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PROCESS FOR FORMING METAL DEPOSITED FILM 

CONTAINING ALUMINUM AS MAIN COMPONENT BY 

USE OF ALKYL ALUMINUM HYDRIDE 

5 BACKGROUND OF THE INVENTION 

10 

15 

20 

25 

Field of ~~e invention 

This invention relates to a process for 

forming a deposited film,.particula~ly a process for 

forming a deposited film co~posed mainly of Al and 

containing additives such as Ti, Cu, eto. which can be 

preferably applied to eleotrodes ·or wiring of a 

semiconductor integrated ciroui t devioe, etc:; .. 

Related baokg~ound art 

In the prior ar~, in electronic de~ices or 

integrated circuits by use of semiconductors. tor 

elect~odes and wiring, aluminum (Al) or a metal 

containing aluminum as main component such as Al-Si 

and the like has been primarily used. Al bas ~any 

advantages such that it is inexpensive and high in 

eiectroconductivity, that it can be also internally 

chemically protected because a dense oxidized tilm can 

be formed on the surface, and.that it has QOOd 

adhesion to Si, etc. 

As the metbod for forming a f11m for 

Glectrodes and wiring of Al or Al-Si as mentioned 

above, there h~s been used in the prior art the 
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l sputtering method such as magnetron spu~~ering, e~c. 

However, selective deposition and selec~ive 

growth can not be realized by the suputtering method 

which has been used in the prior art. The eputtering 

5 is the physical deposition method based on flyina of 

sputtered particles in vacuum, the film thickness at 

the stepped portion or ~he insulating fil~ side wall 

becomes extremely ~hin, leading to wire breaking in an 

extreme case. Nonuniformity of fil• thickness or wire 

10 breaking has the drawback that reliabi1ity of LSI is 

markedly lowered. 

On the other hand, since the integration 

degree of the integrated circuit such as LSI, etc. is 

increased~ an~ fine formation of wirina or multi-layer 

15 wiring has been particularly required in recent years, 

there is an increasing severe demand not found up to 

20 

25 

date for Al or·Al-Si wiring of tbe pr~or art. With 

finer dimensional fo~mation by increased integration 

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

excessive unevenness due to oxidation, diffusion, thin 

film deposition, and etching, etc. For example, 

electrodes or wiring metal must be deposited on the 

surface with a stepped difference, or deposi~ed in a 

via-hole which is fine in diamete~ and deep. In 4 

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

.ratio (via-hole depth/via-hole. diameter) of via-hole 

. . 

taisu 

... . · ... · .. : 
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in ~hioh a metal composed mainly of A~ such as Al-Si, 

etc. is to be deposited is 1.0 or mo.re, and the.via-

hole dia~ete~ itself also becomes 1 1lJll or less. 

Therefore, o~en for a via-hole with large aspect 

5 ratio, the technique which can deposit an Al-Si 

compound is reciuired. 

Particularly, for performing sure electrical 

eonneotion to the device unQer insuleting film such as 

Si02 , etc., rather than film for•ation, Al-Si is 

10 required to be deposited so as to embed only the via­

bole of the device. In sucb case, a method of 

15 

20 

25 

dQposi"t~ng an Al alloy only on Si ot- metal sur.face and 

not depositing it on en .insulating film such as s102 , 

etc. is required. 

As the improved sputtering method, there has 

been developed the bias sputtering method 1n Which a 

bias is applied on a substrate and deposition is 

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

in the via-bole by utilizing the sputter etching 

action and the deposition e.ctjon on the substrate 

surface. Howeve~, sinoe the bias voltage of some 100 

V or higher is applied on the substrate, deleterious 

influence on the device occurs because of charged 

psr~icle damaging such as change in th~eshold of MOS-

FET, etc. Also, because of presence of both etching 

action and deposition action, ·there is the problem· 

... 
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l that the deposition speed cannot be essentially 

improved. 

In order to solve the problems as described 

above, ve.rious types ot CVD (Chemical Vapor 

s Daposition) •ethods bave baen proposed. In these 

methods, chemicel reaction of the starting gas ~n some 

form is utilized. In plasma CVO or optical CVD, 

decomposition of the starting gas occu~s in gas phase, 

and the active species formed there further reects on 

lO the substrate to give rise ~o film for•&tion. In 

these CVD methods, surface coverage on unevenness on 

the substrate surface is good. However, carbon atoms 

contained in the starting gas molecule are 

incorporated into the film. Also, particularly in 

15 plasma CVD, the problam remained that there ~as damage 

by charged particles {so celled plasma damage) as in 

the case of the sputtering method. 

20 

25 

The the~mal CVD me~hod, in which the film 

grows through the surface reac~ion primarily on the 

substrate surface, is good in surface coverage on 

unevenness such as stepped portion ot the surface, 

etc. Also, it can be expected that depositio~ within 

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

at the stepped portion can he avoided. Furthermore, 

there are not caused damages by charged particles 

which have been observed 1n the case of the plasma CVD 

·~ : : ... 
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J or the sputteriog method. The methods of such a kind 

• 1Dclude, for example, the method seen ln Journal of 

Electrochemical society, Vol. 131, p. 2175 (1984). In 

this method triisobutvl aluminum (1-c,H9 ) 3Al (YlBA) 1s 

5 used as organic.aluminum gas and an Al film is formed 

at a film formation temperature of '-60 °c and a 

reaction tube pressurA of 0.5 Torr. The substrate 

temperature is thon •aintained at about 45o•c and SiH4 
is introduced to diffuse Si in the Al film, thus 

10 obtaining an Al-Si film. 

When TIBA is to be used, a continuous film can 

not be obtained unless pretreatment is effected in 

which prior to film formation, TiC14 is flowed ~o 

eotivate the substrate surface to form nuclai. 

15 Furthe~more, in case ~here TIBA is used, there is a 

problem that surface flatness is not suf f 1c1ent even 

20 

25 

when T1Cl4 is used. By this method it is not possible 

to effect selective growth such as Al-Si deposition 

only in via-holes. 

As another method, there can be aen~ioned the 

method described in Japanese Journal of Applied 

Physics, Vol. 27, No. 11, p. L2134 (1988). In this 

method, TIBA and 5i2H6 diluted with A~ gas are 

supplied, end the gases are heated before TIBA reaches 

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

resistivity can be epitaxially grown on a Si(100) 

.. . : . ' .. . . 
. ' 
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l wafer. Although the film ob~sined by this method has 

. good high quality, there are involved the problems 

that oont~ol is difficult due to necessity of heatinq 

the gases and that apparatus for affecting this methOd 

5 is complicated. 

Japanese Leid-Open Patent Application No. 63-

33569 describes a Jnethod of forniing e film by using no 

TiC14 , but using in plaoe thereof organic alwninum end 

heating it in the vicinity or the substrate. 

10 Acco~ding to this mgthod, Al can be deposited 

selectively only on the ~etal or semiconductor surface 

from which th~ naturally oxidized film has been 

removed. 

In this case, it is cleerly stated that the 

lS step of removing the naturally oxidized film on the 

subetrate surfaee is necesse~y before introduction of 

TIBA. Also, it is described that, since TIBA can be 

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

A~ gas may be also used as the oarrier gas. However, 

20 the ~eaetion of TIBA with another gas (e.a. H2 ) is not 

contemp~ated at all, and there is no description of 

use of ~2 as the carrier gas. Also, in addition to 

TIBA, trimatbyl aluminum (TMA) and tr1ethyl aluminum 

(TEA) are mentioned, but.there is no specific 

25 description of other o~genio metals~ This is because, . 

since the chemical prope~ties of organic metals .. · 

···- .. . .. 

raisu 
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1 generally vary greatly if the organic substituent 

. attaohed to the metal element varies 1ittle, it ·is 

necessary to investigate individually by detailed 

experimentation·to determine what organic metal should 

5 be used. 

In the CVD method as desoribed above, not only 

there is en inconvenience that the naturally oxidized 

film must be removed, but also there ia the drawback 

that no surface smoothness can be obtained. Also. 

10 there is the restriction that heating of the gas ie 

neoessary, and yet heating ~ust be done in the 

vicinity of the substrate. Besides, it must also be 

experimentally determined at what poximity to the 

substra~e hea~1ng must be cone, whereby there is also 

15 the problem that the place for setting the heater 

cannot be necessa~ily freely chosen. 

In the pre-text of the 2nd Symposium or 

Electrochemical society, Brenoh ot Japan (July 7, 

1989), on page 15, there is a description of film 

20 formation of Al according to the double wall CVD 

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

25 

is designed so that the gas temperature of TBA can be 

Jna.d~ higher ~ban the substrate tempQrature. This 

method niay be also regarded as a modification ot the 

above-mentioned Ja~anese Laid-open Patent Applicotion 

No. 63-33569. Also in this me~hod, Al can be 

:· 
. . :· ··. . . . . .. 
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selectively grown only on a metal o~ semiconductor, 

bu~ not only tbe differenee between the gas 

temperature and_ the substrate surtace temperature c~n 

be eon~rolled with difficulty, but also there is the 

5 drawback that the bomb and the pipeline must be 

heated. Moreover, according ~o this •ethod, there are 

10 

15 

involved suob problems that no uniform continuous film 

can be formed, that flatness of the film is poor, 

e~c., unless the film is made thick to some extent. 

As set forth above, the prior art methods have 

the problems to be solved that it is difficult to 

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

quality, that there iA oonsiderable limitation ln 

apparatus and in fjlm formation. 

As described above. prior ar~ methods cannot 

necessarily effect well selective growth of Al-Si 1 and 

even if possible, there is a problem with ~espect to 

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

formed. Also, there has been involved the problem 

20 that the film formation method is complicated and can 

be cont~olled with difficulty. 

25 

Acco~dingly, the present inventors, in order 

to investigate about tbe wiring material itself, ha~e 

made investig9tions by forming a depositad fi1m of Al-

Ti, Al-Cu or Al-Si-Cu accordjng ta ~he sputtar~ng 

method by use of Al-Ti, Al-Cu or Al-S~-c~ as the 

.· 

lll51'1 
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1 targe't. 

However, no film of good quality sa~isf~ing 

the requirements as deseribed above in ~latnese, 

denseness, selectivity superior over Al could be 

5 obtained in the method of the prior art. 

SU~ARY OP THE INVENTION 

As described above, in the technical field of 

semiconductors in which higher integration has been 

10 desired in recent years, tor providing inexpensively a· 

se~iconductor device which is more highly integrated 

and also mad~ higher in performances, there remained 

many rooms to be i~proved. 

The present invention has been accomplished in 

15 view of the technical tasks as described above, and an 

object of the present invention is to pro~ide a 

process for forming a deposited film composed aainly 

of Al and containing en additive which oan form a fila 

of good qttality as the electroconductive material at a 

2o desired position with good controllability • 

25 

. Another Objec~ ot the present invention is to 

provide a process for forming a deposited film 

composed mainly of Al end oontaining an additive which 

cen obtain a fil~ which has extremely broad general 

purpose utility and yet is of good quality, without 

requiring partioularly no comp.l"ioeted and expensive 

lil518 

.. . .. .. 
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1 deposited film forming apparatus. 

Still another object of the p~esen~ invention 

is to proviae & p~ocess for forming a deposited film 

composed mainly of Al and containing an additive which 

5 can form a film excellent in surface characteristic,. 

electrical characteristics, purity, etc. acoording to 

10 

the CVD method utilizing alkyl aluminum hydride, 

hydrogen, and a gas containing at least one additive 

element selected trom Ti and Cu. 

Still another object of the present invention 

is to provide a process fo~ terming a deposited film 

composed mainly of Al and containing an additive 

which is extremely broad in gene~al purpose utility 

and e~cellent in eelectivi~y, without requiring 

15 particularly a complicated and expensive deposited 

film fo~ming apparatus. 

Still another object of the present invention 

is to provide a process fo~ forming a deposited· film 

which can form an Al-Si film under gooo selectivity 

20 according to the CVD method utilizing alkyl al\ltllinum 

hydride, hydrogen end a gas containing at least one 

additive element selected from Ti and Cu. 

Another objeot of the present invention is to 

form a deposited ~~lm excellent in flatness, 

25 denseness, and also strong in elecromigrat~on, stress 

migration. 

: .. ". 
. ...... . . . . . .. 
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Another object of the present 1nvent1on 1$ to 

. form a deposited film sufficiently applioable to a 

semiconductor integrated circuit device in which 

wiring of, for example, 1.0 µm or less is desired. 

Another object of the present invention is to 

provide a process for forming a deposited film 

comprising the steps of: 

(a) providing a substrate having an eleot~on 

donative surface (A) and a electron non-donative 

10 surface (B) in a space for formation of the deposited 

filJD: 

{b) iotroduoing a aas of an alkyl alum~~um. 

hydride, a gas containing titanium atoms and hydrogen 

gas into the space for formation of the deposited 

15 film; and 

(c) maintaining the temperature of the 

electron donative surface (A) at a temperature not 

lower than the decomposition temperature of the alkyl 

aluminum hydride and not higher than 450 °c to form an 

20 aluminum film containing titanium selectively on the 

electron oonative surface (A). 

25 

Another object of the present invention is to 

provide a prooess for forming e deposited fi1m 

comprising the steps of: 

(a) providing a substrate having an electron 

donative surface (A) and a electron non-donative . . . : f.'· ·~-:.;: .. "i.:" 
. ··.: 

; .. ·: .•. : ·.""; '·.-::·:~~;y:i.·:;:":°=-:"" . . 
-----~-----·-··- . 
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1 surface {B) in a spaee for formation of the deposited 

filin; 

(b) introducing a gas of an alkyl aluminum 

hydride, a gas containing titanium atoms, a gas 

5 containing silicon atoms and hydrogen gas into the 

10 

space for formation of the deposited fil~; end 

(c) maintaining the temperature of the 

electron donative surfaoe (A) at a temperature not 

lower than the decQmposltion temperature of the alkyl 

aluminum hydride and not higher than 450 °c to form 

an aluminum film containing titanium and silicon 

selectively on the electron donati~e surface (~). 

Another object of the present invention is to 

provide a process for forming a deposited film 

15 comprising the steps of: 

(a) providing a substrate having an electron 

donative surf ace in • space for formation of the 

deposited film; 

(b) introducing a gas of an alkyl aluminum 

20 hydride, a gae containing titanium ato•s and hydrogen 

gae into the spaoe for formation of the deposited 

film; and 

(c) maintaining the temperature or the 

electron donative surface at a temperature not lower 

25 than ~he decomposition temperature of the .alkyl 

aluminum hydride and not higher than 450 °o to form an 

. .: . :··:: .=.· .. 
. . , ..... . . .. . . . 
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.1 aluminum film containing titanium on the electron 

Another object ot the ~resent invention is to 

provide a process for forming a deposited f 1lm 

5 comprising the steps of: 

(a) providing a subst~ate having en alectron 

donetive surfaoe in a space for formation of the 

9eposited film; 

(b) introduoing a gas of en alkyl aluminum 

10 hydride, a gas containing silioon atoms, a gas 

oontaining titanium atoms and hydrogen gas into the 

$pace fo~ formation of the deposited film; and 

(c) maint~ining the temperature of the 

~leotron donative surface at a temperature not lower 

15 than the decomposition ~emperature of the alkyl 

aluminu• hydride ana not higher than 450 °c to form an 

aluminum film containing silicon and titanium on the 

20 

25 

electron donative surfeee . 

Another object of the p~esent invention is to 

provide a process for forming a deposited film 

compris~ng the s.teps of: 

(e) providing a substrate having an electron 

donative surfece in a epeoe for formation of the 

deposited film; 

(b) introducing a gas of an-alkyl aluminum 

hydride, a gas containing Cu and hydrogen gas ~nto the 
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1 space for formation of the depasited film: and 

(c) maint:aining the temper&tu~e of the 

electron donative surface a"t a teuperature not lower 

than the decomposition temperature or the alkyl 

5 aluminum hydride and not higher than 460 °c t:o :form an 

aluminum film on the electron donative surface. 

Another object of the presant invention is to 

provide a process for forming a deposited film 

comprising ~he steps of: 

10 (a) p~oviding a substrate having en electron 

donative surface in a space for fo~mat1on of ~he 

deposited film; 

(b) introducing a gas of an alkyl aluminum 

hydride, a gas containing Si, a gas containing cu and 

15 hydrogen gas into the space fo~ formation of the 

deposited film; and 

20 

25 

(c) maintaining the temperature of the 

electron dnna~ive surface at a temperature not lower 

than the deco•pos1~1on temperature or the alkyl 

alUJDinum hydride and no~ higher ~han 450 °c to form an 

aluminum film on the electron donative surface. 

Another objeot of ~he present invention is to 

provide a process for forming a deposited film 

comprising the steps of: 

(a) providin~ a substrate having an electron 

do.native surface (A) and a. eleotron .. non~donative. .... · ... ; .. ·.h··~:. '::·. 
. . . . . . .· . .. . . ·.: . . . .... · . 

.• . . .=:. :·. ~ ·~:·:.'·:.·· }'. ·. ·~ .... ).;:·.::\.~: .:::·:·-~)·:·~.::"·::( ... : I • • ·~. ' 
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aluminum hydride and not highe~ than 450 •c to form en 

aluminum film seleotively on the electron donat~ve 

surface (A) • 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

10 

Fig. 1 is a sohe~at1c view fo~ illuat~a~ion of 

a suitable deposited film forming apparatus in 

practicing the deposited film forming process 

according to the process of the present invention. 

Fig. 2 is a schematic view for illustration of 

another suitable deposited film forming apparatus in 

praatioing the deposited film forming process 

according to the present i-nvention. 

