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l Deposited Film Formation Method Utilizing Selective 

Deposi.tion by Use of Alkyl Aluminum Hydride 
• 

BACKGROUND or 4rHB INVBMlON 

5 Field of the Invention 

10 

This invention rel.ates to a deposited fil.lll 

formation method, particularly to a deposited film 

foz:mat1on method of Al or a meta1 composed mainly of Al 

which can be pref erab1y appiied to e1ectrodes or wiring 

of a semi.conductor in.tegrated circuit device. etc • 
... 

Related baokq!:o!e.d •. art 

J:n. 'tbe prf.01- art, ill el~ dev!.ces or 

iutepated c~ta by,.. of sem.i.COD.duators• £or 

a1act1'ades am1 wiring,. aluaiDma (UJ or a ·ae'tal 

15 containiDQ" alUllimm as main compcmen:t such as ·Al-Si 

aad the .like bas baaD primarily used • ... 
a.c:tnmtatres such that it is 1mjzpens1ve and. high 1n . 

electrooonduotivi1:y, that it·caD be also illternally 

abemically protected becauae a denae oxi41zed f il.Jll can 

20 be £ormed on tbe SU1'face, and 'tba't :.u: has good 

25 

adhesion to S.i, eto. . 
: . 

As the metb.Od fo%' form.ing a f 11• tor 
!' 

elec'trodes end wi~iog of Al or .l.l-Si as mentioned · ··.:·· = 

above, 'there.bee bean used in -che p:t"ior ar-c 'Che 

ep~ttex-ing •ethod such as'"~et:rQn sp~t;teri-og-, et:c .. 
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1 However, selective deposition and selective 

growth oen o.ot be realized by 1:he.aputter.:lng method . . . . ... . 
' 

which bas been used in the prior art. , The·sputtering·:ls 
• 

the physical depasit:ion met:h~ based on tlyiag of 

5 sput1:e%'8d particles in Y&CUWR, the f 1.1• thickness at. 
I 

the stepped portion or.the insu1ating film side wal~ 

becoaes &lrtremely tbiD, leading to wire breaking ~o. an 

ez:t:teme case. llonunifor:mi 1:Y of · fil• 1;b.ickness ~ 1d.re 

bre8king bas the drawback 1:ha1: reliab:ll.1 ty of LSI is 

10 :mar):edly lowered. 
• 

On the other bend, since the in'l:egrat.lou. · 

degree of the iis.tegi-ated ~1'CU11: S\toh a8 uu:. eto;. is 
. 

1~sed,. and :fine £onta.1:J.on of wb.ino ~ ...Ut:l-J.ever 

tdzi:lna hac beOll part!~luly required SD. 1'8*t·yemoa, 

15 1:b-. ia an 1ncft!881DCJ savez.e deaand not found UD.~F~ 

date fo'I!' JU OJ." .Al-Si wiring of the prior art. 
c.o .. - p't".- .. •i. -:i 

f!ner·cli111ens1onal formation by in01'easad in1: ati'cm ... , 1 

l.. •- ~- : .J ; .. ! :} 

~ 
degNe1 the surface of LSI,. etc. is subject ,, ~ . .-: .r.. -~·.. . .i 

_,,i,,.. ~ due to OZida.tion, d1ffae1 :. ~ 1:lWl ~ 
20 f:lla deposition, and etching, etc. !'or example,, '--=:.-; _., · · 

25 

e1ectrcides or wirino m.etal must be deposited on th• 

surface witb a stepped d1fferenoe1 or d4aposited in a 

•:le-hole whieh is fi.tle in.diameter alld deep. ln 4 

Mb;1t or 16 Mb1t: DRAM (cJyn.amio RAM>, etc., 1:he asi>ect 
r~tio (via-hole depth/Via-bole a1ameter) Of Yia-bc:>le 

in which a llletal composed mainly of Al such as Al-Si, 

~ 

li!OO! 
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1 a'tc. is 'to be ~posited is 1 .• o o:- more, and the via-

hol• diameter itself also bec011es 1 pm or less. 

"therefore, even for a via-hole with large aspect 

rati.o,. the technique wbic:h.cen deposit an Al-S:l 

5 comPoUJ:ld J.a J."equ.ired. 

Psrtieu.larly,. for· performing sure e1eotrioal. 

connect.ion to the device under insulating f il• au.ch as 

. 
required to be deposited so aa to embed on.ly the via-

10 hole of the device. Io ~uch case, a aettiocS o~ 

depoa:ltln.g an' Al a1107 anly OD 81 me metal surface 81ld 

not depositing 1t·on an :lnsulat:lDG :film 8QOh as S:L02 ; 

etc. is reqUtred • 

.As the illp:ravad. apu:tte1ng method, "'there bas 

15 been developec1 the :bias aputtm,.mg 1l9thod in MMCh ·a 

bias is epp1fed OD a e'libstrate and. deposition is 

per"fORled so as t:o tallbad Al or an Al-Si com.pmm4 011ly 

in the via-hole by util1zillg 'the sputter etchiXIQ. 

ac~ion 8l1d ~be depoa~~ion action on the substrate 

20 surface. However, since tbfp b:las TOl tage of acme 100 

V or higher !s applied on the substrate,. deleterious 

influence on tbe device OOO'llr8 because ~f eh•rge<l 

2S 

particle demagi»g such as change in threshold of MOS­

FET, etc. :Also,. beeause of presenoe of bo1;h etching 

ection and depos.:l:tiou ectioa, there :la t:he problea 

that the deposi'tion speed c~ot be essentially 

.} 

~002 
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l improved. 

In. order to solire the probl.eas as described 

above, various tVP9& of CVD (Chelaical. Vapor 

Deposition) ae<thods have beau proposed. "In ·t~ese 

s methods, che•ical reaction of the s1:art1ug gee in scme 

form is·ttt111zed. In plasJDa CVD or optical CVD, 

decomp0s:ltion of the startino gas occmes in gas phese,. 

anc1 the actiTe species fcmned t:here ~arther r~ on 

tbe substre.to to give r:i.Sa to film formation. Xn 

10 'these. CVD aat:hOds, sur.faoe coverage Oil uneve~ on 

. 'th.a auba'trata surface is good. However, .oehon atOll6 

ccm.ta.1ned :in the stait:l.ag gae aol9oUle are 
. 

incorporated. .111.to ·'t'be fila. Also, partiOQl.arly in . 

1>lana OVD, the P%'01>18' 1'ema!n"4 that tbet'e was damage . . 
is by charoec! l)ar'ticles (so oallacl plasma damage) as in 

tbe case of the sputtering •thod • 

. ·Tb• 'thermal CVD method, 1a wlliGh the :fibr 

grcn through the surface reaction primarily on i:he 

substrate surfaaer ia good 1a surface coverage on 

20 unevenness such as et:epped. por"t:f.oa of 'the surface, 

etc. Also, Jt can be ezpected t:ha't deposition w:l:thiD 

25 

. 
via-bole will ·~eadily occur. Further., 'wire breakiug 

at the stepped portion can be avoided. · 

· · Furthenno:re, there are not caueed. damages by 

charged par1:icles which have bee11 oba~ed iJl the c:=ase 

of the.p1i!!kama CVD or the sputteriPg methoa. Th• 

~ 

llJ003 
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f aethOds of suoh e. k1n4 include, for ~le, the . . . . -
aethod:seen in J'ou:cnal o:f Bl.eatroehemical. Soc.iety. Vo1. . - . 
131, p. 2176 (1984). In~· method tri~sobutyl 

-
· .. al:amfDUJa ( i-C ,B9 ) 3Al ('IXBA) is used as o:t'gariic 

5 aluminum gas and an Al film is fora.tad at a fila 

forJ1at.ion temperature of 260 °c and a reaction tube 

pxress1C'e of.O.S"'forr. The substrate.temperature :I.a then 

maiuta:l.Ded at aboU't 4.~o·c ~ sm, is introduced. 1:0 

diffuse S~ in 'the Al fila, thus ob~ainjng.an Al-S1 

10 fil.JI. 
• 

When ~IBA 1s i:o be 11&ed, a oo:atinuous filla can 

· ·noi= be obtained .UDless pretreatment is etfeoted 1D .. 

'lflli~ prior to· filll ~tiOD., '%iCl4 ia flowed to 

· ~!vate the 11\ibaUate 8111'faoe to fona. mtele.i • . .. 
15 Partberaore, in case wh91'9 '!IBA is used, there. is a 

probl-. 1:ba1: smofaoe :flatnaaa is no-c autf :lc:1ei:it even 

\ ) when ~i.Cl.4 is used. By this method it is not possible 

to effect eeleot~ve ~b such es Al-Si clepoeition 

only in via-boles • 

20 

25 

.As a:aotber •thod. there can. be aent:ioned the 

•ethod described in Japanese Journal of Applied 

Phys~cs, Vol. 21. Bo. 11, p. L2134 (1988). ID this 

metbodr TIBA and S:l2B6 di.luted with Ar gas are 

supplied, and the gases are bested :befo~e :rlSA reaches , 

the $u.b$"trate. By this method, e.n Al-Si fiira of a low 

resistivity can be epitaxially grown on a Si(lOO) 
~ 

li!004 
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1 wafer. A1 though the ti.lm obtained by this me'Cho~ has 

~ high qttality, there are involved the probleas 

that con:tr~l js difficult due to necessity of' heatiD~ 

~he gases amJ that apparatus for e£fe~ting ~s method 

s is .complicated; 

Japanese Laid-()pen PateD~ Appl~oat~on Ro. 63-

33569 deaCJ:"~bas a method of fDl:'DlinsJ a film by us~ DO 

'f iCl 4 , "b\1.1= uaing in 11lace "thereof ~ic elUJDimm and 

heating ~t :in the vicinity of the substrate. 

· 10 Accord:tng to. this metbod, Al aazi be • depoe.1 t:ed 

&eleot:1ve1y only oo:1:he metal ~r eemioonductor llU'face 

fmm whicb tbe 11aturally mddizecl fJ.lm has been 

:removed. 

"In tb:la case, ~tis elearly stated"that tbe 

1s· step of ~.IDG' the naturally ozidized tJ.lm oil the 

aubatrata 9\mfaca is necessary before introduction of 

%IBA •. ~lso, it ~s described ~bet, si.nce "?IBA can- be 

used alo11e, no aanier gas is required to be "USed,. but 

Ar gas :anay be GI so used as the car:r:ler gas. However, 

.20 the reac"ti.on of T:IBA with another gss (e.g. Hi> is not 

con~emplated at all, and there is no descrip~1on of 

use of u2 'as 'the oarrier gas. Also, in· e&li-tion to 

TIBA, 1:r1methyl J1luainu11 ('l'MA) and triethyl alwdnum 

(TEA} are mentioned, but there is no spec:l:tic 

25 descript~on of othe~ organic metals. ~bis 1s beca.use# 

since ~he chemical properties of organic me~als 

~ 

aoos 
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l generally vary greatly if tbe organic subs-titu.ant 

attached to the metal element varies little, it is 

necessary to investigate individually by detailed 
: 

e:ir.periaen~ation to dete1'11liue what org&1110 metal should 

s be ·used .. 

10 

In tb.e CVD ••tho4 as desoribed above, not only 

tbmte .is an· inconvenience that the naturally ox::i.dized 

f ila m~t be removed, hut also there is the· drawbaek 

'that no surtaoe Dootbness CBJl be obtained. Also, 

there is the restriction tbat heating of the gas is . 
necosa81'Y, and vat heating must. be dona in 'the 

vicinity or the eubstn'te. Besides, it au.st al.so he 

ezpa1'imani:ally detendned at What poz1m;J.ty to tbe 

substrate heating must .be .&me, wherebf tbeJ:"e 1s also 

15 the proble111 that tbe place '*O'I! eett.f.lig the haa.taJ.t 

1· cannot be necessarily f1tee1y chosen. 

l:n 1;he pzee-text of the 2nd. Spposi\Ull of -

Blect:rocbem1cal Society, Bi.-anoh of Jepan (July 7, 

~989), on page tS, ~here is a description of fj,lJD 

formation of Al accoi-diug to the double.wal.1 CVD 

method. In tbis method, ~IBA is used. and the device 

is design~d so that t:he gaS "temperature; of TBA can be 

made higher 1:ban the substrate temperature. Tb.is 

me~hod may be also regarded as a modification of ~he 

25 above-mentioned J~panese La1d-opeu Patent Application 

No. 63~33569. Also in this metbod1 Al can be 
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l selectively g::rotm only on a 1netal or semiconductor. 

bu1: not only the difference bettteen 'the gas 

t:emperatuxre and the substrate surface tesnperattnea can 

be contro.lled w.ith diff:icu.l'ty, but also there is the 

5 drawback that "the bomb and the p1pel1:ae must be 

heated. Moreover .. according to 'this aethOd. there are 

involved suoh ~robleJaS that no uniforlll continuows.~ilm 

can b9 fonied, that flatlleSS Qf the fil:a is poor, 

etc., UD1ess the f11• is :made thick to some extellt .. 

10 

lS 

20 

25. 

As set forth ab9V•, the prior art.methods bave 

~e problems to be solved tha1: it is diff1cult to 

o])tain a fl.a~ Al-81 £11• of a J.ow resistivity aD4 good 

~lity. tbat·thn• ia cons:lderabla lim1ta.t1on. in. 

apparatus and :lu·:f~lm fonlation ... 

As deacn:-.ibed above, prior U't methoda cannot 

necessarily effect well selective growth 0£ Al~Si, and 

even if_pOS$1b1e, there is a problem with respect- t:o 

flatness, resistence# pur1~y; e~c •. af ~he Al film. 

formed. Also, ther' bas !)een 1nvolvec2 tbe problem. 

that the film formation •ethod is complicated end can 

be controlled with difficulty • . 

i!00'7 
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According to the metho~ d~scribed in Journa1 of 

Electrocbemicai society, voi. 131, p. 2175 (1984), supra. 

sur~ece flatness of Al is poor, and yet A1 within via­

hole cannot become dense inadequate1y (see Fig. lA). 

5 In Fig. l.A, 90 is a single crysta11ine Si substrate, 91 

an insu1at1ng fi:J.m comprising Sio2 , and 92 a deposited 

film of A.l. 

A.lso, in the method described in the technique 

of Japanese Patent Appl.ication Lai.d-Open No. 63-335G9. 

10 since surface smoothness of Al within via.-ho1e whioh .. 
is a great premi.se is not sufficient, increase of 

resistivity at tbe interface between the Al film 

according to the CYD method and the Al. f.ilm accorcU.ng 

to the sputtering met~d wil1 be brought abcmt (see 

15 Fig. lB). In Fig. 1B. 92-1 shows the se1ectively 

deposited film of Al according to the CVD method, 92-2 

lfleposi ted film of A1 according to the sputtering method, 

20 

and 92-3 the causes of characteristic deterioration 

such as impurity at.the interface. etc. 

As described ebove, the met~ds of the p~ior 

art cannot necessari1y cause selective growth of Al. 
. 

to occur succcss£u1.ly, or even if poss:ib1e, p:robl.ems 

are involved with respect to f.latness, purity of Al. 

fi1m, end therefore, for f\Jrther deposition of Al. ol.so 

25 on an insu.lating film, ther• is the problem with respect 

to continuity between the Al within via-hole and the 

Al. on the ~nsul.ating fi..lm. Also, the fi1m formation 
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10 

1 methods are_camp1icated and difficuity contro11ab1e • 

: 

5 

. 
and ~herefore they are not advantageous methods as the . 
preparati.on "t:echnique of semiconductor integrated circuit 

which require essentially preparation at low cost. 

Partiou.larly, the problems in performing mu.lti-.layer 

wiring are great. 

As described above, in the techn:ica1 fie1d of 

semiconductors of which higher integration has been 

desired, for provicli.ng a semiconductor device of higher 

10 .integration and higher perfoJ:mallce inexpensive1y, there 

existed many 1:00mS to be improved. 

15 

20 

25 

SllMMARY OF 'l'HB INVBN'l'ION 

The."present i.Dvent.i.011 boa been acconipl:ishecl . 
in view of the technical tasks aa described above, and .. 
is iptended to p:r:ovide a deposited film fonnation method 

utilizing the method capab1e of forming a fi1m of A1 

or a meta1 composed mainly of Al which is excellent 

in f1atuess and of good quality as electroconductive 

material w~th good controllability at a desired pos~tion. 

Another object of th~ present invention is to 

provide a=deposited film fo:cmation methOd of a £ilm 

of A1 or a metal composed mainly of A1 which is very 

broad in generai purpQse avai1abi1ity without requiring 

a complicated and expensive deposited film formation 

device. 

~other object of the present invention is to 

!lill009 
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1 provide in the first p1ace a method for forming a 

: 

5 

deposited film lw.lving sufficiently excel1ent characteriat~cs .. . 
also as the three-dimensional wiring by forming a film 

enhanced i.n denseness, fl.atness within via~hole according 

to the seiective deposition method and further depositing 

non-selectively Al of.good quality continuously £rom 

via-ho1e a1so on an insulating film. 

Further, another object of the p~esent invention 

is to·provide a method for fanning an el.ectroconductive 

10 deposited £ilm which becomes wiring of good quail ty 

15 

25 

.. 
excellent in step coverage. 

Another object of the present invent.ion is to 

provide a deposited film fo~tion method comprising 

the steps o:f: 

arranging a substrate having an electron 

donative eurfac::e (A) and a non-e1ect:on donative 

surface (B) i.n a space for deposited fi.J.m formation,. 

introducing at least a gas of an alkyi aluminum 

hydride and hydrogen gas into said space for deposited 

film formation,, 

inointaining the temperature of saicl e1ec:tron 

donative riurface (A) within the range of the decomposi­

tion temperature 0£ eaid a1ky1 a1uminum hydride or 

higher and 450 •c or lower, thereby fo:aning selectively 

an a1uminwn film or a met~l film composed ma.inly of 

a1uminum on said electron donative surface (A), and 

111fdifying the surf ace of said nou-e1ectron 

lil!010 
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12 

donat:i.ve surface (B), and forming an a1uminwn f.i1m o:r: 

a metal film composed main1y of a.1Ulllinwa on scdd surf ace 

(B) and on said a1uminum film or metal film composed 

main1:r of aluminum se1ec:::tive1y de.posited. 

Stil1!,another object of the present invent.:1.on 

is to prov.ide a deposited film formation method com­

prising tbe ateps of 1 

arranging a substrate having an e1ectron 

donative sur£ace (A) and a non-el.ectron donative 

surface (B) in a space fo:r: deposited film formation 

in the CVD device capable of generating a p1asDl8. 

introducing at 1east a gas of an a1kyl. a1undnum 

hydride and hydrogen gas into said space fo~ deposited 

fil.m fOJ:'IDation,. 

maintaining the temperature of said e1eotron 

donative sur£ace (A) within the range of the decom' 

position temperature of said alkyl aluminum hydride 

or higher and <&50 •c or l.ower. thereby f'o:cmiDg &el.ec-

tivel.y an a1wninum film or a metal film composed mainly . 

o:f a1uminum on said. el.ectron donative surface (A). 

modify~ng the surface of ea~d non-e1ectron 

donative surface (B) by generating a p-l.a!_lma in 

said device whi1e int~oducing at ieast a gas of alkyl 

aluminum hydride and hy~rogen gas. and 

forming an al.uminum fi1m or o metal film · 

composed main1y of aluminum on said a1Uminum £i1m 

ox meta1/i1m composed main1y 0£ al.um.inum and said 

li!Oll 

iii1lii1i11nr 
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1 modi.fied non-electron donative surface (B). 

