ep, 
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Reaction tube pressure: l.5 ·Torr 
. 

DMAH pEU:"tia.1 p~essure: 

si2a6 part~al ~ressure: 
j 

Substrate tem~rature: 

1 x io-5 Torr 

5 x ;l0-7 Torr 

:during the second depos·~tion step, 

Reaction tube PFes~ure: 1.s "rorr 

DMAH partial pr~ssure: l x 16-3 Torr 

. 
Substrate ~eJDperature: 33o•c' . 
Similarly as ~n!ExmDple 27, Ai-Si film embedded 

oomple~e1y ~he Si02 op~ng with ~he *epth of 7000 ~ 
I and the film quality of ;deposited.Al-Si was not 
: : 

~ifferent from one at a:subs:trate:tem~erature )n the 

~econd; depos~tion step Jf ~3o•c in T~le 4. 

Also, the depos~tioli. rate_of ~1-Si in tbe 

second deposition step ~s ca. 0.7 µ.m/m.in. and not . . ~ 

~stantia.11y di:t:l!ereat jfrom the case ;of using Si
2
·a

6
. 

; ! 

Example 35 

Accord.ing to tb.el s~e method a5 in Example 20, 

a sample having an Al f i~ ~ormed ;ther~on was 

prepared. The erystalliµity of th~ Al; film 
j ~ 

selec~ively depos~~ed on!Si a~ the: same subst:t"S~e 
i 

t~JDperature as .1a Table ~ wa$ evaluat~ by "the X-ray 
' . 

diffraction method and the scanning µ-RHEED 

2s snicroscope. 

The seann~ng µ-~D microscope is the method 
' ! 

disclosed in Extended Abstracts of the;21th Co~erence 
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l on Sol~d state Devices a,rid ~ateria~s (1989) p.217 and 

Japanese Journal of Appl.;.ied Physies vo.1. 28, No. 11 

(1989), L2075. Acc9rdfng to ~he RHEED (Reflection 

5 
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20 

25 

High Energy Electron Di~fraction) method of prior art, 

electron beam was permi ~ted ··to be incideut o:o · t:he 

sample surface at a shallow.angle of 2 - 3°, and the 
! : 
: 

cristallinity of the s~le surface was evaiuated from 

~he diffract~on patterniformed by ·the ;diffracted 
. .: : 

e1ect:ron beam. However,; since the electron beam 

' diameter is 1arge as 100 µm to several hundred µ.m, 

only average information on_t:he sample surface could 

be ob1:ained. In the ~-RHEED microsco~e, an electroD : . . 

beam diffraction pattern from a speci~ic fine region 
' . 

on the sample surface~ be obs~ed:bY na.rr~wing the 
' 

electron beam diameter of O!l pm. : Also, by s~nning 
: 

the electron beam two-d~•enSionally o~ the $8Dtple . ~ : 

surface, by use Of any 4e5i~fed diffraction spot 
: : . ; 

~ntensity change on the~cli.f:frac:tion p4ttern es the 
: : . . 
image signa.1, t:wo dime~~on.81 image ($eanning µ-RHEED 

: 
i . 

~mage) on "t:he sample sm;fa~ cen be obt:ained. A.t this 

~ime by observation of the scanning µ~RHEED image by 

~se or 01f~ereut d~ffra4-tio~ spots A and C on the 

diffraction pattern as shown in Fig. 8, even if the 
: : 

I ' 

~attice planes in paral~el to the:sam~le surface may . . 

be aligued in (100), th4 crystal grain bounderies 

rotat~ng within the plane oan be visualized as 
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1 4istinguished from each !other. Here, the diff?:"actioa 

~pot A is a diffraction ;sp~t on the line (line l)· 
I 

~here the plane in ~Jµ.c~ the diff~ac~ion pattern 
. i . ; 

occurs and the sagittal plane formed by the inoident 

5 e1ec1:ron beam are cross~ at right angle, while the 

10 

. . . . . 

~iffraction.spot C is a!diffraction si?ot not on the 

1.ine 1. As shown in F'ig. 9,. when·the.lat:tice plane in 

paraJ.1el to the sample ~-grfece is; for example, (100), 

but crY$ta1 grains x ~ y are rotating mutually 

w:f.thin the plane, in th-9 se'a.l:U:li·n.g ·µ.-RHEED image by use 
! : 

of the di!fraction spot;A, both crystal grains x and y 

are displayed as the r~ion with stro~ inte:o~dty. On 
. . . 

the other hand, in the ~canning µ.-RBBED image by use 

of the diffraction spot'.c, only the c:;rys1:al grain xis 

15 displayed as the regionjwi~~ .. strozig int:ens.ity. 