Figs. 3A - 3E are schematic sectional views 

15 for illu$tration of the deposited film forming process 

according to one embodiment of the present inven~ion. 

20 

. 25 

Figs. 4A - 4E are illustrations tor explaining 

rormation of source and drain electrodes in contact 

holes of a gate insulation type transistor. 

Figs. SA - 50 are illustrations for explaining 

the mecpanism of Al deposition according to ~he 

present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EM90DIMENTS 

P~eferred embodiments according t~ the pr&SQ~t 

invention are deseribed in detail below~·but the. 

. .; . . 
... .: .· : •.: . '· ·:.· . ::~·;.::. ·. ':. · .. ·. ~· ... . :. 
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1 present invention is no~ limited by these embodiaen~s, 

.and it may have a c01"1$titution which aocompliehee the 

object of the present invention. 

One pref erred einbodiment of the present 

s -invention is a process for forming a deposited film 

10 

comprising the steps of: 

(a) p~oviding a substrate having an electron 

donative surface (A) in a space tor formatio~ of ~he 

deposited film; 

(b) introducing a gas of an alkyl aluminum 

hydride, a gas containing an additive such as Ti, Ou, 

eto. and hydrogen gas into the space for forma~ion of 

the deposited film; and 

(c) maintaining the tempe~ature of the 

1~ electron dona~jve surface (A) within the ~ange of from 

the decomposition tempe~ature of the alkyl aluminum 

hydride to 460 °c to form an aluminum film containina 

.20 

the additive such as Ti, Cu, etc. on the electron 

donative surface (A). 

It is also preferred to additionally use a gas 

oon~a1n~ng Si atoms to thereby form an Al film 

containing.Si atoms and the additive suoh as Al-Si-Ti, 

Al~Si-Cu and the like. 

Further, another prefe~red embodiment at the 

25 present invention is a process tor forming a deposited 

film comprising the steps of~ 

·: ·. 
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(a} p~oviding a substrate having an ele~t~on 

.donative surface (A) and a·electron non-donativa 

surface (B) in a space for fo~mation of the depoaited 

.film;. 

(b} introd~cing a gas of an alkyl aluminum 

hydride, a gas containing an additive such es Ti, Cu, 

etc. and hydrogen gas into the space for formation of 

the depositGd film; and 

(c) maintaining th& temperature of the 

10 electron donative surface (A) within ~he range of from 

the decomposition te•perature of the alkyl aluminum 

hydride to 450 °c to form en aluminum film containing 

the additive such as Ti, Cu, etc. seleotiveiy on the 

electron donative surface (A). 

15 It is also preferred to additionally use e gas 

·containing Si a~oms to therE!lby form an Al film 

containing Si atoms and the add1~1ve such as Al-S1-Ti, 

Al-Si-Cu and the like. 

In the following, prior to detailed 

20 description, first, the process for formin~ a 

deposit~d film by use of an organic metal is outlined. 

The decomposition reaction of an organic 

metal, and hence the thin film deposition reaction 

will vary greatly depending on the kind of the metal 

25 atom, the kind of the alkyl bonded to the •etal.atom, 

the means of vausing the decomposition reactio~ to 

. ' . . : ...... ~- :. . ·. 

li!528 
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l ooour, the atmospheric gas, eto. 

5 

10 

For example, in the ca~e of M-R3 (M: the.group 

III me~al, R: alkyl group), trimethyl gallium: 

in thermal decomposition undQrgoes radical cleavage 

wherein Ga-OH3 bond is cleaved, while triethyl 

gallium: 

in ~hermal deco~position is decomposed tbr0\1.gh ~­

elimination into: 

15 and c2H4 • On the other hand, triethyl alUDlinum 

attached with the same ethyl group: 

in ther~al decomposition undergoes radical 

20 decomposition in which Al-C2H5 is cleaved, However, 

tri-iso~bu~yl aluminum having. 104H9 bonded therein: 

-· /iC11 H, 
iC4H-a- Ail 

"""'"- iC4 ~l.g .. 
· is subject ~o P-elimination. 

25 Tr1methyl aluminum (TMAJ comprisi~g CH3 groups 

and Al has a dimer structure a:t roo~ t:e~pera:ture: .. \ 

.. ·'· · .. · ... ·· . .. .. 
o o :: •• >: "• o •: I"• :~· 

: .., . . •.• •. : ·1 •. . . .. . 



[RECEIVED BZ/ZB 15:17 1996 AT 535~86~ PAGE 16 (PRINTED PAGE ZU) ] 
OKABE TOXY0-2 '98 02120 :s:24 '6'03 3211 5035 

. . . . ... .. ..... , 

- 20 -

l 

and thermal decompcsition is radical deco~posi~ion in 

5 7 
I 

I 
10 

I 
I 

15 
II 

I ·- I 
20 

;· 
··L _____ _ 

··:. I • • • 
•, .. 

•: I o o ' 
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which Al-CH3 group is cleaved, and at e tempe~ature or 

.150 °c or lower, it reacts with atmospheric H2 to form 

CH4 , and forms finally Al. 

However, at a high te~perature ot 300 °c or 

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

CH3 group will wjthdraw H from.the TMA molecule, until 

finally Al-C compound is formed. 

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

certain region con~rolled in electric power in H2 
10 atmosphere high frequency (oa. 13.56 MHz) plasma, c2H6 

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

In essence, since e~en an organic metal 

comprising ca3 group which the simplest alkyl group, 

c2H5 group or iC4H9 group and Al or Ga has a reaction 

15 •ode depending on the kind of the alkyl group, the 

kind of the metal atom, the excitation daco~position 

means, for deposition of a ~P.tal atom from an organio 

metal on a desired substretG, the decomposition 

reaction must be strictly controlled. For example, 

20 when Al is to be deposited from triisobutyl alu11inum! 

(TIOA: 
iC"'Hs ....__ 

~All - IC4Jf9) 
iC.cfts/ 

in the low pressure CVD method comprising mainly 

thermal reaction. unevenness of µ~ order is formed on 

25 the surfacg, whereby the surf~ce morphology is 

inferior~- Also, qillook'generatiopyby heat ~r~atment, 
• •• .. # • ~ • : ' •• 

• • • • jo• 
•• "' , •• • • • ' • •'r • ,,.. ••.• ·=-· • • • • .: • . 
.. -: • : o • 0 • o o o :: 0 o ' o oo ::: : I ~ ·:- -~ 0 I • H ~ o o ·: 

Iii.SH 

··.· 
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l Si surface roughening through Si diffusion at the 

interface between Al and Si occur, end also migration 

resistance is inferior, whereby it can be utilized tor 

ultra-LSI process with difficulty. 

5 1or this reason, a method for controlling 

precisely both the gas temperature and the substrate 

temperature has beGn.atte~p~ed. However, the device 

is complicated, and the method is of the sheet 

treatment type in which deposition can be effected 

10 only on one wafer by one deposition ~rocess. Besides, 

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

highest, the throughput necessary for bulk produotion 

cannot be realized. 

Similarly, when TMA is employed, Al deposition 

lS has been attempted by use of plasma or light, the 

device also becomes ooIDplicateo due to use of plasma 

20 

25 

or light, and also beoauee of tha sheet ~ype device, 

there remains room for i•provement fo~ sufficient 

improvement of throughput. 

Dimethyl aluminum hydride (DMAH) as the alkyl 

alumin~ hydride to be utilized in ~hs present 

invention is a substance known as alkyl metal~ buT it 

could not be es~imated at all w~t Al thin film could 

be deposited depending on what reaction mode, unlesG 

deposited films are formed under all the cond.itions. 

'l! 530 

For example, in an example of deposition A). by optical ·._. ::--:·,.-.= .. · ...... 
....... · .... '\ 

. . . . ._. '" 
• =· ..• :: .• 
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l CVD fro• DMAH, the surface morphology is interior, and 

·the resisti~ity value was greater than the bUlk value 

(2.7 µohm·cm) as several ~ohm to 10 µohn\ cm, thus 

being inferior 1n film QUality. 

5 Now. referring .to the drawings, preferred 

embodiuen~s of the present invention are descri~ed in 

more detail. 

In the preaQnt 1nvent1on, for depositing an Al­

Si film or good quality as the electroconduotive 

10 depos~tion film on a $ubstrate, the CVD ~ethod is 

15 

20 

25 

used. 

More speoifically, by use of dimethyl aluminwn 

· hydride (DMAH): 

Chemical formula: 

or m.onomethvl aluDlinum hydride (MMAH2}: 

Chemical formula: 
.C fb -- .,,.- H 

A fl 
H _.,-

as alkyl aluminum. hydride which is an organic metal as 

the ata~ting gas containing at least one atom which 

becomes the constituent of the deposited film, a gas 

containing an additive as the starting ge.s and H2 as 

the reaction gas, an Al film is formed by gas phase 

g~owth with a gas ~ixture of these on a supstrate. 

Furthermore~ if desired; ~ gas con1:aining s.i. . · 

il531 

. • . ' ~· _.;~ ···:' ·;.= •. 
. . . . . .. -.. . . .. . ... 
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As ~he substrate applicable in the p~esent 

invention, a material having elec~ron done.tive 

property may be employed. 

5 The electron donative material is described in 

detail below. 

The electron donative material refers to one 

having free electrons existinQ or free electrons 

intentionally formed in the substrate, for example, a 

IO ~aterial having a surface on whieh the chemical 

raaction is promoted through gi~e-and-take of 

electrons witb the starting gas molecules attached on 

the substrste surfaoe. For example, generally metals 

and semiconductors such as p-~ n- and i-type ones 

15 correspond to such materjel. Those having very thin 

oxidized film on the metal or semiconductor surface 

are also included. For, with such thln f1lm, the 

chemical reaction can occur be~ween the substrate and 

. :20 

the attached starting molecules, 

Specifically, there may be included 

eemicon~uctors such as single crystalline silicon, 

polycrystalline silicon, amorphous silicon, etc., 

binary system or ternary eyste~ or quaternary system 

III-V compound samiconductors co~prising combinations 

25 of Ge., In, Al es the g-roup III element and_.P, As, H as 

the group V eleJDent, or II-IV compoU?d.semiconduct:ars, 

.. 
: .· :.. ~·. ·. . .. ~ . 

' . .. 
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or metals themselves such as tungsten, molybdenum, 

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

silicides of the above metals-such &s tungsten 

silicide, molybdenum silioide, tant~lum silicide, 

5 alumjnum silicide, titani1iDl silicide, eto., further 

metals containing either one of the constituent of the 

above metals such as aluntinum silicon, aluminum 

titaJlium, aluminum copper, aluminum 'tantalum, aluminu111 

silicon copper, aluminum silicon titaniuia, aluminum 

10 palladium,. titanium nitride, etc. 

On the substrate with such conat1tuticn, Al is 

deposited only through simple thermal reaction in ~be 

reaction system of the starting gas and u2 • Fo~ 

example, the thermal reaction in the reaction system 

15 betwgen DMAH and H2 may be basically considered as · 

follows~ 

20 

Ctt:s...._AJZ..,....HA Jl.,.......ctt.:s + u~c~ 2A.ll. .1- + 4 Cll...c 1' +th 1 
cu..,..,..... -...it/' ~Clb 

DMAH assumes a dimer structure a~ room temperature. 

Also, w~th MMAH2 , s high ~ality Al film could be 

forme~ by thermal reaction es shown below in Examples. 

25 

Formation of Al-Ti '(or Al-Si-Ti) by addjtion 

of T1Cl4 (o~ additionally si2H6 ) is due to the 

phenomenon that T~C14 (or additionally Si2H6 ) which -": ..... 
. . · . 

bas reached the sUbstrate euJ:"face is decomposed . . .·:. · ... :;··:,.;:: . .:::~ 

. : .:_::. :·: :.l' ... :.~··~ .. ):</!/~·~;i~::: ~~. ·' ... . .... . .. . : . 
~ . : 



[RECEIVED BZ/20 15:19 1996 AT 535,86' 
~8 0212°--!!..= 28 U03 3211 sou PAGE ZZ (PRINTED PAGE Z6) J 

OKABE TOXY0-2 -:- -·y"----:---- ..... _ ... ···- ··- -

- 26 -

1 through the suriace che•ical reaction, thereby 

incorporating ~i {or additionally Si) into the film, 

Also with MMAH2 , Al-Ti Of big~ quality (or Al-Si-Ti} 

could be deposited by t·hermal reaction as shown below 

5 :in Examples. 

10 

15 

20 

25 

Also, forMation of Al-Si-Cu or Al-CU by 

addition of si2H6 , eto. and an alkyl copper compound 

such as Cu(C6H702) 2 , etc. is due to the phenomenon 

that si2H6 and Cu(C5H702 ) 2 which have reached the 

substrate surf ace are decomposed ~hrough the surface 

chemical reaction, whereby Si and Cu are incorporated 

into the film. Also with MMAH2 , Al-Cu a~d Al-$1-Cu of 

high quality could be deposited by thermal ~eaction as 

sho'Pln below in Examples. 

Since MMAH2 has low vapor pressure as 0.01 to 

0.1 ~or~ at room ~emperature, a large amount of the 

starting ma~erial can be transported with difficulty, 

and the upper limit value of the deposition speed is 

several hundred A/Min. in the present embodiment, and 

preterably, it is most desi~able to vse DMAH·of which 

vapor ~ressure is 1 Torr at room temperature. 

In another embodiment of the present 

invention, the CVD method is used for selective 

deposition or a good Al film es the electroconductive 

deposition film on the substrate. 

More SPQCifically, as described above, _tiy use 
. •. 

,I 
. . . . . .. . .. . . . ..... 

. .... .. . · . 
. . . · .. ·. ·": .• .. 

.. 

.· .... 
·. . . 
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1 of dimethyl al'Ulll~nu• hydride (DMAH) or monomethyl 

. a.luminUDt hydride (MMAH2 ). a gas containing Si at.oms as 

the starting gas and H2 as the rea~tion gas, an Al-Si 

film is selectively formed on the substrate by gas 

5 phase growth with a gas ~ixture of these. 

Tbe substrate applicable in the present 

invention has a firs~ substrate surface material for 

formation of the surface on which Al containing en 

additive is deposited, and a second stibstrate surf•ea 

20 ma~erial on which Al containing en additive is not 

deposited. And, as the firet substrate surface 

material1 a material having the elect~on donative 

15 

20 

surface is used. 

In con~rast. as ~he aaterial for for•ing the 

surface on which Al containing an additive is not 

deposited selectively, namely the material for forming 

the electron non-donati9e surface, conventional 

insulating meterials, oxidized silicon formed by 

'thermal oxidation, CVD, etc., glass or oxidized film 

such as BSG, PSG, BPSG, etc., thermally nitrided film, 

silicon nitrided film by plasma CVD, low pressure cVD, 
ECR-CVD method. etc. 

Fig. l is a schematic view showing a 

preferable deposition film forming device for applying 

the present invention. 

IGS35 

Here, l . is a aubstre.te for forming an additive- · :,·:. ·.-~'.::. ·· . . . . ·: . 

. .. · ·-: ·· :::i .:: ·: · · ... ~·:.~~;i::!.~);/;;.:;£,;:.~i{~~~~i~L 
. . . · ... 
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l containing Al film. The substrate 1 is mounted on a 

.substrate holder 3 provided internally ot the reaotion 

tube 2 for forming a space f o~ formation of e 

.deposited film which 1s sllbs1:antially closed to Fig. 

5 1. As the material constituting 1:he reaction tube 2, 

quartz is preferable1 but it may be also made of a 

metal. In this case, it is preferable to cool tha 

reaction tube. The substrate holder 3 is made of a 

metal, and 1s provided ~ith a heater 4 so that the 

10 substrate mounted thereon can be heated. And, the 

15 

constitution ie maae so that the substra~e temperature 

can be oontrolled by controlling the heat generation 

te~perature ot the h~ate~ 4. 

The feeding system of gases is constituted as 

described below. 

5 f$ a gas mixer, in which the first starting 

gas, the second s~artino gas and the reaction gas are 

mi~ed, and the mixture is fed into the reaction tube 

2. 6 is a starting gas gasifier provided for 

20 gasification of an organic metal as thQ first starting 

25 

gas. 

The organie metal to ba used in the present 

invention is liquid at room temperature, and is formed 

into saturated vapor by passing a carrie~ Qas through 

the liquid of the organic metal within the aasifier 6, 

which is in turn introduced into the mixer 5 •. . . : . . . 
.. . . · ... 

•'' 

iil1iiHf 
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The evacuation is constituted as described 

belotl'. 

1 is a gate valve, which is opened when 

performing evacuation of a large volume such as during 

5 evacuation internally of the reaction tube 2 before 

for•ation of the deposited film. 8 i~ a slow leak 

valve, which is used wben performing evacuation of a 

small volume euch as in controlling the pressure 

internally of the reaction tube 2 during formation of 

10 the deposited film. 9 is an evaouation unit, which is 

constituted of a pump for evacuation su.cb es turbo 

molecular pump, eto. 

15 

20 

25 

Tbe conveying system.of the substrnte 1 is 

constituted as described below. 

10 is a substrate conveying ohambQ~ which can 

house the substrate before and after formation of the 

deposited film, whieb is e~aouated by opQning the 

valve 11. 12 is en evacuation unit for evacuating the 

conveying chamber, whioh is consti~u~ed of a pump for 

evacuat~on such as turbo molecular pump, etc. 

The valve 13 is opened only when tha substrate 

1 is transferred between the reaction chamber a~d the 

conveying space. 