: 

5 

. 
Still another object of the present invention 

ia to provide a depgsited film formation method by 

feedi.ng a gas of an alky1 a1uminum hydride, or a gaa 

of an alkyl a1uminwn hydr.1.de and a gas containing 

s11icon onto a substrate of an e1ectron donative 

surface (A) and a non-elect1"0n donative surface (~) 

to fo~m an Al. or A1-Si film only on the eiectron 

donative surface (A), and yet after the ee1ective 

10 f.11m format.ion modifying the :non-electron donative 

surface (BJ to permit Al or A1-SJ. to be al.So 4epoai'ted 

thereon, whereby a dense .Al. or ll-Si. :f:Um can be forsned 

15 

at high speed. 

Sti11 another object of the presen~ invention 

is to provide a depos~ted f:Ll.m format~on method which 

can control se1ective/non-se1ective depos~tion by 

control1ing the app1ied power for p1asma formation 

and therefore can perfoZ'IR embedding within via-ho1e 

and deposit~on onto an ~nsuiating 1ayer in one reaction 
. 

20 device and yet coDtinuous1y without change of gas species, 

25 

and coneequent1y can fol:m an e1ectroconductive film . 

exceiient in step coverage and electroconductivity 

and can foXJn e good fi1m as wiring for semiconductor 

device such as LSI, etc. 

~-
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1 BRIEF DESCRIPTION OF THE DRAWINGS 

--

5 

Figs. lA mid lB are schematic sectiona1 views 

for illustration of t~e A1 film f orined according to 

the deposited film formation method of the prior art. 

Fi.gs. 2 and 3 are schematic views showing the 

deposited film foimation device suitabie for implementing 

the deposited film formation method acco~ding to ~he 

present invention. 

Figs. ~A - 4F are schema.tic ~iews for i1lustra-

10 tion of the deposited film fo:cmation method according 

to the present invention. 

15 

20 

25 

Figs. 5 11 6 and 7 are schamat~c v1.ewa showing 

the deposited filni fozmation device suitable for 

impl.ementing tbe deposited.£ilm formation metb.Od 

according to the present invention. 

Figs. BA - SD are schematic sect~onal views 

far i1lustration·. of the deposited ~ilm formation 

method according to an examp1e of the present invention 

as compared w1th other methods. 

Figs. 9A - 9D are schematic views for illustration 

of the manner of selective deposition in the depos~ted 

fi1m fo:cmation method according to the present invention. 

DSTAXtED DESCRIP'rION O~ THE PREFBRRED EMBODIMENTS 

· Preferred.embodiments according to the present 

invention are described in detai1 below, but the present 

inventi~ is not limited to these embodiments, but 

lil!OU 

This Sheet Ii B 

1111;11r· 



[ RECEIVED taZ/ZZ 119: 115 199b fH ~;;s;;s111b~'t !'lib.I!; l't \l'KUur.u r11'""' n.1 ~ 

'98 02/22 10:11 t!'03 3211 5035 OKABE TOKY0-2 ••• DREW 

. I 
..... I 

15 

1 e.ny constitution eccomp1ishing the object of the 

~esent invention can be emp1oyed. 

In the present invention. a metal is selectively 

deposited by utilis:f.ng an alkyl alum.inum hydride. pattJ.-

5 cuiarl.y an al.kyl. al.uminum hydri.da containing methyl 

group~ and then again.the meta1 is deposited non­

se1ectively. 

10 

15 

20· 

25 
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ID tbe !ollowing, prior to deteiled 

description, first, the process for forming a . 
depo.sited film by use of an organic metal is outlinea. 

The decomposition reaotioa ot an organic 

metal, and hence the thin film deposition reao~ion 

will vary greatly depending on the kind of the metal 

atom, the kind of the alkyl bondcad to tile me~al ato•, 

the ••ans of ~using the decomposi~ion reaction to 

occur. the atmospheric gas, etc. 

For ezample, in the ~ase of M-R3 {M: tbe group 
... 

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

CH:s 
CH:1-Ga:::. 

CU$ 

in thermal deColllposition undergoes rad1ca1·c1eavage 

20 . 

la!OlS 
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17 

wherein Ga-OH3 bond is cleaved,, while tr1ethyl 

galliwa.: ... 

in "therD&al decomposition is decomposed t~ugh IJ-

eli•ina~~OD into: 

eild c2H4 • OD t:be othar hand, triethyl a1umil)UJq 

at:tached.wi'th the same ethyl group: 

. . 
:ln tiler~ deaoJ11poeit1oa undergoee radic:al .. 
deooapas1t1on in whicb.Al-C2'f5 is cleaved.> However ... _ tr~-. 
j,so-butyl. al.umi.num haVing iC4B9 bonded therein: 

- .,....... ic.u. 
i C4R,.- A.Jl. 

""';- iC,.tls 

is subject to P-eli•ination. 

'.rriaethyl aluminum ('.rMA) comprising CH3 groups 

and Al has a dim.er strnctu:t"e a't room temperature: 

and ther:mal cleeompoeition is radical deco•position in 

li!018 
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1 which Al-cH
3 

group is cleaved, and at a temperat~e of 

150 °c o~ l~r, it reacts with a~moapheric H2 to for. 

cs4 , and forms finally Al ... 

5 

However# at a high temperature of 300 °c or 

higher, even if H2 aay be present in the atmosphere, 

CH3 group will withdraw H from -the "nlA 111olecule, until 

finally Al-0 co~pound is formed. 

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

ce~-te.in region oon~rolled in electric PoW•r in B2 

10 atmosphere h1ab freque~ (ca. 13.56 MHz) plasma, c2s 6 

will be fo~med by the bridging CH3 be~ two Al 1a. 

15 

In essence, since even au. organic .metal 

·COlllJ?rising ce3 group which tbe simplest al~l group~ 

02Hs group 01' 1C4R9 grqup and Al or Ga hae"e. rGac't:lOD 

moile depending on the kind of tbe alkyl group, ·'the . 

kind of the metal a~om, the excitation decomposition 
... :·, 
~ , means, ~or depas1tion o~ a metal atom ~rom an organ~o 

20 

25 

. . 
metal on a desi:rea substrate, the decomposition 

reaction must be et~ictly controlled. For exmaple1 
. . 

whan Al is to be deposited from 'tr11sobu"t?l aluminum: 

ic~e.,. 
. A.IL - iC .. Hs) 

1c.u9./ . 
(TIBA:: 

in the low pressure CVD method co•prising mainly 

thermal reaction, unevenness of µm ozoder .is formed 011 

the surfeoe1 whereby the surface morphology is 

1n~erior. Also1 hillock generation by heat treatment1 

~017 
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1 51 surface roughening through Si diffusion at the 

intertaca betwee11 Al and Si occur, and also migration . . . 

5 

res1stauoe is infer~or, wbereby it can be utilized for 

ultra-LSI process with difficulty. 

For this reason, a mathod :ror oon'troll:ing 

pt:eeisely both the gas temperature 8Dd the s'Ubetrate 

te.pera'ture·has been at~empted. However, the device 

:i.e comp1icated, and the me'th.Od is of the sheet 

treataeut type in which deposition oen be ef£ected 

10 cml.y on Oil& 1fafer by one deposition process. Besides, 

a:l..Dce the deposition speed 1s 500 A/aiu. at the 

highest, the througbput necessary for bulk produ.ct~on 

·cannot ba realized • . 
Siailarly, wheD DIA is eaployed., Al: deposition 

15 bas been att .. pte4 by wae of plasma or ligh't, the 

device'a.leo becomes coinplicated due to use of plasma 

20 

2S 

or light, and al90 because of 'the sheet t:ype device, 

there remains rooJD for iaprovement for. suff io:l.ent 

improvement of throughput. 

Dimethyl almainwa hydride (DMAH) as the alkyl 

aluminum hydi:tide ta be utilized in ~be present 

inven'tion:is a substance known as alltyl=metal, but it 

could not be estimated at all what Al thin fil• oould 

be deposited depending on what reaction moae. uuless 

deposited films are formed under all the conditions. 

For ezem.ple. in an example of deposi~ion Al by optical 

li!018 
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1 CVD frma DMAB, the suJ:"face morphology is inferior, and 

the resistivity value was greater than the bulk value 

5· 

10 

15 

20 

• 
{2. 7 pohm• ca) as several µohm 1:0 10 p.ohDa cm., thus 

being inferior in film quality. 

Row,. referring to the draw1DQS, preferred 

embodiments ot the present inventica are described in 

more detail. 

In the present invention, for depositing an Al-

Si r11• af good quality as tbe electroconductive 

deposition film on a substrata, the CVD method is 

used. 

MOre specifical~y. by use of dimethyl aluminum. 

hydride (DMAB): 

Clls -.... 
Alt - H 

Obeaical :f o:rmula t ClCa ,,,--

or monomethyl alwninum hydrida (MMAH2): 

Chemica1 formula: CH;s ........._ _.ff 
H ...-- All 

as alkyl aluminum bYdride whioh is an organic m.e'tal as 

a sta~ting gas containing at least one atom wbich 

becomes the constituent of tho deposited film~ 

optiona11y together with a gas containing Si atoms as 

another starting gas. and by use of e 2 as the ~eaction 

25 gos,. on Al film or a ~etel film composed main1y of A1 

is formed by gas phase growth with a gas mixture of 

these on a subst:ate. 
~ 

lil!Ol9 
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1 Aa the substrate applicable in the present 

invention, a material having electron donative 
• 

property may be employed. 

7he electron done.tive aaterial·is desc~ihed in 

5 detail beletf. 

The electron donative material refers to one 

having free electrons exis~ing or free electrons . 

inten~1onally for•ed in the substrate, for example, a 

••terial having a surface on which the chemical 

10 reaction is promoted through give-end-take of 
• 

electrons with tbe starting gas •olcacules attached on 

t:he subs-trate surface. For example, generally metals 

and semioonduGtora correspond t:o 8UChmate:tt1al. rhose 

having very thin oxidized film on.the ~atal o~ . . 
15 semiconductor sur'face ere also included. For, Kith 

. . 
auoh thiD film. the oheJaical reaction can occur 

between tbe substrata and the attached starting 

molewles. 

Specifically, there may be included 

20 · seilliconductors such as single crystalline silicon, 

polycrystalline silicon, amorphous silicon, etc., 

binary sistem or ternary system or qua~ernsry system 

III-V compound seaicsonductors ~ompriaing combinations 

ot Ga, In, ~1 as the group III element and P, As, N as 

25 the group v element. or II-IV compound sem1conducters, 

or metals themselves such as t\lCgs'ten, molybdenum, 

tantalum,~ aluminum, titanium, coppe:io, etc., .or 

!ill 020 
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1 silicides of the ebove metals cuch es tungsten 

silicide • .molybdenum silicide, tantalua silicide • • 
aluminu.JD silicide, titanium silicide, etG •• ·further 

metals containing either one of the constituent of the 

s above :me'tals such aa aluminum. silicon, elumin11111 

titanium. .. alu.inum copper, al'Wlinum t:antal\Ull,. aluminum 

silicon copsiei-, alumin'Ulll silicon ti1:anium, aluminum 

palladium, titanium nitride, etc. 

On the substrate with auch.cousti1:ution, Al is 

10 deposited only through simple thermal. reaction in the 

reaction systea of the starting gas aDc1 B2 • For 

exaaple, the thermal reaat1011 in tba reaction systea 

between DHAR and &2 may be, bas:laally considered as . . 
follows: 

15 

DMAH asSUJlles a dimer structure et room temperature. 

Also. with MMAB2 , a high q,:1ality Al film could be 

20 formed by 'thex-mal reection as shown below in Examples .. 

Since MM~H2 has low vapor pressure as 0.01 t:o 

0.1 Torr at room t:emperature,, a la~e amount of the 

starting ma~e~iel can be trensparted with difficulty, 

and the upper 1imit: value ot the deposition speed is 

25 several hundred i./min. in the present: embodiment. end 

preferably, it is most desirable to use DMAH of which 

li!021 
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1 vapor pressu~• is 1 ~orr at room teinperature. 

In another embodiment of the present invention. 

the CVD ~ethod is \lS&d for sel.ective deposition of a 

good Al film or metal film composed mainly of Al. as 

5 the el.ectroconduc~ive deposition film on the 

substrate. 

More specifica11y, as described above, bt use 

of dimethyl. al.uminum hydride {.DMAH) or monomethyl 

alminum hydride (MMAH2 ), optionally together with a 

10 gas containing Si atoms as the starting gas, ~d by 

used of 8i as tbe reaction gas, an Al. film or a metal 

15 

f 1lm composed ma1n1y of Al. is sel.ectively formed on the 

substrate by gos ~e growth with o gos mixture of 

theae. 

The substrate app1iaab1e in the present 

invention has a first substrate surface 10aterial. for 

formation 0£ the surface on which Al.-Si is depo$ited, 

and second substrate surface material on which no 

metal is deposited. And, as the first substrote 

20 surface material... a' ma te.ri.a1 ha'\r.ing the e1ect:ron 

donative surface is used. 

In contrast, as the mate~ial for forming the 

surface on which Ai.or a rnetal. composed mainly of A1 is 

not depos1te4 seiect~veiy, nameiy the mater.utl. for 

25 forming the electron non- donative surface. conventiono1 

~nsuiating ~ateria1s, oxdized silicon fo:rmed by t~ez:ma.1 

oxidatiQll, CVD, etc., glass or oxidized fil.m such as 

• 

// 
/ t 

I f 
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1 BSG. PSG, BPSG, etc •• thermally nitrided film. silicon 

ni.trided film by plasma CVD. 1ow pressure CVD. ECR-CVD .. 
method, etc. 

Fig. 2 is a schematic view showing a 

5 preferable deposition t1lm forming device for applying 

the p~esent invention. 

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

film. '.rhe substrate 1 :la moun~.ed on ·a eubst:ra-t:e 

holder· 3 p~ovided internally of the r.eaction tUbe 2 

10 for for.ming a apace for formation of a deposited film 

~.c Wh1Ch 1s substant.1ally closed to !'1g. 2. As t:b.e 

111&terial oonat:i tu1:1ng the reaction tube 2, quartz :ls 

.preferable, bu1: 1t may be al.so made of a metal. In 

till• cace, ~ 1: is preferable 'to cool 'the react:ion t:ub•. 

15 · '.rha SUbst1'ata holder 3 :ls aade of a me~al, and is 

provided with a heater t so that the substrate mounted 

~) thereon can be heated. And, the eonstitution is inade 

so that the substra~e temperature can be oont:rolled by 

controlliPg the heat generation temperat\U"e of the 

20 heater 4 • 

Tbe feeding ayatem of gases is cons~itu~ed as 

6 is a gas aixer, 1D which the first starting 

gaa# the aecond •tar~ing gas and ~he reaction gas are 

25 mixod, and the mixture is fed into tbe reac1ton tube 

2. 6 is a starting gas gaa1f1er·prov1ded for gasificat­

ion of an •rganic metal a6 the first starting gas. 

li!OZ3 
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The organic meta1 to be used in the present 

invell1:ion is liquid st room temperature, and is formed .. . 

into saturated vapor by passing a carrier gas through 

the liquid of the organic metal within the oasifier 6, 

5 which is in turn introduced into the aixer S. 

The evacuation is constituted. as described 

below:. 

7 is a gate valve, which 1• opened whe~ 

pe:rfo11ming evacua'tion ct a large volume such ~ during 

10 evacuation internally of the reaction 'tube 2 be~ore 
• 

formation or tbe deposited f:.l.lm. 8 is a slow l~ak 

~l•e, which is. used when p•~foziaing e~aouation'of a 

small. volume such as 1n controlling the pressure 

internally of the reaation tube 2 du.1ting formation of 

ts· the deoosi~ed film.. 9 is an evacuation unit, "b:ich is 

const~tuted of a pump for-evacuation such as turbo 

· .. ) molecular pwap, etc. 

20 

The conveying system of t:he substrate 1 is 

constituted as described below. 
. 

10 is a substrate canvayino chamber wh1cb can 

house the substra~e before and af~er formation of the 

deposited'film, whi~h is evacuated by opening the 

valve 11. ~2 is Sil evaguation unit fo~ evacuating the 

conveying chamber. which is constituted of a i>Umc> for 

25 evacuation such as 'turbo molecular pump," etc .. 

The valve 13 is opened only when the substrate 

1 is tranaferred between the reaction cb.alllber and the 
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1 conveying space. 

As shown in Fig. 2r in tbe starting gas 

gasifier 6 whioh is the gas formation challlber for 

forming t:he stm"ting gas, the liquid DMAH maintained 

5 at room temperature is bubbled with H2 or Ar (or otber 

iner~ gas) as the carrier gas to ~orm gaseous DMAH, 

whic:h ·is transported to the mixer 5. 'the 112 gas ~ 

tbe reaction ge• is t~ensported through &11other route 

into tbo iai.xer 6. The gascis are controlled .in flow 

10 l"ates so that the respective partial p~essures may 

become desired values. · 

In the case of forming a fil• by this device, 

t:he f:lrat starting oae may be of couzoae HMAB2 • but 

DMAB w!th a vap0r pressmre •110USJh to beooae 1 '!arr at 

15 room 1:emperat:ure is the •oet preferred. Also, DMAB 

and.MMAH2 may be used in a mixture. 

20 

25 

raiozs 
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1 As the second starting gas containing Si which 
. 

can optionally be used, there can be uae4 Si2H6, SiH4, .. 
6i3Hs• Si(CH3l4. SiCl41 Sili2Cl2"and SiK3Cl.' Of these 

compounds Si2H6 wh~oh can be easily decomPosed at the 

5 io~ temperature of 200 - 3oo•c. The gases such as 

si2H6 are di1uted with H2 or Ar and transported to tha 

mixer S through a system other than the DMAH $yst~m. 

The deposited f il.Jl foraec! at a subs1:rate 

1:eape%'ature of 160 °c to 480 °c by use of such 

10 starting gas and reaction gas, w11:.h a 1:hickness of for 
. . 

example 400 .1., .has a resistivity at room. tG\perature 

of 2.7 - a.o µoha·cm. which :ls a\lbatant.lally equal to 

Al bulk resistivity, and is a oon.tSnuous and flat 

fila. At this t!ae, the pr49ssure during :f1la 

15 fo~aa.tion oan be oboaen. within the range from 10-3 

Torr to 760 Ton. Also, even when the fila th.iclme$s 

:may be 1 µa, :l1:s res1st'1vity is ca. 2. 7 .- a. o µotm-ca, 

and a suttio1ently dense filJR oan be fozimed also with 

a relatively thicker film~ Al•o, tbe reflectance in 

20 the visible light wavelength region is appro.xiaately 

80 ~. whereby a thin f ila excellent 1n surface 
. 

flatness ban be deposited. 

The substrate tem.perature is desirably the 

decomposition temperature of the starting gas 

25 cont~ining Al or higher, and 450 °c or lower as· 

tt1110~1ur 
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1 described above. but epec:lfically the substrai:e 

temperature ot 200 to 4SO 0 c is ao.re desirable. and • . 
when depoa1t1on.is carried out under ~his condition. 

