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ALKYL ALUM NUM HYDRI DE AND PROCESS

DEVI CE

This invention relates to a process for
particularly a process for.

Al which
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formng a deposited film conposed nmainly of

sem conductgor iDtegratPQOGEBSPFdeFEhMQNGebEbostEDOFﬁLM By process for
preparing a sem conduct or devi ce. Rel at ed Background Art

In the prior art,

in eysgt DFNACKYEYACEMINUM HYDRIDECAND! PROCESSUI ts by use
of Sem conductors, for el ectrodes and wiring, alum num (A) or a netal

cont ai ni ng al um num asFORI PREPARCNGNSENACONPHCTORSDEVICE and the |ike has
been primarily used. Al has many . advantages such that it is
i nexpensive and high in 20 electroconductivity, that it can be also
chem cally protected because a dense oxidized filmcan
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BACKGROUND OF THE INVENTION

Field of the Invention

-

Thig invention relateséto a process.for
forming a deposited film, pgrtﬁcularly a process for
forming a deposited film compoPed mainly of Al which
can be preferably applied to eﬁectrodes-or wiring of a
semiconductor integrated circu?t device, etc. and to a
process for preparing a semicohductor device.

Related Background Art

In the prior art, in ehectronic devices or
integrated circuits by use of %emiconductors, for
electrodes and wiring, aluminu# (Al) or a metal
containing aluminum as main cohponent such és Al-Si
and the like has been primaril% used. Al has many
advantages such that it is ine%pensive and high in
electroconductivity, that it c;n be also.internellv
chemically protected because a§dense oxidized film can
be formed on the surface, and %hat it has good
adhesion to Si, etc. | | |

As the method for fOrmhng a film for

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

above, there bas been used in the prior art the

Yy



be fdfned on the surface, and that it has dood adhesion to Si, etc.
As the nmethod for formng a filmfor 25 el'ectrodes and wiring of Al or

Al -Si as nentioned above, there has been used in the prior art the

02 1 sputtering nmethod such as magn€@2on sputtering, etc.

However, selective deposition and selective . growm h can not be realized
by the sputtering nethod whi ch has been used in the prior art. The

sputtering 5 is the physical deposition nethod based on flying of

sputtered par spalteerifigvaetnon khehfahnhhbﬂekﬁeﬁs$§ﬁtter;nbheesbepped
porti-on or the insulating filmside wall : beconmes extrenely thin,

| eading to wire breakHageveranselectewérdaﬁosﬂeson ahauseiecuity of film
thi ckness or wire 10 breaking has the drawback that reliability of LSl is
mar kedl y | owegedwth can not be Enaﬂheedthprthandputtenenghnethbdgrat|on
degree of the integrated circuit such as LSI, etc. is I ncreased, and
fine formati owhdchwhasnbeen wsbdi ihagbe pribr art. The sputtering
S is the physical deposition met.:hod based on flying of
| sputtered particles in vacuum, the film thickness at
the stepped portion or the inéuléting film side wall
becomes extremely thin, leadiQQ to wire breaking in an
extreme case. Nonuniformity ok film thickness or wire
10 breaking has the drawbeck thatireliability of LSI is
narkedly lowered. _ |
On the other hand, sin&e the integration
degree of the integrated circu&t such as LSI, etc. is
increased, and fine formation Bf wiring or multi-layer
15 wiring has been particularly rgquired in recent yvears,
there is an increasing sev§r'e édenand not found up to
date for Al or Al-Si wiring of, the prior art. With
\;: finer dimeénsional formation bygiﬁcreased integration
degree, the surface of LSI, 'et:p. is subject to
20 excessive unevenness due to oxidation, diffusion, thin
film deposgition, and etching, ktc. For example,
electrodes or wiring metal mus& be deposited on the
surface with a stepped differe;ce, of deposited in a
via-hole which is fine in diam;ter and deep. In 4
25 Mbit or 16 Mbit DRAM {dynamic ﬁAM), etc., the aspect

ratio (via-hole depth/via-hole dismeter) of via-hole



{
15 wiring has been particularly required in recent years, there is an

i ncreasing severe denmand not found up to . date for Al or Al-Si wring
-of the prior art. Wth finer dlnen5|6ﬁ3H formation by increased