As shown in Fig. 1, in the starting gas 

gasifier 6 which is the gas formation chamber for 

forming 1:be starting gas,; the l'iquid DHAH maintained 

·. ·.· .... .. , .. 

.· 

...... • .. 
• •• :.· ~ '1· •. : ... ... 

: . 
. .. 

. -:.······ .. · 
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1 at room tempe~ature is bubbled with H2 or Ar (or other 

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

whiah is transported to the aixer 6. The H2 gas as 

the reaction gas is transported through ano~her route 

s into the mixer 5. Simila~ly, a gas containing an 

addit_i-,,e S\lOb as Ti. Cu, etc., optionally together 

with a gas containing Si atoms are introduced into the 

mixer s. The ga9Gs are controlled in flow ~ates so 

thot the respaotive partial pressures may become 

10 desired values. 

In the case of forming a film by this device, 

the first starting gas may be of course NMAH2 , but 

DMAH witb a vapor pressure enough to beco~e l To~r at 

room tempe~ature is the moat preferred. Also, DMAH 

15 and MMAH2 ~ay be used in a mixture. 

As the second starting gas containing Ti, 

there can be used TiCl3 , TiC14 , TiBr4 , Ti(CH3 )4 , e~c. 

ot these compounds, ~iC1 4 and Ti(CH3 >4 which can be 

easily decomposed et the low te~perature of 200 -

20 3oo·c Sl:'e most preferable. As the second starting gas 

contain!n~ Si, the~e can b$ used Si2H6 , SiH4 , Si3H8 , 

Si(CH3l4• Sic1,, SiH2Cl2 end SiH3Cl. Of these 

compounds, Si2H6 which can be easily decomposed at the 

low ~emperature of 200 - aoo·c ere mos~ preferable. 

li!S38 

.., . ·. . ·-
dilu1:ed with 'H2. or A~, transported to the mixeX" ·s · ..... ::.' .:·-:., . . : . ·.. . : . .._•, 
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1 through e line other ~ban the DMAH line and supplied 

to the reaction tube 2 •• 

The deposited film foraed at a sul:>st~ate 

.temperature of 160 °o to 450 °c by use of such 

6 etart1ng gas and reaction gas, witb a thickness of, 

for example, 400 4, bas a ~esistiv1ty at roos 

temperature of 3-0 - 6.0 µohm•cm which is 

substantially equal to Al bulk resistivity, and is a 

continuous and flat tilm. At this time, the pressure 

10 during film formation can be chosen within the range 

from 10-3 Torr to 260 Torr. Also, even when the film 

~hickness may be, for example, 1 ')llll, i~s resistivity 

is ca. 3.0 ~ 8.0 µohm·cm, and a sufficiently dense 

f jlm can be rormed also with a relatively thicke~ 

15 film. Also, tbe reflectance in the visible ligh~ 

wavelength region is approximately 80 -, whereby a 

thin film excellent 1n surface flatness ean be 

25 . 

deposited. 

The subs~rate temperature is des~rably a 

temperature which is not lower than the decomposition. 

temperatures of the starting gas containing Al and Lhe 

starting gas containing Ti (and the gas containing Si, 

if employed) and not higher than 450 °c as .·described 

above, but specifically the substrate te~perature of 

220 to 450 °c is more desirable, and when deposition 

is carriea out under this condition, by.making the 

.. . ...... ·· 

. · 

1ii1ii1Mr 
.. . . 
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1 DMAH partial pressure 10-4 to 10-3 forr, the 

.deposition speed becomes very great as 100 &/min.. to 

700 i/min., whereby sufficient grea~ deposition speed 

as the Al-Ti (or Al-Si-Ti) deposition technique for 

5 ultra-LSI can be obtained. 

10 

A aQrQ preferable substrate temperatu~e 

conditipn is 250 °c to 350 °o, and the Al-Ti fi1m, 

eto. deposite~ urider this ~ondition is also stronglp 

orientatable and, even when subjected to the heat 

treatment a~ 450 °c for 1 hour, the Al-Ti film on the 

Si monocrystalline or Si polycrystalline substrate 

becomes a good Al-Ti film without generation of 

hillock or spike. Also, such Al-Ti film is excellent 

in electro-migration resistance as compared to Al 

15 film. 

20 

25 

As ~he gas containing Ou es the second 

starting gas (additive gas), bisacetylacetonate copper 

Cu{C5H 7o2 ) 2 , bisdipiveloylmethanate copper 

Cu(C11H19o2 ) 2 , bisbexafluoroacetylacetonate copper 

Cu(c5n~6o2 ) 2 can ba employad. 

Among them, Cu(o2a 7o2 ) 2 having the least 

carbon content and containing no F is tbe most 

preferable. 

However, since the above material is solid at 

room tEmlperature and is required to. be transported by ...• 
. 

lill 540 

. ..._. ...... 

sublimation, and it is rieoessary to heat preiiminax-ily ·: ..... '. . . ,~: .. . . . . - .. ·:". .. 
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1 the second starting ·gas (additive gas) line 23, the 

.mixer 5 end the reaction tube 2 to about iso•c .. 
Also, it is more Qffective to flow a carrier 

gas suob as Ar o~ H2 through the second star.ting gas 

5 lina 23. 

As the gas containing Si as the third gas1 

Si2H6, S1H,, Si3Ha, Si(CH3)4, s1c1,, SiHzClz, S1H3Cl 

can be employed. Above ~ll, Si2H6 which is readily 

decomposable at a low temperature of 200 to soo•c is 

Jn the most desirable. The gases such as si2H6 are 

diluted with H2 or Ar, tran~ported to the •ixer 5 

through a line 22 other than the DMAH line and 

supplied to the reaoti~n tube 2. 

When a film formed at a substrate ~emperature 

15 ot 220 •c - 45o·c by use of ·suoh starting gas and 

reaction ga$ is analyzed according to Auger'•s electron 

spectroscopy o~ photoelectric spectroscopy, no 

entrainment ot an impurity suoh as carbon or oxygen is 

recoQnized in this fil~. 

20 

25 

The deposited tilm thus formed has a 

resistivity of, for examDle, with a film thiokness of 

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

substantially equal to ~he bulk resistivity of Al, and 

becomes continuous end flat film. Also, even with a 

f'ilm thickness of 1 µm, its resistance at room 

temper~ture is approximately 2.7 - 3.0 µobJn•Om and a. 
. . . . ·. .. . · . .. ..· ... 

· ... 
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I sufficiently dense fil= is formed with a relatively 

thicker f1lD1. The reflect:ance in the visible 

wavelength x-egion is approximately 80 ti, and a thin 

film with excellent surface flatness can be deposited. 

5 The substrate te•perature is desirably a 

temperature which is not lower than ~he decomposition 

temperature of the starting gas containing Al and not 

higher ~han 450 °o as described above, but 

10 

specifically ~he substrate temperature of 220 to 450 •c 

is more desirable, and when deposition is carried 

out under this condition, by making the DMAH partial 

pressure 10-4 to 10-3 Torr, the deposition speed 

becomes very greet as 400 4/min. to 1000 l/min., .. 
whereby $uff1cient great deposition speed ~a the Al-Si-Cu 

1~ depositjon techniQue for ultra-LSI can be 

20 

25 

obtained. 

A more preferable substrate temperature 

condition is 250 °c to 350 °c, and the Al-Si-Cu film 

deposited undar this condition is al.so strons;ily 

orientatable and, even when subjected to the heat 

treatment at 450 °c for 1 ho~r, the Al-Si-Cu film on 

the Si monocrystalline or Si polycrys~alline substrate 

or on an oxide film becomes a good Al-Sj-Cu film 

without generation of hillock or spike. Also, suob 

Al-Si-Cu film is excellent in electro-migration 

resistance. and the contents of Si and Cu in the film 

11i1fU1iiUr 
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1 can be easily controlled. 

In the device shown in Fig. l, edditive­

oontaining Al can be deposited on only one sheet of 

aubst~ate in deposition fo~ one time. Although a 

s deposition speed of ca. 800 A/min, can be ob~ained. it 

1s still insufficient for performing depo$ition of a 

large number of sheets within a short time. 

As the daposition film for•ing dev1oe for 

improving this point, there is the low pressure CVD 

10 device which can deposit additive-containing Al by 

simultaneous mounting of e large number of sheets of 

wafer. Since the Al film formation according to ~he 

present inven~icn utilixes the su~faoe reaction on the 

electron donative substrate surface, in the hot wall 

15 type low pr_essure CVD method wherein only th& 

:20 

..... ,. 
substrate is hea~ed, Al oan be depositod on tha 

substrate by,u:se of DMAH and H2 end t:he addition gas. 

For ~xample, by adding DMAH, H2 and a Ti startino gas 

such es TiC14 , etc., an Al-Ti fil• can be deposited 

which contains o.5 - 2.0 % of Ti. 

The pressure within the reaction ~ube is 0.05 -

760 Torr, preferably O.l - 0.8 Torr; the subst~ate 

temperature is 160 ·c - 450 •c, preferably 220 •c -

25 . 

400 •c; the DMAH partial p~essure is 1 x 10-5 to 1.3 x 

10-3 -fold of the pressure within.the reaotion tub•; . . ~-

and t:he TiCl4 par~ial pressure ie 1 ~ 10-? - .1 x 10-4 

.·· . '• .. : . , : : -.;. .· : 
. ·. ····· .... -·: 
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1 fold 0£ the pressure within the reaction tube. U~der 

e $Uch condition, Al-Ti is deposited on an eleotron 

donative subat~ate. 

For example, by adding DMAH, H2 , s Cu starting 

5 gas such as Cu(C5H7o2) 2 , etc. and an Si starting gas 

such as Si2H6 , et_c., an Al-Si-Cu film can be deposited 

which contains 0.5 - 2.0 ~ ot Cu and 0.5 -2.0 % of Si. 

The pressure within the reaction tube is 0-05 -

760 Torr, preferably 0-1 - ~-8 Torr: the substratQ 

10 temperature is 220 •o - 450 •c, preferably 260 ·c -
400 •c; tbe DMAH partial pressure is 1 x 10-S to l-3 x 

10-3 -fold of the pressure within the reaction tube: 

the Cu{C5H7o2 ) 2 pa.X"tial pressure is 5 x 10-7 
- 5 x 10""'4 

-fo1d of the pressure within the reaction tube: and 

15 the si2H6 par~ial pressure is 1 -~ 10-~ to l x 10-4 

-fold of the p're$siure wi t"hi n thP. rear.+. i.nn tube. Under 

such a condition, Al-Si-Cu is deposited on an electron 

donetive.substrate. 

Fig. 2 is a schematic illustration showing a 

20 deposited film forming device to which such present 

invention is applicable. 

57 is a substrate for formation of additi~e-

containing Al film. 50 is an outside reaction tube 

made of tlllartz for forming a space ror tormatian ot 

2S deposited film substantially closed to the 

. . . . . ~ 

li!S44 

... 
·: 
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l surrounding, 51 en iim.erside reaction tUbe Jaade of 

.quartz loca~ed for separating the flow of ga$ wi~hin 

~he outside reaction tube 60, 54 a flanga made of s 

metal for opening and closing of the opening ot the 

5 outside reaction tube so, and 'the substrate 57 is 

looa~ed within the substrate holding member 56 

provided internally of the innerside reaction tube 51. 

10 

15 

The substrate ho1ding member 56 should be preferabiy 

made of quartz. 

Also, in the present device, the substrate 

tempera~ure can be controlled by the heater portion 

59. The pressure internally of the rea~tion tµbe 50 

is constitu~ed so as to be controllable by the 

e~aeuation system connected ~hrou9h the gas evacuation 

outlet SS. 

The gas feeding system is constituted to bsve 

a first gas ~ystem, a seoond gas syste~, e third gas 

aysteJD and a mixer (none are shown in Fig. 2) 

similarly as the device shown by the symbols 5 and 6 

20 in Fig. 1, and the starting gases and. the reaotio~ gas 

are introduced into the reaction tube 50 th~ough.the 

starting gas inlet 52. These gases react on the 

25 

surface o~ the substrate 57 durina passage internelly 

of the innerside reaction tube 51 as shown by the 

arrowhead 58 in Fig. 2 to deposit additive-containina 

Al on the substrate su~face. ~he gases after the 
.. 

" 

lll545 
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reacticu pass through the gap formed batween the 

. innerside reaction tube 51 and ~he outside react.ion 

tube 50, and evacuated through tbe gas evacuat:ioii 

outlet 53. 

In taking out and in the substrate, the f lenge 

54 made of a met.al is permitted to fall by an eleva-cor 

(not shown) together with the subst~~te'holding member 

56 and ~he substrate 57 to be moved to a prede~erm~ned 

position where the substra'Ce is mounted and detaChed. 

By fOJ:Cming a deposited film under the 

oonditions as described above by use of suoh device, 

additive-containina Al films of .good quality o,,ui ba 

rormed in all the wafers within the device. 

As described above, the film obtained 

according to the additive-containing Al film formation 

process based on the embodiment of the present 

invention is dense with little content of impurity 

such as carbon, eto. and resistivity which is similar 

to bulk, and also has high surface smoothness# and 

t:he~efore reinark&ble effects as described below can be 

obtained. 

(1) Reduction of hillock 

Hillock is occurrence of concavities on tho Al 

surtaoe due to pa~tisl •igration of Al when inner 

stress during film formation is released in the heat 

trea~ment step~ Also, simila~ phenomenon oocurs-by • I ... .• . .. . . ..... . .. . .. ·::· ·-. ;.· . . : . 
·"'· . . . · 
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1 local migration by ourrent pa9s~ge. The add1t1ve­

Qontaining Al f !lm formed by ~he present 1nvent1on has 

little inner stress and is approximate to ~be state 

of monocrystal. For this reason, in the heat 

s treatment et 45o· 0 c for one hour, as contrasted to 

formation of 104 - 1061cm2 of hillocks in the Al film 

of the prior art, the hillock number could be greatly 

improved as Oto 10/cm2 • Thus, due to sllba~an~ial 

absence of additive-containing Al surface concavity, 

10 tbe resist film thickness and the interlayer 

insul~~ing film can be made thin to be advantageous 

for making it finer aDd more flat. F\1.rthe~mora, the 

additive-containina Al has reproducibility superior to 

that of Al-Si containing no additive. 

15 (2) Improvement of QlQctro-migra~ion resistance 

Electro-migration is the phenomenon that the 

wi~ing atoms move by passage of a current of high 

dQnsitv- By this phenomenon, voide are generated and 

grown along the grain bcn.indary, whereby as accompanied 

20 with reduction of the cross-seotionai area4 the wiring 

genera~es heat to be broken. In the prio~ art, the 

25 

e.nti-migrat1on property has been improved by adding 

CU, Ti, etc. to Al to form an alloy. HOlfever, ~he 

alloy formation resul.ts in complication of the etching 

step and difficulty of minute formation. 

Migration res1Eitance is genel"e.lly evalu~ted by:· · .. · 
... , 

1111ii1nr 
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1 average wiring life. 

The wiring formed by the sputtering method or 

the cvo method of the prior art has obtained enaverage 

wi~i~g life ot 1 x 102 to 108 hours (in the ce$e of a 

5 wiring cross-sectional area of 1 µm2) under the 

current passsga test conditions of 250 °c, 1 x 106 

A/cm2 • In contrast, the additive-contsining Al film 

obtained by the additive-containing Al fi1m forJPation 

method based on t~e embodiment of the p~esent 

10 invention could obtain an average wirina life of 103 

to 104 hours with a w:irillg' having a cross-sectional 

area of 1 µm2 . 

Hence, according to the present inve~tion, for 
' example, when the wiring width is 0.8 µm, a wiring 

1s layer thickness of 0.3 µm can sufficiently stand 

practical application. That is, since the wiring 

20 

25 

layer thickness can be made thinner, unevenness on the 

semiconductor su~faee sfter arrangement ot wiring can 

be suppressed mini•um, and also high reliability in 

passing ordinary eurren~ can be ob~ained. Also, this 

i$ poes1ble by a very simple process. Furthermore, 

the additive-containing Al has reproducibility 

sup~rior to that of Al-Si containing no additive. 

(3) Reduction of elloy pite in contact portion 

By the heat treat~~nt in the wiring step, 

eutectic reac~ion between Al in thQ Wi~ing ma~erial 
,• 

---- -· 
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1 and Si in the substrate may occur to result in 

penetration of Al-Si eutectic called as alloy pit into 

the suhst~ate in spike pattern, thereby destroying 

shallow junction. 

5 As countermeasure, it is general to employ a 

material other than pure Al when the depth of junction 

is 0.3 µm or more and to employ·barrier metal 

10 

technique of.Ti, W, Mo type. 

However, there ~emain some points to b~ 

improved &ueh as coDplioation of etching, rise of 

contact resistivity and the like. In additive-

containing Al formed according to the present 

invention, generation of alloy pits in contact portion 

with substrate crystal due to heat treatment in the 

15 wiring step can be inhibited and wiring with good 

contact can also be obtained. In other words, wiring 

20 

25 

cen be effected only with an Al-Si material without 

destroying junction even when the junction is formed 

in a depth of about 0.1 µm. 

(4) Imp'.l'ovement of surface s111oothness (patterning 

characteristic improvement of wiring} 

In the prior art, roughness of the surface of 

a metal' thin film had inconvenience in the alignment 

etep for the ntask and the substrate in the patterning 

step and in the etching step •. 
. ' 

Tha~ is,. there is unevenness extending to . . 
.. ··~ .. ~· ,~·-·-·~__.;_,_~_.___ .. :'~··:~·:· .. ~·-· .~·· . .-1 ...... ·. ~\.} .. :,·:.:.:~·::·.; :·:: . 