: by making the DMAH part1al pressure 10-4 ~o .10-S ~orr, 

8 the deposition spe8d becmaes very great as 100 JJain.. 

to 800 1./ain., whereby su.ffioient gr6at deposition 

speed correspond.1ng ~o the cost as the Al-Si 

deposition technique tor ultra-LSI can be obtained. 

A JraOre prefe~.able substrate temperature 

10 cond1t1ob is 270 °c to 350 °c, an4 the meta1 t1l• 

deposited under ~hi~ aondition 1e alao strongly 

orientatable and, even when subjected to the heat 

treataent at 450 °c for 1 hour, 'the metal. .fila ~11 tbe 

. Si aoDOGryatalline o~ Si polymoystalline sQ&tra~a . 
15 'becOlles a good metal f1l• without ge~aticm of 

hillock, apike •• seen in the fi1• tora:lng ae1:bad ot 

the· prior .aJ.""t. Also. such meta1 f:lla is e.xcellen:t in . 

electro-migration resistauoe. 

Iri 'the device ahowA J.n l'ig. 2, Al-Si can be 

20 deposited on only oner aheet Cf substrate 1D depoeitiOD 

for one tiae. Although a deposition speed ot ca. 800 

~•in. oan be ob~ained. it is still insufficient tor 

perfor•ing deposition ot a large nwabe~ of sheets 

within a shor~ time. · 

25 As the deposition f il• forming devioe for 

improving this point# thei-e is the low pressu:t"e CVD 
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1 ~ice which oan deposit a metal by simu1taneous 

aountlng of e large nwabeJ:' ot sheets af water. Sin.ce· 

the ~~tol. film formation according to the pre~ent 

: invention utilizes t:be surface reaction. on the 

5 electron donative nbatioate svtace, :fn the hot wall 

type low pressuio'a CV~ aetbod wherein only the 

subs'trate is heated, Al can be deposited on the 

10 

substrate by use of DHAR and s
2

r optionally together with 

the Si starting gas •uch as s12Hj, etc. 

The react:ioa tul::le J)1'eaaure aay be o.os to 260 · 

~arr, desi:i-ably 0.1 to o.8 '1"02:'1', the substrate 

t...,_..tue 160 °c to 450 °c, cleairably 200 °c to 400 

0 c, the DMAJI put1al pres~e l .x 10-5-fold to 1.a x 

10-a..;fold of the p~esave 1D the 'l'eaot:icm ~, the 

15 S1,ZSs partitll p1'88sure 1'x 10-T-fold to 1 X 1~-4-fold 

of . the pressure in the reaction tube, an.d under auc:h 
' 

oonditiana, Al-Si aan. be well d.•posited on -the 

electron donative substrate • 

Fig. 3 is a sche:aatic .illustration ahmting a 

20 deposited f 11• fOJ.'aing device ta which such present 

invention 1s appli~able. 

57 is a subs1:ra'te for form.a.1:ion o:f a metal. fil.m, 

eo is an. outside reaotiou tube made of quartz fo:r 

foraing a apace tor fo1"mation of deposited f ilJa 

2s substantially closed to the surrounding. 51 ~n 

1nnerside reaction tube aade of quartz located fo~ 
~ 

·imii1i1nf 
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1 ·sepa~a~1ng the flow of gas within the outside reaction 

tube ao. 5& a flange aade at a ae'tal for opening and " 
... 

closing of the.opening of 'the outside reaction tube 

: 5o, 8lld. the substrate St is located within t~e 

5 substrate holding -•O.r S6 provided in'ternally of the 

innerside reaction tube 51. ~he substrate bo1d.1ng 

, ···. JD.em.ber 66 should be preferably made of quartz. 

.-, 
i,.:: .. ;1 ,,. 

Also, in t~ P~•••nt devicer the substrata 

temperature can ~ co11.trolled by the heate:r:' portion 

10 59. The pr~e ·1nter11ally of the Jl'..Ction. tube so 

is constituted so as ta bi controll•bl• by the 

aw&ouation •Pt•• aonueeted ttuoouah 'the gas evacuation 

ou:t.let 53, 

'1'he gas :feeding syate• :le coiast1'tu.ted to have 
. . 

15 a f irat gas system., a aeconcl gas ayste•, a tbi~d ·gas 

system and a a:laer (DOile are •hoWn in 1'19. 2) 

eiailarly as the device shown by the ayabola 5 and 6 

in J'ig. 2, and 'the starting gases and the reaction gas 

are int::raduced into the reaction t:uJ:ae 80 tbro11:1gh the 

20 starting gas inlet ~2~ 'rhese gases react on the 

surface ot the subatrate 57 during passage interaally 

of 'the inners~de reaction. tube 61 ae shoND by the 

vrowbead 68 in. Fig. 3 to deposit metal. on the 

substrate surface. The gases after the reaction pass 

25 ~hrou.gh the gap formed between the inneraide reaction 

t~be 51 and the outside reaction tube so, and 

@029 
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1. e,P:acuated through 1:he gaa evacuat1oJ1 outlet 63.. 

In taking ou:t a'Pd in ~he substrate, the flange 
.. 

54 made o:f a 11.etal J.s per:m.itted to fall by an elevatol" 

-- (not short'n.) together with the substl.'ate J:lalding :aeaber 

5 56 and the substl:'ata 57 to be llOved 1:0 a predeterm.1ned 

position whe:re the substrate is •ounted and detached. 

By forming a deposited fil• under the 

con.d1't1ons as deso~ibed above by use of such device., 

metal fiba.s of good quality can be tor•ed in. all the 

10 wafers within the device. 

As deS01'.ibed above. the f:l.l• obtained 

«OOO&'d.iag t:o the film formation process based on 

the eabodiaaht of the prasent :l.DVeR1:1on is dea.se w1th 

. little COll't:ent. of impurity such as c;U'bon, eto. and 
. . 

1& resistivity wb1cb.1e eiailar to 'bulk, and.also has 

.high surface smoathne•s, and the~efore reaarkable 

···:-.. e:f:fects aa described below can be obt-.iJJ.ed. 
•..._) 

(1) Reduation of hillock 

1l1llock 1s occurrence of conc:aviti.ea on the Al 

20 surface due to partia1 migration of A1 when 

iDDer stress during til• £ormation ie relea .. d iD tb.41 

heat t.t'eat•ent step. Also, siid l.ar phenoaenon occurs 

by local Ja.1grat1on by current passage. "The Al film 

formed by the p~esent invention has little inner 

25 stress and is approxima~e to the state of 

This Sheet Has B · 
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I mouoorystal. For tbis reason, in the heat treatment 

at 450 °c for ooe hour, as contrasted to formation cit 

5 

' 
104 - 1061ca2 of hillocks in the Al film of the 

pl:'ior art, the hil1ock number OOU;l4 be greatly 

improved as O to 10/cm2 • rhus, due to substantial 

absence of Al surlace concavity, the resist film 

thickness en4 the interlayer insulating film can be 

made thin to be adVSJJ.tageous fo~ :making 1~ finer and 

more f lai:. 

10. (2) Improvement of electro-migratioP resistance 
.. 

Bl~t:ro-.igration is the phenoaenon that "the· 

wiring a'toms move 1>Y passage of a current o:t high 

density. By tbis phenomenon, wide are geneitated and 

grown elong the grain boundary a whe1"eby 88· 8CCOJDP&Died 

15 with reduo1:1.on of tbe cross-sectional area, tb.e wiri11g 

generates beat to be broken. In the prior art, the 

· ( .. ) anti-migration. property ha.e been improved by adding 

cu~ Ti, etc. to Al to foJ:m an aiioy. However, .the 

alloy formation results in eomplication of tbe etching 

20 

25 

step and difficulty of minute formation. 

Migration res1stence is generelly ~aluated by 

average wiring life. 

The wiring formed by the sputtering method or 
. 

the CVD method ot the p~io~ art has obtained anaveraoe 

wiring life of l x 102 to 103 hours (in tbe case of a 

wiring cross-sectional area of l Jllll2} under the 

This SheetfI 
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I current passage teat cond~~~ons of 250 •c, l x ib6 

A/om2 • In contrast, the Al or A1-Si fi1m obtained by the 
• 

film formation method based on the embodiment of 
- the present invention could obtain an average wiring 

s l!.re at 103 t~ 104 hours With a wiring having a cross­

seotionel area of 1 pa2 • 

Ronca, according ~o the present invention, tor 

example, when 1:he wiring width is 0.8 1.lJll., a wiring 

layer th1claless of 0.3 ~m can sufficiently stand 

10 p1"aatical application. 'l'hat is, since the wiring 
• 

layer thickness can be made thinner, unevenness on the 

semi00Dehlc1:or tn:1rfa9e after arrangement of w1rJ.DQ caa 

be suppressed aini•1111r an4 also bigb rel1al:>1lity ill 

passing ordinary aurrent can be obta1ued. Also, 'this 

15 is_ possible by a VGZT simple process. 

20 

(3) Reduction of alloy p1ts in coutact port~on 

By t:he heat t:reatlllen't in the wi~iJig step, 

euteotio reac~ion betweeo Al in ~he wiring materia1 

and S1 in the substrate may accur to result in 

penetration of Al-Sf eutectic called as alloy pit into 

'the substrate 1.n spike pattern, thel'eby destroying 

shallow junction. 

As eountermeasure, it is general to e•ploy a 

mater~al other thau pure Al when the depth of junction 

25 ie 0.3 µm or aore and ~o employ barrier metal 

technique of T1, w. Mo type. .. 

!i032 
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However~ the~e re.a!n some points to be 

improved such as complication of etching# rise of. 

contact resistiv1~y and the iike. In a metal ~iim formed 

according to tbe present invention, generation of 

alloy pit& in contact portion with substrate crystal 

due to heat treatment in the wiring step ~an b• 

inhibited and wi~ing with good contact can also be 

obtained. In other words, wiring can be effected only 

with e deposited material without destroying junction 

10 even 1fben the junction is formed in a depth of about 

0.1 11•· 

15 

20 

25 

(.&) Improvaent of surface smoothness (patterning 

characteristic improvemeiit of wiriag) 

ID tba P»~or·art. roughnasa Of the·&Urfaoe Of 

a metal ~bin fil• bad inconvel11ence in tbe aligmaect 

step for the mask and the sub~trate in the patteraing 

step and ~n the etching step. 

That is, there is unevenness extending to 
. 

several p.m. on the surface of Al film according t:o the 

prior art method, whereby the surface mo:rphology is 

poor, and therefore had the following disadvantages. 

lj Alignment signals cause diffused ~eflection 

to occur at the surface, whereby noise level becomes 

higher 9lld inherent alignment signals cannot be 

discriminated. 

2} For covering large surface unevenness, the 

resist fil~thiekness aust be taken large, wh1ch is 

lil!033 
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l opposite to fine formation. 

S) I:f the surface JaO:iophology 1• poor. halat1on 

clue to the 'l'••ist internal ref lec'tion w111 oacur 
. 
• locally, whereby resist remaining occurs. 

4) :tt t:he surface aorphology is poo~, the side 

Willl becomes notched in the wiring etching step 

according to its unevenne&$. 

According to the preseat inven~1on, the 

surf ac• aorpbology of metal f llm to be form.ad 1s 

10 Jtarkedly i•P1"oved to cancell all 'the drawbacks .. 
described above. 

In othe:J" 1f01'ds, in 'the pat.'tern1ng step. a't the 

line width ot the resolving power liait of the 

eJq)Osu:re a.a.chine. 'the alignaan.t p~ecision a ·•0.15 pa 

15 ean ·be aoooap1ished, whereby wiring having saooth sicle 

plane is rendered possible without eaus1ng halat1on to 
I . " 

20 

occur. 

(5) Improvement of reeiatance in contac:t hole and 

through hole and ot contact resistance 
. 

I~ the prior art ••tbod. if the size of ~he 

cont.act hole beccme& finer as 1 pm x 1 µm or less, Si 

in ~he wi~.big is precipitated on the eubstrate at the 

eontaot ho1e du~ing heat treatment in the wiring step 

to cover thereover, whereby res1st~nce between the 

25 wiring and the ele11ent beoo•es m.arked.ly large~ -

Aoeording to the eabodinent of the present 

Iii! 034 
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l invention, siDCe a dense f1lm. is formed acoording to 
.. 

the surface reaction, Al or Al-Si has been confirmed to have 

a resistivity of 2.7 - 3.3 ~obm o•. Also, the contact 
-6 2 resistivity can attain 1 x 10 obJa•ca at ait area of · 

5 0.6 pa x 0.6 P-M. when 'the Si portion has an ht.purity of 

1020 -3 cm. • 

That is, according to the pJ:"esent inventio~, a 

good contact with the substrate can be obt~ined. 

(6) It beooaes ~o••ible to aake heat treatment C!'aring 

10 wiring step lower ~ abolish the heat t:reataen't step • 
• 

As described in detail above, by apply:l~ 1:h• 

present invention-to the wiring formation ••thod of a 

-scan.d.uct01'·.1ntegreted c.frcu.1t, the yield can be 

iapl'OVed, and ~eduction of cost can bit promoted to 

15 great extent as compared with Al W11"1ng of t:he pr1or 

art .. 

20 

2S 
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1 .AS described above, acc:ol:ding to the CVD method 
. 

. uti1izing a gas of an alkyl. al.uminum hydride. particular1y 

an alkyl aiuminum hydride containing methy1 group, a 

metal fil.Pt for semiconductor integrated oircu~t device 

s exce11ent in £1atneaa, migration resistance, el.ectro-

conduct~vityr etc. can be £ormed. 

In the fo11owing. e.nwodiments of the pre~ent 

invention are described ~n deta~i. 

F~gs. 4A - 4E are schematic views showing tbe 

10 manner of sel.ective growth when DMAH and H2 or DMAH, 
.. 

Si2H6 and H2 are emp1oyed. 

Fig. 4A. il1ustrates schematically a se~tional. 

view of tbe sub&trote before ~0J:Jt1ation of Al or lJ.-Si 

deposited film. 90 is a &ub&trate comprising eiectron· 

IS donative materiai such as Si wafer. 91 is a thin film 

comprising a non-el.ectron donative material. such as 

20 

25 

the:tma11y oxidized Si02 film or CVDBSG film. 

In the caae of deposition of an A1-Si fi1m~ 

when DMAH. Si2H6 as.the starting ~aterial gases and 

a gas mixture containing e2 as the reactive gas are 

fed onto the substrate 1 heated within the temperature 

of the decomposition temperature of DMAH' or h:i.gher 

and 450 •c or l.ower. Al-si· is precipitated on the 

substrate 90 to form a continuous film of Ai-si as shown 

in I!'ig. 4D. 

When deposition of A1-Si is continued~ vie the 

state sho~n in Fig. 4C. as shown in Fig. 4D, A1-Si fi1m 

gxows to the 1eve1 of the uppermost portion of the thin 

liJI038 
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l fi1m 91. J:f it is pez:mitted to further grow, as shown 

. . 
5 

. , 

in Fig. 4P, AJ.-S.i film can grow to 5000 A substantiaJ.ly . 
without growth in the 1ateral. direction. This is the 

most salient feature ot the deposited filna by uae of 

DMAH and e2 or DMAH, H2 and s12s6, and it woul.d be 

understood that how a film of good quality could be 

obtained under good eelect:ivi.ty .. 

And, as the resu1ts of anaJ.yaes by Auger's e1ectron 

spectrophotometry and photoeJ.ectron spectrophotometry, 

10 no impurity such as carbOn or oX,Ygen is recognized tc .. 
be mixed in the :film. 

The resistivity of the deposited film :thuS formed 

is 2. 7 to 3.0 µ n-an at :room temperature with a film 
• tbiekness of 400 A wbioh is subatan:tially equal. to the 

15 . resistivity of A1 bulk. and the £.ilm becomes cont.1nuous 

and fl.at. .A1so, even· with a: film thickness of 1 tJ m. 

( . its resistivity is aiso ca. 2. 7 to 3.olln ·om at rooin 

temp~ra~ure. ~hus. sufficiently dense film con be_aiso 

formed for a th1.ck film. The ref1ectance in the visib1e 

20 'Waveiength region is aiso ca. 80 i, whereby a thin film 

exce11ent ~n surface flatness can. be deposited. 
. . 

In the mul.t~-Layer wiring step as in ultro-~si. 

as shown in Fig. 4D, the technique of embedding via­

holes se1ectively with 1tl. or Al.-S1 of high qua1ity is 

25 essentially ·:r:equired. Further, after sel.ective d.eposi.­

tion as shown in Fig. 4D, in the same reaction vessei 

as sho~ i.n Fig. 4 F. if A1 or Al.-Si can be deposi teo 

lUiiiMUf 
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1 described above, in v~ew of crystallinity of Al, the 

method of forming a nucl.eus or an extremely thin f ~im 

5 

,. 
of Al. or a metal. composed mna.inl.y of Al may' be more 

pref erab1e than the methods of fo.z:m:i.ng ot:her nuc1ei 

or extremeJ.y thin fillns. 

The basic film formation procedure of an 

embodiment uti11z1ng formation of a nucleus or e~ 

extremely th:i.n film as the surf ace modification step 

is descr.ibed bel.ow. 

IO When a gas mixture containing DMAH ~d H2 in 

the casa of depositing Al, or DMAH', S.12H6 and e2 1n 

tbe case of depositing A1-Si i.s fed. onto the substrate 

1 heated to a temperature range of the decomposition 

temperature of DMAH' or higher and 450 •c or 1ower, 

15 A1·S~ is deposited on the s~strate 90 to fo.nu a 

continuous fi.lm of Al or Al.-Si as shown iP H.ig. 48. 

If depoaition of Al. or Al.-Si is continued under 

the above conditions, Al or Al.-Si film grows v~a the 

state shown in Fig. 4C up to the level. at the uppermost 

20 porti.on of the t:hin f.ilm 91. as ahown in Fig. 4D. The 

se1ective1y deposited fiim·is a aing1e crystai~ 

25. 

Here, feeding of DMAH of Si2K6 :is stopped to 

stop deposition of Al or Al-Si. Here, after the "surface 

modification step" cauaing ~he surface reaction to occur 

onto ·the heated non-electron donat~ve surface ~s carried 

out by introducing the gas as described above, again 

DMAH·and~Si2H6 are fed to deposit Al. o~ Al-Si to such 

lil!038 
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1 a shape aa shown in Fig. 4F. 

5 

10 

As the substrate temperature. the deco111POsition 

temperature of the starting gas containing Al or higher. 

and 450 •c or 1ower are desirable as mentioned above. 

but specifica1ly a substrate temperature of 200 to 450 

•c is desirable. and when deposition is effected undez 

the condi.tionr the deposi~ion rate is very J.arge ~s 
0 0 

100 Il./m:in.. to 800 A/min. when the pressure with.in the 

reaction vesse1 is 10-J to 760 Torr. and the DMAH part1a1 

pressure is 1.5 ~ 10-s to 1.3 x io-3-fold of the pressure 

within the reaction vease1, whereby a s~ficiently 1arge 

deposition rate aa the Al-Si deposition technique for 

ul.tra-LSI oan be obta.ined. 