20 

25 

I 

Thc~o~o~o, by ob•~~.l.on or i:h• •~"',.;..;,..CJ 11-RNR;:n 
. . ; 

' 
image J:>y use of the dlf~aetion spots:A and Oas shown 
. i . . ; 

iu P':ig. 8, it 

in -che region 

can be d.iscrilllinated wh~~ber the crystal 

observed ls a~o1yo?:"Yst~l including 
! : 

interp1ana.r rotation.or~a monoorys-ta1. In Extended 
• I • . 
Abstracts ot the 21th cbnference on S~lid state 
. i . . ; . . 
Dev~ces BDd Materials (i989f p.217 and J~ese 

• • ! 

Journal of Applied PhysfCS vol. 28, N9. 11 {1989) 

L2015, concerning Cu.thin f~lm,. it ha~ been clarified 
: 

i . 

~ha~,. for example, evenlif the lattioe plane in 
: 

parallel to ~he sample surface may.be; {100}, there 



l exists a cryst:al grain ~noluding intei71>lanar rotation 

in the {100} crystal gr~ins. 

First, the A~ tila d~posi~ed selectively on 

1:he Si exposed surface ;t the substret:e temperature in 

5 Table 1 was evaluated. 

10 

15 

20 

25 

When the cryst~ direction on~the Si substrate 
-

surface is (111) plane,:fr~ X-ray diffraction, 

concerning Al, as Sh01tn 1in fig. 10, oilJ.y the . : . 

diffraction peak: showing~ (100) ·OOl,,1.~d be observed. 
. . ' 
Next, cryStallinity of the Al film deposited 
: ; . . 

. . 
selectively was evaluat:~ by use of a:scanning µ-RHEED 

1 : . . . 
m.!croscope. As shown i* F:i,g. 11, ·after t:he region 

~here Al bad been selec~ively deposited was specified 
? • • : 

by the scanning secon~ e~eotro? im~ge showing the 

surface :form (Fig. llA) ~ by use of the d.i.ffraction 
. ' 

;spot 200 (correspond.ing!to the diffra~tion spot A in 
: • I 

F~g. 8) aud the diffrac~io~ spot: 620 (corresponding to . 
! 

the dif~ract~on spot C in Fig. 8) on ~be d~ffraotion 

pattern occurr1ng wb.en ~he ~lectron ~em was perinitted 

~n the Al (100) p1ane f~om. 'the [001.J ~irection, the 
• : ' I 

scann:tng 11-RHEED image (Pig. 11B and Fig. 11C} wes 
i 

observed. As shown sch~t.ically·in ~ig. llB and Fig. 
I • 

' 
llC, there is no change; in ligh~ness ~d darkness on . . . . 

t:he Al film select~velyjdep~sited, and the Al 

selec~ively deposited was confirmeCI. to be an Al (100) 
! 

iDonoerystal. 
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On the other hand, when the Si exposed plaµia 
j : 

is not linear bu't like via-hole, irreSpectively of the 
. . 

via-bole diameter, the-~l seieetivelyideposited. was 
. • ! 

found 'to be similarly ~ (100) Jaonocry;stal. Those at: 

substrate teJnperatures r1an,ging from 2SO 0 c to 330 °c 
Were selectively deposi~ed s~ably,· and the Al obtained . : . . 

was found to beoome monc:!crystal. 
' 

Also, Al films ~eposited seleetively on the Si 

(111) substrate with.th~ Si (111) pl~e being at off­

angles by 1°, 2°, 3°,, 44, s 0 from:the'.si substrate 
i . . . 

were a.1so found to depo~it u·c100) mo:aocrystals undeZ" 
: ; . . : 

the temperature conditions of the subs-cra1:e . . ' 

temperature ranging f~ 25~· 0c to 33~ 0 c similarly es 

deposited on the s~ c11iJ 5tlbstrate as desori~ed. 

above. 
; 

When the crysta~ direction of ;the Si substrate 

Surface is the (100) pl+ie, fr0m X-rai diffract.;on, 
' as shown;in Fig. 12, ottly t:he 
: . : 

concerning Al, 

dirrraction peek showi~ Al (111) c~d be observed. 
. . 
.ig. 13 shows t:he scam:i.ing.secondary electron image 