. · .. ·. 

liiui1nf 
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l seve~al µm on tbe surface of Al film according to the 

. prio~ art method,, whereby the surface morphology. is 

poor, and therefore bad the following dieadvantage9-

1) Alignment signals cause diffused reflect~on 

5 ~o occur at the $urface, whereby noise level becomes 

higher end inherent elignment signals cannot be 

discriminated. 

2) Fo~ covering large surfaoe unevenness, tha 

·resist film. thickness must be taken large, wh.ich is 

10 opposite to fine formation. 

3) If the surface morphology is poor, halation 

due to the resist internal reflection will occur 

locally, whereby resis~ remaining occurs. 

4) If the surtace morphology is poor, the eide 

15 wall becomes notched in the wiring etching step 

according to its unevenness. 

20 

2S 

According to the present inY&n~ion, ~he 

surface morphology ot additive-containing Al film to 

be formed is markedly improved ~o cancell all the 

drawbacks described above. 

In other words, in ibe patterning step, at the 

line width of the resolving power limit of the 

exposure machine, the alignment preoisicn 3 =0.15 µm 

can b9 accomplished. whereby wiring having smooth aide 

plane 1s rendered possible without oausing halation to 

ocCUX". Furthermo~e, the additive-containing Al has 

QIS49 

·. 

. ~ ,, .. 
:· :- 1". ": 
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l reproducibility superior to that of Al-Si containing 

. no additive. 

5 

(5) Improvement of resistenoe-in contact bole and 

through bole and of contact resistance 

In the prior a~t method, if the size of the 

oontsct hole becomes finer as l µm x l µm or less. Si 

in the wiring ie precipitated on the substrate of the 

contaot bola during heat treatment in the wiring step 

to co~er thereover, whereby resistance between the 

10 wiring and the element becomes ~arkedly larger. 

15 

20 

25 

According to the present invention, since a 

dense film is formed aooording to the surface 

reaction. Al-Ti has been confirmed to have a 

resistivity of 3.0 - 6.0 fOhm.cm. Also, the contact 

resistivity oan attain l x 10-6 ohm-om2 at an area of 

0.6 µm x 0.6 µm when the Si portion has en impurity of 

1020 om-3. 

According to the present invention, since a 

dense fila is formed by the surface reaction, it has 

been confirmed that the Al-Si-Cu completely tilled 

within the contact hole and through hole each has a 

resis~ivity ot 2.1 - 3.3 µobJn•cm. Also, the contact 

resistivity can at~ain 1 ~ 10-G ohm·om2 in the case 

where the Si portion has an i~purity of 1020cm-3 ~n a 

hole of 0.8 µm x 0.8 P•· 

That is, accordina to ~he present invention, . 

141550 

···. · .. · .. 
·: • ·~-..: p .. • .:,.:;; .: •• •• : . .. 
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l tbe wiring material can be completely embedded only in 

.the •inute opening, and also good contact with the 

substrate oan be obtained. Therefore, the present 

invention can con~ribute greatly to improvement of 

5 resia~ance within hole and contact re$istance which 

have been the greatest problems in the fine process ot 

1 µm or less. 

Figs. 3A - 3E show how the addi~ive-cantaining 

Al f il• aoco~ding to the present invention is 

10 selectively grown. 

Fig. 3A is an illustration showing 

sehematicelly tbe cross-section of the substra,te 

· before formation of the additive-containing Al 

deposited film according to the present invention. 90 

15 is ~be substrate comprising an electron donative 

material, and 91 a thln film comprising an electron 

20 

25 

non-donative material. 

In the case of using DMAH and a gas oontaining 

en additive as the star~ina gases optionally together 

with a gas containing Si atoms, when.a gas mixture 

oontain~ng H2 as the reaction gas is fed onto the 

substra~a 1 heated to a temperature not lower than the 

deco~position temperatures of DMAH and the gas 

oontainicg an e~ditive and not higher than 450 °c, 

additive-cont~ining Al is deposi~ed-on the substrate 

lil551 

90, whereby ~ continuous tilm ot additive-oonta:lni~g : : . · .. 
. .. .. . . 

.. . . ·-.; .... ·. · .. 
··· .. .. :·· . . · .. . . 



[ RECEI~ED 82/28 15!26 1996 AT 535~86~ PASE ~D (PRINTED PASE ~5) l 
___ 9_8. 02120 18:33 tt(J3 3211 5035 0.KABE TOKY0-2 

··:···: .. ······-- ....... ···---· -

45 -

1 Al :Ls formed as shown in Fig. 38. 

Fo~ •sample, when a gas mixtu~e containing 

DMAR as the stQrting gase. TiCl4 ae the eddition gas 

and H2 as tbe reaotion gas is fed o~to the substrate l 

5 heated 'to a te111perature not. lowe.1' than t.he 

decomposition temperature~ of DMAH and TiC14 end not 

higher than 450 °c, Al-Ti is deposited on the 

substrate 90, whereby a continuous film of Al-Ti is 

formed as shown in Fig. 3B. He~e, the pressure within 

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

torr, and the DMAB partial pressure.preferably 1.5 x 

10-5 to 1.3 x 10-3-fold of the pressure within. the 

above reaction tube.· 

When deposition of Al-Ti is continued under 

15 the above conditions, vi~ the state of Fig. 3C, the Al­

Ti film g~ows to ~he level of the uppermost portion of 

the thin film 91 as shown in Fig. 3D. Further, when 

grown under the same conditions, as shown in Fig. SE, 

the Al-Ti film can grow to 2000 i or more 

20 substantially without gro~th in the late~al direction. 

25 

This is the most oharaoteristic point of the deposited 

film obtained by the present invention, and it will be 

unders~ood how e film of good quality can be formed 

under good selectivity, 

As the result of analysis according to Auger's 

elei:::tron. spectroscopy or photoeleotri~. spectroscopy,· : .:::;.~. · :. · ... 
.. • • ·.1 .. • : :: •• : : •••• 

• • . : • • • . • . • • •·•• .... . - :·. !.-· ;.~ 
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1 no ent~ainment of an i•purity such as carbon or oxygen 

.is recognized in this fils. 

The deposited film thus formed has a 

resistivity of, for example,. with a film thickness of 

5 400 A, 3.0 - 6.0 µohm 1 cm at room temperature which is 

substantially equal to the bulk resistivity of Ali and 

becomes continuous and tlat film. Also, even with a 

film thickness of l µm, its resistance at room 

teJnperature is appro~imately 3.0 - 8.0 µohm.-c;m and a 

su£ficiently dense film is formed with a relatively 

thicker film. The refleotance in the visible 

wavelength region is approxilllately 80 %, end a thin 

film ~1th excellent surface flatness can ~e deposited. 

The substrate te~perature in performing such 

15 selective deposition should be desirably not lower 

than the decomposition temperatures of the starting 

gas containing Al and the starting gas containing Ti 

and not higher than 450 °c as mentioned above, but 

specifically a substrate temperature of 220 to 450 °c 

20 

25 

is desirable, and when deposition is performed under 

such co~dition, the deposition speed is suffioiently 

great as 100 ~/min. to 700 ~/min. when DMAH partial 

pressure is 10-4 to 10-3 Torr. Thus a sufficiently 

great depos!tion speeO can be obtained as the Al-Ti 

deposit~on technique for ultra-LSI .. 

.A. more· preferabl~ subs.~rate tempera1:ure .. · .· · .. 
. · 

. . 
. .· . ·.·::-: :· ;·._."' ..... ·: .. . :;··:·~·:: ' .. ·' 

. .. 

Ill 553 
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1 aondition i• 250 oC to 350 •c, and the Al-~i film 

deposi~Qd under thig condition.is also strongly. 

orientatable &Dd1 even when auhjeeted to ~he heat 

treat•ent at 450 °c for 1 hou~, the Al-Ti film on the 

5 Si monocrvstalline or Si polycrystalline substrate 

becomes a good Al-Ti film wi~hout generation of 

hillook and spike- Also, such Al-Ti film is excellent 

in eleotro-migl'ation resistanceas es oo•pared with Al 

10 

15 

?.O . 

25 

film. 

A~so, wben a gas mixture containing DMAH 

op~ionally together with Si2H6 as the starting gase, 

Cu(C5H702J~ as t~e addition gas and H2 as the reaction 

gas ilS fed onto the subst:-e."te 1 heated within a 

temperature range fro~ the decomposition temperature 

of DMAH to 450 °c, Al-Si-Cu is depositQd on thQ 

substrate 90, whereby a continuous film of Al-Si-Cu 

is formed as shown in Fig. 3B. Here, the pressure 

within the reaction tube 2 should be desirably 10-3 to 

760 Torr, and the DMAH partial pressure preferably 1.5 

s 10-5 to l.3 x 10-3-fold o~ the pressure within the 

above ~eaction tube. The Cu{C5H7o2 ) 2 pertial pressure 

should preferably be 5 x 10-5 to 5 x io-4-fold of the 

pressure within the reaction tube, end the Si2H6 

partial pressure should preferably be 1 x 10-7 to l x 

10-4-fold of the pressure within the reac~ion tube 2. 

Whon deposition of Al-Si-Cu is continued under· . .· 
• • • 06 • 

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

ijJ 554 

·- ' ..... .. ··:· ": ... ... ·.· 
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111itii~nrr 



[ RECEIVED B2/2B 1s:ze 1996 AT S3S•B&• 
__ • 9_8_~2a!_ 18: 3S U03 3211 5035 PAGE •3 (PRINTED PAGE •B> l 

OKABE TORY0-2 . .. 

- 48 -

1 the above conditions, via the state of Fi~. 3C, tbe 

,A1-Si-Cu film grows to the 1evel of the uppermost portion 

of the thin film 91 as shown in Fig. 3D. FUrther, 

when grown Utlder the same conditions, as shown 1n Fig. 

s SE, the Al-Si-Cu film can grow to 5000 A substan~ially 

without growth in the lateral direction. This is tha 

most characteristic point of the deposited film 

obtained by the present invention, and it will be 

understood how a fil~ of good quality can be fo~med 

10 under goo~ selectivity. 

15 

20 

25 

As the r•sult of analysis aooording to Auaer's 

eleQtron epectroscopy or pbotoeleetrio spectrosoopy, 

no entrainment of an impurity such as carbon or oxygen 

is recognized 1n this film. 

The deposited film thus formed has e 

resis~i~ity of, for example. witb a film thickness of 

400 A, 2.7 - 3.0 µohm·cm at room temperature which is 

substantially equal to the bulk resistivity of Al, and 

becomes continuous and flat film. Also, even wi~h a 

film thickness ot 1 µm. ite resistance at room 

tempera~u~e 1s approxiaately 2.7 - 3.0 µohm·cm end a· 

suf f ic~ently aense film is formed with a ~elatively 

thicker film. The ref lec~ance in the visible 

wavelength region is approximately 80 ~. and a t~in 

film with excellent surface flatness can be deposited. 

The substrate temperat~re in performing su~h 

·. 
. .. .. 

lil555 
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l selectiva deposition should be desirably the 

decomposition temperature of the sta~ting gas 

containing Al or highe~ and 450 °c or lower as 

mentioned above, but specifically a substrate 

s tempera~ure of 220 to 450 °c is des1rable, and when 

depositior:l is perforaed under such condition, the 

deposition speed is sufficiently great as 400 A/min. 

to 1000 A/min. whan DMAH partial pressure is 10-4 to 

10-3 Torr. Thus a sufficiently greet deposition speed 

lO can be obtained as the Al-Si-Ou deposition technique 

for ult:r;oa-LSI. 

A more preferable substrate temperature 

condi~ion is 250 °c to 350 °c, and the Al-Si-Cu film 

deposited under this condition is also strongly 

15 orienta~able and, even when subjected to ~he heat 

treatment et 450 °c for 1 hour, the Al-Si-Cu film on 

20 

25 

the Si monocrystalline or Si polycrystalline substrate 

or an oxide film becomes a good Al-Si-Ou film ~ithout 

generation of hillock end spike. Also, such ~1-Si-Cu 

film is excellent in eleot~o-m!gretion resistanoe and 

the contents of Si and Cu of the film can easily be . .. ~" ,, .... 
controlled. 

It is possible to make the heat treat•ent 

temperature during wiring step lower O• to omit the 

hea~ ~reatment step. 

lal558 

As described in detail above, by applying the. -.. ·. :- . :-: .... . ... . ·. ... . . .. •. . .. . .. 
... .. . .. ~:· .. :: ... :::·· · .. '";:.-. ~ .:.-· .. 

·11iiinr 
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l present invention to the wiring formation method of a 

semiconductor iotearated ~ircuit, particularly 

embedding of contect hole or th~ough hole, ~he yield 

can he ~mproved, and reduction of cost can be promoted 

5 ~o great extent as compareo with metallic wiring of 

'the'prior art. 

10 

15 

20 

25 

.... 
: ·.. . :':.. :: . . . 

., .. 
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l Exam2le i' 

5 

First, the procedure for Al-Ti film formation 

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

the reaction tube 2 is i~ternally evacuated to ca. 1 x 

·10-B Torr by the evacuation unit 9. However" Al-Ti 

film can be also formed if the vacuum degree within 

~he reaction tube z may be worse then 1 x 10-S Tor~-

After washing of Si wafer, tho co~veying 

chamber 10 is released to at~oephe~ic pres~u~e and Si 

10 wafer is mounted in the conveyina chamber. ~he 

conveying chamber is evecua~ed to ca. 10-6 Torr, and 

then tha gate valve 13 ia opened and the wafer is 

mounted on tbe water holde~ 3. 

15 

After mounting of the w~fer on ~he wafer 

holder 3, the gate valve 13 is closed, end ~he 

reac~ion chamber 2 is evacuated to a vacuwn degree of 

ca. 1 x 10-a To~r. 

In this Example, DMAH·is fed through the fi~st 

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

20 employed. The second gas lina is used for H2 and the 

third g~s line for TiCl4 • The carrier gas is also H2 . 

25 

By passing H2 through the second gas line, the 

pressure within the reaction tube 2 is made a 

predetermined value by controlling the opening of tha 

slow leak valve 8. A typical pressure in ~his E~mgle 

is Diede approximately l • 5 'l'O;t"r .• Then, the wafer is 

: , .. 
.. · 

laiSS8 
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1 bested by current passage thJ:'ough the heater 4. After 

the wafer temperature has reached a predetermined 

temperature, DMAH and TiCl4 are introduced in'to the 

reaction tube through the DMAH li~e and the TiC14 

5 line. The total pressure is oa. 1.5 Torr, end ~he 

DMAH partiel pressure is made ca. l.S x 10-4 Torr. 

The ~iCl4 pe~~ial pressure is made 1.5 x l0-6 Torr. 

When TiC14 ana DMAH are introduoed into the reaction 

tube 2, Al-Ti is deposited. After a predetermined 

lO deposit~on time .has elapsed, feeding of DMAH and TiCl4 

is stopped. Next, heating ot the heater 4 is stopped 

to cool the wafer. Feeding of H2 g~s is stoP'p~d, and 

attar evacuation internally of the reaction tube, the 

wafer is transferred to the conveying chamber, and 

15 only the conveying chember is made atmospheric before 

taking out the wafer. The outline of Al-Ti film 

20 

25 

formation is as d&scribed above. 

Al-Ti films were deposited &t the respective 

t•mperatures each for 10 sheet samples following the 

same procedure as described in Example l ~nde~ the 

following conditions: 

Total pressure: 1.5 Torr 

DMAH partial pressure: 1.5 x 10-4 Torr 

TiCl4 partial pres$ure: 2 x 10-6 Torr. 

The Al-Ti.films deposited by varying the 

substrate temperature at 13 levels were evaluated by .· . 
. .. ... 

.. . · .. ·. .. .. : .~·.·: : . . . . 
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l use ot various evaluation methods. The reall..l~s are 

shown in Table 1. 

It has been confirmed from ~he results that 

films of extremely excellent quality can be obtained 

5 within the te~perature range of 200 to 400 •o. 
~ample 2 

10 

Following the same procedure as i~ Example 1 

~o se~ the parmnete~e as followsi 

Total pres&\lre; 1.6 Torr 

DMAH partial pressure: 5 x 10-4 Torr 

Suba~rate temperature (T3ub): 300 •c 

end the T1Cl4 partial pressure was varied from 1.6 x 

10-7 ·Torr to 1 x 10-4 Torr to effect deposition. The 

Ti content (wt .• %} of the Al-Ti films were ,yaried from 

15 0.001 % to 4.2 % approximately in propor~ion to the 

TiCl4 partial pressure. As to resistivity, carbon 

content, average wiring life, deposition speed, 

20 

hillock densi~y and spike generetion, the same results 

as in Example 1 were obtained. Howeve~. in samples 

having a Ti oon~ent of 3.5 % or higher, the surface 

morphology became bad, thereby making the reflecte.nce 

65 % or lower. Samples ha~ing a Ti content of less 

than a % exhibited e reflectance of 80 to 90 %, which 

was the sallle as in Example l. 

25 Example 3 

First, the procedure of Al-Ti film formation 

· ... 

iiii1i1rf 

iaiseo 

~- ... : 
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I ie as follows. By the evaouation unit 9, the ~eaction 

tUbe is evacuated inte~nally to oa. l x 10-8 Tor~. 

Al-Ti tilm can be formed even if the vacuum degree in 

the reaction tube 2 may be higher t~ 1 x 10-8 Torr. 