More preferably, the substrate temperature is 

15 270 •c to 350 •c. an~ the u .. si filln deposited under 

20 

25 

the condition is also strongly orientatable~ and the 

A1-Si film on an Si single crystalline or Si po1y­

crystal1ine substrate becomes an Al-Si film of good 

qua1ity without generation of hillock, spike even when 

subjected to heat treatment at 450 •c for one hour .. 

A1so. such A1-Si film is excellent in e1ectromigration· 

resistance. : 

The surf ace modification atep here is to form 

an extreme1y thin film or nucleus of Ti, Si. etc. which 

is electron donat~ve onto· the non-e1ectron don~tive 

surface by ~eeding a gas of Ticl4 • Si2H6, siH4 • SiCl4 , 

S1HC13 , s~2ci2 , etc. Specifically. by feeding TiCl.4 , 

fiJ038 
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.. 
temperature as during deposition o:f A1 or Al-Si under 

• 
a partia1 pressure of 10-4 to l To~r, the non-e.l.ectron 

donative surface becomes an e1ectron donative surface 

practical1y e££ective1y, whereby deposition as shown 

in Fig. 4F _beoomes possibl.e. An extremely thin film 

of a metal which is e1ectron donative may be al.so_ fo%med 

on the non-el.ectron donative surface. 

As the surface modification step, there is, 

10 for examp1e. the method by use of charged partic1es 

such as plasma, etc. ut:Ll:i.zing the deposited .ril..m 

fo:cmat:lon device shown in l'ig. s.· Hat, the b..asic 

f .il.m formation procedure of au embodiment ut:l.1;Lz.1Dg 

this surf ace modification s~ep is described. 

IS 

20 

Fig. 5 is a schemat:i.c view showing an exampl.e 

of the deposited film formation device to w~ch tbe 

present inveutio1' is applicabl.a. The difference from 

Fig. 2 is provision of the electrode 16 as the plasma 

forming means. 

The el.ectrod.e 16 is used when gene.rating a 

plasma for effecting surface mo41fication. A high 

frequency" of c:a. 13. 6 MHz is applied . from the power 

source 14 on the el.ect.rode 16 to form a pl.asma. 

When a pl.a~ is employed. Ar or H2 plasma 

25 can be- employed, and an a2 plasma wherein re.active 

particles such aa hydrogen ion, hydrogen •adicals, 

etc. exi•t i~ preferabl.e. Surfaee modification is 

lil040 
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1 possible under a :r:eact~on tube pressure of 0.1 to 5 

Torr, and a plasma power of 0.1 to 1 Wtcm3 • De$irab1yr .. 
3 it is 0.2 to D.5 W/cm • 

Sy feeding the above-mentioned TiCltr Si2H6, 

5 SiH4 r Sici4 • SiHC13 r SiH2cl2 ot the same substrate 

temperature as during deposition of A1 or AJ.-si under 

. a partia1 pressure o~ 10-4 to 1 Torr~ the non-eiectron 

donative surface becomes an el.ectron donat~ve sUJ:face 

practical.1y effective1y; whereby deposition BS ahoWn 

10 ~n Fig. 4E becomes possib1e. 

When DMAH. + H2 is used for fo:cmation of an extremel.y 

thin film 0£ a metal whi.ch is el.ectron donati~e on a 

non-e1eotron donative surface. carbon wil.1~be mixed 

therein, but it 1.s also possible to v.sf;t the matlmd i.n 

15 which the substrate temperature~ is e1evated momentarily 

to a temperature 0£ 450 •c or higher. 

20 

Fig. 6 ~s a schematic view.of the device which 

can form an Al-C extremely thi~ film or nu-c.leus by 

heating momentarily the su~strate temperature to a 

substrate temperature of 450 •c to 550 •c·onJ.y during 

surface modification step, for example. so as to obtain 

a tempera'ture elevation of 100 •c/min. /and ·feeding 

DMAH and·H2• 'l'he portions Mving the same function 

as in Fig. 6 are affixed with the same numerals. 21 

25 .is a l.i.ght transmissi.ve windoW, which is a glass made 

of quartz. 22 is a l.amp for momentaril.y heating. Xe 

lamp. Hg-lie 1amp, W lamp moy be empJ.oyed. Laser. etc. 

li!OU 

This Sheet Has B 

l/11111111111 iinr 



L Hl::L;.t;tYl::U litil::/t:t: kt~: lb l~~b fU ::.~~ldb~'t t'AloiE 'tZ (PRU'UEU t'fH:ir; 't~J J 

'98 02/22 10:21 '103 3211 5035 OKABE TOKYO-Z ~~~ DREW 

.. 

46 

l may be also employed, but a l.amp is p~e~erable for uniform 

and momentaril:y.heating. 

5 

The substrate is conveyed in the vertical di.rect~on 

to the paper surface (conveying chmnber not shown). 

In the surface mod.ifica~ion step, there is 

a1so the method in which DMAH mo1ecu1es or H2 molecuies 

are excited end decomposed by use of a plasma into 

eleci:ron donative molecules to fo:tm a nucleus or 

extreme1y thin layer of Ai or Al-Si onto tbe non-

IO electron donative substrate surface. P~g. 7 is a 

schematic view showing an exanrp1e of the deposited 

film £o:cnation device to which. tbe present i.nv,ention 

i.a applicabl.e. 

The diff~rence from F~g. 5 is tbe point that 

15 earth e1ectrodes 16' and 16• are provided in adClition. 

to the exc~tation electrode 16 as the plasma generotion 

el.ectrode. During the surf ace modification step, a 

p1asma is formed by applying a h1gh frequency pow.er 

25 

. . 
of ca. 13.56 MHz on the e1ectrode 16. Since the 

excitation e1ectrode 16 is sandwiched between the 

earth e1ectrodes 16' and 16•. the electriC.:.l.i~e,of 

~orce terminates at the ea.rth electrodes 16' and 16", 

whereby the plasma wi11 not cont~ct the aubstrete l. 

After se1ective1y deposit~ng A1 or A1-Si on the e1ectron 

donat~ve surf ace on the substrate having the e1ectron 

donative surface and the non-e1ectron donative $urface. 

a plagma~is generated while fee4ing DMAH and H2 or DMAH. 
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1 H2 and Si2H6 as such. In the pl.asma, DMAH is excited 

and decomposed to begome e1eotron donat~ve molecules 
' 

to £ol!'lll mi Al or ll-S.i nucl.eus of extremely thin film 

onto the non-eiectron donative surface. After fonna-

5 tion of Al nucleus, plasma ~s stopped and deposition 

is continued. 

Since the partial pressure of DMAH during_ Al 
-3 deposition is ~t most 5 x 10 -fold relative to the 

reactive gas H2 , the properties of the plasma are 

10 e.xtreme1y sim11ar to those of s 2 plasma. If the 

pl.asma power is great# DMAH wil.l be more excJ.ted and 

decomposed than necessary, whereby carbon wi1l.be 

mixed in the Al or .Al.-S~ %0.rmed in the.surface 

naodi£icati.on step. On the other haild, if the p1as• 

15 p01rer is too sinall, no .DMAH is excited and decompolliled, 

whereby no nucleus or e~tremely thin film of Al or 

A1-Si is forined. When Ar 1s employed as the carrier 

gas. carbon is mixed in the nucleus or extremel.y thin 

f.ilm of Al or Al-Si farmed in the surface modification 

20 step, and therefore it is desirab1e to use H2 aa the 

carrier gas. The reaction tube pressure du.ring surface 

modification may be 0.1 to S Torr, the appl..ied p1asma 

power 0.02 to 0.4 W/cm3 in the device shown in Fig. 

25 

5. and the surface modification time 10 sec. or longer. 

At an applied plasma force of ca. 0.02 WJcm3 

or l.ower. no Al or Al.-Si nucleus or extremel.y. thin 

film canJ.be formed to effect no surface modificat.ton. 

!iOU 
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l The p1asma force for surface modification should.be 

des:trab1y 0 .. 02 to 0.06 W/QR3• After modi~i.eation 

of.the non-e1ectron donat~ve aurface, Al is deposited 

:non-se1ective1y on the a1ectron donative surface and 

~ the non-electron donative surface. At this time, no 

carbon is detected at the interface between the Al. or 

Al-Si selectively deposited and the Al. or Al-Si n~n­

sel.ective1y depasited. 

After the surface JtiOdi~icat~on step, deposition 

10 may be al.so continued without stopping 0£ p1asma. The 

Al. or Al-Si film quality depos1.ted by appl.ic:cstion of 

plasma aa such is found to be substanti.al1y of the 

same kind as the deposited without appl.ication of 

plasma. However, since it is slightly iDf~ior i.n 

15 

. 
surface flatness, it is desirable to apply p1asma 

only during surf ace modification. The plasma power 

·· ~: density applied during surface modification is smaller 

20 

25 

than the plasma power used J.n general plasma CVD ox 

reactive ion etching, and substant~al1y no deposited 

product onto the reaction tube surface wili be £0.z:med. 

In the device shown in Fig. 7, a high frequency 

power source of 13.56 MHZ is used for p~asma generation, 

but discharging of direct current or frequency for 

COlM'lercia1 use or microwave (e.g. 2.45 GHz) may be 

also used. 

However. for direct current discharging, 

electrodes must be provided within the :c-eact~on chambe~. 

iiif iBtUIDnr 

• 
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1 The p1asma force for surf ace anodification shou1d be 

desirab1y 0.02 to 0.06 W/an3• After modification .. 
of.the aon-el.ectron aonat~ve surface, A1 is deposited 

non-se1ectively on the e.lectron donat.ive surface and 

~ the non-el.ect:ron donative surface. A.t t:his time, no 

carbon is detected at the interface between tbe Al or 

Al.-Si se1ectively deposited and the Al or Al-Si n~n­

selective1y deposited. 

After the surface mod~ication step, deposition 

10 may be a1so continued without stopping of plasma. The 

Al or Al-Si film qual:1ty depos.1ted by application of 

pl.aama as such i.s found to be substantJ.all.Y of the 

same k~d as the depoaited without application of 

plasma. However, since it is slightly illf~ior i.n 

15 surface £1atness, it is deairab1e to apply p1aama 

only dUX"ing surface modification. The pl~sma power 

·· ··: density applied during surface modificat:ion. .is sma1ler 

than the plasma power used ·in genera1 p1asma CVD o.r 

reactive ~on etching. and substmitia11y no deposited 

20 

25 

product onto the reaction tube sur£ace wili be fo::med. 

In the device shown in Fig. 7, a high frequency 

power source of 13.56 MHZ is used for plasma generation, 

but discharging of direct current or frequency for 

commercia1 use or microwave (e.g. 2.45 GHz) may be 

also used. 

However. for direct current dischargingr 

electrod9s must be provided within the z;eaction chamber. 
~ 
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l on the other hand, when microwave is employed, ·a waveguide 

is required. Therefore. if simplification of the device 

constitut~on is desired. uti1ization of high £requency 

of 13.56 MHz which requires on1y provision of externai 

5 e1ectrodes is preferab1a. 

The film obtained by the Al. or Al-Si fil.m 

formation method based on the present invention hfls 

such Characteristics that it is dense. the content of 

impurities such as carbon. etc. is also extreme1y smal.J., 

10 the resistivity is siinil.ar to that of bu1k, and al.so 

15 

20 

it has big:b surface flatness. Additional1y, it bas 

the marked effecta as showu beiowa 

( 1) .reduction of hil1ock generation during 

heat treatment, 

portion, 

(2) ·improvement of electromigration resistance, 

(3) reduction of alloy pit at the contact 

(4) improvement of wi.ring patterning characte-

ristic through surface smoothness ilbpro~einent. 

(5) improvement of resistance within via-hoie 

and contact resistance, 

( ·6) lowered temperature of heat trea.tl:ment 

during wiring step. 

According to the method shown by the presen1: 

25 invention. ·even on a substrate in which an e1ectron 

donative mater~a1 and a non-eiectX"On donative material 

.are incl..)Jded the.rein having an unevenness of \Im· order, 
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so 

1 sub-mi.c:ron order. first e deposited film can be foxmed 

sel.eotive1y at the concav~ty. and thereafter a uniform 

. . 

5 

~ . 
A1 f~l.m can be fox-med on the whole substrate surface 

within the same film forming device • 

In the.muJ.ti-1ayer wir.ing ~o:cmation step of 

uitra-LSI. reduction of film thickness of the metal 

thin fil.in at the U11even portion lowers reliabi1it? of 

tbe wiring fo.aoation step. ~ut accordi.ng to the Al film 

or Al-Si film deposition method of the present invention, 

10 there is no film tbicknesa .reduc:tion, etc. at the uneven 
,. 

po.rt.ion, whereby Al.,, Al.-Si film of high rellabj,llt.Y 

can ba formed. 

In the sputtering .method of the prior art, 

because film fo.r:mati0n onto uneven portion·can be done 

15 with ClifficuJ.ty, et the opening c:r:oss-eectionaJ. portion 

of an iasu:lating film, the step of forming a s1ope 

~·) ·according to sucb • method aa ref1ow l:>y high temperature 

20 

25 

heat treatment·has been required. 

Howeverr provision of o s1ope onto the opening 

requires unneceasarY area. which is a step contradictory 

to fine formation technique. 

According to the present invent~on, the cross-

section embed A1 or A1-Si is embedded in via-hole whose 

cross-section is vertical. end al.so the Al fil.m formed 

there~fter is exceiient in f1atnes•, and therefore the 

present method is ideal as the wiring metal deposition 

of finelJ formed ultra-LSI. 
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1 Example 1 

5 

10 

The procedure of Al :fil.m formation was as 

described be1ow. 

By use of the device shown in Fig. 2, the reaction 

tube 2 was intexnally evacuated to ca. 1 x io-8 Torr 

by an evacuation equipmellt 9. However. film fo%'1Dation 

of A1 was possib1e, evan if the·vacuum degree witJiin 

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

After washing of Si wafer. Si wafer was mounted 

in the conveying chamber 10 by re1easing the conveying 

chamber 10 to atmospheric pressure. After evacuation 

-6 of the conveying chamber to ca. 1x10 Torr,. the 

ga~e valve 13 was apened ana the.wafer was mounted on 

the wafer bo1der 3 • 

. After the wafer was mounted on the wafer boJ.der 

3. the gate valve 13 was e1os~. and the reaction chamber 

2 was evacuated to a vacuum degree of ca. 1 x 10-8 !rerr .. 

In this Bxamp1e, DMAH was fed thrOugh the first 

gas 1ine. As the carrier gas th-n:>ugh the DMAH 11ne, 

20 a 2 was employed. The second gas iine was for a2
• 

25 

By permitting H2 to f1ow through the second 

gas 1ine,.the opening of the s1ow 1eak va1ve 8 was 

controlled to adjust the pressure within the reaction 

~ube 2 to a predetennined value. A typical pressure 
I 

in this Example was made ca. 1.5 Torr. Then, the 

water was heated by current passage through the heater 

4. Afte' the wofer temperature has reached a predetermined 

This Sheet Has B . . . 
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1 temperature, DMAH was .introduced into the reaction tube 

-·-

through the DMAH line. The total. pressure was ca. ·1.s 
-4 Torr, and the DMAH pressure was made ca .. 1.5 x 10 

Torr. When·DMAH was introducea into the reaction tube 

5 2. A1 was deposited. 

After el.apse of a predete:rmined deposition 

time. feed:lng of .DMAH was once ·stopped. The pre~eter­

mined deposition tillle of the first Al film deposited 

in this process was the time until the thickness of 

10 the A1 film on 61 becomes equal to the film thickness 

15 

20 

.. 
of s~o2 • This time, if the deposition rate was previously 

calculated, can be determined by the method. iJJ wbich 

the deposition time wes set on the basis of the data. 

llhil.e mainta.:1 ni ng conatant1y the substrate 

temperature, T~ci4 was introduced into the reaction 

vessel 2. The ti.ma £or introduci.ng TiCJ.4 was ca. 10 

minutes. The step of .introducing TiC14 was the surface 

modification step. Feeding of T.:l.C14 was .stopped, and 

again DMAH was fed. 8y feeding of DMAHr A1 was 

depos.ited on the A1 film already deposited and the 

sio2 ~ilm. After elapse of a predetermined deposition 

timer feeding of DMAH was stopped. The Al film deposited 

in this process was cal1ed the second Al f 1lm. 

In the above-described samp1e, in a temperatlll:e 

range of 160 •c to 450 •c, in the first Al film deposi-

tion step, no Al was depos~ted on Sio2 , but Al with 

the sa~ £ilm thickness as Sio2 was deposi t:ed on1y 
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l at the portion where Si was exposed; whiie ia the second 

A1 film deposition step, Al. was deposited at substantia11y 

the same deposition rate on the first Al. film and sio2• 

Next, heati)lg by the heate:r 4 was stopped to cool the 

5 wafer. After feeding of H2 gas was stopped and the 

~eaction vessel internally evacuated, .the wafer was 

eoDveyed to the conveying chamber, and on1y the C?D­

veying chamber was made atmospheric, and then the 

wafer was taken out. 'rhe out1ine of the Al.film 

10 formation was as described ebove • 
• 

Next, the samp1e of whi.ch f~lm was fOX'Dled 

according to this Example is described. 

AD Si substrate (11 type, 1 to 2 n an) was 

subjected to the::tlQ81. oxidation at a temperature of 

15 1000 •c acco::rding to the hyQJ:ogen combustion system 

(H2 : 4 liter/H, o2 : 2 liter/M). 
• 

The film thickness was found to be ~000 A !. 
•• 500 .A, and the refractive index 1.46. A photoresist 

was coated on the who1e surface of the Si substrate, 

20 and a pattern as described be1ow was baked by an 

exposure macJU.ne. Said pat.tern was such that various 

pores of '0.25 l1 m x 0.25 µ rn to 100 µ m :1t ·1001J m were 

opened. After developing of the photoresist, the 

subbing sio2 was etched by react~on ion etching {RIB), 

25 etc. with the phot~resist as the mask to have paxtially 

the substrate Si exposed. Thus, 130 sheets of smnp1es 

having peres of SiO~ w~th various sizes of 0.25 um x ... 



----- ~~CEIVED B2/2Z 89:19 1996 AT 533869~ PAGE SB CPRIHTED PAGE 58) l 
'98 02122 10:24 tl'~3 3211 5035 OKABE TOia'0-2 ~++DREW 

...... 
'• 
l 

54 

1 0.25 µm to 100 µm x 100 1JIR were p~epared. 

5 

10 

15 

20 

25 

And. by setting the substrate temperoture at 

13 levels, Al was deposited according to the procedure 

as described aboite for 10 sheets of sam,pies at the 

respeot~ve substrate temperatures. 

'l'he respective conditions for the first A1 

film deposition step, the surface modification st~p 

and the second Al. film deposition step were made as 

follows: 

during the first Al. film deposition step, 

tota1 pressure 1.5 Torr 

DMAH partial pressure 1.-5 z 10-4 

during s~aae moclification step, 

TiC14 ~a1 pressure 0.1 To:rr 

during the second Al film deposition step, 

total pressure 1.5 'l'orx 

DMAH partial pressure 1.5 x 10-4 

Torr 

Torr 

The Al films deposited by varying the substrate 

temperature at 13 leveis were eva1uated by use of various 

evaluation methods. The results are shown in Table 1. 