(Fig. 13A) and the s~n~ µ-~EEn ~age {Figs. 138 . . . 
! . . 

and 130) when A1 was se~ectively depo~ited on only the 

Si exposed surface on a~substrate having Si (100) 

exposed in.a line by pa~t~ing of Si~2 in a 11na • 
. : : 

For ~he scamling µ-RBEEO 1mage, the 333 diffraction 
' ; 

spots {F~g. 13B) and 531 d.i~fraction ~ots (Fig. 13C} 
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were employed. The Al f~lm'selectivel;y depoaited,was 
t • ; 

conr1r:m.ed t:o be an Al ( 1'11) monocrystal. Those at 

Substrate temperat~es ~ging fro~ 2~0 °c to 330 °c 

were fount! to be se1ecti'.vely deposited stably, and the 
5 i : 

10 

15 

20 

25 

Al films obtained bec;am~ •onocryst=als.: 

Also, Al films ~eposi t:ed seledtively on the Si 

' {100} substrate with the Si (100) plane being at off-

angles by 1°, 2°, 3°, 4°, s0 from .the :si substrate 

surface were also found ;to deposit Al :(111) 
' . : . 

mouocrystals under the ~emperatilre conditions of 'the 
' 

Substrate temperattu;e r~ging from 250 °o to 330 °c 
similarly as deposited ~n ~he Si (111). subs~rate as 

described above. 

E:camp1e 36 

Samples having Al f il:ms formed according ~o 
! 
I • • 

the same aethod as in EXample 21 were :prepared. When 
; . 

crystallinity Of tbe Al ;film seleotively depositec.ton 
I 

the Si exposed surf ace by use of the ~-ray -diffraction 
: ~ 

method and the scanning'.~-RHEBD m2oro~cope, it was . . 

tound to be as described belo-w. 

When the crystal direction of ~the Si substrate : . . . 

~s (111) plane, from X-~ay diffraotio~, as shown in 

Fig. 10, on1y the dirfr~ct1~n peak sh~wing Al (100) 
1 

was observed. The A1 film selectively deposited was 
; . ~ 
i . . 

evaluated by use of the=scapning ~-~ED microscope 
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and ii: was fO'tUld to be Al (100) JD.onocrystal simil~ly 

the same as in Example ~O. 

Also, the Al fi~ deposited on the Si (111) 

substrate wi~h the 0subs~te surface having off-angles 

differing by 1°, 2°r 3°) 4°, s 0 from ~he Si (111} . i 

plane were also found t~ have Al (100)'. monocrystals 
. . 

deposited stab1y under ~ t:emper~ture condi~ions of 

the f~rst and second ·s~tr~te temperature ranging 
. . . 
from 250 °c to 330 o~ s~il~ly as in;the case when 

deposi~ed on the Si (11~) sUbstrate as desori~ . : 

: 

above. 

When the crysta~ direotion of 'the Si substrate 
: I • 

is (100) p1ane, from. X-ray diffraction, as sho1tn. in 
j . i 

Fig. 12, only the di~:fr~t~on pe~ showing Al (111) 

was observed concerning :Al. Also :the Al film 
. i . . 
selectively deposite4 ~ evaluated :by use of the 

~ . 

scanning ~-RSEED micros6o.P9.a12d it 'Ma~ found to oe Al 

(100) monocrystal 

Within the second 

' 

simil~ly the same ~ in Example 20. 
i 

sllbst*8.te:temperature range in Table . ' : . 
4, those deposited at airange froa 270 °c to 330 °c 

' . 

were found to have A1 f~lms=ciepos~ted)whieh were 
. . . . 

stably monocrysta11i~e.; 
. i 

Also, ~he.Al fi,ims deposited on the Si (100) 
; . 

substraLe wi~h the substrat~ su.rfaae having off-angles 
' 

differing J)y 1°, 2°, 3°~ 4°,· s0 from ~he Si (100) 

plane were also found t? have Al {111} monocrystals 



c 

1 

5 

10 

' 

1108 

deposited under the t~erature o~ndi~ions of the 
: . 

second substrate temper~ture ranging from 270 °c to 

330 °c, similarly ~s in~tbe case when deposited oa the . : . : 

Si (111) substrate as-d~soribed a.bo~e. ' . 