5 After washing of the Si wafer, the conveying 

chamber 10 is released to atmospherio pressure and the 

Si w$ter is mounted in the conveying chamber. The 
-6 conveying chamber is evaouated to ca. 1 x 10 Torr, 

~hen the gate valve 13 is opened and the wafer is 

10 mounted on the wafer holder 3. 

15 

After mounting of the water holder 3, the gate 

valve 13 is evacua~ed to a vaouum degJ:<ee in th~ 

rQaction obamoer 2 of ca. l x 10-8 Torr. 

In this Example, th• fi~st gas line is used 

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

employed. ~he second gas line is used.for H2 . The 

third gas line is provided for TiC14 . 

By passing H2 through the second gas line, the 

pressu~e within the reaction tube 2 is made a 

20 predetermined value by oon~rolling the opening of the 

slow leak valve 8. A typical pressure in tbis Example 

25 

is made approximataly 1.5 Torr. ~hen, the wafer is 

h•ated by current passage through the heater 4. After 

the wafer temperature has reached a predeterJD.ined 

teaper&ture, DMAH end TiC1 4 are in~roduced into the 

iaise1 

. : 

-:· : .. ~. :::~: ·:· .... · ·: ... . . .. ~- . 
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l reac~ion ~ube through the DMAH-iine and the Tic14 
line. ~he total pressure is ca. 1.5 Torr, and th• 

-4 DMAH partial pressure is made oe. 1.6 x 10 Torr. 

The Ti014 partial pressure is made 1.5 x 10-S Torr. 

s When TiCl4 end DMAH are introduood into the reaction 

tube 2, Al-Ti is deposit~d. After a predetermined 

deposition time hes elapsed, feeding of DMAH and ?iC14 
is stopped. Next1 heating of the he$ter 4 is stopped 

to cool the wafer. Feeding of H2 gas i~ stoJ>t>ed, and 

lO after evacuation internally of the react~on ~ube, the 

wafe~ is ~ransferred to the conveying chamber, and 

only the conveying cheunbe~ is made atmospherio 

pres~ure before taking ou~ the wafer. The ou~line of 

15 

20 

25 

Al-Ti film formation is as described above. 

For deposited films thus formed concerning 

resistivity, carbon content, a~erage wiring life, 

deposition speed, hillock density, generation of spike 

and reflectanoe, the same results as in Example l were 

obtained. 

Example 4 

Following tbe same procedure as in Example 3 

to sQt the para•e~ers as follows: 

Total pressure: 1.5 Torr 

DMAH partial pressure: 5 x 10-4 Torr 

Substrate temperature (Tsub~: 300 •c 
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l and the TiCl4 par~ial pressure was varied from 1.5 x 

10-7 Torr to 1 x 10-4 Torr t·o effect deposition.. The 

Ti ~ontent (wt.%) of ·the ~l-Ti films were varied from 

0.001 % to 4.2 ~ approximately in proportion to the 

5 _TiC14 partial pressure. As to resistivity, carbon 

content, average wiring life, deposition speed, 

hillock density and spike generation, the same results 

as in Example 1 were obtaiped. However, in samples 

having a Ti content of 3.5 % or highe~. the surface 

10 •orphology became bad. thereby making the reflectance 

·ss % or lo~er. ·Samples having a Ti content of less 

than 3 ~ exhibited a reflectance of 80 to 90 %, which 

15 

20 

25 

was the same as in Example 1. 

Example 5 

A si1icon substrate wee placed in the low 

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

wes fo~mad within the same badge. The film formation 

conditions were made a reaction tube pressuro of 0.3 

Torr, a DMAH partial pressure of 3.0 x 10-5 Torr, a 

TiCl4 partial pressure of 0.7 x 10-6 Torr, a substrate 

tempe~ature of ~oo 0 c, and a film formation time of 10 

minutes. 

As the result of fil• formation under such 
0 

condi~ions, an Al-Ti film of 7000 A was deposited. 

The film quality was very good, exhibiting the· seme 

p~oper~ies as one prepared at a substrate temperature 
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l of 300 °c shown in Example 1. 

Exemple 6 

The proced~rQ of Example 1 was repeated to 

eftec1: deposition· with the exception that MMAlf2 was 

5 used es the starting gas and ·the oarameters were set 

as follows: 

lU 

15 

20 

Total pressure: l.5 Torr 

MMAH2 partial pressure: 5 x 10-4 Tor1" 

TiCl4 par'tial pressure: 0.7 x 10'-5 Torr 

As a result~ Al-Ti thin filas wa~e deposited 

within the substrate temperature range of 160 •c ~o 

400 •c which contain•~ no carbon impur1ty and were 

excellent in flatness and denseness similarly as in 

Example 1. 

Example 7 

The procedure of Example 1 was repeated to 

effect deposition with the exception that Ti(CH3 ) 4 was 

used in place of T1Cl4 as the starting meterial 

containing Ti and the parameters were set as follows! 

Total pressure: 1.5 Torr 

DMAH partial pressure: 5 x 10-4 Torr 

Ti(CH3 ) 4 partial pressure: 1.5 x 10-5 Torr 

Ae a result, Al-Ti thin films were deposited 

~~thin the substrate temperature ranae of 160 ·c to 

400 •c which contained na carbon impurity and were 

exceilent in flatness and dens~ness similarly as in 

· ....... : .. 
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1 EJCainpla 1 . 

5 

10 

15 

Example 8 

Formation of ~l-Si-Ti is effected by use ot 

the device shown in Fig. 1. The reaction tube 2 is 

internally evacuated to ca. 1 x 10-B Torr by the 

evacuation unit 9. However, Al-Si-Ti fila can be also 

fo~med even if the vacuum degree wi~hin the rQaetion 

tube 2 may be worse than 1 x 10-S Torr. 

A~ter washing of the Si wafer, the conveying 

cballlber 10 is released to atmospherio pres$ure and the 

Si wafer is mounted in the conveying chBJllb&r. The 
-6 

conveying chamber 1s evacuated to ca. 1 x 10 Torr, 

then ~be gate valve 13 is opened end the wafor is 

mounted on the wafer holder 3. 

After mounting of the wafer on ~he wefer 

holder 3, the gate valve 13 is closed, end ~he 

reaction chamber 2 is evaouated to a vacuum degree of 

ca. l x 10-8 Tor~. 

In ~his Example, DMAH ~s fed through the first 

20 gas 1.1.ne. AS the carrier gas of DMAH line, H2 is 

employed. The second gas line is used for e
2 

and the 

third gas line for T1Cl4 dilu~ed -1th a2 • ~he fourth 

gas line 1s provided for Si2a6 • The third gas line, 

~be mi~er and the reaction tube are previously heated 

25 
to 180 ·c ~ 10 •c. 

By pass~ng H2=throttgh the second gas line, the 
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l pressure within the reaction ~ube Z is made a 

predetermined value by contro1ling the opening of the 

slo~ leak valve 8. A ~ypioal pressure _in this Example 

is made approximately 1.5 Torr. ~hen, the wafer is 

5 bested by current passage through the heater 4. After 

the wafer temperature has reached a predete~mined 

temperature, DMAH , TiCl4 and Si2H6 a~e introduced 

into the reaction tube through the DMAH line, the 

TiC14 line and the si2H6 line. The total pressure ie 

10 

15 

ca. 1.5 Torr, and the PMAH partial pressure is made 

-4 ca. 1.5 x 10 Torr. The TiC14 partial pressure is 

made l :x: 10-6 Torr and the Si2H6 partial pressure is 

made l " 
10-5 Torr. When Si2H6 and DMAH arA 

introduced into 'the reaction tube 2, Al-Si-'l':l is 

deposited. After a preOetermined deposition time has 

elapsed, feeding of DMAli, TiC14 and s12H6 is stopped. 

Next, heating of the heater 4 is stopped to eoo1 the 

water. Feeding of H2 gas 1s stopped, and after 

evacuation internally of the reaction tube, the wafer 

20 is t~ansfe~red to the conveying chamber, and only the 

convevino chamber is made atmospheric before taking 

25 

out the wafer. The outline of Al-Si-Ti film formation 

is as described above. 

Wafers were provided to deposit Al-Si-Ti films 

of 5000 A thickness following the above described 

procedure under the following conditions. 

1iiiiiU 

lil588 



[ RECEIVED 82/28 15:32 1996 AT 53S•B6• 
- -·-~120 18:39 003 3211 5035 

PAGE SS (PRIHTED PAGE 68) l 
OKABE TOICY0-2 .. 

1 

5 

10 

- 60 -

Total pressure 1.6 Torr 

DMAH partial pressure 1.5 z 10-4 'Torr 

'l'iC14 partial pressure 1 x 10-6 Torr 

S.i2H6 partial prtassure i·x 10-5 Torzt 

The Al-Si-Ti films thus formed were subjected 

to patterning according to conveotional 

photolithographio technique to obtain test samples in 

which Ai-si-~i remained in tha widths at 2. 4 ~nd 6 pm. 

When the te•perature (Ts) of substrate for 

deposition was varied to eYaluate the characteristics 

of the deposited films, substantially the same results 

es those shown in Table l were obtained. 

ExamplE! 2 
Following the samti p~ocedure as in Example 8 

15 ~o set the parameters es follows: 

20 

25 

Tote.i pressure: 1.5 Torr 

DMAH partial pressure: 5 x 10-4 Torr 

1 ::x: 10-5 Torr 

substrate temperature (Tsub): aoo ·c 

and the TiC14 parti~l pressure was varied from S x 

10=7 Torr"to 1 x 10-4 Torr to effect deposition. The 

conten1: (wt.%) ot 'the Al-Si-Ti films ~ere ~ariad from 

0.3 % to 4 %. As to resistivity, carbon content, 

average wiring life, depo$ition speed, and hillock 

density, the se.me results as in Example l were 

obtained. 

Ti 

lilS87 
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l Example 10 

5 

10 

Following the seme procedure &s in Elt8mple 8 

to eet the perametera es follows: 

Total prQSSure: 1. 5 Torr 

DMAH partial pressure: S x 10-4 Torr 

1 x 10-6 Torr TiCl4 par~iel pressurer 

Subst~ate tempera~ure (Tsub}: aoo ·c 
end the Si2a6 partial pressure was varied f~om 1-5 x 

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

Si content (wt.%) of ~he Al-Si-Ti films were varied 

from 0.005 % to 5 % approximately in proportion to the 

Si2H6 partial pressure. As to resistivity, av~rage 

wiring life, deposition speed and hillock density, ~he 

same results as in Ex.QJltple 8 were obtained. However, 

15 in $ainples having a Si content of 4 % or higher, 

deposition was generated in the films which appeared 

to be Si to worsen surface morpbol.ogy, th~reby 1118king 

the reflectance 60 % or lower. Samples having a Si 

content of lees than 4 % exhibited a reflectance of 80 

20 ~o 95 %. which was the same as in Rxample 6. 

£xemple 11 

The procedure of Example 6 was repeated 'to 

effect deposition Al-Si-Ti under the following 

condit:ions . 

25 Total p:.t'assure: 1.5 Torr 

. DMAH partial pressure: 5 x 10-4: Torr 

lill588 
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1 Si2H6 partial pressure: 1 x io-5 'Torr 

TiC14 partial pressure: 1 :x 10-:-6 Torr 

As a result, Al-Si-Ti films wer~ deposited 

within the substrate te~perature range of 160 ·c to 

5 400 •c which were excellent in migration resjs~ance, 

flatness and denseness similarly as in Eample 6. 

Example 12 

First, the procedure for Al-Ti film formation 

is as follows. By u~e of the device shown in Fig. 1, 

10 the reaction tube 2 is internally evacuat~d to ca. l x 

10-a Torr by the evacuation ~nit 9. However. Al-Ti 

film can be also formed if the vacuum degree w~thin 

the r$aetion tube 2 may be worse than 1 x 10-8 Torr. 

After washing ot Si wafer, the conveying 

15 chaJllber 10 is released to at•ospheric pressure and Si 

wafer is mounted in th-. conveying chamber. The 

conveying oha~ber is evacuated to ca. 10-6 Torr, and 

20 

then the gate v~lve 13 is opened and the wafer is 

mounted on the wafer bolder 3. 

After mounting of the wafer on the wafer 

holder 3, the gate velve 13 is closed, and the 

reaction chamber 2 is evacuated to a vacuum degree of 

ca. 1 x 10-s Torr. 

In thi$ Example, DMAH is fed t~ough the first 

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

employed. The second gas line is used for.H2·and the. 

lal589 
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l third oas line fer ~iC14 diluted with H2 -

By passing H2 through the second gas line, the 

pressu~e within the reaction tube 2 is made a 

predete~mined Value by controlling the opening Of the 

~ slow leak valve 8- A 'typioal pressure in this Example 

is made approximately 1.5 Torr. Then, ~he wafer is 

heated by current passage through the heater 4. After 

the wafer temperaturG has reached a predetermined 

temperature, DMAH end TiC14 are introduced into the 

10 reaction tUbe through the DMAH line and tho T1Cl4 

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

DMAH partial pressure is made oa. 1.5 x 10-4 Torr. 

15 

When DMAH .is introduoeCI .into the l'E!action tube 2, Al-'l'i 

is deposited. The T1cl4 partial p~essure is made 

1.5 z 10-G Torr. After a predetermined deposition 

time has elapsed, ~eeding of DMAH and ~iCl4 is 

stopped. Next, heating of the heater 4 is stopped to 

cool the wafer. Feeding of H2 gas is stopped, and 

after evacuation internally of tne reaction tube, the 

20 wafer is transferred to the oonveying chamber, and 

only th~ conveying chamber is made atmospheric before 

teking ou~ the wafer. The outline of Al-Ti film 

fo~ma~ion is as describQd above. 

Next1 preparation of samples in this Example 

is explained.below. 

Si substrates (N type. l - 2 o~·C11L) were 
··' 

lill570 
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1 subjected to tber•al oxidation st a temperature of 

1000 °c according to the hyd~ogen combustion sye~em 

(H2 : 4 liters/M, o2 : 2 liters/M). 

Tha film thiekness was ~ooo 6 .:t 500 A, and the 

5 ~efractive index 1.46. A photoresist was coated on 

the whole Si substrate1 and a desired pattern was 

10 

baked by an eJtposu~e machine. The pattern was $Uoh 

that various holes of 0.25 µm x 0.25 µm - 1QO µm x 100 pm 

were opened. ·After development of the ~esist, with 

.the pho~oresist as the mask, the suQbing Si02 was 

etched by the ~eactive ion etching (RIE), e~c. to have 

the substrate Si partially exposed. Thus1 130 sheets. 

ot samples having various sizes of Si02 holes of 0.25 µm x 

0.25 }Ill\ - 100 µm x 100 µm were prepared, the 

15 subs~rate temperature was set at 13 levels. and fo~ 

20 

25 

the samples at the respective tempe~atures, Al-Ti 

films were selectively deposited following the 

procedure as described above under the foll.owing 

conditions: 

Total pressure: 1.5 Torr 
-4. 

DMAH partial pressure: l.5 x 10 ~orr 

I -6 
~iC14 par~ial pressure: 1.5 x 10 ~orr 

The Al-Ti films deposited by varying the 

substrate tempe~e~ure at 13 levels wero evaluated by 

use of various evaluation methods. The results are 

shown in Table 2. 

~571 
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In the above sample$, no Al was dePosi~ed on 

Si02 at a temperature range fro~ 160 °c to 450 ~C, and 

Al-Ti (0.5 ~) was deposited only on the por~ion with 

opening of Si02 
.t~ have Si exposed ... Also, when 

5 deposition was carrie~ out in the above tempe~ature 

rauge continuously for 2 hours, similar selectivQ 

depositablity was maintained. 

Example 13 

First, the procedure for Al-Ti film formation 

10 is as follo•s. By use of the device shown in Fig. 1, 

the l'eaction tuJ:)e 2 is internally evaouated to ca. 1 x 

10-a To~r by the evacuation unit 9. However·r Al-Ti 

15 

20 

25 

film can be also formed if ~he vacuum degree within 

the reactioo tube 2 may be worse then 1 x 10-8 Torr. 

After "ashing ot Si wafer, the ~onveying 

chamber 10 is ~eleased to atmospheric pressure and Si 

.wafer is mounted in the ·conveying chamber. The 

conveying chamber is eveouated to ca. 10-6 Torr, and 

then the gate val~e 13 is opened and the water is 

mounted on the wafer holder 3. 

After mountina of the"wafer on the •afer 

holder 3, the gate valve 13 is closed, and the 

reaction chamber 2 is evacuated to a vacuum degree of 

oa. ~ ~ 10-8 Torr. 

In this Exampl9, DMAH is fed through the firs~ 

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

Jii572 
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1 employed. The second gas line is used for H2 ond the 

third gae line for TiC14 • The carrier gas is also H2 • 

By paasin~ H2 through the second gas line, the 

pressure within the reaction tube 2 ie made a 

5 predetermined value by controlling the opening of ~he 

slow leak valve 8. A typical pressure i~ this Bxemple 

is made approximately 1.5 Torr. Then, the wafer ie 

heated by current passage ~hrougb the heater.4. After 

the wafer temperature has reached a predetermined 

10 temperature, DMAH and TiCl4 diluted with H2 are 

introduced into the reaction tube through ~he DMAH 

15 

20 

25 

. . 
line and the TiCl4 line. The total pressure.is ca. 