-
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In the above sampies, at a tesnperGture remge of 

160 •c to 450 •c. Al. was depos.ited in the first Al. c!eposi­

tion step seiect~veiy on1y at the Si exposed_portion 

with the same thickness as Si02• This film was found 

s to be a singl.e crystal. ~her. in the second Al. 

deposition step, Al was deposited at· the same deposi­

t~on rate on both of_ the Sio2 surf ace and the Al ~il.m 

deposited in the first deposition step. 

Both of the Al film se1ectively deposi.ted_on 

10 Si and the Al fil.JD deposited on Sio2 after tba surface 

moclif.icat:ion step were of good quali.ty with respect 

to resistivity, refl.ectance. h:l..ll.ock generat:ion densi.ty 

after the heat treatment step, etc .. 

Al.so, substanti.aJ.J.y no increase of ·resistance 

15 occurred at the hte.r£ace between the £irst A1 fillit 

and the second Al film • 

Even when the Tici4 partia1 pressure was varied 

from o.os to o.5 Torr~ there was substantially no difference 

in depos.ition rate end the film qua.11.ty of A1 fi1m. 

20 Exanlp1e 2 

25 

According to the same procedure as 1.n. Example 

1, A1 film was deposited by introducing·Si2H6 at a 

partial pressure of 0.1 to 50 Torr in place of TiC14 
dur~ng the surface modification etep. 

In the first A1 deposition step, only at the 

Si e~poaed portion. Al. fiJ.tn with the same thickness 

as Sio2 was~epoaited. and when the substrate temperature 

QiO!U 
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1 during the surface modification step of 200 •c to 450 

5 

~ 

•c and the si2H6 partial pressure of 0.1 to SO To~r, 

in the second A1 deposition_ step, Al was deposited at 

the same deposition rate both on Sio2 and on the first 

Al film. 

The fi1m qua1ity of the A1 fil.m deposited was 

found to be good simi1ar1y as in Bxamp1e 1. 

Example J 

Aceording to the same procedure as i.n Example 

10 1, Al film was deposited by i.ntroducing S.icl.4 • S1HC13 

or Si.B2C12 at a partial. pressure of 0.1 to 50 Torr in 

place 0£ TiC14 during the surface modification.step • 

. Zn the ,first A1 deposit.ion step, oDJ.y at the 

Si exposed portion, Al film with the same thickness 

15 as s.to2 wes deposited, end tirhen the substrate teaaperature 

during the surface modification step was 200 •c to 450 

:~) •c and the partial pressure of Sici4 , SiHCl3 or SiH2ci2 

of 0.1 to 50 Tor.r, i~ the second Al deposition step. 

20 

Al was deposited at the same deposition rate both on 

s:t-o2 and on the £irst ll film. 

The fi1m quality of the Al film deposited was 

found to be good aimi1a~1y as in Bxamp1e 1. 

ExampJ.e 4 

According to the same procedure as in Examples 

2$ 1. 2 and 3 except for using Ar in place of n2 as the 

carrier gas, Al was deposited on the Si substrate with 

the pattQJned Sio2 thin f ilsn. The preparation method 

. aos2 
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1 of the substrate was the same as that shown in Example 

1. The deposited ll films a11 gave tbe same resul.ts 

5 

10 

15 

20 

25 

• 
as in Examples 1, 2 and 3. 

Example 5 

A1 films were formed on the substrates with 

the constitutions as described beiow (Samples 5-1 to 

5-179) by means of the l.ow pX"essure CVD device shown 

in Pig. 3. 

Preparation of Sam2le 5-1 

On a single czystal1ine silicon as the first 

substrate surface materia1 which wos e1ectron.d~native, 

a thermal.l.y oxidized Si02 film as the second spbstrate 

surface material. which was non-el.ectron donative was 

formed, foll.owed by patterning according to the plloto-

1ith0graphic steps as shown .in BxmilPl.e 1, to have the 

single C%'J'Stal.1ine ail.icon surface part.ial.ly exposed. 

The film thickness o~ the therma.11.:y ox.i.dized 
• Sio2 film was found to be 7000 A, and the size of the 

exposed portion, namel.y the opening 0£ the single 

c:cystal1ine si1icon.3 Pm x 3 Pm. Thus. Sampie 5-1 was 

prepared. (Hereinafter such sample was represented 

as "thermal.J.:y oxidized si.o2 (herei11afte.i: abbreviated 

as T-Si02)/single cryatall.ine si1icon•). 

Preparation of Sample$ 5-2 to 5-179 

Sampl.e 5-2 was an oxidized fi1m formed by 

normal pressure CVD (here~nafter abbreviated as Si02 )/ 
• •.r;. 

single c~talline silicon: 

li!053 
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Sampl.e S-3 was a boron doped. oxidized film 

formed by norma1 pressure CVD (nereinafter abbreviated 

as BSG)/single crystalline silicon: 

sampl.e 5-4 was a phosphorus doped oxidiaed film 

fOZ'llled by norma1 pressure CVD (hereinafter abbreviated 

as PSG)/singl.e ci:ystalline sili~on; 

Sample 5-5 was a phosphorus and boron doped 

oxidized film formed by normal pressure CVD (hereinafer 

abbreviated as BSPG)/a.ingl.e crysta1 ail.icon: 

Sample ~-6 was a nitrified film formed by 

pl.asina CVD (hereinafter abbreviated as P-SiN)/si.ngle 

crysta11ine silicon: 

Sampl.e S-7 was a thermal.l.y n:i.tr.i.fi.ed. :fi1m 

(hereinafter abbreviated as ~-SiN)/single si1icon1 

Samp1e s-a was a DitJ:ified £ilm formed by 
J.ow pressure DCVD (hereinafter abbreviated as LP•SiN)/ 

sing1e crystall.~ne ail.icon' 

Seinp1e S-9 was a nitrified film fCll1Ded by ECB 

device (hereinafter a.bbrev2.ated as ECR-SiN)/single 

crysta11ine silicon: 

Further. according to combinations of the first 

substrate·surface materiai which was electro~ donative 

and the second substrate surface material. which was 

non-electron donative, Samp1es 5-11 to 5-179 shown in 

25 Tab1e 2 were prepared. 

i!OH 
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5 

In Tabl.e 2, as the first substrate surface 

material were employed sing1e cxysta11ine silicon 
.. 

(single cryata1l.ine S.i), pol.ycrysta1l.ine si.l.icon 

(pol.ycrystalline Si), amorphous silicon (amorphous Si), 

tungsten (W), paol.:ybdenum {Mo), tan-ta1um (Ta), tungsten 

si1icide (WSi), titanium silicide (TiSi)r oluminum 

(A1}, aluminum$il.i~on (Al-Si),, titaniumaluminum (~­

Ti). titani.wn nitride (Ti-N). copper (CU), al.wninum­

siliconcO_Pper (Al.-Si-Cu), a1uminumpa11adi.um (.AJ.-Pd), 

10 titanium (Ti), molybdenum sil.icide (Mo-Si), tantalum 

15 

20 

25 

silicide (Ta-Si). ~hese semp1es ~er• p1aced in the 

J.ow pressure CVD device, and ll films were foD.Ded 

within the same batch. Al. was deposi~ed uncler tbe 

foil.owing deposition conditions: 

during the first Al. film foniation step, 

reaction tube pressure: 0.3 Torr· 

DMAH partial. pressure: 3 x 10-5 Torr 

substrate temperature: 300 •c 

during surf ace modification step, 

Ti.Cl.4 partiai pressure; 0.4 Torr 

during the second A1 film formation stept 

reaction tube pressure: : 0.3 Torr 

DMAH partia1.pressu.re: 3 ::ic 10-5 Torr 

Substrate temperature: 300 ·c 

Under the above conditions, in the first Al 

deposition step. no A1 was deposited.on the non-electron 

danative~urface, but Al with the same thickness as the 

This Sheet Has Been R 
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1 non-electron donative film was deposited only at the 

portion where the e1ectron donative surface was exposed • .. 
whi.1e i.n the second Al f.i1m deposition step after the 

surfaoe modi.fiaation step, A1 was deposited at sub-

5 atantially the same deposi.tion rate on the fust Al. 

film and ~he non-electron donative surface. 

The fi1m quality of the :Al film deposited was 

found to be very good. exhibiting the same prope:r:ties 

0£ that at the substrate temperature 300 •c shown in 

io Example 1. 

Example 6 

Accord:l.ng to the same procedure as in Exampl.e 

s. Al. film was deposited by introdud.ng Si.2B6 at a 

partia1 pressure of 0.1_ to 50 ~orr in p1ace of TiCl.4 
·15 during the :surf ace 1110cli£ication · step. 

20 

25 

When the substrate temperature during the 

surface modification step of 200 •c to 400 •c and the 

s~2H6 partial pressure of O.l to 50 To:r:r, in the second 

Al. deposition step. Al was deposited at the same deposi-

tion rate both on the f1rst Al. £ilm and o~ the non-

electron donative materia1. 

Tlie film qua1ity of the Al fiJ.m=depos1ted was 

found to be good eimi1ar1y aa in Examp~~- l. 

Examt>le 7 

According to the same procedure as in Exe.mp.le 

5, A1 film was deposited by introduc~ng SiCl4 , SiBC13 

or siH2ci..z at a partial pressure of O.l to 50 Torr in 

ii1il1iiflf 

lil058 
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1 p1ace of Tic14 during the surface mo4i!1cation step. 

.. In the first A1.deposition step, on1y at the • 

electron donative materia1 exposed portion, Al film 

= with the same thickneae as tha· non-el.ect:r:Oll donative 

fi material was deposited, and when the substrate temperature 

during the surface modification step of 200 •c to 450 

•c and the partial pressure of Sic14 • SiHC13 or s~2c12 

of 0.1 to 50 Torr, in the second Al. deposition step, 

A1 was deposited at the aame deposition rate both on 

lO the non-electron donat~ve material and on the first 

15 

20 

25 

A1 film. 

The fi.J.m quality of the Al. fj,J.m deposited. was 

found to be good similar1y as in BxanQ;>le .1. 

Example 8 

According to the same precedure as in Examp1e 

1, Al. deposition was c•~ried out by use of MMAH2 in 

place of DMAH in the first Al deposition step and"the 

second A1 deposition step. 

The deposition conditions and the surface 

modification step were as follows~ 

during the first Al film formation step, 

reaction tube pressure: 

MMAB2 partial pressure: 

during surface modification step, 

TiCl.4 partia1 pressure: 

l.S Torr 

5 x io-4 Torr 

0.1 Torr 

during the second Al film formation step: 

reaction tube pressure: 1.5 Torr 

li!057 
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MMAH2 partial pressu~e: 5 x 10-4 Torr 

In the aboVe semples, within a temperature range 
.. 

of 160 •c to 400 •c. Al was deposited with.the same 

thickness as s102 se1ectively at only the 51 exposed 

portion in the first A1 deposition ~tep, while in the 

second Al. deposition step, Al. was deposited at the 

same deposition rate on both the s~o2 surface and _the 

Al film d~posited in the first deposition.~·step. 

The· same results were also obtained when Si2H6 , 

10 Sici4• SiBCl3 or SiB2c12 was fed at a partial. pressure 

15 

.. 
of 0.1 to 50 TOrr in place of TiC14 during the surface 

modi.~ication step. 

Ex!!!!pl.e 9 

By use of the device in Pig. 4, Al.·de-pos:i.tJ.on . 
was carried. out. The device in Fig. 4 was a device 

shown in Fig. 2 which was provided with the electrode 

• •1 13 for plasma generation nnd the power source 14: for 

2() 

25 

p1asma generotion. When high frequency power was 

opplied on the p1asma generation e1ectro4e 13 from 

the power source 14, a plasma (shown by broken 1ine) 

was ganerated within the reaction tube 2. 

According to the same procedure·as in EXampie 

l. the surface modification was carried out only under 

the conditions of the surface modification step of: 

~ total pressure: 1.0 Torr 

p1asma power: 0_-3 W/cm3 

to effect~ Al deposition. The substrate empl.oyed was 

li!OS8 
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l the Si wafer with the patterned sio2 'thi.n film prepared 

according to the aeme procedure as shown in ~l.e~ 

5 

• 
1. 

At a temperature range of 160 •c to 450 •c. 

in the first Al deposition step, Al was depos~ted with 

the same th.icknesg as Sio2 sel.eetively onl.y at the Si 

exposed portion, while in the second Al depositio~ 

step, Al was depos~ted at the same deposition :ate 

both on the Sio2 surface and on the Al film deposited 

1o in·the first depos~tion step. 

There was no differenae in fil.m qual~tf w~th 

respect to resistivity • .reflectoncew hi1lock generat~on 

density a~ter the heat tnatment step, etc. between 

the ll :film se1ectivel.y daposite4 and the Al. :film 

15 deposi tecl on si02 after tbe aurfoce moclificet~n step. 

Also. no increase of resistance occurred at 

the interface between the first Al film and the second 

Al film. 

Even when the cond:l.tions in the surface 

20 modification step were varied with H2 pressure from 

0.1 to 2 Torr and the p1asma power from 0.2 to 1 W/cm3, 

there was· no difference in deposition rate and f il111 

q:ua1ity of the AJ. film. 

Exam21e 10 
. 

25 Sy use of the device shown in Fig. s. Al 

deposition was carried out. In the device in F.ig. 5, 

the subssrate 1 can be heated by a heater 4. and can 

~is $beet Has Been .. 
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1 be heated by a lamp 22 to further higher temperature. 

5 

For the l.amp, Xe lamp was used. 21 was G light ~ads­

missive window, which was made of quartz. 

In Fig. 5. the c::onveying chamber was mounted 

in the vertical. direction to the paper surface (not 

sbown). The deposition procedure was as described be1ow. 

· The substrate hol.der was mounted on the wafer 

holder 3, H2 gas was introduced under a pressure 0£ 

1.5 Torr into the reac1:1.on vesse.l 2,. and then heated 

10 by current passage t~gb the heater 4. After it 

became a predetermined temperature, DMAH was int:coduced 

into the reaction veasei 2 to form n first Al film. 

After elapse of a predet~ned deposition 

'time,. feeding onl.y of DMAH was stopped. The wafer was 

15 quiClc.ly heated by the lcrq> 22. After 1:he substrate 

surface temperature became 500 •c. again DMAH was 
I 

introduced into the react~on vessel ~or 0.1 to 5 minutes. 

Aga~n feeding of .DKAH w~s stopped. the J.amp 22 extinguished 

and the substrate temperature dropped to a predeteJ:IDined. 

20 temperature .. 

The surface modification step was as descr~bed 

above, and thereafter ago:in DMAJl was introduced to depos~t 

a second Al. film. After completion of a predetermined 

deposi~ion tiroe, feeding of DMAH was stopped and ~lso 

25 current passage thorugh the heater was stopped, followed 

by cooling. 

~ film was deposited under the fol1ow:Lng conditions: 

This Sheet Has Been Re laced 
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during the first Al. film formation step, 

total pressure 1.5 Torr 

DMAH partial pressure 

during the surface modificat~on step, 

substrate temperature 

total pressure 

DMAH partial pressure 

soo •c 
1.5 Tox-r 

1.5 x 10~~ Torr 

during the second Al. film formation, 

total pressure l.S Torr 

DMAH partial pressuxe 1.5 x io-4 'l!orr. .. 
The substrate empl.oyecl waa an Si wa£er wi.th 

the patterned Si.02 thin f.:Um used iD Example 1~ 

At a . temperature range o:r 160 •c to 4.50 •c.,, 

in the first Al deposition step, A1 waa deposited with . 
15 the saine thickness as sio2 sel.ec:tively only at the Si 

exposed portion, while in the seeond Al. depos:it.ion step,. 

Al was depasited at the same deposition rate both on 

the Sio2 surface and oo. the Al film deposited in the 

first deposition step. 

20 By SIMS analysis, etc •• presence of C was con-

firmed on1y at the interf aee between the first A1 film 

and the second Al fi1m, but there was no increaee of 

resi$tance a~ the interface between the first Al film 

and the second Al fi.l.m. The film quality of the 

depos~teq A1 film was· found to be subatantiaiiy the 

. same as in Table l. 

laJ081 
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1 E"ampl.e 11 

: 

6 

10 

15 

20 

According to the same procedure as in EXamPle 

1. s12H6 was added through the third gas li~e during 

transportation of DMAH to 'the reaction tube. and A1-

Si deposition waa carriea out. 

The respective conditions for the first A1-Si 

film deposition step, the surface modi~ication s~ep 

and the second Al-Si fill'll deposit~on step were made 

as follows: 

during the f.1.rst A1-Si film depasition step, 

total pressure 1.5 Torr 

DMAH pert:.1al. pressure l.S x. io-4 ~orr 

2 x 10-6 '!'err 

during the aurfaae modification step, 

TiC14 partiai pressure 0.1 Torr 

during the second Al-Si film deposition step • 

total pressure 1.5 Torr 

DMAH partia1 pressure 1.5 x io-:4 Torr 

Si2H6 partia1 pressure 2 :x 10-6 
'l'o:r:r 

At a temperature range of 160 •c to 450 •c. 

Al-Si was deposited in the first A1 deposition step 

seleetively on1y at the Si exposed portion with the 

same thicltn.ess ea .sio2 _. while in the second Al deposi­

tion step. A1-Si was depos1ted at the same deposition 

25 rate on both of the Sio2 surf ace and the Al-Si film 

deposited in the fust deposition step. 

~Both of the Al.-Si film se1ectively deposited 
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l on Si and the Al-Si film deposited on Sio2 after the 

surface modificat~on step were not cllt!eren~ in filni' 

qua1ity w1th respect to resistivity, reflectance, 

hill.eek generation dens~ty after the heat treatment 

5 step, etc. 

Also, substantially no increase of resistance 

occurred at the.interface between the first Al-Si film 

and the second A1•Si film. 

Even when the 7iCl.4 partia1 pressure was var~ed 

10 from 0.05 to o.s Torr, there was substanti.ally no 

difference in deposition rate, the film czual.ity of Al­

Si film. 

Examp1e 12 

According to the same procedure as·in Examp1e 

15 11, Al-Si film was deposited by .introducing s:1.2a 6 , SiC.14 , 

SiHC13 or siH2c12 at a total pressure of 0.1 to 50 Torr 

in p1ace 0£ ~ici4 dur.ing the surface modification step. 

20 

2S 

The respective conditions for the first Al.-Si 

film deposition step. the surface modification step 

and the second Al-S~ film deposition step were as fo11ows: 

during the first A1-Si film formation step, 

total pressure 

DMAH partial pressure 

si2H6 partial pressure 

:i.5 Torr 

1.5 x 10-4 Torr 

2 x 10-6 Torr 

durillg the surface modification step, 

partial pressure of Si2H6 , SiC14 , SiHc13 

0.1 - 50 Torr 

Iii 083 
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dur~ng the second Al.-Si film deposition step. 

total. pressure 

DMAH partial pressure 

si2H6 partial pressure 

1 .. 5 Torr 

1.5 x 10-4 Too: 

2 x 10-6 Torr 

xn the case of using si2H6 in the surf ace 

modification step. Al.-Si was depos~ted in the first 

Al. deposition stpe selectively only at the Si e~sed 

portion with the smne. thickness as · Si02 • a·na -when the 

substrate teng;>erature during the surf ace modification 

10 step was 200 •c to 450 •c, and t~ si2B6 partie1 

15 

. 
pressure was g~eater than the partiai pressure during 

ll-Si deposition as 0.1 to so Torr .. in the second Al 

.deposition step, Al-Si was deposited at the same deposi-

" . tion rate on both of ~ Sio2 surface and -the Al-Si 

film deposited in the :first depgsition step. 