Ex.ample 3'7 

Crystallinity o~ the Al film selectively 
i 
~ .. 

deposited by the aethodiof Examp1e·22,was examined. 
~ . 

~imilar1y as in the cas~ 0£ Example 29, at a ~ubstrate . 
temperature of the first and second ~strat~ in Table 

2 ranging ~rom 2so·c to;a3o•c, Al(lOO) monocrystal was 

deposited on the Si (11i) su.bstrate, ~d Al (111) 
' 
i 

monocrystal on the Si (100) substrate~ 
! 

Exaiaple= 38 l 
! 

Crystallinity of the Al film selectively 
' . 15 . j . • . 

deposited by the methodi of Example 23· was examined. 

20 

25 

: : 

Sim.ilarly es :i.n the cas~ of Example 1, at a sul>strate 
I 

~emperature of the sec~d slibstrate in Table 2 ranging 
. ! 
from 27o·c to aso·c, A1j (100) monoorystal was 

; 

deposited on the Si (11~) substrate, and Al (111) 
; 

monocrystal on the Si ( ~00 >" substrate:. 
i 

Example 39 
l 

Crystall~n~ty o~ the Al film deposited 

selectively according tb the same method as shown in 
i 

·Example 24 was eva.luat~-
1 
; 

Froia 'the scenn~~g µ-RBEED'mic~oscope 
; . . 

observation according t~ the same observation method 

' ! : . . 
! . 
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as described in Example ~5, .when the firs~ substr~te 

material is Si (111), in; either case when the second 

substrate material is T-~102, SiOz·' BS~, i>SG, BPSG, P-
, . 

SiN, ~-SiN, LP-SiB or E~-S~H, the Al selectively s i . . . 

deposited on S1 was fo~~ 't~ be Al ( iO~). When the 

10 

lS 

25 

first su.bstra~e mater~a.lj is_Si (100), in either CS$e 

when the substrate mater'.J.al. is T-S;.io2 < S:i.02 , BSG, PSG, 

BPSG, P-SiN, T-Silf, LP-SiN or ECR-SiN, the Al film . ! . 

~ 
se1ectively depos1te~ ~found to be Al (111~. 

When the first ~terial is Ti~, in either case 

when the second substra~e material. is ~-SiOz, . Si~2 , 
I . 

BSG, PSG, BPSG, P-SiN, X,-SiB, LP-SiN ~r ECR-SiN, the 
! : 

Al film select~vely depO,sit~d was fo~d to be oriented 

~n A1 (111) from X-ray diffrac:t:ion., ~d from 
: : 

reflective high speed e~ec~on be~ d~£fraeti~n 
pattern of the prior ar~ by.use of'. ~~electrozi beem of 

! 

an accelerat~on voltageiof 80 kV or lQO kV, 
~ . t 
. ' 
diffrac~ion spots corice~ed with Al. (~11) we~e 

strongly observed.. 

Example 40 

As an exem.ple f~r ~o;rming _so~o~ain 

electrodes or gate insulation tYPe tr~sistor, 
i : 

eiectrode formation within the contact hole on the 
. ; : : 

' source-drain was carrie4 out by u.Se o~ ~be film 
. . 
~ormatioo. method accor~ng.t~ the pre~ent invention~ 

This is described by referr~ng to .Fig~ 14. 
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First, on a p-~tpe silicon wafer 501, by ~e 

of conventional selecti~e oxidation method, etc. a 

thick field oxidized fil~ and a thin therma11y 
' 

c>xidized f~1m 502 Were ~armed on the warer so1 (Fig. 

14A). 
i .. 

Next .. wi1:h the -else of s~H4 ga.S as the starting 

gas, a polycrystalline ~ilicon layer ~ formed by the 
. 

thermal CVD method, a p~lycrystal~ine.silioon gate 

electrode 504 was fo~, and a_lso with the thick 

f1eld oxidized film and;the·gate elec~rode 504 as the 

mask, phosphorus was ioti i~jeoted self-matchingly ~o 
. : . 

~crm an impurity dif:fus~d region 505 of 1 x io18 cm-3 

(Pig. :L4B). 