1.5 Torr, and th~ DMAH partial pressure is made ca. 

1.5 x 10-4 Torr. The TiCl4 partial pressure is made 

1.5 x 10-6 Torr. When DMAH is introduced into the 

reaction tube 2, Al-Ti is deposited. After e 

predetermined deposition time has elapsed, feeding of 

DMAH is stopped. Next, heating of the heater 4 is 

stopped to cool the wafer. Feeding of H2 gas is 

s~opped, and after evacuation internally of the 

reaction tube, the wafer is· transferred to the 

con.~eyina chamber, and only the conveying chamber is 

made atmospheric before taking out the wafer. The 

outline of Al-Ti film formation is as described above. 

For deposited tilms thus formed conce~ning 

resistivity, carbon content, average wiring life, 
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1 deposition speed, hillock densi~y. generation of spike 

and reflectance, the same results as in ExaJDple 12 

were obtained. 

As ~o the selective depositabiljty dependina 

5 on the material of the substrate, the same results as 

those.in Exam~le 12 were obtained. 

p:xa1nple 14 

By means of ~he low pressure CVD apparatus 

shown in Fig. 2, Al films were formed on the 

10 substrates with the constitutions as described below 

(Samples 2-1 - 2-1~9}. 

Preparation of Sample 2-1 

On e uonocrystalline silicon as the electron 

donative·first substrate surface material, a thermally 

15 oxidized Si02 film as the eleetron non-dQnative second 

Sub$trate surface material was formed, and patterning 

was effected e.ocot."ding to the photolitbographic steps 

~s shown in Example 1 to have the monocrystalline 

silicon surface partially exposed. 

20 
The f1lm thickness of the thermally oxidized 

Sio2 film was found to be 1000 A, with the size of the 

exposed porti~n of the monocrystalline silicon, namely 

opening being 3 µm x S µm. Thus, Sample 2-1 wes 

prepared. (Her•inafter. such sample is expressed as 

25 "therinally oxidized s102 (hereinafter abbreviated as 

T-Si02 )Jmonocrystal1ine silicon)•. 
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Preparation of Samples 2-2 - 2-179 

Sample 2-2 is an oxidized film for•ed by. 

normal preasu~e CVD (hareinafter abbreviated as 
. 

Si02 )/monocry$talline silicon. 

5 Sample 2-a is a boron doped oxidized film 

fo~med by normal pressure CVD (hereinafter abbreviated 

as BSG)/monocrystallinc silicon. 

Sample 2-4 is a phosphorus doped oxidi2ed film 

£ormed by normal pressure CVD (hereinafter abbreviated 

10 as PSG)/monocrystalline silicon. 

15 

20 

25 

Sample 2-5 is a phosphorus and boron doped 

oxidized film formed by norm.al pressure CVD 

(hereinafter abbreviated as SSPG)/monocrystalline 

silicon formed by no~mal pressu~e CVD. 

Sample 2-6 is a nitrided film forioed by plasma 

CVD (hereinafter abbreviated as P-SiN)/monocrystalline 

sil1con. 

Sample 2-1 is a thermally nitrided film 

(hereinafter abbreviated as T-SiN)/monocrystalline 

silicon. 

Sample 2-8 is a nitrided film formed by low 

pressure CVD (hereinafter abbreviated as LP­

SiN) /monocrystalline silicon. 

Sample 2-9 is a nitrided film formed by ECR 

devioe (hereinafter abbrevia~ea as ECR-

SiN)/monocrystallina silicon. 

iliii1ii!Mf 

il.575 
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Further, by colllbinations of the electron 
. 

done.tive first substrate surface materials and the 

electron non-don~tive second substrate surface 

materials, Samples 2-11 - 2-179 shown in Table 3 ·were 

5 prepared. As the first substrate surface material, 

monocrystalline silicon (monocryst~lline Si), 

polycrystalline silicon (polycrystalline Si), 

amorphous silicon (amorphous Si), tungsten (W), 

molybdenllDl (Mo), tantalum (Ta), tungsten silicide 

10 (WSi), titanium. silicide (TiSi), aluminum {Al), 

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

titanium. nitride (TiN), copper (Ou), alumin'\1111 silicon 

copp~r (Al~Si-Cu), eluminum palladium (Al-Pd)1 

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

15 

20 

25 

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

Al 203 substrates. Si02 glass substrates were placed in 

the low pressure CVD device shown in Table 2, and Al-

Ti films were formed within tbe same badge. The fil• 

forming conditions were a reaction tube pressure of 

0.3 Torr, a DM~ partial pressure of 3.0 x 10-5 Torr, 

a TiCl4 partial pressure of 1 x 10-6 Torr, a substrate 

temperature of 300 °c and a film formation time of 15 

minutes. 

As the result of film fo~mation under such 

conditions, concerning all the samples applied with 

patterning from Sample 2-1 to 2-179, deposition of Al-Ti 
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l (1.5 %) film ooourred only on the electron donative 

first substrate surface fila to embed comple~ely ihe 

opening with the dep~h of 7000 l. The fil• quality ot 

the Al-Ti film was found to be very good, exhibiting 

s the same properties as one prepared at a substrate 

~emperature of 300 °c shown in F.xample 12. On the 

other hand, on the second substrate surface which is 

electron non-donative, no Al-Ti film was deposited at 

all, where~y eo~plete selectivity was obtained. On 

10 both the Al 2o3 subs~rate and the Si02 glass substra~e 

which are electron non-don~tive, no Al-Ti film was 

deposited at all. 

~ple 15 

By use of the low pressure CVD device shown in 

15 Fig. 2, Al-Ti film was formed on the substrate with 

the constitu~ion as described below. 

On a thermally oxidized film ~s the electron 

non-donative second substrate surface materiaJ, a 

polycrystalline Si as the electron donative first 

20 substrate surface material was formed. patterning was 

effected according to the photolithographio steps as 

shown in Exa•ple 12 to have the thermally oxidized 

fil~ surface partially exposed. The film thickness of 

25 

the polycrystalline silicon at this time was 2000 Ai 

with the size of the thermally oxidized film exposed 

portion, namely opening being 3 µm x 3 µm. Such 

li!S77 
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1 sample is oalled l-1- By coJDl)inations of the electron 

non-donative second substrate surface materials (T-

Si02 , CVD-Si02 , BSG, P~G, BPSG, P-SiN, T-SiN, LP-SiN, 

EC~-SiN) and the eleotron-donative first substrate 

5 surface materials (polyorystalline Si, amorphous Si1 

Al, w, Mo, Ta, WSi. TiSi, TaSi, Al-Si, Al-Ti, TiN, Cu, 

Al-Si-Cu, Al-Pd, Ti, Mo-S1), Samples of l-1 - 1-169 

·shown in Table 4 wera prepared. '.rheee sBDlplee wera 

plaeed in the low CVD de~ice shown in Pig. 2, and Al-

10 Ti film was formed within the same batch. The film 

terming conditions we~e a reaction tube pressure of 

lfi 

-5 
0.3 Torr, a OMAH partial pressure o! 3.0 x 10 Torr, 

a tiC14 pa~tial pressure of 1 x 10-6 Torr, a substrate 

temperature of 300 ·c and a tilm forming time of 15 

minutes. As the result of film formation under such 

conditions, in all the samples f~om 1-1 to 1-169, no 

Al-Ti fil~ was deposited at all at the opening having 

the electron non-donative second substrate exposed, 

but Al-Ti of about 1000 A was deposited only on the 

20 electron donative first substra~e, whereby complete 

selectivity was obt$ined. The film quality of the Al­

Ti film deposited was found to be very good, 

eJChibiting the samQ properties as one prepared at a 

substrate temperature of 300 •c in Example 12. 

25 E:xample 16 

When deposition was carried out according tc 

la!S78 
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l t:he same procedure as shown in Example 12 by use of 

_MMAH2 as the starting gas and setting the conditions 

as follo11e: 

5 

Total pressure: 1.5 Torr 

MMAH2 partial pressure: 5 x 10-4 Torr 

TiOl4 partial pressure: 1.5 x 10-6 Torr 

in the temperatu~e range of tha substrate temperature 

from 160 °c to 400 °c, ~Al-Ti ~bin.film containing 

no oa~bon impurity and having excellent flatness, 

lO denseness and seleotivity dependina on the substrate 

surface materiala·was deposited ejmilarly as 1n 

Example 12. 

Example 17 

First, the procedure for Al-Si-Ti film 

15 formation is as tallows. By use of the device shown 

in Fig. l, the reaction tube 2 is internally evacuated 

to ca. 1 x 10-B Torr by the evacuation v.nlt 9. 

20 

25 

However, Al-Si-Ti film can be also formed if the 

vaouwn degree within the react1on tube 2 may be worse 

than 1 x 10-8 Torr. 

After washing of Si wafer, the conveying 

chamber 10 is released to atmospheric pressure and Si 

wafer is mounted in the conveying chamber. The 

conveying cba.Jnber is evacuated to ca. 10-6 Torr, end 

thQn the gate valve 13 is opened end the wafer is 

mounted on the wafer ho1der 3. 

lil578 
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After mounting of the wafer on the wafer 

holde~ 3, the ga~e valve 13 is closed, and ~he 

reaction chambe~ 2 is evacuated to a vacuum degree of 

ca. 1 x 10-s Torr. 

ln this E~mn~la1 DMAH ·is fed thitough the fi.rS't 

gas line. As the carrie~ aas of DMAll line, H2 is 

employed. The second gas line is used for H2 end the 

third gas line for TiCl4 dilu~ed with H2 • The fourth 

gas line is provided for Si2H6 . The third gas lino, 

10 the mixer and the reaotion tube are preheated to 

180 "C ! 10 ac. 

By passing H2 th~ough the second gas line, the 

pressure w~thin the reaction tube 2 is made a 

predetermined velue by controlling the opening of the 

15 slow leak valve 8. A ~ypical pressure in this Example 

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

20 

25 

heated by current passage through the heater 4. After 

the wafer temperature has reached a predetermi~ed 

temperature, DMAH, TiCl4 and s12a6 are introduced into 

the reaction tube through the DMAH line, the TiC14 
line end the Si2H6 line. The total pressure is ca. 

1.5 Torr. and the DMAH partial prossure is made ca. 

1.5 x 10-4 Torr. The TiCl4 partial pressure is made 1 

-6 x 10 Torr and thQ Si2H6 partial pressure is m~de 1 x 

-5 10 Torr. When si2H6 ~nd DMAH are introduced into 

the reaction tube 2, Al-Si-Ti is deposited. Af~er a 

lilsao 
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l predetermined deposition time has el4psed. reeding of 

DMAH, TiC14 and s12H6 is stopped. Next, heating of 

the beater 4 is e'topped to cool the wafer. Feecling of 

H
2 

gas is stopped, and after evacuation internally of 

5 the reaction tube, the wafer is t~ansferred to the 

co~veying chamber_ and only the conveying chamber is 

made atmospheric before taking out the wafer. ThP. 

outline of Al-Si-Ti film for~ation is es desc~ibed 

10 

above. 

Next, preparation of samples in this Exemple 

is explained below. 

S1 subs~rates (N type, 1 - 2 ohm.cm) were 

subjected to thermal oxidation at a temperature ot 

1000 °c eceo~ding to the hydrogen combustion system 

15 (H2 : 3 liters/M, o2 ~ 2 li'ter$/M). 

20 

The wafers havina an oxide film we~e provioed 

to deposi~ Al-Si-Ti fjlms of 5000 ~ thicknes~ 

follo~ing the above described procedure under tbs 

following condjtions. 

Total pressure 1.5 Torr 

DMAH partial pressure 1.5 -4 x 10 Torr 

T!014 partial pressure 1 x 10-6 Torr 

Si2H6 partial pressure l x 10-5 Torr 

The Al-Si-Ti films thus formed were subjected 

25 to pat~erning according to conventional 

photolithographic technique to obtain test sampl&s in 

~581 
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1 which Al-Si-'l'i r~mained in the widths of 2, 4 and 6 Jllll• 

When the ·temperature (fs) of substrate tor 

deposition was varied to evaluate the charaeteris~ics 

ot the deposited films, substan~ially the same reaults 

5 as those shown in Table 2 were obtained. 

10 

Example 18 

By ~eene of the low pressure OVD apparatus 

shown in Fig. 2, Al-Si-Ti films were formed on the 

substrates with the constitutions as described below. 

On a monocrvstalline silicon as the electron 

donntive first st!hstrate surface material, a thermally 

oxidized Si02 film as the electron non-donative second 

substrate ~urface material wes formed, end patte~ning 

was effected according to ~he photolithographic steps 

lS to have tbe monocryatalline silicon surfeoe partially 

exposed. 

The f jlm thickness of the thermally oxidized 

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

exposed portion of the monoorystalline silicon, namely 

20 opening being 3 µm x 3 µm. Thus, a sample was 

prepared. (Hereinatter, such sample is expressed as 

"thermally oxidi=c:ed 5102 {hereinafter abbreviated as T­

Si02) /monocrystalline silicon)". 

Followin~ the same procedure as described 

26 above, samples were prepared as follows. 

O~idi~ed film formed by normal pressure CVD 
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l (hereinafter abbreviated as Si02 )/monocrystelline 

silicon. 

Phosphorus doped oxidized film formeo by 

norm$! pressure CVD Chereinaf te~ abbreviated as 

5 PSG} /lnonocrystelline sili~on. 

10 

15 

Phosphoru• and bo~on doped oxidized fil• 

formed by noraal pressure CVD (hereinafter abbreviated 

as BSPG)/•onoorystalline silicon formed by normal 

pressurGt CVD. 

These samples and Al 2o3 sul:>strate, s102 glass 

substrates were placed in the low pressure OVD device 

Shami in 'fable 2, and Al-Si-Ti filJ11s were formed 

wjthin the sato.e badge. The film forming conditions 

WGre a react~on ·tube pressure of 0.3 Torr, a DMAE 
-5 . 

partial pressure of 3.0 x 10 Torr, a T1Cl
4 

partial 
-7 pressure of l x 10 Torr, a Si2H6 partial pressure of 

1 x 10-6 Torr, a subst~ate temperature of 300 ·c and 

film formation time of 10 minutes. 

As the result ot film formation under such 

20 conditions, concerning all ~he samples applied with 

patterning, deposition of Al-Si-Ti film occurred only 

on the electron donative. Si substrate surface film 

to embed completely the opening with the depth of 7000 A. 
The film quality of the A1-Si-Ti Ti1m occur~ed on1y 

2s be very good, exhibiting the same proper~1es as one 

prepa~ed at ~ substrate temperature ot 300 °c shown in 
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l Example 12. On the other hand, on tbe second 

substrate surface which is electron non-donative, ho 

Al-Si-Ti film was deposited at all, whereby complete 

selectivity was obtained. On both the Al2o3 substrate 

5 and the Si02 glass substrate which are electron non­

donat i ve, no Al-Si-Ti film we.s deposited at all. 

10 

E:JCample 19 

Followiug tho s~me procedure as in Example 17 

to set the parameters as follows: 

'l'otal pressure: 1.5 Torr 

DMAH partial pressure: 5 x 10-4 Torr 

si2a6 partial pres~ure: l x 10-5 ~orr 

s~strate temperature (Tsub): 300 ·c 
and the TiC14 partial pressure was varied from 5 x 

15 io-7 Torr to l x ·10-4 Torr to effect deposition. The Ti 

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

0.3 % to 4 %. As to resistivity, carbon content, 

average wiring life, deposition.speed, and hillock 

density, the same results as in Example 12 were 

20 obta~ned. Similarly as in Example 13, selective 

depositability depending on substrate surface material 

was also oonfir•ed over the entire region. 

Examnle 20 

~ollowing the same procedure as in Example 17 

25 to set the parameters as follows~ 

Total pressure: l. 5 To:I'r 
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l DMAH partial pressu~e: 5 ~ lo-4 Torr 

TiCl4 partial pressure: l ~ l0-6 Torr · 

Substrate temperature {Tsub): 300 •c 

end the'Si2H6 partial pressure was varied from l.5 x 

5 10-1 Torr to l x 10-4 Torr to effect deposition. The 

Si content (1":.%) of the Al-Si-Ti films were varied 

fro• 0.005 ~ to 5 % approximately in p~opo~~ion to the 

Si2a6 partial pressure. As to resistivity, aVQrage 

wiring life, deposition speed and hillock density, the 

10 same results es in Example 12 were obtained. However, 

in samples having e Si content of 4 • or higher, 

·deposition was generated in the fil~s which appeared 

to he Si t? worsen SUrface morphology, ~hereby saking 

the reflectance 60 % or lower. Samples having a Si 

15 contQnt of less than 4 % exhibited a reflectance of 80 

to 95 %, which was the same as in Exampie 17. 

Furthermore, selective depositability depending on 

substra~e surface material was confirmed over t~e 

entire region. 

20 Exani~le 2! 

The procedure of Example 17 was repeated to 

deposit Al-Si-Ti with the exception that the 

para111ete~s were set as follows: 

Total pressure: 

DMAH partial pressure: 

Si2H6 partial preeeurQ: 

1.5 Torr 

5 x 10-4 Torr 

1 x 10-s Torr 

lilsss 
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TiCl4 pertiel pressure: i x io-6 Torr 

As a result, Al-Si-Ti films were deposited 

within tbe aubstrate temperature range of 160 •c to 400 •c 

~hich were excellent in migration resistance. flatness, 

5 denseness and selectl~ity depending on substrate sur£ace 

material similarly as in E~csmp1e 12. 

In the following, description is made about Examples 

in which Al-Cu or Al-Si-Cu is deposited by use of Cu in 

"- place of Ti as the additive. 

10 Example 22 

By the evacuation unit 9 of the device shown in Fig. 

l, the reaction tube 2 is internaliy evacuated to ca. 1 x 

10-8 •torr. 