The film quality of the ll-Si film deposited 

was found to be good simila.rl.y as in the case of Bxampl.e 

l. 

On the.other hand, in f:he case 0£ S:LC~4 • SiHC13 

20 .or SiH2ci2• A1-Si was depesited in the f1rst Al depoa~­

tion step selectively only at the Si exposed portion 

. With the same thickness as Si02 r and when the substrata 

tenwerature during the surface modification step was 

200 •c to 450 •c, and the partia1 pressure of sici4 , 

25 SiHC13 or siH2c13 was greater than th~ partia1 pressure 

during A1-Si deposit1on as 0.1 to 50 Torr, in the second 

Al deposjtion step, Al-S~ was deposited at the same 
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1' deposition rate on both 0£ the sio2 surface and the 

5 

10 

15 

25 

Al-Si film deposited in the first deposition step.~ 

The fil.m quality of the A..1.-Si fil.ln deposited 

waa found to be good similarly as in tile case of Example 

1. 

Exampl.e 13 

According to the same procedures as in .Exainp1e 

11 and Example 12r A1-Si films were deposited by varying 

~he Si2H6 partia1 pressure during A1-S1 f~lln deposition. 

The respective conditions for the first Al-Si 

film deposition stepw the $Urface lllOOif.i.cation step 

and the second Al.-si film deposition step were.as 

£o1lows: 

the first Al-Si film formation st~~ 

total pressun 

DMAH partial. pressure 

si2H6 pertiai pressure 

substrate telt\Perature 

the surface modification step, 

1.5 Torr 

l.S x 10-4 Torr 

1.5 x 10-1 -

l x 10-4 Torr 

300 •c 

partia1 pressure of Si2e6 • SiC14 , SiHC13 

or SiH2C~ 0.1·- SO Torr~ or 

partial pressure of Ticl4 0.05 - 0.5.Torr 

substrate temperature 300 •c 

the second A1-Si· film deposition step, 

tota1 pressure l.S Torr 

DMAH partia1 pressure l.S x io-4 Tarr 

Iii 085 
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Si2H6 partia1 pressure 

substrate temperature 

O.OS x 0.5 torr 

300 ·c 

Si2B6 was mede equal dur~g the first Al.-Si 

deposition and du~ing the second Al-Si depos~tion. 

5 I~ either case ot using T~ci4 , Si2s 6• SiC14• 

SiHc13 or SiR2ci2• in the first Al deposition step Al­

Si was depo~ited se1ectiveiy on1y at the Si exposed 

portion wi.tb the sanie thickness aa s102 , and while in 

the second Al-Si deposition step, Al-s~ was depos~ted 

10 at the ~ame depos~tion ~ate on both of the s102 surface 

and the Al.-Si film deposited 1.n the first deposition 

step. 

The Si content (wt.Ii) of the Al-Si film foxmed 

at thJ.s "time waa varied fxom o.oos • to 5 t .in subatantial.l.y . 
16 proportion to the Si2H6 partial pre$sure si1nultaneous1y 

20 

transported with DMAH. 

Exag?J.e 14 

DUl:'ing the first A1-Si -deposition step and the 

second A1-si deposition step of Exampl.e 11 and Rxample 

12. the carrier gas ·for DMAH transport was changed ~.rom 

H2 to Ar. Foll.owing otherwise entire1y the same 

procedure; A1-Si ~as deposited. 

DUring the first A1-Si deposition and during 

the second A1-si deposition. H2 was fed from the second 

25 gas 1ine. 

Sim11ar1y in this Exampie. Al-Si deposited 

films could be foI:med as in Examp1e 11 and EXamp1e 12. 
~ 
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1 !X8Sl.e_l5 

JU.-Si we• deposited according to entirely.the 
• 

same pxocedure as in Examp1e 13 .• except for changing 

-- the carrier gas for DMAH transport from H2 to Ar during 

·5 the first Al-Si deposition step and during the second 

Al-Si depo$ition atep. 

10 

During the first Al-Si deposition and dtiring . . 
the second Al-Si depos~tion, H2 was fed from the aecon4 

gas l.ine. 

Similorl.y in th:l.s Example, AJ.-S:L depoai.ted films . 
cou.lc! be formed aa in Exampl.e 13. 

Examp1e 16 

Acicording to the same ~cedure ea in Exaq>le 

s. ·Bxampie 6 and Example 7, Al-Si. deposition was ~ied 

15 out nth ea.dit:lo11 of ti2H6 in the fU'at AJ.-8:1. film 

deposition step and the aecond Al.-Si depas~t.iou step. 

'rhe deposition conditions were as follows: 

20 

25 

the ~irat Al. film fozmation step, 

reaction tube pressure 

DMAH ~ial pressure 

substrate temperature 

Si2H6 partia1 pressure 

the surface modification step. 

Tici4 partiai preeeure 

si2H6 partial pressure 

Si.C14 partial pressure 

S.iBC13 part~al pressure 

0.3 'l'orr 

3 x 10-S To~ 

300 •c 

l.!5 x 10-6 Torr 

0.05 -· 5 'l'Orr, or· 

0.1 to.SO Tarr. or 

0.1 to 50 TOrr. or 

O.l to 50 Torr, o~ 

ili1ii11~r 
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I SiH2cl2 partial pressure 0.1 to so Torr 

the second Al. film c.\eposition step, 

reaction tube pressure o.J ~Orr 
DMAH partia1 p:r:essu:r:e 3 x 10-5 Torr 

5 si2H6 partial. pressure l x io-6 Torr 

substr~te temperatu:r:e 300 •c 

Under the above conditions. in the first Ai­

Si fi1m depos~tion step, no A1-Si was deposited on the 

non-e1ectron donat~ve surface, but A1-Si was deposited 

10 oiUy at the exposed portion of the eJ.ectroD donative 

surface with the some thickness as the non.-el.ectron 

donative film. whi1e in the second AJ.-Si film deposi­

tion step following the surfaoe mod.ific::at:Lon step, Al.­

SJ. was deposited on both the first Al-Si film and the 

15 non-e1ectrou donative surface et subatential.l.y the same 

deposition rate. 

The film quality of the Al-SJ. film deposited 

was found excel1ent, exbib~t~ng the same properties 

as thoae prepared at the substrate temperature 300 •c 

20 sb.O\m in Exampl.e l. 

Examp1e 17 

According to the same procedure~as in Exampl.e 

1. except for using MMA~2 in place of ~ in the first 

A1-Si depos~tion· •tep and the second A1-Si deposition 

25 step, with Si2H6 fed s~multaneous1y with MMAH2 ·to the 

reaction tube, Al-Si deposition was carried out. 
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l modification step were as fo11ows: 

: 

5 

10 

the first Al-Si film formation step, 

total. preseure 

MMAH2 partial pressure 

S12H6 partia1 pressure 

the surface modification step, 

TiC14 partial pressure 

1.5 Torr 

5 x io-4 Torr 

1 x 10-s Torr 

0.1 Torr 

the second Al.-Si f~l.m deposition step, 

total. pressure 

MMAH2 partial pressure 
• si2B6 partial pressure 

1.5 Torr 

5.z 10-4 Torr 

l x 10-5 Torr 

ID the above sam.p1es, within a temperature range 

of 160 •c to 400 •c, Al~Si was sel.eotive1y deposited 

with the same thi.ckness as sw2 at 0111y the Si exposed 

15 portion in the :first Al.-Si deposition step,. whil.e in 

the second Al-Si deposition step, Al was depos~ted on 

both the S:l.02 slU'face and the Al. fil.ln deposited in the 

first deposition atep at the same deposition rate. 

The same results we~e also ob~ained.when Si2H6 , 

20 sici4 , S:l.Hcl3 or Sia2c12 was fed at a partial pressure 

of 0.1 to 50 Torr in place of Tici4 in the surface 

moaif ication step. 

Example 18 

According to the same procedures as in Example 

25 ll. and Exa.np1e 12. Al-Si was deposited using s~4 in 

place of si2H6 added during t~ansportation of DMAH 

Deposition was carried out at a siH4 partia1 
~ 
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pressure of l x io·5 Torr where DMAB partial pressure 

was 1.s x io-4 Torr • 
.. 

Depos1tiou of Al-Si was found the same aa in 

Example 11 and Bxarap1e 12. 

Examp1e 19 

Accoxding to the same procedure as i.n EXample 

9, Al-Si deposition was carr1ed out transporting ~.t2s6 
concur.rentl.y with the tranapcrtation of DMAH. 

In tbe first Al-Si depos1tion step and the 

10 second Al-Si deposi.tion step, deposit.ion was carried . . 
out under a reaction 1:ube pressure of 1.5 Torr, a DMAH 

partia1 pressUJ:'e o~ 1.5 x 10·5 To:r:r aua an s~2n6 partial. 

pnssure of 2 x io-6 To:rr. 

In the temperature range o~ 160 •c to 450 •c, . 
15 AJ.-S.i_ was aelectivel.y depos.itad .in the first A1 deposi.-

20 

25 

tion step ouly at the Si exposed portion w1th the same 

thickness as Sio2 , w.hL1e in the second Al deposition 

step, Al-Si wes depoa.ited at. the same.deposition rate 

an both of the Sio2 surface and the Al.-Si film deposited 

~n the f:i.rst deposition step. 

Both the A1-Si film selectively deposited on 

Si and the A1-Si film depos~ted on sio2 :following the 

surface modification step were not d~~~erent in fil.m 

quality with respect to resistivity. xQ£J.ectencer 

hi11ock generation density after the heat treatment 

step. etc. 
~ 

A1so, substantially no increase of resistance 
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occurred at the interface between the first ·A1-Si 

fi1m and the second Al-Si film. 

Even when the H2 pressure was changed to 0.1 

- 2 Torr. and the p.lasma power to 0.2 - 1 W/cm.3 , there 

5 was substantially no di.£ference in tha deposition rate 

or the film qua.lity o:f ll-Si film. 

Exemple 2~ 

Acco~ding to the same procedure as in Bxomple 

10, Al-Si deposition· was carried out transporting Si2H6 

10 concurrently with DMAH in the first Al•Si deposition 
.. 

atep and the second Al-Si deposition step. 

The deposition conclitiona were as· fol.lows: 

the £.int JU film fODl8tion step, 

tota1 pressure 1.5 Torr 

15 DNAH part1a1 pressure 1.5 x 
10_, Torr 

si2H6 partial pressure 1.0 x 10-6 Torr 

the surface 1n0dif~cation step, 

substrate temperature 500 ·c 
total pressure 1.5 Torr 

20 
DMAH partial pressure 1.s x 10-s Torr 

the second Al-Si film deposition step. 

tota1 pressure : 1.5 ~orr 

DMAH partial. pressure . 1.5 x 10-.{ Torr 

Si2H6 paT.tia1 pressure 1 x 10-6 Torr 

25 The substrate employed was an Si waf e• patterned 

with th• Si02 thin film used in Example 1. ln the 

tempE!fa~ure range of 160 •c to 450 •c, in the first 
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1 A1-Si deposition step, no AJ.-Si was depos~ted on Sio2 , 

but AJ.-Si was 4epoeited only at the S:L exposed poi:tion 

t~ the same thickness as s102 , while in the second 

-.. 
5 

Al.-Si deposj,tion step, Al.-s.i was deposited at tbe same 

deposition rate both on the first ll-Si. film aud Sio2• 

By SIMS analysis. etc., presence of C was 

confinned only at the i.Aterface between the first U 

film and the second Al film, but there was no.increase 

of resietance at the interface between the firl5t A1 

10 film ancl the second JU film. :the fi1m quality of the 

depos~ted Al. film waa iound to be substantj,aJ..ly tbe 

aame as shOWD in Table l. 

Example 21 

By means of the CVD devige shown iJl Fig. 6, . 
15 A1 was depos:l.te4 ou. 'the same s.1 substrate with pattern-

25 

ing of Si02 as in Example l. The deposition procedure 

was initiated by mount~ng the Si substrate on a wafer 

ho1der as in Examp1e 1, foll.owed by heating of the 

substrate under a desired H2 pressure. Subsequently, 

after reaching a desired substrate temperature, DMAli 

was fed to deposit Al. se1ect~veiy on1y at the Si 

exposed surface which is an e1ectron donative surface. 

The A1 depgsited in this process was called the first 

Al. After e1apse of a predetermined time. while 

ma.inta.ining.the tot:al pressure and the I>MAH pressure 

constan~ a plasma was generated. After elapse of a 

predetexmined time. the plasma was stopped, and further 
~ 

ii1ii1iitu1r 
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l Al was deposited. At this point. Al was deposited non­

ee1ectively both on the A1 selectively deposited and 

the Sio2 which was a non-electron donative· surface. 

The Al. film deposited non-seiectively was cal1ed the 

5 second Al. After ·elapse of a predete:cmined time, 

feeding of DMAH was stopped to complete deposition. 

The deposition time of tbe first Al film was the time 

necessary for the film thickness of the select~veiy 

depos~ted Al film to become egual to the thickness 0£ 

10 S.i.02 .. . 
xn this Bxamp1e, DMAH was fed through the firGt 

gas 1ine. For the carrier gas of DMAH line. H2 was 

empl.oyed.. The second gas line was for H2• 

The respective conditions for the first Al film 

15 deposition step. the.surface 1110dification step, the 

second Ai film deposition step were as folJ.ows: 

20 

25 

the first Al fil.m deposition step: 

tota.l pressure 

DMAH pa:r:tiai pressure 

0 .1,. 1. 2 , 5 Torr 

1 x 10-3-fold 

of total pressure 

the surface modification step: 

totai pressure, DMAH partia1 pressure; 

the same as in the first Al film 

depo~ition step 

plasma power density: 

(W/cm3 ) 

0.01. 0.015, 0.02, 

0.03, 0.04. 0.06, 

0.07, o.OD, 0.10. 

0.20, 0.40 
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plasma application t~me: 1 min. 

the second Al film deposition 'step: 

total pressure and DMAH. partial pressure: 

the same as in the f irat A1 film 

deposition step. 

For every combination of the total pressure 

(3 kinds) and the plasma application power (11 kinds). 

Al film deposition was carried out respectively at 13 

levels of the substrate temperature from 150 •c to 470 

•c. The first Al film se1ect1vely deposited was mono-

crysta11ine. The fil.m guality of the Al deposited film 

was the same as shown in Table 1. The results of carbon 

measurement at the interface be~ween the first Al. film 

and the second film were shown in Table 3• ·At a substrate 

15 temper~ture of 150 •c. no fil.m was deposited on tbe sub­

strata. When the plasma application power density during 

'- · the surface modification step was 0.01 or 0.015 Wfem3 , 

20 

25 

no Al. film was deposited on tne s~o2 surface, irres­

pective of the substrate temperature. When the plasma 

app1ication power density during the surface modification 

step was o.oa W/cm3 or more. carbon was detected at 

the inte~face between the first Al fi.lm and.the second 

Al. film, and the contact resistance a.t the interface 

between the first film and the second Al f i1m was 

higher than in the case of plasma power density of 
3 

0.02 - 0.07 ~/cm • 
•.,_ 
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1 Example .f~ 

According to the same procedure as in Exampie 

21, Al deposition was carried out. The deposition condi­

tions during surface modificat1on were.the same as in 

s Exa.mpl.e 21 except for plasma app1ication ti.me. Al. 

deposition was carried out with plasma application t~e 

of 10 seconds, 30 seconds~ 3 minutes, 5 minutes and 

10 minutes. 

When the plasma app1ication time was 10 seconds, 

1o 30 seconds, or 3 minutes. the film quality obtained 

15 

. 
was the same as shown in Table l, 'l'abl.e 3. When the 

plasma app1ication time was 5 minutes or 10 miDutes, 

the film quality other tban surface reflectance was 

the· same as shown in Table 1 ~ Tab1e 3. but -surface 

re£1ectance was worse than the vaiue showil in Table 

1, be~ng approximately 65 to 75 l when the substrate 

temperature was 160 - 350 •c. 

Examp}~. 23 

According to the procedure of Example 21, Al. 

20 . deposition was carried out. The deposition conditions 

during the first Al. fil.m deposition step, the surface 

modification step and the second Al fi1m deposition 

step w~re the same as in Example 21 except for DMAH 

partial pressure. The DKAH partial pressure was made 
-5 -5 -4 -4 l x 10 , 5 x 10 , 1 x 10 and 5 x 10 -fold of the 25 

total press~re. 

'l'he film guality of the obtained film was found 
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l the same as shown in Tab1e 1 and Tab1e 3. The obtained 

film quality did not depend on the OMAR partial pressure • 
• 

· Example 24: 

According to the same procedure as in Example 

.5 21, Al deposition was carried out. The difference from 

Examp1e 21 was the use of Ar for the carrier gas of 

10 

15 

20 

25 

the DMAH line in the device shown in Fig. 6. The 

deposition conditions other than carrier gas were the 

same-as in Example 21. 

The film quality of the obtained Al film was 

the same as shown in Talile l. When the pJ.asma power 

density during the surface mod~fioation step was 0.01 

to 0 .. 015 W/cm3
1 no A1 fi1m waa formed o~ sio2 • Wbell 

the plasma power density was 0.02 W/cm3 or.more. the 

second Al film was deposited an s~o2 , but carbon was 

detected in trace amount by SIMS analysis at the interface 

between the first Al film and the second Al film. The 

resistance value was sufficiently·sma11. 

Exampl.e 25 

Al deposition was carried out according to the 

same procedure a& in Examp1e 24. Tha deposition condi-

tions other then plasma application time during surface 

modification were the same as in Exampl.e 24. Al 

deposition was carried out for plasma·app1ication 

time of 10 $econds, 30 seconds. 3 minutes, 5 minutes 

and 10 minutes. 
~ 

When the plasma application time was 10 seconds, 
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1 30 seconds or 3 minutes, the fi.lm quality obtained the 

same as in Table 1. When the plasma application time 

5 

.. 
was 5 minutes or 10 minutes. the film quality other 

than surface ref1ectance was the same as shown in 

Tabie l and 7ab1e 3, but surface r~fl.ectance was inferior 

to the va1ue shown in Table 1, about 65 to 75 i, when 

the substrate temperature was 160 - 350 °C. Not depending 

on the plasma application tirne. when the plasma power 

density was 0~02 W/cm3 or more. the second Al film was 

10 a1so deposited on Sio2 , but carbon was detected in 

trace amount by SIMS analysis at the interface between 

the f1.rst Al film and the second A1 film. However, 

lS 

20 

25 

resistance was su£ficientl.y small. 

:sxmilpJ.e 26 

According to the same procedure as in Exampl.e 

24, Al dep0sition was carried out. The deposition 

con.ditions during the first Al. fi1m deposition step, 

the surf ace modification step and the second Al film 

deposition step were the same as in Example 24 except 

for DMAH partial pressure. The DMAH partial pressure 

was made· l.x 10-5 , 5 x 10-5 , 1 x 10-4 and 5 x 10-4-

fold of the totai pressure. 