Next1 an ox141z~d silicon.film 508 was formed 
! 

by use of the tha~l ~method (Fig~ 14C). 
' 

By use of the lithographic method. a contact 
: : . 
:; : . 

hole 609 wi~h a size of !0.5 l1Dl x 0.5 pm we.a formed 

(Fig. 14D} • 

By 

1:he device 

' 
. . 

i 

transferring'the subst~ate=thus obtained to i . . : 
sho9'D in Fig~ 1, Al fiim ~s formed. 

' . 
i 

At t:his time, t:f?s subst:.ra:te 1:~perature was 
' : 

made 2"10 •c, and DMAH ~s employed as: the starting 

gas, H2 as the carrier Jas.-to carl;'Y out formation of 

Al film. . 
Af~er complet1on o~· ~orma~ion;of A1 tila, the 

~ransistor was tak&n ou~ from the_fi~ forming device 
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and o])served. As the ~~lt, it was f'ouiid that A~ 
. 

film 510 was deposi'ted ~uly:on the Si :sos wherein 
. ; 

phosphorus was diffused ;1n ~be contac~ hole 509, and 

not deposited OD the oxi.dized fil.Di SOS (Fig. 14£). : . : . . 

Further, the surface of !the.A.I film 5~0 was very flat. 

Wh•n the charaoteristi~ of the t~ansistor obtained 
: . ; . . . : 

were examined, extremely· good chara.c-t~ristics were 

emibited. 

Separately, accdrd.ing to the ~e steps, the 
.: . . 
' 

~strate was made N "t:'nie and the ·impurity was changed 
; . : 

' 
from phosphorus to boretj. to prepare P'ohai:mel MoS. 

comparative emmple 

An Al f 1lm was ~ormed on a mo~oorystalline 

~ilicon under the foll~g condition~. i . : 

By passing Ari~ plaoe of .H2 , :Al lteS deposited 

by pyrolysis of DMAH. Jhe total pres~e at this ti~e 
'. 

was made 1.5 7orr, the DMAK"pa1"tial pressure 1.s x 
; : 

I 

10-4 Torr,: a11d the subs~rate temperattire of 270 - 350 
! 

0 . c. ' . ~ 

When the Al fi~ thus formed Was evaluated, 
! 

about 2 % of carbon was!f0\ll3d to be contained at the 
i 
! 

minimum- . 
Resistivity bec~e grea~er by:2-fold or more 

i 

than the ease when hydr9gen:·was emp~oted. 
.. i 

As to ref1eetanfe, tt -was lowered to about 1/3 

' to 1/9 relative the cas~ wh~n-hydrogen we.a employed • . 
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Shli.larly, wir.ing life was shor'te.r by 1 to 2 
. . 

cipher, generation prob~ility of hil~ock beceme 
' . 

greater by 2 cipher or ~ore, and a iai:ge number of 
' 

$Pikes were found to be ;generated. 

As to ~he depos~tion speed, it was lowered to 

+f? ·t:O 1/4. 

As described abtjve, . Al deposi ~ed only. by 
; 

decomposition of DMAH ~thou1: ~e_of ~2 is in£erior in 

film quality, and ~ ~atisfactory ~ the 41 film . : 

for a sem:lc:;ond~c;tor dev.foe •· 
! 

Separate1y, wit~out V.Se 0£ H2 ~ 

deoomposed by the opt:i~l oVD ine~Od ~o deposit Al. 

As ·the result, some imp~vement stioh ~ no containment 

<?f carbon, a:ad the like:was.obsei:ved ~rom as 'the Al 
; . . . 

tilm pr~pared as com~d with th~ c~e when no light 

was employed, but other:characteristics were not : . : 
' . ! . . : 

improved so· much, and 1:~e ~ film.:was;still 

ttnsatistactory as the A1 film for a semioonductor 

device. 

As described al;>qve,:i:he m.ecbaiiism of Al . 
deposition aceording to;the_present invention may be 

l 
I 

present1y hypotbesi~ed as follows. 
i 

When DMAH reaches the electron dooative 
: 

Substrate, name1 y the ~st.ra:te baving electrons under 
~ . . . . 

the state on which hydrogen· ·atoms· are; attached (Fig. 
i 

15A) with tbe methyl_groups: directed toward the 
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substrate s.ide, oiie .ele~tron of the substrate outs oae 

bond or Al and a methyl group {Figs. 15B ~d 15C). 
. i 

The reaction ·sc~eme:at this time is as 
' 

follows: 