However, film deposition of Al-Si-Cu is poss~ble 

. 15 even when the vacumn degree within tho reaction tube 2 may be 

worse than 1.x io-B Torr (e.g. l x io-7 or l x 10-6}. 

20 

After washing of Si wafer, the conveying 

chamber 10 is released to atmospheric pressure and Si 

wafer is mounted in the conveyiog challlber. The 

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

end then the gate valve 13 is openQd snd tho wafer is 

•ounted on the wafer holder 3. 

Atter mounting of the water on the water 

holder 3, the gate val~e 13 is closed, and the 

25 reaction chamber 2 is evacuated to a vacuuM degree of 

ca. 1 x 10-8 Torr. 
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In this Example, DMAH is fed through the first 

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

employed. The second gas line is used for H2, the 

third gas line for Cu(C5H7o2 >2 , and the fourth 9.aa 

line for Si2H6 . The third gas line, the ~ixer and the 

reaction tube are preliminarily heated to 180 ·c ~ 10 

·c. 
By passingJ12 through ~be second gas line, the 

pressure witbin the reaotion t\lbe 2 is JDade a 

predetermined value by controlling the opening of the 

slow leak valve 8. A typioal pressure in this Example 

is made approxi~ately 1.5 Torr. Then~ ~he wafer is 

heated by ~urrent passage through ~he heater 4. After· 

the wafe~ temperature has reached a predetermined 

15 temperature, DMAH, Cu(c5a7o2 ; 2 and Si2H6 are 

20 

introduced into the reaction tube tb~ough the DMAH 

line, the Cu(C5a1o2 ) 2 line and the Si2H
6 

line. The 

total pressure·is ca. 1.5 Torri and the DMAH partial 

pressure is made ea. 1.5 x 10-4 Torr. The Cu(C5H702 )2 par-

ti.aJ. pressure is made 1 x io-6 Torr,~ and·:the.·s~21!6 partial 

pressura is made 1 x 10-5 Torr. When Si2H6 and DMAH 

are introduced into the reaotion tube 2, Al-Si-Cu is 

deposited. After a predetermined deposition ~ime has 

elapsed, feeding of DMAH, Cu(C2H7o2 ) 2 and Si2H6 is 

2.5 stopped. :Next, heating of the heater 4 is stopped to 

cool the wa"fer. Fe_eding of H2 gas is stopped, and 

iiii1iiUf 

~587 
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l after evaouation internally of .the reactioa tube, the 

wafer is transferred to the oonveyinQ ch.amber, and" 

only the conveying chalilber is made atmospheric before 

taking out the wafer. The outline of Al-Si-Cu film 

S formation is as described above. 

Hext, preparation ot samples i~ this Example 

w1l1 be explained below. 

Si substrates (H type. l - 2 obm-em) were 

.._. subjeo~ed to thermal oxidation a~ a temperature of 

10 1000 ·c according to the hydrogen combustion system 

(H2 : 3 liters/M, o2 : 2 liters/M). 

The wafer with the oxidized·film was prepared, 

and an Al-~i-Cu film of 5000 A was deposited by 

following the above-mentioned procedure under the 

15 following conditions: 

20 

i'otal pressure: 1.5 Torr 

DMAH partial pressure: -4 1.5 x 10 Torr 

Cu { c5a:~o2 ) 2 part:ie.l press11re: 1 x 10-G Torr 

Si2H6 partial p~es~ure: l x 10-5 Torr. 

By using the conventional photolithographic 

technique, patterning was carried out so that the Al­

Si-Cu might remain in widths of 2, 4 end 6 µm; 
The results of evaluation of the films 

deposited by changing the ~emperature of deposition 

25 substrate (Ts) and of ~he cases in which the wiring 

width of Al-Si-Cu was varied are shown in Table 5. 
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ln the above-mentioned sample~ within the 

t:empere.ture range of 220 •c to 400 •c1 filins could be 

obtained which had ~ery few hillocks and.were 

excellent in the eleot~o-migration resistance. 

Also, the patterning p~operty of the present 

Al-51-Cu was extremely good. 

~ple 23 

The procedure of Example 22 was repeated by 

using the device as shown in Fig. 2 to effect 

IO deposition Al-Si-Cu ~nder the following oondit~ons: 

15 

20 

25 

Total pressure: l.5 Torr 

DMAH partial pressure: s x 10-4 Torr 

S1-2H6 partial pressure: 1 x 10-5 l'orr 

Cu(C5H102 ) 2 partial pressure: l x 10-6 Torr 

Substrate temperature: 300 •c 

Ae a result~ Al-Si-Cu films could be obtained 

~hich were excellent in migration resistance. flatness 

and deneenes$ similarly as in Example 22 • 

Exa.ple 24 

Following the same procedure as in Example 22 

to set the parameters as follows: 

Total pressure: l.5 Torr 

DMAH partial pressure: 5 x 10-4 Torr 

Si2H6 partial pressure: l x l0-5 Torr 

Subs~rate temperature (Tsub): 300 •c 

and the Cu(C5H702>2·pertial pressure was varied from 5 
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l x 10-7 Tor~ to 1 x 10-~ Torr to effect deposition. 

The Cu content (wt.*l of the Al-Si-Cu films were 

varied from 0.3 ~ to 4 * depending on the CU(C6H7o212 

part~al pressure. As to resistivity, carbon content, 

5 average wiring life, dQposition spee~, and hillock 

densi~y, the same reeul~s as in Example 22 were 

obtained. Ho~ever, the samples having a Cu content of 

3 ~ or hiaher had high probability that the surface 

morphology was slightly worsened. 

10 ~xaJnple 25 

15 

Following the sa~e procedure as in Example 22 

to set the parameters as fallows: 

To~al pressure: 1.5 Torr 

DMAH partial p~essure~ 5 x 10-4 Torr 

l x 10-6 'l'orr 

Substrate temperature (Tsub): 300 ·c 

end the si 2H6 partial pressure was varied from 1.5 x 

10-7 ~orr to 1 x 10-4 Torr to effect deposit!on. The 

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

20 from 0.005 % to 5 % depending on the Si2H6 partial 

pressure. As to resistivity, average wir~ng life, 

deposition speed, end hillock density, the same 

results as in Example 22 were obtained. However, in 

samples having·a Si content of 4 % or higher, 

25 deposition -as generated in the films which appeared 

to be Si to slightly worsen surface morphology, 

'll590 
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1 thereby making the reflectance 65 %.or lower. Samples 

having a Sj content of less than 4 % e~ibited a 

reflectance of 80 to 95 %, which was the same as in 

Exempla 22-

5 .!==:xample 25 

10 

Following the ~ame procedure as jn ExSlllple 22 

to set the pa~ametars as follows: 

Total PJ:"filSSure: 1. 5 Torr 

DMAH partial pressure: · 5 x 10-4 Torr 

Cu(C5H7o2 ) 2 partial pressure: 1 x 10-6 Torr 

Substrate temperature: 300 •c 

and the.deposition was effected without flowing Si2H6 • 

The Cu con~en~ in the formed Al-Cu film was 0.5%, and 

.evaluetion of the electro-migration resistance was 

15 excellent as compared with ExaMple 22. 

20 

ExaJAple 2'1 

Following the same procedure as in Example 22 

to se~ the paramete~s as follows; 

Total pressure: 1.5 Torr 

DMAH partial pressure: 

Si2H6 partial pressure: 

5 x 10-4 Torr 

1 x 10-5 Torr 

Cu(c11H1902> 2 paX'tial pressure: 1 x 10-G Torr 

and deposition of Al-Si-Cu was effected. 

Within the substrate temperature r5nge of 220 

25 •c - 400 •c, Al-Si-Cu films could be obtained which 

were excellent in the migration resistance. flatness 
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and denseness similarly as in Exemple 22. 

Exampl~ 

Following the same procedura as in Example 22 

to set the paremeters as follows: 

Total pressure: 1.5 Torr 

DMAH partial pressure: 5 x 10-4 Torr 

Si2H6 psrt1al pressure: l x 10-5 Torr 

CU{C0HF60
2

) 2 partial pressure: 1 x l0-6 Tor~ 

end deposition of Al-Si-Cu was effected. 

Within tbe sUbstrate temperature rEmge of 220 

·c - 400 •c, Al-Si-Cu films could be obtained which 

were excellent in the migration resistence, flatness 

aud denseness simila~ly as in Example 22. 

Example 29 

~Y means of the reduced pressure CVD device 

shown in Fig. 2, Al-Si-Cu films were fo~med in same 

~anner as in E~ample 23 on the substrates with the 

constitution as described below. 

On a monocrystalline $ilicon surfece in which 

phosphorus of 1020 cm-3 was selectively diffused, a 

thermally oxidized Si02 f 1lm was formed, and 

patterning was effected aocording to the convQntional 

pbotolithographic steps to have the monocrystalline 

silicon sur~ace pa~tially exposed. 

The film thickness of the thermally oxidized 

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

ii1iii1ilii 
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l exposed portion of the monocrys~alline silicon, namely 

opening being 0.8 µ~ x 0.8 µm. Thus, samples wQre" 

prepared. 

These samples were plaoed in the reduced 

5 pressure CVD device shown in Table 2, and Al-Si-Cu 

fil~s were for•ed within the sa~e batoh. The film 

~orming conditions wera a reaction tube pressure of 

o.3 Torr, a DMAH partial pressure of 3.0 x 10-S Torr, 

a Si2H
6 

partial pressure Of l.O x 10-6 Torr, a 

10 ~(C5H7o2 ) 2 partial pressure of 1 x 10-1 Torr, a 

substrate temperature ot 300 •c and a film formation 

t~me of 10 minutes. 

As the result of the film formation under such 

conditions, the contact resistance between the 

15 phosphorus diffused region of silicon and the 

dQposited Al-Si-Cu film was 8 X 10-7 to 1.2 x 10-6 ohm 

~2 • In short, the inside of the via-hole could be 

filled up with the deposited Al-Si-Cu, without 

providing any ba~rier metal or the like in the via-

20 hole. end good contact resistance end excellent 

resistance in hole could bQ obtained. 

25 
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I Example 30 

5 

Fi.rst:, the procedure for Al--Si-Cu film fornia'tion 

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

the reaction tube 2 is interna1ly evacuated to ca. 1 x 

io-8 Torr by the evacutation unit 9. However, Al-Si-Cu 

film oan be aiso formeO if the vacuum degree within the· 

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

After washing of Si wafer, the conveying 

chamber 10 is released to atmospheric pressure and Si 

1o wafer is mounted in the con~eying chamber. The 

con-veying chamber is evacuated to ca.. 1 x 10-6 •torr, 

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

mounted on the wafer holder 3. 

After mounting of the wafer on the wafer holder 

1~ 3, tlle gate vnlve 13 is c.1osed, and tlle reaction 

chamber 2 is evacuated to a vacuum degree of ca. 1 x 10-8 

Torr. 

In this Example, DMl\H :is fed through the fiJ:""st 
. 

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

20 The second gas 1ine is used for H2 , the third gas line 

fo~ cucc5H7o2 12 and the fo~rth gas 1inc for Si2H6 • ~he 

third gas 1ine, the mixer, and the reaction tube were 

preliminarily heated to 180 •c ~ 10 •c. 

By passing a 2 through the second gas line, the 

25 pressure within tbe reaction tube 2 is made a 

predetermined ~alue by controiiin9 ~he opening 0£ the 

slow 1eak valve 8. A typical pressure in this Example 
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l is rnade approximately 1.5 Torr. Theri, the wafer is 

heate~ by current passage through the heater 4. kfte~ 

the wafer temperature has reached a predetennined 

temperature, DMAH, Cu(C5H7o2 >2 and Si.2tt6 are introduced 

s into the reaction tube through the DMAH line, the 

Cu(C5H
7
o

2
12 line and the si2H6 .1ine. 'l'he tota1 pressure 

is ea. 1.5 Torr, and the DMAH partiai pressure is made 

ca. l.S x l0-4 Torr. The Cu(c5a7o2 >2 partia1 pressure 

._.. is made 1 x io-6 'l'or.r. and the Si
2
a6 paX":t:ial pressure 

io is made l x 10-S· Torr. When si2H6 and DMAa are 

introduced into the reaction tube 2, A1-Si-Cu is 

deposited. After a predetermined deposition time has 

el.apsed. f~~ding of DMAH, Cu(C5H7o2 )2 and Si2n6 is 

stopped. Ne~t, heating of the heater 4 is stopped tc 

15 coo1 the wafer. Feeding of H2 gas is stopped. and aftc.r 

evacuation inte~nally of the reaction tube~ the wafer is 

transferrea to the conveying chamber, and only the 

conveying chamber is made atmospheric before taking out 

th~ wafer. The outline of Al-Si-Cu film formation is 

20 as described above. 

Prepax:ation ot a sample in thi:s Example wil.l be 

exp1ained below. 

Si substrates (N type, 1-2 ohm-cm) were 

subjected to thermal oxidation at a temperature of 

25 1000 •c according to the hydrogen combustion system 

{ H2 : 3 l:i ters/M, .o2 : 2 li ters/M). 

The waftex: with the ox1di~ed film w~s prepax:ed, 
• 

and Al-Si-Cu film of 5000 A was deposited by following 
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1 the above-mentioned procedure under the fo1lowing 

5 

10 

conditions: 

Total pressure : 1.5 Torr 

DMAH partial pressure 1 1.5 x 10-4 ~orr 

Cu(C
5

H
7
o2 )2 portial pressure t 1 x lo-6 ·To~r 

Si
2

H
6 

partiai pressure i l .x 10-5 ~orr. 

By using the conventional photolithographic 

technique, patterning was effected so that tho A1-Sj-CU 

might remain in widths of 2, 4 and 6 pm. 

The results ·of evaluation of the films dep0sited 

by changing the temperature of deposition substrate (Ts) 

and of the cases in which the wiring width of Al-Si-Cu 

was v~ried are shown in Table 6 • . . 
Within the temperature range of 220 •c - 400 ·c. 

15 fi2ms could be obtained which had very few hillocks and 

20 

were excellent in the electro-migration res~stance. 

A1so, the patterning property of the present 

A1-Si-Cu was extremely good • 

Example 31 

By means of the reduced pressure CVO device 

shown in Fig. 2. A1-Si-Cu films we.re formed on the 

substrates with the constitution as described below. 

on a monocrystalline silicon as the.el~ctron 

donative first substrate surface materiai, a thermal1y 

25 o~idized Si02 film as the electron non-donative second 

substrate surface material was formed, and.patterning 

was effected according to the photoiithographic steps 

to have t~e monocrystalline silicon surface partially 

iiii11iiff Dr 

QIS98 



[ RECEl!ED lilZ/Zlil 15: '13 1996 AT 535'186'1 ---------------------------
- -! 98 02/20 18:50 tS'-03 3211 5035 PAGE BS <PRINTED PAGE 98) l 

OKABE TOKY0-2 

- 90 -

1 exposed. · 

The f ilin thickness of tl1e thermally oxidized 

s10
2 

£~lm was found to be 7000 A, with the size of the 

exposed portion of the monocrystalline silicon. namely 

5 opening being 3 )lD1 x 3 ;.un. Thus r a sample was prepared. 

(Hereinafter, such sample is expressed as •thermally 

oxidized sio
2 

(hereinafter abbreviated T-Si02 )/mono­

crystalline si1icon") ·• 

10 

L5 

Simi1arly, the fol1owing samples were prepared: 

an oxidized film formed by nomal pressure CVD 

(hereinafter abbreviated as Si02 )/monocrystalline silicon. 

a phosphoru$ doped oxidi2ed film formed by normal 

pressure ~VD (hereinafter abbreviated as PSG)/ 

roonocrysta1line silicon, and 

a phosphorus and boron doped oxidized fi1m 

formed by normal pressure cvo (hereinafter abbreviated 

as BSPG) /monocrys talli.ne siJ.icon. 

These samp1es and Ai2o 3 substrates, Sio2 g1ass 

substrates were placed in the reduced pressure CVD 

20 device $hown in Table 2. and Al-Si-Cu films were fonned 

wi1:hin the same batch. The fil.m forming conditions were 

a reaction tube pressure of 0.3 Torr, a DMAH partiai 

P.ressure of 3 x 10-s Torr, a Cu(C5H7o2 )2 partial 

pressure of 1 x io-7 Torr, a si2H6 partial pressu~e 

25 of 1 ~ l0-6 Torr, a substrate temperature of 

300 ·c and a film formation time of 10 minutes. 

As the result of film formation under such 

conditions, concerning al1 the sampies applied wilh 
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l patterning, deposition of A~-si-Cu film occurred only 

on the electron donative Si 5ubstxate surface film to 

embed comp1ete1y the opening with the depth of 7000 A. 
The film quality of the A1-Si-cu film was found to be 

5 very good, exhibiting the same properties as one 

prepared at a subs~rate temperature of 300 •c shown in 

~~ample 30. On the other hand, on tbe second substrate 

surface which is electron non-donative, no A1-Si-Cu film 

W-dS deposited at all, whereby complete selectiYity was 

10 obtained. On both the Al2o3 substrate and the s~o2 
g1ass substxate ~hich are electron non-donative, no 

Ai-si-Cu fiJ.m was deposited at al1. 