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

excessi ve unevenness due to oxidation, di ffu iion, thin film

deposi tion,  and etﬁﬂ etc. For exa electrodes or wiring netal
nust be dep si t 4}y i? 8 “etaéu??%g q&?t%P%ﬁ%YeﬁSeﬁldFPPBr@ﬁcél ~8i.,

deposited in a N¥ a- hol e |ch ne, i g dianeter and deep. . In 4 25
Mit or 16 Nbit'BﬁA 2abRaRe deRRy %ﬁc e 118 QEpBefe. an rEPPoV%9|a hol e
dept h/ vi a- hoIe

03 in whie ﬁgﬁégé%ggefoig%g %q%%?%|99%ﬁm$$ 10BR 98 Apse; etc.
o boc oneR0Si 4l Fodel) QUolCker 4VhALE o¥d%sith 1arfe ssgaé{fet er Itself

al so becones 1 err m or ere ne even ra-hole with

| arge aspecg 15atiét'9het hscasmaw.wwmlaéncaapsspe%ﬁ Eﬂ §i-Si

conmpound i s required Particularly, for performng sure
el ectrical c@@g@@ﬁargg peqihpedevi ce under insulating filmsuch as

Particularly, for'perfkrming sure electrical
e
connection to the device under: insulating film such as

O | Si0,, etc., rather than film formation, Al-Si is

2
10 required to be deposited g0 as, to embed .only the via-
hole of the device. In such cpse, a method of

depositing en Al alloy only on S8i or metal surface and

not depositing it on an insulafiqg film such as Sioz,
etc. is required. 5

15 : As the improved aputteLing method, there has
been developed the bies sputtexring method in which a
bias is applied on a substrate and deposition is

performed so as to embed Al or. an Al-8i compound only

N

in the via-hole by utilizing the sputter etching
20 action and the deposition action on the substrate

surface. However, since the bias voltage of some 100

V or higher is applied on the Fubstrate, deleterious

influence on the device occursibecause of charged

particle damaging such as phan%e in threshold of M0OS-
25 FET, etc. Also, because of pr%sence of both etching

action and deposition action, %here is the problem




I
Sigerr], etc., rather than filmformation,*Al-Si is 10 required to be
depdsited so as to enbed only the via- " hole of the device. In such
case, a nethod of depositing an Al alloy only on Si or netal surface
and not depositing it on an |nsulat|o filmsuch as Siof[err],
etc. is required. 15 As the i ed sputtering nethod, there has
been devel oped the bias sputtering nethod i n which a bias is applied
on a substyat d p S d Al or an
Al - Si corrpfounghgﬁl sHe %btdé?‘?:h é:%efecf%ﬂ{d”{‘fie %s%% ﬁe‘ﬁs tter etching
20 action anquEg %9p05|t|on actlon on the Substrate surf ace.
However, since las vol tage of sone 100 V or higher is applied on

the substrate, deletegpoésrder td d 14N GH P HrPA eHeY aee AR ibdicause of
char ged . particle damagi ng such as change in threshold of MOS- 25

FET, etc. ' A sbovesceatdons pygeanat Gvibqidnesiicailngaper action and

dep05|t|on action, there is the problem :

04 | tshat D’ebesdepoal)t mert heyize theoen ibeferbpreéposeti. al IIn these
methods, chemical reaction of%thé starting gas in some
forb-is utilized. 1In plasma dVD or optical CVD,
decomposition of the starting:gaq occurs in gas phase,

e and the active species'formedfthere further reacts on

10 the substrate to give rige to.fiIm formation. In
these CVD methods, surface co%erdge on unevenness on
the substrate surface_is good., ﬁowéver, carbon atons
contained in the starting géa'%oﬂecule are
incorporated into the film. Also, particularly in

15 plasma CVD, the problenm remaiéed'that there was damage
by charged particles (so calléd plasma damage) as in

the case of the sputtering method.