(CB3 ) 2~1H + 2H + 2e 4 2CH4t + ~Al-H 

Further, si~laz.1 re~tions wi~1 proceed for 

the hydrogen a~cms r~~ning,on depos~ted Al baving . 
free electrons (Fig. 1st;). Here, whezj. hyd:t"ogen atoms 

i . 
are deficient, hydrogeu~mo1ecru.J.es_cons1;ituti~g the 

reaction gas are decom.pJsed on th~ ~str~te to supply 
i . . 

hydrogen atoms. ·en the;other band, s.ince there is no 
. i 

electrOtl on the 

above-mentioned 

electrori non-doll&tive:surface,· the 

react.ioJ wi~l not:pr~eed and no Al. 

deposi1:ed. 
i 
; 

Pigs. 15A - 15D!are illu.strat~ons for better 
i 

understaud:lng o~·the_r~oion. m.echSnisa, end the 

iiumberS of H, e and Al ~b.01'D- in F~gs. ; lSA 
i not necessari1y coincident. 
! 
j . 

15D are 

In the case of an Al-Si film, 'si atoms are 

incorporated into Al dui-ing_tbe p~ocess of the 
' . 

reactiou es described ~ve •. 
I .: 

AS (lescri.bed ~ve, according- to the present 
i : 

invention, a low resist~v1ty, dense and flat Al or Al-
i : 

Si f~1m could be deposited on a substrate at high 
. I 

' 
~peed. 

Also, excellent;seleetive·deposition could be 
I • 

effected. 
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Substrate temperature 
during 1st and 2nd · 
deoosition 

.i:;vaiuation 
item " Carbon 
content 

Resistivity 

Reflectance 

Average 
wiring life 

Deposition 
speed 

Hillock 
density 

. 
Spike 

generation 

150t 

Not de-
posited 

. ... 

-... 

, 

-

160t 

N 
0 

several A I 
E min ~·: 

....-.\ 
~· .. ·.: 

·2oot 250t 

80-95% 

soo-2000A./min -
o·-10'1cm2 

- .. 
' 

,, 

0-10% ,. I - . ... - ... 

. -
, ... 

I-' 
U'I 

270't 

Table 1 

..... 

30.0't 330t 

Lower than 

I-' 
0 

detection limit 

,., ....... , . ' 

350t 370t 

VI 

400't 

2. 7 ...... 3 . 3 µ Q cm 

70-80%. 
. - ~ -

- -- ' 
1 x103 -104 hra 

0.2-0.s µm/ min o.s...;i.o ttm/:min 
-, -

o-10/cm2 
, , ... 

-0% ... .I , ... 

I-' 

430t 450t 

70% 
lit -... 

1 x 102 -103 

0-104/Cm2 

0-30% 
I 

470't 

- Several 
contain 

·~ -

60% 1 
--
.. , 

hrs 

. f 
1.Sµm/mi 

- f ~ 

~ , 

' ed 

n 

.... -

""" 
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1 Note: No deposition occurs at substrate temperature of 

1so 0 c. 

Average wiring life is time to wire breaking 

when current is passed at a_ current density of 1 x 106 Aicm2 

5 through a cross-sectional area of 1 pm2 at 250°C. 

Spike generation ratio is destruction probability 

at the junction portion of 0.15 pm depth. 
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Substrate temperature 
during second-
denosition 

Evaiua~ion "'-. item 

Carbon 
content 

Resistivity 

Reflectance 

Average 
wiring life 

Deposition 
speed 

Hillock 
density_ 

Spike 
generation 

.~ . ' '· . 

. 210. •c• 

, ... 

I.; ... 

. .... 

. ... 

300 •c• 

.... 
UI 

33o•c 

Lower tl'ian 
detection limit 

Table 2 

350 •c 

2.7 -3.3 µ Qcm 

80-95" 

1 X·l03 -10" hrs 

0.2-0.s µm/min . ~ . . . 
... , ' 

0..,..10/cm2 
. . 
.... -

-0% 
"' ... 

, 
.... 

.... 
0 

370 •c 

. ···. 

4oo•c 

~ 

~ .,. 

~ . 
r ' 

0.5-1.0 µm/min 

- ~ , .... 

V1 • 

43o•c 450"°C 47o•c 

,. oeveral 
k:ontaine 

. 
/ 

70% 60% l 
~ 

. 
~ 

,,. 

. 
7 

1 X 102 -101 hrs 

I 
lOOOA/mi - ~ , ~ 

o-104 /cm2 
. 
7' 

-

o-30% . . 
"' 
-

% 
d 

n 

..... 