Example 32· · 

Foliowing the s~e procedure as in Examp1e 30 to 

15 set the parameters as followsl 

20 

'total px-essure: 1 .. 5 'l'orr 

DMAH partial pressure: 5 x 10-4 'l'o:cr 

si2H6 partial pressure; 1 x 10-s Torr 

Substrate temperature c Tsubj: 300 •c 

and ~he Cu{C
5

H
7
o2 )

2 
pnrtia1 pressure was varied from 

5 x 10-7 Torr to 1 x 10-4 Torr to effect deposition. 

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

from 0.3 i to 4 % depending on the Cu(c5a7o2 ) 2 partial 

pressure. As to resistivity. carbon content, average 

25 wiring life, deposition speed, and hiliock density. the 

same results as in Example 30 were obtained. However, 

in samples having a Cu content of 3 % or highe:r, the 

surface morphology was worsened. Simi1arly to Example 

This Sheet Has Been Replaced 

1111111111111111111111111 

· ... ,.,. ~~-

.·~ ·-· 
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I 31, the deposition selectivity dependi.ng on the 

5 

10 

15 

20 

25 

. 
substrate surface materia1 was confiX'JDed over the entire 

region. 

EXan\P. le 3 3 

Fo1lowing the same procedure as in ~xample 30 

to set the paramete~s ag followss 

Tota.l pressure: 1.5 Torr 

D~ partial. preS$Ure: !5 x 10-4 'forr 

~u(C5H7o2 ) 2 partial. p~essure: l x lo-6 Torr 

Substrate temperature (T$ub): 300 •c 

d th S · H t · l. i d from J • 5 x io-7 an e 1
2 6 par ~a pressure was var e 

Torr to 1 x io-4 Torr to effect deposition. The Si content 

(wt.%) of "the Al-Si-Cu films were varied from 0.005 % to · 

5 % approximately in proportion to the si2a6 partial 

pressure. As to resistivity, average ~iring life, 

depo5ition speed. and hillock density, the same results 

as in Example 30 were obta~ned. However, in samp1es 

having a Si content of 4 % or higher, deposition was 

generated in the films wl'lich appeared to be Si to worsen 

surface morpho1ogy, thereby making the reflectance 65 i 

or lower •. Samples having a Si content of less than 4 % 

exhibited a reflectance of 80 to 95 %, which was the 

same as in Example 30. Similarly to Example 31, the 

selective depositabi1~ty depending on the substrate 

surface material was confirmed over the entire region. 

Example 34 

Follo~ing the same procedure as in Example 30 

· to set t:he parameters o.s follows a 
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1 Total pressure: l.5 Tarr 

DMAH partial p~essure1 5 x lD-4 Torr 

Cu(C5H7o2 ) 2 partial pressure2 1 x 10-6 Torr 

Subst~ate temperature : 300 •c 

5 and the deposition was effected without flowing Si2H6 • 

The Cu content in the formed Al-Cu fi1m was o.s %, and 

10 

15 

20 

e~a1uation of the electro-migration resistance was 

excellent as compo.red with Examp1e 30. 

A1so, the selective depositability depending on 

the substrate surface material was confi:z:med similarly 

as in Exampie 30. 

Example 35 

Fo~iowing the same procedure as in Example 30 

to set the parameters as follows: 

Total pressure: l.5 TorJ:" 

DMAH partial pressures s " 10-4 Torr 

Si2H6 partia1 p~essure: 1 x 10-s Torr 

CU(Cl1Hl902)2 part~a1 pressure: l x 10-6 Torr 

and deposition of Al.-Si-cu was effected. 

Within t:he substrate temperature range of 220 °C 

- 400 •c, Al-Si-Cu films could be obtained which were 

excel.lent in the migration resistance, fl.atness, den"S"ene-ss 

and seiect~vity depending on substrate surface material 

s.imi1ar1y es in Exomple 30. 

25 Ex.a.rnpl.e 36 

Follo~ing the same procedure as in ExampJ.e 30 

to set the parameters as fol.lowss 

litl800 

-. 
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l Totai J;iressure: 1.5 Torr 

DMAH partial pressures 5 x 10-4 Torr 

s12H6 partial pressure1 l x 10-~ Torr 

Cu(C5HF602 )2 partial pressure: 1 x l0-6 Torr 

. 5 and deposition of Al-Si-Cu was effected. 

Within the substrate temperature range of 220 •c 

- 400 °c. Al-Si-Cu films could be obtained which were 

excellent in the migration resistance. flatness. 

denseness, and selectivity similarly as in Example 30. 

10 Exampl.e 3 7 

15 

By means of the reduced pressure CVO de~ice 

shown in Fig. 2, ·Al-Si-Cu films were formed in the same 

manner as in Example 31 on the substrates with the 

constitution as described below. 

In a fflonoerystalline silicon as the electron 

donative first substrate surface materiai, phospboru6 

of io20 cm - 3 was selectively diffused, and a thermally 

oxidized· Si02 film as the e1ectron non-donative second 

substrate surface materiai wa~ !ormed thereon. and 

20 patterning was effected according to the conventional. 

photolithographic steps to have the snonocrvsta1line 

silicon surface partially exposed. 

The f ill'l'I thickness of the thermally oxidized 

• 
Si02 film was found to be 7000 Ar with the size of the 

25 exposed portion 'of the monocrystall;i.na silicon. namely 

opening being 0.8 )Jm x 0.8 )lltl. Thus, samples were 

prepar.ed. 

lil801 
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~hese samples were placed in the reduced 

pressure CVD device shown in Table.2, and Al-Si-eu·films 

we~e formed ~ithin the same batch. The film forming 

conditions' were a reaction tube pressure of 0.3 Torr, a 

1 f -s - H ti 1 DMAH partia pressure o 3 x 10 Torr, a si2 6 par a 

pressure of 1 x 10-6 Torr, a Cu(C5H702 )i partial 

f 1 10-7 b £ pressure o x Torr, a su strate temperature o 

300 °C and a film formation time of 10 minutes. 

As the resu1t of fil.m formation under such 

10 conditions. concerning all the samp1es app1ied with 

patterning. deposition of Al-Si-Cu film occurred pnly on 

the electron donative silicon subst~ate surface to embed 
a 

completely_the opening with the depth of 7000 A. The 

film quality of the Al-Si-Cu film was found to be very 

1 gooO, exhibiting the same properties as one prepared at 5 

20 

a substrate temperature of JOO •c shown in Example 30. 

On the other hand, on the oxiOi~ed film surface which is 

electron non-donat~ve, no Al-Si-Cu film was deposited at 

all, whereby complete selectivlty was obtained. 

Further. the contact resistance bet~een the 

phosphorus-diffused r.egion of silicon and the deposited 

Al-Si-Cu film was 8 ~ io-7 to 1.2 x l0-6 ohm-crn2 •· The 

inside of the via-hole could be filled up with the 

Al.-s;-cU. deposited, without providing any- barrier metal. 

25 or the like in the inside of the via-hole, and good 

contact x·esistance and excellent resistance within the 

hole could be obtained. 

'll802 
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Next, an ~pplication example utilizing each 

examp1e as mentioned above for formation of electrodes 

of a semiconductor device will be exp1ained. 

As an example for forming so~rce-drain 

5 electrodes of gate insulation type transistor, eiectrode 

formation within the contact hole on the source-drain 

10 

was carried out by use of the fil.m forxnation method 

according to the present invention. This is described 

by referring to Figs. 4A - 4E. 

First, on a p-type silicon wa£er 501, by use of 

conventional selective o~idation method, etc. a thick 

fie1d oxidized film and a thin thermally oxidized film" 

502 were formed on the wafe& 501 (Fig. 4A). 

Next, with the use of SiH4 ·gas as the starting 

15 gas, a polycrystalline silicon 1ayer wa$ formed by the 

therma1 CVD method. a polycTystalline si1icon gate 

electrode 504 was formed. and a1so ~ith the thick field 

20 

25 

o~ldized film and the gate electrode 504 as the mask, 

phosphorus was ion injected self-matchingly to forin an 

iropurity dif£used region 505 of 1 x 10-6 cm-3 (Fig. 4B). 

Next, an oxid~zed silicon film 508 was forroed by 

use of the tb.ermal cvo method (Fig. 4.C). 

By use or the J.ithographlc method, a contact 

hole 509 with a size of 0.5 pm x 0.5 pro was formed 

(Fig. 4D). 

By transferring the substrate thus obta~ned to 

the device shown in Fig. l, Al film was formed. 

~803 
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At this time, the substrate temperature was 

made 270 •c, and [)MAH was employed as the starting gas. 

H2 as the car:r1er gas. and T1C14 as the additive gas 

to carry out fo~tion of Al film. 

After completion of formation of Al film, the 

transistor was taken out from tbe film forming devic6 

and observed. A$ the result, it was found that '1ll. film 

510 was deposited only on the Si SOS wherein phosphorus 

was di~fused in the contact ho1e 509, and not deposited 

10 on the oxidized film 508 (Fig. 4E). Further, the 

surface of the A1 fi1m 510 was very f1at. When the 

characteristics of the transistor obtained wer.e examined, 

extrem~1y _good characteristics we~e exhibited. 

Separately, according to the same steps. the 

15 substrate was made N type, and the 1mpur1~y was changed 

from phosphorus to boron to prepare P channe1 MOS. 

20 

Comparative experiment 

An Al film.was formed on a monocrystalline 

.silicon under "the following conditions. 

By passing Ar in place of H2 , Al was deposited 

by pyro1ysis of DMAH. ~he total pressure at this ti~e 

was sade 1.5 Torr, the DMAH partial p~essure 1.5 x 10-4 Torr1 

and the substrate temperature of 270 -350 •c. 
When the Al film thus formed was e~aluated. 

25 about 2 % of carbon was found to be ooptained at ~he 

minimum. 

Resis~ivity became greater by 2-fold or more 

than the case when hydrogen was ~•ployed. 
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~s to reflectanoe, it was lowered to ebo~~ 1/3 

to 1/9 relative tbe case when hydrogen MaS esployed. 

·Si•ilarly, wiring ~1fe was shorter b~ 1 to 2 

cipher. generation probsbili~y of hillock became 

5 greater by 2 cipher or more# and a large number of 

10 

15 

spikes were found to be g~nerated. 

As ~o the deposition speed, it was lowered to 

1/2 1:0 l/4. 

As described above, Al deposited only by 

decomposjtion of DMAH withou~ use of H2 is inferior in 

film quality, and was unsatisfactory as the Al film 

for a semiconductor device. 

Separately, without use of H2 , l)MAH was 

decomposed by the optical CVD method to deposit Al. · 

As the result~ so»e improvement such e.s no containment 

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

film prepared as compared with the case when no light 

was e•ployed, bu~.o~ber oharacteristics were not 

improved so much, and the Ai fi1m was still 

20 unsatisfao~ory e$ the Al film for a se•iconducto~ 

25 

device. 

As descr~bea above. th& mechan~sm ot Al 

deposition aooord1ng to the prQsent invention may be 

prQsently hypothcs~~~d as follows. 

When DMAH reaches the electron dopative 

substrate, namely the subs~rate having electrons under 

the state on which hydrogen atoms are attached (Fig. 

lit sos 
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l SA) with the methyl groups directed ~oward the 

subst~a~e side, one electron of the substrate cuts ~ue 

bond of Al and a methyl group (Figs. 5 fJ end S C) • 

~he reaction soheme at this time is as 

s follows: 

(CH3}2AlH + 2H + 2e -i> 2CJ:f4 f + Al-H 

Further, similar reactions will'proceed for 

the hydrogen atoms remaining on deposited Al having 

free electrons (Fig. SD). Here, when hydrogen atoms 

10 are deficient. hydrogen ~olecules constituting the 

reaction gas ere decomposed on the substrate t:o supply 

hyd~ogen atoms. On the o~her band, since there is no 

~lectron GD the elect~n non-donative surface, the 

above-~entioned reaction will not proceed and no Al 

15 deposited. 

20 

Fig$. 5 A - 5 O are illust:rat:lons for better 

understanding of the reacion mechanism, end t:he 

numbers of H, e and Al shown 1n Figs. S.A - 5 D ere not 

necessarily coincident. 

In the case of Al-Ti, A1-Si-Ti, Al-Cu, and 

~1-Si-cu films. Ti, cu and Si atoms are incorporated 

into A1 during the process of the reaction as 

described above. 

As described above, eocording to ~be present 

25 invention, 8 low resisti~ity, dense and flat additive­

conta:i.ning Al film could be deposited on a substrate. 

Also, depending on the kind of the subs~rate, 

iaisos 
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1 addit~ve-containing Al can be formed with excellent 

selectivity. 

As explained in the Tnregoing, according to the 

present invention, low resistance, dense and flat Al 

5 films containing an additive such as A1-Ti. Al-Si-Ti, 

Al-Si-Cu and Al-Cu films can be deposited on ~ substrata. 

Also, if necessary. good selective deposition can be 

·carried out . 

10 

-. 

15 

20 

25 
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Table 4 (continued) 

AJZTi Ti-N Cu 
A.I/, 

-Si-Cu 
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CLAIMS: 

1. A process £0~ forming· a depos~ted .f'ilm 

comprising the steps o:f: 

(a) p~~cU.ng a substrate having an electron 

donat~~e surf ace in a spaoe for formation of the 

deposited filin; 

{b) introducing a gas of an alkyl a1Ul'DU1um 

hydride, a gas conta1n:Lng titaniwa and/or copper atoms 

10 and hydrogen gas into said space £or for111.a~~on of 

deposited f:l1m; &nd 

15 

(c) mainta~ning the temperature 0£ said electron 

donati.ve surf ace within the range of from the 

decomposi.tion temperature of .sa:ld a1ky1 aluminum 

hydride to 450°c to form an aiuminum f i1m opti.onal1y 

containing titanium and/or copper on said electx'on 

donative surface. 

,. 
2. A process for preparing a semiconductor 

20 device co~prising the steps of: 

fo:cming an insulating £iim on a semiconductor 

·substrate; 

torming on sa~d insulat~ng f il.nt an opaning 

through wh.ich the surf ace of said sem:l.oonduoto:r 

25 substrate is egposed: and 

I lllllll flllll lllll lllf I 111111 
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applying chemical vapor depos:I.ti.on method by 

use.of an alkyl aluminum hydr:I.de, a gas conta.ini.ng 

titanium and/or copper atoms and hydrogen to fo:i:::nl an 

aluminwn f11m opt:l.ona11y conta~ning titani.u. and/or 

5 copper select:l.vely :ln sai.d opening. 

10 

15 

20 

3. 'l'he prooess acoo~ding to cla~m 1 or 2r 

wherein said alkyl aluminum hydri4a haa a methyl 

group. 

4. · The process according to claim 3, where:I.n 

said alkyl aluminu~ hydride :Ls dimethyl aiwn:inum 

hydr:l.de. 

s. The process a~cording to claim 1 or 2, 

wherein said alky'l aluminum hydride :i.s monomethy1 

a1unti.num hydride. 

\' 

6. The process according to any precedi.ng claim 1 

whera~n said gas containing titan.i.um ccmpr:I.ses 

'l'iC14 • 

7. The process aooording to 8.I,lY preced:l.ng c1a1m1 

wherein step (b) addit~ona1ly compr:l.ses int~oduoing a 

25 gas containing silicon atoms. 

l lllllll llllll lllll lllll II llll 
* C L M S * 



[ RECEIVED 112/28 15:52 199& AT 535'18&'1 
' , ... ·. : ... j ; "'. ; i 

PAS~ iii:I (JIRiilTED· ·PAGE 115) l 
OWE TOltY0-2 ~ .....:!8 02/20 18:59 'C"03 3211 5035 

f) 

..... 

- 115 -

8. The process acc0rding to any preceding claim, 

where;Ln step (a) comprises providing a substrate 

bav.:ing an eleotron donative sur£aoe (A) and en 

electron non-donat:1ve surface (B) in a space for 

5 format~on 0£ ~he deposited film. 

10 

15 

20 

25 

9. The process according to any preceding olailn, 

wherein said eleo'b:on donat~ve surf ace compr:1ses a 

silioit'le. 

10. The process according' 1:0 cla:lra.·9, wherein 

said electron donative surface compr.:i.aes sing1e 

monociystalline silicon, polycrys~a11.:i.na s~1~con or 

81\tOX"phOUS S~licon. 

11. The process aocoxding 1:0 any preced1ng 

oia;.m, wherein said el.eotron donative· surface 

compr~ses a semiconductor. 
r 

12. The process according to claim. 11, wherein 

said electron donati~e surf ace compr~ses e XX!-V 

compound semiconductor containing an element be1onging 

to the group III of the period~c table and an e1ement 

be1onging to the group V of the period~c tabie. 

13. The process accord:lng to cia1m 11 1 wherein 
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said electron donat~ve surface compr~ses a II-VI 

compound. semi.conductor contain:ing an element bolong:ing 

to the group J:I of the periodic tab1e and an el.ement 

be1ong:i.ng i:o the group VI of the per1.odio table. 

14. The process accordi:ng to any preceding 

claim,. wherein said electron donative surface 

comprises a ~etal. 

15. The process aocord~ng to ciaim 14, where~n 

said eieotron donative surface comprises a mets1 

oonta~ning &t least ona elein.ent se1eoted £rom 

tungsten, molybdenum, tantal.um, alum:i.num, t:l:tanium and 

copper~ 

16. The process acoord:i.ng to claim 8, wherein 

said electron non-donative surface (B) compr:ises an 

insuiating mater~ai. 
.. 

l. 7. · A depos:l. t:ion process which comprises 

apply~ng an organic al.und.num"hydr~de, copper and/or 

titan.i.um atoms, and hy~ogen to an e1ectron donati.ve 

su~£aoe under conditions to cause deoompos~tion of the 

aluminum compound. 
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