The thermal CVD method in which the film
grows through the surface reagtion primarily on the
20 substrate surface, is good in surface éoverage on
unevenness such as stepped por&ion of the surface,
etc. Also, it can be expecteé that deposition within
via-hole will geadily occur., %unther, wire breaking

at the stepped portion can be pvoided. Furthermore,

there are not caussed damages by dharged particles

which have been observed in thk case of the plasma cVD



| nproved. ' In order to solve the problens as descri bed
above, various types of CVD (Chem cal Vapor 5 Deposition) nethods have
been proposed. In these nmet hods, ¢ i cal reaction of the starting

‘gas in sone formis utilized. In pMaSma CVD or opti cal

deconposition of the starting gas occurs in gas phase,

in the starti AgjigemoIfesyexannie,

CVD,

and the active
species forned there further reacts on 10 :the substrate to give rise to

filmformalio®r the sputterdng Mh%’c-hod'éﬁl e thads afy avede sokimdevenness
on the substrate surface is goqﬂﬁakbmever, carbon atons

cont ai ned

fRWP iR Jawreedi 9f Al so,

icularly i 5 I ) I i ned th h d
By charged parhedsooReRtant Soodetim gt ad 1 175 1198 Icasdror he
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He@Stion tube pressure of 0.5 Torr. The substrate
temperature is then maintaine% at about 450°C and 8134
is introduced to diffuse Si infthe Al film, thus
obtaining an Al-Si film. ' ‘

When TIBA is to be used, a continuous film can
not be obtained unless pretreakmént is effected in
which prior to film formation, TiCl, is flowed to
activate the substrate aurfaceftq form nucled.
Furthermore, in cese where TIBA is used, there is a
problem that surface flatness Es not sufficient even
when TiCl4 is used. By this m?thbd it is not possible
to effect selective growth suoL as Al-Si deposiinn
only in via—hoies. .

As another method, thefe can be mentioned the

method described in Japanese Jburnal of Applied

Physics, Vol. 27, No. 11, p. LE134 (1988). 1In this

method, TIBA and $i,H, diluted with Ar gas are

.supplied, and the gases are he&teﬂ before TIBA reaches

25

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

resistivity can be epitaxially. grown on a $i (100)



I .
whi ch -have been observed in the case of the plasma CVD
05 1 or the sputtering nethod. The nethods of such a kind

i nclude, for exanple, the nethod seen i n(Qfgur nal of El ectrochen ca
Society, Vol. 131, p. 2175 (1984). In this method triisobutyl
alumnum (i-Cerr]Herr])[err]Al (TIBA) is 5 wused as organic al um num
gas and an Al f ilmis forned at a filmformation tenperature of 260

[err]C and la wafer.ecadiitboughbaher £4dm obseimesl hyr rthiphmehhest rtmse
tenperature is then nmaintained at about 460[er&hC and SiH

i ntroduced to gepAubdgli qualdiy. AFhPFPnﬁrPh&§V yed g Mﬁﬂ?kﬂmﬁN Si film
When TIBA is to be used, a contlnuous fil not be obtalned unl ess
pretreatment i §baff sengxalnis diffiigudi &“ieort"t gecassityr okt NGNS [err)
is flowed to activate the substrate surfac o formnpuclei. -

Furt her nor €| iﬁheaggsﬁﬁePngFBRti§98§€8tuﬁhg% Cting this,met hpkgt

surface flatness I S nqt suff|C|ent even when Tid[err] |s used. By
this nethod it ifscraplisased Ie to effect selective growth such as

Al -Si deposition %gL es Xa?dhgpen Patent Application No. 63~

33569 describes a method of fokmfng a film by using no

TiCl but using in place thereof organic aluminum and

4’
heating it in the vicinity of ithe substrate.

10 According to this method, Ai c?n be depositeé
selectively only on the metal gr.semiconductor surface
from which the naturally oxidii‘zedl; film has been
removed.