.... .... 
0\ 
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Substrate temperature 
during 1st and 2nd 
deDosition 

Evaluation 
item 

Carbon 
content 

Resistivity 

Reflectance 

Average 
wiring life 

Deposition 
speed 

Hillock 
density 

. 
Spike 

generation 

150 •c 
Not 
deposit ... 
ed 

-... 

-

-
" 

1&0 •c 

• 

~' 
C:.} 

1".'°) 

2oo•c 2so •c 

80-95% 

-

• : 
Several A I 500-2000 A/min 

mil} . .. ... , -
I 2 0 ...... 103 /cm 

. ... 

0-10% 
. I . .. ... 

.... 
tn 

21o•c 

Table 3 

. 

3oo•c · 330 •c 

Lower than·· · 
detect! m limit 

.... 
0 

.~··"\ 

·, 

350 •c 

2.7 -3.3 µ Qcm 

70-80% . -

I x 1oa -10• hrs 

0.2-0.5 µ..f:min '.· . -., ' . 
~ 

0-10 /cm2 .. 
' . . ... 

-0% 
- ~ - .... 

'-" 

370•c <too •c 

"' 

- -

- ~ . " -

o.s-1.0 µ.!min 

..... 

.c30· •c .c5o •c .f70 •c 

,, Several 
contain 

-., 

70% 60%l 
- ~ -- - ., 

-
" 

l x 102 -103 hrs 

I 
I 
1.51t~mi 

--- ,. 

0--10"/cm 
2 

-., 

. . 
o--30% 

I -, 

• ed 

n 

...., 
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U1 

N 
0 

Substrate temperature 
during second 
deQosition 

Eval'!_a don 

" tem 

Carbon 
content I' 

f."\ . ' . 

210 •c• 300 •c• 

.... 
(J1 

33o•c 

Lower ttian · 
detection limit" 

Table 4 

.. 

35o•c 370 ·c 

..... 
0 

4oo•c 43o•c 

Vl 

45o•c 

I 

.c70°c 
. 
"Several 
contain ' ed 

Resistivity 
2.7 -3.3 µ .Qc• 

,. 

Reflectance 80-95% 
' 

Average 
wiring life 

1 x io3 -10" . hrs 

Deposition . 0.2-0 .S µml min 
speed ' • 

Hillock 0~10 /cm2 

density 
. 

Spike 
generation . -0% 

\ 

I 

70% 60% 1 ,_ -
' - . 

. I . 
1 x 102 -103 hrs 

I 
o.s-i.o· µm/min 1000.\/m in .. 

.. 0-10"/cm2 
, .. 

. . 
0-30% 

I -, .. 

* In case where the first deposition was 
effected at substrate temperature of 21o•c 

.... 

..... _. 
CID 
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Mono- I 
crystalline 

Si . 

T-Si02 5-1 

Si02 5-2 

BSG 5-3 

PSG 5-4 

BPSG 5-5 

P-SiN 5-6 

T-SiN 5-7 

LP-SiN 5-8 

ECR-SiN 5-9 

0 

~ 

Poly-
crystalline 

Si 

5-11 

5-12 

5-13 

5-14 

·5-15 

5-16 

5-17 

5-18 

5-19 

.... 
U'I 

Table 5 

Amorphous 

Si 

. 5-21 

5-22 
.. 

5-23 

5-24 

5-25 

5-26 . 
5-27 

5-28 

5-29 .. 

w 

5-31 

5-32 

5-33 

5-34 

5-35 

5-36 

5-37 

5-38 

5-39 

.... 
0 

Mo 

5-41 

5-42 

5-43 

5-44 

5-45 

5-46 

5~47 

5-48 

5-49 

Ta 

5-51 

5-52 

5-53 

5-54 

5-55 

5-56 

5-57 

5-58 

5-59 

(Tl 

WSi Ti Si 

5-61 5-71 

. 5-62 5-72 

5-63 5-73 

5-64 5-74 

5-65 . 5-75 

5-66 5-76 

5-67 5-77 

5-68 5-78 

5-69 . 5-79 

(Note) Numeral indicates Sample No. 