The film gua1ity of the film obtained was found 

to be the same as shown :Ln Tabl.e 1. When the plasma 

power density during the surface mod1fication step was 

0.01 or 0.0~5 W/cm3 , no Al fi1m was formed on Sio2 • 

When the plasma power density was 0.02 W/em3 or more, 

iiiiiiU 
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1 the second A1 film was also deposited ~n Si02 r but 

carbon was detected in trace amount by SIMS analysis 

at the interface between the first Al film.and the 

second Al film. However, resistance was sufficien~1y 

5 smul.l. 

Examp1e 27 

According to the same procedures, and under 

the conditions as in Examples 21, 22, 23, 24, 25, 26, 

Al film deposition was car~ied out for various substrates 

10 shown in Example 5 (sampies 5-1 to 5-179) • 

15 

.. 
In the first Al film deposition stepr Al. film 

was selectively deposited only on the electron donative 

surface, but no Al. £ilm on the non-el.ectron donative 
.. 

surface. In the second A1 fiim deposition step foilowing 

the.surfac:e modification step, Al. film was deposited 

at substent~ally the same rate on the first A1 film 

"!~~ . .... _.) and the non-electron donative surface. The film quality 

20 

of the A1 fi1m deposited was found as good as those 

in Examples 2lr 22, 23, 24, 25, 26. 

Examp1e 28 

By use of the CVD device shown in Fig. 6, Ai 

was deposited on the Si substrate with s1o2 patterning 

as in Example 1. According to the same deposition 

procedure as in Example 21, OMAH was transported to 

25 a reaction tube. and si2H6 was added from the third 

gas iine to 9£fect Al-Si deposition. 

In th~s Example, DMA.H was red from the first 
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1 gas line. For the carrier gas of DMAH line, H2 was 

employed. The second gas line was for a2• The third 

gas line was· for Si2H6• 

;; 

s 

10 

15 

20 

25 

The respective conditions for the first A.l"'Si 

fi1m deposition step, the surface modification step 

and the second Al-Si film deposition step were as 

follows: 

the first Al-Si film deposition step: 

tota1 pressure: O.l, 1.2, 5 Torr 

DMAH partia1 pressure: 1 x io-3-fo1d of 

total pressure 

si2a6 partial pressure: 0.91-fold of DMAH 

partial pressure 

the surface modification steps 

tota1 pressure. DMAH partial pressure. 

si2H6 partial pressure: 

the same as in .the first Al-Si film 

deposition step 

plasma power density: 0.01, 0.015, 0.02. 

(w1cm3 ) o.03, o.04, 0.06, 

0.07, 0.08, 0.10 

o. 2~. 0 .. 4 

p1asma app1ication time: l min. 

the second Al-Si fi1m deposition step: 

total pressure, DMAH partia1 pressure, 

~ Si2n6 partial. pressure: 

the same as in the first Ai-si film 
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~~position step. 

For etVery combination of the total pressure· 

(3.kinds) and the plasma appii.cation power (11 kinds). 

A1-Si film deposition was carried respect1vely at 13 

5 ieveis of the substrate temperature from 150 °C to 470 

•c. The film qua1ity_of the deposited A1-si film was 

the same as shoWn in Table 1, and measurement resu1ts 

of carbon at the interface between the first Al film 

and the second Ai-Si.film were the same as shown in 

lO Tab1e 3. At a substrate temperature of 150 °c, no 

f.ilm was deposited on tl\e substrate. When the plasma 

app1ication power density during the surface modif ica­

t ion step was 0.01 or 0.015 W/c:m3 , no Al.-S~ film was 

dep0sited.on the Sio2 su~ace irrespective~y of the 

substrate tenperature. · When the p1asma application 

powel; density during the surface modifica~ion step 

was 0.08 W/cm3 or JDOre, carbon was detected at the 

interface bet~een the first AL-Si film and the second 

Al-Si film and the contact resistance at the interface 

between the first Al.-Si film and the second Ai-Si film 

wes h~gher than in the case of p1aama power density 

3 of 0.02 to 0.07 W/cm • 

Example 29 

According to the same procedure as in Example 

25 28, Al-Si deposition was carried out varying the Si2H6 

partia1 pressure in the first Al-Si film deposition 

step and th; second. Al-Si film deposition step. 



-----·----- --· -~ 

l 

5 

10 

15 

25 

85 

The respective conditions for the first Al.-Si 

film deposition step, the surface modi.fication step,' 

the second Al-Si film deposition step were as follows: 

the first Al~Si film deposition step: 

total pressure: 0.1, 1.2, 5 Torr· 
-3 DMAH partial pressure: l x 10 -fold of 

total pressure 

si2H6 partial pressure: 1 x io-3 to 1-f~ld of 

DMAH partial pressure 

the surface modification s.tep: . 
totai pressure. DMAH partial pressure. 

si2H6 pa%'tia1 pressure: 

the same as in the first Al-Si film 

deposition step 

plasma power density: 0.01. 0 .. 015. 

(W/cm3 } 0.03. 0.04, 

0.07, 0.08, 

0.2, 0.-4 

plasma applicatio~ time: 1 min. 

the second Ai-Si film deposition step: 

0.02, 

0.06, 

0.10. 

total pressure, .DMAH partial pressure, 

Si 2H6 partia1 pressure: 

the same as in the first Al-Si film 

depos1tion step. 

For every combination of the total pressure 

( 3 kinds) a1¥1 the plasma application power { 11 kinds> .• 

Al-Si film deposition was carried out respectively at 
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1 13 levels of the substrate temperature from l50 •c to 

470 •c varying the si2H6 partial pressure. In the first 

.AJj-ti film deposition step, A1Ls1 was selectively deposited 

= onJ.y at the Si surf ace exposed portion, and in the second 

5 A1-Si £ilm deposition step. Al-Si film was deposited 

at substantia1ly the same deposition rate both on the 

first Al-Si film and Sio2• The Si content of the 

deposited A1-61 film was substantia1ly proportion to 

the Si2H6 partial pressure added, varying from 0.005 

10 t to 5 %. The fi1m quality of the Al-Si film deposited 

was found as good as that in the case of Example 21. 

1.5 

20 

Ex:ampl.e 30 

Al-S~ deposition was carried cut occording to 

the same procedu;-e as in Exmnp1e.28. 

The deposition conditions other than plasma 

app1ication time during surf ace modification were the 

same as in Examp1e 28. A1-Si deposition was carried 

out with pl.clsma app1ication time of 10 seconds. 30 seconds, 

3 minutes, 5 minutes and 10 minutes. 

When the p1aSilla app1ication time was 10 seconds, 

30 seconds or 3 minutes, the film quality obtained was 

the same as shown in Table 1 and Table 3. When the 

plasma application time was 5 minutes or 10 minutes, 

the film qual.i'ty other than surface reflectance was 

25 the same as shown in Table 1 and Table ·3, but the surface 

ref1ectance was inferior to the value shown in Table 
~ 

l, about 65 to 75 %r when the substrate temperoture 
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1 was between 160 and 350 •c. 

5 

10 

ExampeJ. 31 

According to the same procedure as ~n Ekaznple 

28. Ai-Si deposition was carried out. 

The deposition conditions except for.DMAH partia1 

pressure and si2H6 partial pr~ssure during the first 

Al.-Si film depoeition stepr the sur£ace modificat~on 

step, the second Al-Si film deposition step were the 

same as in Example 21. The DMAH partial pressure was 

made 1 x 10-5 , 1 x 10-4 and S x 10-4-fold of the total 

pressure. The Si2H6 pa~tial pressure was 0.01-foid 

o~ the DMAH partia1 pressure. 

The ~i.lm quality o~ the deposited Al-Si fi1m 

was found as good as that 1n the case of Bx8raple 21. 

15 Exam.pl.a 32 

25 

According to the same procedure as in Examp1e· 

28, Al.-Si deposition was carried out. · The dif£erence 

from B.xianc>le 28 was the use of Ar for the carrier gas 

of DMAH in the device shown in Fig. 6. The deposition 

conditions except for carrier gas were the same as in 

Example 28. 

The fi1m qua1ity of the obtainecl Ai-si film 

~as found as good as in Table 1. When the plasma power 

density during the surface modification step was 0.01 

or 0.015 W/cm3, no Al-Si film was formed on Si02• 

When the plasma power density was 0.02 W/cm3 04 more, 

the second Al-Si film was depoeited on Sio2 , but carbon 

. iii~i~if1irni 
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1 was detected in trace amoqn_t by SIMS analysis at the 

interface between the first Al-Si film and the second 

Al:si film. However,. resistance was sufficiently small. 

5 

10 

15 
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Example 33· 

'Hhen the plasma appl.ication time was 10 seconds, 

30 seconds or 3 minutes, the film quality obtained was 

the· same as shown .in Tabl.e 1. When the pla.sma applica­

tion time was ' minutes' or 10 minutes, the film quality 

other than surf ace reflectance ~as the same as in Table 

l, Table 3, but surface ref1ectance was worse than the 

va1ue shown in Table 1, being about 65 to 75 1. when 

the substrate temperature was 160 to 350 °C. Not 

depending on the plasma application time, when the 

plasma power density was 0.02 W/cm3 or higher. the 

second Al:""".Si fi.lm was deposited al.so on·Sio
2

, but 

carbon was detected in trace amount.by SIMS ana1ysis 

at the interface between the first Al-Si fi.JJn and the 

second A1-Si film. However. reaiatance was sufficiently 

smaJ.l. 

i11ii1iiiOr 
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1 EX!MPle 34 

: 
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According to the same procedure as in Examp1e ·. 

28. Al-Si deposition was carried out. 

The deposition conditions except for DMAH partial 

pressure during the first A1-Si filin deposition step, 

the surf ace modification step and the second Al.-Si film 

deposition step were the same as in Example 28. The 
-5 -s DMAH partial pressure was made l x 10 , 5 x 10 • 

l x 10-4 , S x io-4-fo1d of the total pressure. The 

s~2B6 partial pre~sure was 1 x io-3-fo1a of the DMAH 

parti~1 pressure. 

The film quality of tbe A1-Sl film deposited 

was found to be good simil.arl.l' as in Tab.le l. "When. 

the plasma power density during the surfac• IDOdification 

step was o.01~.0.015 w/cm3, no A1-Si film was formed 

on Sio2 • When the plasma power density was 0.02 W/cm3 

or higher, the second Al-Si film was dep6sited on Sio2• 

but carbon was detected in trace amount by SIMS anal.ysis 

at the interface between the first A1-Si film and the 

second Al-Si film. However. resistance was sufficient1y 

sma1.l. 

Examp1e 35· 

According to the same p~ocedures, and under 

the conditions as in Examples 28. 29. 30. 31, 32, 33 

and 34, Al-Si film depos~tion •as carried out for various 

substrates ~hewn i.n Example 5 (samples 5-1 to 5-179 

shown in Table 2). 
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In the first Al-Si film deposition step, A1-

Si fil~ was selectively deposited-only on the electrbn 
.. 

donative surface, but no Al-Si fi.lm on the non-electron 

• donative surface. In the second A1-si film deposition 

5 step after the surface modification stpe, A1-s_i fil.m 

~as deposited at substantially the same rate on the 

first AL-Si f~J.m and the non-electron donative surface. 

10 

15 

20 

25 

The f1lm quality of the Al-Si fil.Jn deposited was found 

to be good similarly as in Examples 28, 29. 30, 31, 

32, 33 and 34. 

Examp1e 36 

By means of the CVD device shown in Fig. 6,, 

Al was depos~ted on au Si substrate wi~h patterning 

of Si02 • 
. 

The preparation·methcd of the Si substrate with 

patterning of Sio2 was similar to the case of 'Example l. 

First, Al deposition procedure was described. 

After washing of an Si wafer. the conveying 

chamber 10 was released to atnaospheric pressure. and 

the Si wafer was mounted in the conveying chamber. 

The conveying chamber was evacuated to ca. 1 x 10-6 

Torr. then~ the gate valve 13 w~s opened -:and the wafer 

was mounted on a wafer holder 3. After mounting of 

the wafer on the wafer holder 3. the gate valve 13 was 

closed .. and the reaction chamber 2 was evacuated to a 

vacuum degr~ of ca. 1 x 10-8 Torr. However, A1 can 

be deposited even if the reaction chamber cannot be 

lli1iU 
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evacuated to a vacuum degree of 1 x 10-8 Torr. 

In this Example. OMAH was fed th.rough the first 

gas 1ine. For the carrier gas of the DMAH line. H2 

was emp1oyed. The second gas l~ne was for H2 • 

fhrough the second gas .line was flowed H2, and 

the opening degree of the slow J.eak vaJ.ve 8 was con­

trolled to control the pressure within the reaction 

tube 2 to a predetermined value. The pressure in this 

Example was about 0.1 to 5 Torr. Then. the wafer was 

10 heated by current passage through the heater 4. After . 
the wafer has reached. a predetermined temperature, a 

plasma was generated within the reaction tube 2 by 

app.lying high frequency power on the pl.asma generation 

electrodes 16, 16', 16•. The p1asma generation at. this 

15 time was ca.lled •the first plasma". The oscillation 

£requency of the power source for plasma generation 

was ca. 13.56 MHz. 

After plasma generation, DMAH was introduced 

through the DMAH line into the reaction tube. The 
. . -s -3 

20 partial pressure of DMAH was ca. l x 10 to 2 x 10 -

25 

fo1d of the total pressure. When OM.AH was introduced. 

A1 was deposited. The A1 f~.lm 4eposit6d in th.1.s process 

was called tlle first Al fil.m. 

After e1apse of a predetermined time, while 

maintaining constantly the substrate temperature, the 

total pres~ure. the PMAfl partial pressure, the genera­

tion power of p1asma was increased. The plasma generation 
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l at this time was called "the second plasma•. After 

e1apse of a certain period of time (here. the time -

during plasma generation was called the surface modifi-

: 

5 

10 

15 

20 

25 

cation step, and the certain period of time was cal.l.ed 

the second plasma genera~ion time), while maintaining 

constantly the total pressure, the DMAH partial pressure 

and the substrate temperature. again the plasma power 

was made smaller. 'rhe pl.asma generation state made 

smal.ler was called the third plasma. The Al film 

deposited during tbe third plasn1a generation was 
·- . . 

call.ed the second Al. 

After elapse of a pradet:e:rmined time. heating 

of the heater 4 wa• stopped to coo1 the wafer. Feeding 

Of H2 has ~as stopped. the reaction vessel. 2 was inter­

nal1y evacuated and the wafer was delivered to the 

conYeying chamber. Only the conveying chamber was 

opened to atmospher~c, and the wafer was taken out. 

By setting the substrate at 13 levels of 150 

·c. 160 •c, 200 •c# 250 •c, 210 °c, 300 •c, 350 •c, 

370 •c, 400 •c, 430· •c .. 450 •c, 47o•c .. and the Al £ilm 

was deposited according to the procedure as described 

above. 

During the first A1 deposition step: 

tota1 pressure: 0.1 Torr. 1.2 Torr, 5 Torr 

DMAH partial pre~sure: l x l0-3-fo1d of 

total pressure 
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plasma generation power of the first plasma: 
3 (W/cm ) 0.01, o.01s. o.o3. o.~4, 

0.06, 0.011 o.os; o.io. 

0.20, 0 .. 40 

During the surface modification step: 

totai pressure and DMAH partial pressure: 

the same as in the first Al f~1m 

deposition step 

plosma &eneration power of the second pias:ma: 

3 (W/cm ) 0.01, O.Ol5r 0.03, 0.04, 

0.06, 0.01, o.oa, 0.10. 

0.20. 0.40 

generation time of the second pl.asma: 1 min. 

During the second Al film depositi~n step: 

total pres.sure and DMAH partial preasure: 

the same as in the first Al film 

deposition step 

piasma generation power of the third p1asma: 

(W/cm3 ) 

the same as in the first Al film 

deposition step 

The results of Ai deposition were as fo11ows: 

In the first A1 film deposition step. the manner 

of Al deposition depended on the first plasma generation 

power. More specifically, when the first plasma genera­

tion powe~ density was O.Ol and 0.015 ~;cm.3 , Al. was 
~ 

deposited selectively only on Si as shown in Fig. SA, 
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l and the second Al film deposited via the surface 

modification step was flat as shown in Fig. ac • 

.-

5 

. 
On the other hand, ae the power density was greater, 

Al was deposited not on1y on Si, but also on Sio2 to 

form a concavity of Al at the opening as shown in 

Fig. 8B, and the second Al film fo:rmed thereafter 

had excessive unevenness ~ith inferior f1atness as 

shown in Fig. SD. ~he deposition form, containment 

of carbon. reflectance of the Al. film deposited in 

10 the first A1 film deposition step were shown in Table 

4. Also, the deposition form. containment of carbon, 

re~iectance of the Al film deposited in the ~irst Al 

film deposition step, the surface modification step, 

the second Al £i.lm deposition step were shown in 

15 Table 5. In both cases, the results of reflectance 

were inferior as compared with Example 21. A1so 

substantia11y the same resul.ts we.re obtained when 

Al-Si •as deposited with addition of Si2H6 • 

20 

25 

iif~iliiilnf 
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--

5 

According to the same procedure as in Examp.l:.e 
. 

1, an Si substrate with patterned Sio2 was prepared. 

Subse~ently, by means of the device shown in Fig. 2, 

the first Al. was deposited sel.ective1y only on Si. 

$inlil.arl.y as in Exampl.e l. The Si substrate was set 

in a sputtering device, and RF sputtering etching was 

effected in an Ar atmosphere of 10-2 Torr. With the 

substrate hoider maintained at 200 •c, etching was 

10 effected by application of a high frequency power of 

100 w on high frequency·eiectrodes for 60 seconds. 

As the result, together with tbe oxi4e with an .. Al 
D 

surface thicJcness of about 100 A, also the surface 0£ 

Sio2 was :removed with the same thickness, and at the 

15 -aame time the sio2 s~rface was modified. Next.. by use 

0£ Al ae the target, Al. film was deposited by direct 

current sputte:ing. The second Al. f1lm was deposited 

unifo;ml.y on Si and Sio2 at a deposition rate of . . 
1000 A/min. under the conditions of an Ar atmosphere 

-2 . 
20 of 10 Torr. a temperature 0£ the substrate holder 

of 250 9 C~ and a direct current power of 7 KW. No 

high resistance layer existed at the interface between 

the first A1 film and the second Al film. 

Se1ective growth of the first Al film may be 

-25 practiced according to any of the methods ~s previously 

desc~ibed in the examp1es, and non-selective deposition 
.} 

of the second Al film by sputtering etching and 
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1 sputtering deposition was not limited to.the condit~ons 

as described above. but can be performed under conven­

tional sputtering conditions. 
: 

5 

10 

15 

It was of course possible to deposit selectiveiy 

a first Al.-Si alloy film se1ectively on Si. remove the 

surface oxide and the Sio2 surface on the f.irst AJ.-Si 

film by sputtering etching, and·deposit unifo:cmJ.y_a 

second A1-Si alloy film with an Al-Si ailoy as the 

target. 

As described above, according to the present 

invention, a low resistance, dense and flat A.l or 

Al.-Si fi1m can be deposited seiectively and at.high 

speed on a substrate. 

Comparative experiments 

A1 film was formed on a sing1e crysta11ine 

silicon under the foiiowi.Qg.condition$. 

Sy flow~ng Ar in ploce of H2, Al was depositeo 

by pyrolysis of OMAR.. 'The tota1 pressure at this time 

was made 1.5 Torr, DMAH partial pressure 1.5 x 10-4 

20 Torr. and the substrate temperature 270 to 350 ac. 

25 

As the result of evaluation of the A1 film 

thus formed, at least about 2 ' of carbon was found 

to be contained. The resistivity became 2-told or 

more of that when employ1ng hy<irogen. 

As to reflectance. it was lowered to about 

1/3 to 1/9 ~elative to the case when employing 

hydrogen. 

imti1iflf or 
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Similarly, the wiring 1ife became shorter by 

1 to 2 cipher. the hillock generation probability larger 

by 2 or more ciphers. and a l~rge number of spikes were 

generated. 

~ to. deposition rate. it was lowered to 1/2 

to 1/4. 

As described abover Al deposited only by d~com­

position or DMAH without use of H2 was inferior in f~l.m 

quality and unsatisfactory as the Al film fo• semiconductor 

device. 
.. 

Separate1y, without use of H2, Al was deposited 

by decomposi~ion of DMAH according to the optica.l. CVD 

method. As the result, more or 1ess improvements can 

be seen as co~ared with the case when emp1oy.ing no 

15 1ight. such as no containment of carbon in tbe Al. film 

20 

prepared, etc. However, other characteristics ware 

not improved so much, and the film obtai.ned was still 

unsatisfactoxy as the Al. fil.m for semiconductor device. 

The mechanis~ of Al depoeitio~ according to 

the present invention as described above may be considered 

as foll.ows. 

When DMAH reaches a~ e1ectron donative substrate, 

namely a substrate having electrons under the state 

attached with hydrogen atoms (Figs_ 9A) with methyl 

25 groups directed toward the substrate side, the electron 

of ~he subst,fate cuts the bond between Al and one methyl 

group {Figs. 9B and 9C). The reaction scheme at this 
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1 time may be as follows: 

--

5 

'.Further, the same reaction proceeds for hydrogen atoms 

remaining on deposited Al having free electrons (Fig. 

9D). Here, when hydrogen atoms are deficient, hydrogen 

molecules wi11 be decomposed on ·the subst:r-ate and 

supplied as hydrogen atoms. on the otner hand, since 

there exists no electron on the non-electron donative 

10 surface, no such reaction ~· described above proceeds . 
to effect no deposition of Al. 

Figs •. 9A to 9D are ill.ustrations for better 

understanding of the reaction mechanism, and the numbers 

of H. e and Al. represented in Figs. 9A to ~D were not 

is necessari1y coincident. 

20 

25 

And. in the case of A1-Si f~lm.. S.i atoms are 

inco:cporated into Al in such reaction process. 
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Comparative experiment 

An Al film was for111ed on a monocrystalline 

silicon under the following conditions. 

By passing Ar in place of H2 , Al was deposi~ed 

by pyrolysis of DMAH. The total pressure at this time 

·was mada 1.5 Torr, the DMAH pa~tial pressure 1.5 g 10-

4 Torr, and the substra~e temperature of 270 - 350 °c. 
When the Al f i1m thus foraed was evaluat:ed, 

about ~ % of carbon was found to be contained at 'the 

10 minimum. 

15 

.. 
Hesistivity became greater by 2-fold or more 

tban the case when hydrogen was emplayed. 

As to re~lectance, it was lowered.to about 1/3 

to 1/9 relative the c~e wben hydrogen was employed. 

Similarly, wiring ·lif'e was shorter by 1 to 2 

cipher, generation probability of hillock became 

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

spikes were found to be generated. 

As t:o t:he deposition speed, 'i't was lowered ~o 

20 1/2 to 1/4. 

25 

As described above, Al deposited only by 

decomposition of DMAH without use ot H2 is inferior in 

film quality~ and was·unsatisfactory as the Al film 

for a semiconductor device. 
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I Separately, without use of H2 , QMAH was 

deoom~osed br-~he optic:al CVD method to deposit Al. 

As 'the result, some i~provement such as no contaimnent 
--

of carbon, end the like was oqsarved from as the Al 

s film prepared as compared with the case when no light 

10 

was employed, but.other cha~acteristios were not 

· improved so mucb, and the Al film was stil1 

unsa~istactory as ~he Al film for a seaiconduc~or 

dev-ice. 

As desoribed above, the aeohanisa of Al .. 
deposition according to the present invention may be 

~reaently hypothesized as follows. 

When DHAR reaches the electron donative 

substrate, namely tbe substrate having electrous ~der 

15 the stat:e on which hydrogen atoms are attaohed (Fig. 

9A) with the methyl g~oups directed·toward the 

20 

substrate side, one electron of the substrate cuts one - .... . .. 
b~nd of Al end a methyl group {Figs. 9B and 9CJ. 

follows: 

The reac~ion scheme at this time is as 

{~H3 ) 2AlH + 2H + 2e ~ 2CH4 f·+ Al-H 

Further, similar reactions will proceed for 
...... - ~ ... "'" 

the hydrogen atoms remaining on deposited Al b~ving 

free elec~rons (Fig. 9D). Here, when hydrogen atoms 

25 &\re deticient, hydrogen molecules constituting the 

reaction ga§ are decomposed on the subs~rate to supply 

Th.is Sheet Has B 
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l hydrogen atoms. On the other hand, since there is no 

ele.otron on the electron non-donative surface, the 

abcve-mentioned reaction will not proceed and no Al 

5 

10 

15 

20 

25 

deposited. 

Figs. 9A - 9D are illustrations for better 

understanding of tbe reacion mechenis~, and the 

nWlbers of H, e and Al shown in Figs. 9A - 9D are not 

necessarily coineident. 

In the case of an~~l-Si film, Si atoms are 

incorpora~ed into Al during the process of the 
• 

reaction as described above. 

As desc~:lbed above, according to the :oreserit 

invention, a low resist'ance_, den$e and f1at Al or Al-Si 

film ~~ be d~pos.it~d· s~~~cti;e~~ ~~~····~~--~~gh speed on 

a substrate. 
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C&l"bon .. 
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Reeiativit1 

(,u&l •. cm) 

Ret'lectarice 
(IC) 

A"erase 
w1rir.g 
Ute (hour) 

Deposition 
apeea. ·• 

{A/.11in} 

Hillock 
clan Etty -2 (cm ) 
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Table 1 

200 260 2 'I 0 800 
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0 0 0 0 

2.' 1.T 1.7 2.T - .... - -1.3 a.a 1 .. 1 1.1 

u .. u H .. lli H-11 H-15 

ul u.i 1&1 11S 
;... ,... .... -l•-" uli ta" 101! 

lDD 100 lDI 1111 - - - -aaa ... Ht ltO 

0 0 - ..... 0-10 o-u 
U>·-l 10'3 

0-10 0 . D 0 

~ 

a a.o 360 3 '1 0 400 

Q 0 0 0 
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HO IDD 1418 lH 
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0 0 
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ao2 11e - -JD3 "1413 

IH HO - -608 HD 
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ltll IO'il 
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1 .... 9 

I.. 'I -,,,, 
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o-ao 

-
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T~ble l (Continued) 

No deposition occurs at the substrate temperature of 150 •c. 

Average wiring li~e is time to wire breaking when current 

is passe4 at a current density of 1 x 106 A/cm.z through a crose­

sectional area of 1 )Jm2 at 250 •c • 
• 

Spike generation ratio is destruction probability at the 

junction portion of O.lS)llll depth. 
..... 
0 
(...) 
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· Mono~ 
.· ctryitalo 

li'!• 
Sl 

T·Sl01 .s-1· .. 
SlOa 5•2 

BSG &-3 
PSG S-.t . 

BPSG. 5-S. 

P-SU-f . 5-8. 

T·SlN 6-7 

LP•SJH ·· 5-8: 

ECR.-SlH s-s 

.· 

Poly-: 
Cryatalio A~r· : 
Una pt'M2UI 
• ·SI . st 

&-H 5 ... 11 

s-11 1-2"1 

. &-13 , ... u 
s..:u S--2.f 

5-15 &-H 
s..;u &-28: 

5 .. 17: s~21 
• 

··s-1e &-18 
... 

5•19. 5•29 

s: s 

fable 2 

. 

. ' Mo Ta 

&-Si 1-41 S-Sl 

9 .. 32 &-.ft S-lt. 

&•33 &~3 s-n 
&-3~ s~~ $-94 

s-ss &-4'5 $-5& . • I 

s-aa ·-·· 5-S6 

S-17 ·-~7 S-57 

·S-:18 S-<a S-58 · 

1-11 · 5:-41 S-69 
. 

. . ..... 

\fSt . JlSl 

5-81 6-71 . 

5-62 . . 5-12 

6-93 6-73 

5•84 S-74 

S-85 S-75 

s-ee 5 ... 78 

5·61 S-77 

&-68 &-18 

. &-89 5 ... 19 

U1 ., 

. 
AJA AJSI 

5 .. 41 s-u 
&-82 5-92 

5-83 5-93 

5-84 . • 5 ... 94 

. 5·85 5-95 

5-8& 5-98· 

S-87 s-~1 

s-aa S-98 

1-88 5 .. 99 

... 

~ 
Cl 
~ 
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A.4Tl 

T-SI02 &•101 

S101. 1-102 

ISG 5-103 
PSG &•JO{ 

BPSG ·s-1os 
l·StH s-111 
T-SIH 5-101 

lP·SlH -. &-1oa 
8CR--S1H &-109 

EA ::; Qt 

Table 2 (Continued) 

~ .. 
All. ·. 

ti-H Cu AA Pd Tl Mo-Sl Ta-SJ 
- ·Sl-C. . . 

.&-111 s-121 1-111 &•H1 5-151 5-181 S-171 

1-112 s-122 &-122 s-1.u 5-152 5-182 5-172 

5-113 S-123 S•ISS li-141 S•1S$ 5-183 S-113 

.• f-114 s-u' S-lt.( S-14C 5-11-t 5-16.( s:..174 

5-11& 5-11& l•UI S-145 5-155 . 5-165- f-115-

S-.118 1•118 s-1111 . &-1.(8 5•158 6-188 S-178 

S-117 &-127 ··1•137 a~u1 .S-157 6-lli7 5-117· 

5-118 . &-121 S-138 s-1.ta s=-ua S-168 S-178 

6-118 6-121 . S-139. .5-149 5-169 5-l&S s-us 
. 

(note) Numeral shows sample No. 
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Table 3 

. 

Plas•a application power d6n1ity G.Gl a.01& o.oi 

in surface modification stap (ff/ca3j . 
.. 

Detection. of carbon at the interface 

between aelactivaly deposited Al • * 0 

and non-aelectivel:y deposited Al 

I 

0.03 

I 

0 

.... 
Cl 

0.04 

0 

. 

QI 

0.08 11.0T o.oa 

. 
0 0 )( 

·· *i no surfaee raodi~ication effected, aad no Al d~posLted on the 

non-electron donative au~~ace . . 
·o: no carbon detected at the interface by SIMS analyaia 

xt carbon detected at the 1ntertace by SIMS analyals 

" 

0.10· a.20 

)( x 
. 

.... 

0.(0 

)( 

r 

l 

...... 
0 
0') 
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the fbst Al fila Subatrat• t~e:at'llZe l'it. -
160 ·c - 450 ·c ~ 

Subat~ate teinp~~·t~re 

-
Carbon cont- 16t ·c - 450 ·c -
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-
fhat J\l film oo ·c .,, 

Substrate temperatu~ 
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o.us 
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Table 4 
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~ 
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0 

o. 06 , 0.07 
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I . 
• 
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-
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Tab1e 5 

Fi~st and tb.i:cd 
. 

-
pla$11'18 

cananUon 
I 

SccoAd · power 
plaama 

W/ca3) 
Ul 0.015 0.02 O.DJ 0.0( 0.06 0.07 . 0.0& 0.10 0.2 °" 

genct'.a~ion · 

gOW.J: CW/Clll3) 

' . G.01 * 
Q,Dl5 * • 

10 0.01 I 1 1. 
11 Rl tu. 

D.Ga 1 1 1 1 . Ill n R1 lt1 

O.IW l l l. 1 - 1 
11 111 Rl Rl Ill 

t.Of 1 1 1 1 1 1 
11 11 ·Rl Jl1 R1 11 . 

15 0.07 1 1 ,. 1 1 1 1 
iU R1 Rl R1 Ill . RI. 112 

O.N 2 . 2 2 2 2 2 . 2 3 
RI Jl Bl Bl Ill lit BZ a 

0.10 2 2 2 2 2 2 2 3 9 
111 Ill 11 JI 12 IQ • Ill 12 

f}.2 2 2 2 2 2 2 2 3 3 a 
Ill R1 Ill RI RI al 112 R2 !2 112 , 

u 2 2 2 2 2 2 i $ $ 3 3 
R1 11 111 RI llZ 11% AZ az 112 il2 llZ 

20 

lleposition form Fig. 7C !'19. '!:"' -

25 
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Table 5 (Continued) 

When the.substrate temperature was 16o•c to 400°c; 

• ~ no Al deposited on Sio2 

1 : no earbon detected in first and second Al films, 

no carbon also detected at the interface 

between first and second Ai films 

2 : no carbon detected in first and seeond Al films, 

but carbon detected at the interface between 

first and second Al films 
• 

3 : carbon detected in first and second Al films 

Rl : reflectance 65 75 % 

R2 : reflectance 60 t or less 

This Sheet Has Been R 1 
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l. A deposited film formation me~hod eompriaing the 

steps.of: 

5 a) arranging a substrate havinq an electron donative 

surface (A) and a non-electron donative surface (B) 

in a space for deposited film formation, 

b} introducing a. qas o.f an alkyl alWl\inum hydride 

and hydroqen qas into said space for ~eposi~ed film· 

10 for111ation, 

c) ~aintaininq the tempeJ:ature of said electron 
. 

donative su~face (A) within tbe range of the 

dec~mposition temperature of said alkyl alurninwn 

hydride or hiqher and 4S0°C or lo~er, thereby forming 
• 

15 sele~tively an aluminum film or other metal film 

~ompoaed mainly of aluminum on said electron donative 

surface (A), and 

d) modifying the surface of said non-electron 

donatj.ve surface (B) / arid forming an alurni.num film 

20 or other metal film composed mainly of alun1inwn 011. 

said gurfac~ (B) and/or en an aluminum tiim or o~har 

metal film composed mai~ly of aluminum selectively 

deposited. 
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2. A deposited film formation method according ta 

claim 1, wherein step (b) comprises introducing a gas 

o! an alkyl aluminum hydride, a gas containing 

silicon atom and hydrogen ga$ into said space for 

s deposited film formation, thereby forming a film 

conta~ning silicon. 

3. A deposited film formation method according to 

claim 1 or 2 1 wherein $a.id alkyl aluminum hydride .i Ill! • ... 
10 dimethy aluminwn hyd•ide. 

15 

4. A depoaited film formation method acco~dinq to 

claim 1 or 2, wherein said alkyl aluminwn hydride is 

mcnomethyl aluminum hydride. 

s. A deposited film forma~ion method acco::-dinq ~o 

any preceding claim, wherein said .surf at;e 

modification comprises one or more of~ 

a} formation of a nucleus containing tree elect£ons 

2-0 cneo said su~faoe (B); 

b) formation of a thin film containing free 

electrons onto said surt~ce (B); 

c) the step of treating said sur.faca ·(B) with the 

use of a plasma; and 

25 d) th~step of ~ntroducing a qas con~aining titanium 

an.d/or silicon atom. 

"'""' ......... 
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6. A deposited film foriaaticn ~ethod according to 

any preceding claim, wherein said 

modification is carried out by elevating the 

temperature of said non-electron donative s~•fAce (B) 

5 higher than the temperat~re durinq said selective 

deposition of aluminum film optionally containinq· 

10 

15 

$ilicon. 

7. A deposited film formation method according to 

any preceding. claim, whe;c-ein sa.id surface 

modification includes the "step of irradiatinlJ a light 

having greater energy than the optical forbidden gap 

width of the material constitut,lng said. sul:face 

(B) • 

e. A deposited film formation method according to 

any preceding claim, a aid surf ace 

modf icat.ion includas the step of irradiating ~aid 

surface (Bl with ions and or with an ~1~~tron 

··2-(J beam. 

9. A deposited film formation method according to 

any p:recedinq claim, wherein the space for depo-s.ited 

film . formation is in a deposited film formatiori 

25 device ~quipped with a plasma generation means; 

t.he surface of said non-elect.ran donative surface {B) 
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being modified by genera.ting a. plasma in sa.i.cl device 

while introducing said qas of alkyl aluminum hydride 

10. A deposited film format.ion me_thod acco.rding to 

clairn 9, wherein no plasma is generated during the 

selective format.ion step of said aluminum film. 

11. A deposited film fo:cmation method a~cordinq to 

10 claim s, wherejn a plasma is generated with a low 

power which does not deposit aluminum on said 

non-electron donative surf ace { B) during the 

selectivP. formation step of said aluminum film. 

15 12. A deposited film formatlon method comprising the 

steps of: 

n) arranginq ~ substrate having an elsctron donative 

surface {A) and a rton-elect.ron donative surfacQ (B) 

in a space for deposited film formation; 

20 b) introducing a gas of an alkyl aluminum hydride 

and hydrogen qas into said space for deposited film 

formation; 

c) maintaining the temperature of $&id electron 

donative surtace (A} within the range of the 

/.5 decompo~tion temperature of said ·alkyl aluminwn 

hydride or hiqher and 450 a C er lower, thereby 
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forming selectively en alwninwn film or a metal f iJ r!\ 

composed mainly of Dl"WninWI\ OR said electron dona~iv~ 

su;i;face (A)• 

d) forming an aluminum film or a metal film composed 

5 mainly of aluminun1 on sai.d aluminum film or m'3!tal 

film composed mainly cf aluminum and said surface (B} 

according to the deposited f ilz formation step 

different f.rcm said step. 

10 13. A deposi~ed film formation method according to 

15 

20 

claim 12, wherein step (b} comprises introd\1cing a 

gas of an alky~ aluminum hydride, a qas containing 

silicon atom and hydroqen qas into &aid space for 

deposited film formation. 

l~. A deposited film foXll\ation method according ~o 

claim 12 or 13, wherein no pla~ma is generated du~iny 

the selective formation st:.ep of said aluminum f il.m. 

15. A deposited film fo.rmation method accurding to 

any of claims 12 to 14, wherein a plasma is qer1e.t:a.ted 

with a low power which docs not deposit aluminu.'1\ on 

said non-electro:i1. donat.ive surf ace ( B) du.ring the 

selective formation step of said aluminwn (ilrn. 

lei. A clepo.sitad film formation me-c.hoc1 according to 

-~ ........ 

1ii1ii1W 
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any of claims 12 to lS, wherein said alkyl aluminum 

hydride is dimethyl Aluminum hydride. 

17. A deposition method in which a gas of organic 

aluminum hydride and hydrogen and op1.ion.ally 

containing silicon is brought to ~ s~bstrate having 

a non-electron donative surface, said surface beinu 

modified to allow alwninum and optionally sil1con 

deposition. 

1ii11i!Mii 