-

.. 
A~ 

5-81 

5-82 

5-83 

5-84 

·s-85 

5-86 

5-87 

5-88 

5-89 

.... .... 
\0 
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T-Si02 

Si02 

BSG 

PSG 

BPSG 

P-S!N 

T-SiN 

LP-SiN 

ECR-SiN 

~ 

All Si 

5-91 

5-92 

5-93 

" '5-94" 

5-95 

5-96 

5-97 

5-98 

5-99 

(".''\ 
·.• ... ·.: 

All Tl 

5-101 

5-102 

5-103 

5-104 

5-105 

5-106 

5-107 

·s-1os 
5-109 

..... 
Ul 

Table 5 (Continued) 

Ti-N Cu 
AJl 

-Si"".'CU 

5-111 5-121 5-131 

s~112 5-i22 5-132 

5-113 5-123 5-133 

5-114 5-124 5-134 

5-115 5-125 5-135 

5-116 5-126 5-136 

5~117 5-127 5-137 

5-118 5-128 5-138 

5-119 5-129 5-139 

.... 
0 

A .Q. Pd 

5-141 

5-142 

5-143 
... 

. 5-144 

5-145 

5-146 

·5-141 

5-148 

5-149 

· Ti 

5.-151 

5-152 

. 5-153 

5-154 

. 5-155 

5-156 

5-157 

5-158 

5-159 

Ul 

Mo-Si 

5-161 

5-162 

5-163 . 

5-164 

5-165 

5-166 

5-167 

5-168 

5-169 

Ta-Si 

5-171 

5-172 

5-173 

5-174 

5-175 

5-176 

5-177 

5-178 

5-179 

..... 

.... 
N 
0 
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Claims 

THIS SHEET.HAS BEEN I 
.REPLACED 

1. A process for forming a deposited film comprising 

the steps of: 

(a) providing a substrate having an electron 

dQnative surface in a space for formation of the 

deposited film, 

(b) introducing a gas of an alkyl aluminum 

hydride and hydrogen gas into said space for formation 

10 of deposited film, and 

15 

(c) maintaining the temperature of said electron 

donative surf ace within the range of from the 

decomposition temperature of said alkyl aluminum 

hydride to 4S0°c to form an aluminum film on said 

electron donat~~~ surface while. varying the deposition 
.. 

speed of aluminu_m • 

. 2. A process according to Claim 1, wherein step (b) 

comprises introducing a gas of an alkyl aluminum 

20 hydride, a gas containing silicon and hydrogen gas 

into said space for formation of deposited film, and 

in step (c) an aluminum-silicon film is formed·. 

-
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THIS SHEET HAS BEEN 
REPLACED 

3. The process according to Claim 1 or 2, wherein 

said alkyl aluminum hydride is dimethyl aluminum 

hydride. 

4. The process according to any preceding claim, 

wherein said alkyl aluminum hydride is monomethyl 

aluminum hydride. 

5. The process according to any preceding claim, 

10 wherein the deposition speed of aluminum is varied by 

setting the temperature of the electron donative 

15 

20 

25 

surface low at an initial stage and then varying the 

temperature to a high temperature. 

6. The process according to any preceding claim, 

wherein the deposition speed of aluminum is varied by 

varying the partial pressure of the alkyl aluminum 

hydride • 

7. A process according to any preceding claim, 

wherein step (a) comprises providing a substrate 

having an electron donative surface (A) and an 

electron non-donative surface (B) in a space for 

formation of the deposited film. 

8. A process for preparing a semiconductor device, 
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which comprises: 

THIS SHEET HAS BEEN 
REPLACED 

arranging in a space for formation of a deposited 

film a semiconductor substrate having an insulating 

film with an opening provided on the main surface 

5 thereof; 

introducing a gas of an alkyl aluminum hydride and 

hydrogen gas into said space; 

maintaining the temperature of said semiconductor 

substrate within the range from the decomposition 

lO temperature of said alkyl aluminum hydride to 4S0°c; 

and 

15 

depositing a metal composed mainly of aluminum 

selectively in said opening while varying the 

deposition rate. 

9. A process for preparing a semiconductor according 

to Claim 8, wherein a gas of an alkyl aluminum 

hydride, a gas containing silicon and hydrogen gas are 

introduced into said space; and ~ metal comprising of 

20 aluminum and containing silicon is deposited. 

10. A_ process for deposition of aluminum optionally 

with silicon by means of a gas of an organic aluminum 

hydride, hydrogen and optionally silicon, in which the 

25 -rate of aluminum deposition is varied. 

This Sheet Has Been Replaced 
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