In this case, it is clpaﬁly stated that the

15 step of removing the naturallygogidized fiilm on the
substrate surface is necessarygbeﬁore introduction of
TIBA. Also, it is described that, since TIBA can be
used alone, no carrier gas is.¥eqhired to be used, but
Ar gas may be also used as thegca?rier gas. Howevér,

20 the reaction of TIBA with anot?er gas (e.g. H,) is not

contemplated at all, ané therezis.no description of

use of Hz as the carrier gas. EAléo. in addition to

TIBA, trimethyl eluminum (TMA) and- triethyl aluminum

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

descripticn of other organic métals This is because,

since the chemical properties of organic netals



20 As anot her nethod, there can be nentioned the met hod
descri bed in Japanese Journal "of Applied - Physics, Vol. 21, No. 11, p.
L2134 (1988). In this met hod, TI BA qaw Si[err]H err] diluted with Ar
gas are supplied, and the gases are heated before TIBA reaches 25
the substrate. By this nmethod, armt Al-Si film:of a | ow resistivity can

be epitaxially gepepa®lyavary( §98utly 1f the organic substit 06
1 wafer. Althaeos aRlydvaryl Peacly by this nethnod has . *2®88od high

quality, there g¢eabn¥@l ¥edthBemBkal! 818ment vhRabsCPPLEPL, i $¢difficult due
to necessity of heating the gases and that apparatus tor effecting

this method 5 hecessarycebednvestigate indiJ2@adese b detheNekat ent

Application No. 63- - 33569 describes a nethod of formng a film by

using no - TegbbpihbntAtionsitBydebephine #hatcergahdanhstal ughsimyand
heating it in the vicinity of the substrate. . 10 According to this nethod,

Al can be dgpospéedsed. selectively only on the netal or sem conductor
. surface fromwhich the naturally oxidized filmhas been renoved.

In the CVD method as described above, not only
there is an inconvenience thaé the naturally oxidized
film must be removed, but a1§q there is the drawback

o that no surface smoothness caﬁ bq obtained. Also,

10 there is the restriction thatzheétinq of the‘gas is
necessary, and yet heating mu%t be done in the
vicinity of the substrate. Bésides, it must also be
experimentally determined at Qhaﬂ poximity to the
substrate heating must be done, whereby there is also

15 the problem that the place foé setting the heater
cannot be necessarily freely théen.

In the pre-text of thé 2dd Symposium of

- Elactrochemical Society, Brancb of Japan (July 7,

T,

1989), on page 75, there is a heéeription-of film
20 formation of Al according to'the double wall CVD
method. In this method, TIBA ﬁs used and the device
is designed so that the gas tehpérature of TBA can be
.made'higher than the aubstraté temperature. This
method may be also regarded as|a modificationldf the
25 above-mentioned Japenese Léid-—ope‘n Patent Application

No. 63~33569. Also in this meithod, Al can be



In this case, it is clearly stated that the (15 step of renoving the

natural ly; oxidized filmon the substrate surface is necessary before
i ntroduction of TIBA. Also, it is ded}Bibed that, since TIBA can be
used alone, no carrier gas is required to be used, but Ar gas may be

al so used as the carrier gas. However, 20 the reaction of TIBAwth

anot her gas, (esglec[t%rg]%vf g%[)aat g toﬁlo';t %rml gt %S'a%’te” ﬁPESucqﬁt here is no

descrlptlon of e TearT T Faddition to
(TEA) are

Tt oned buy b |ggk“§ﬁhgT ﬁ??fk&%@%%ﬁbd@h%?%onﬁéfgther organi c

nenti oned, but t ere i SCr i

metals. This | §ohssauttre and %hacsusa%rahsﬁ';%kae CORERRLFREREeVEHR" ° )y

nmet al s

i f the organi cprgubahitbygiba wmaa&e@aemttg S‘. m éb %iyxsgs gsvfe‘ﬁ es

little, it is necessary to investigat uaII eta
exper | Ment &f | 0RrhAndekct Kal® (HBhofib0ARKC HR! a'zpaﬁquledmuét bgeused.

In the CVD nmet hod as descri bed above, not there is an

i nconveni ence hRakehhe Matdbobly Q&bgbagﬁg tb this method, there are
-involved such problems that n& uniform continuous film
can be formed, that flatness Qf ghe film is poor,
etc., unless the film is made khﬁck to some extent.

10 As aet forth sbove, thb prior agf methods have
the problems to be solved thatiit is difficult to
obtain a flat Al-Si film of a ;oﬁ resistivity and good
quality, that there is conside}able limitation in
apparatus and in film fOrmatioﬁ.

15 As described above, prﬁof art methods céannot
necessarily effect well selecthvé growth of'A1431, and
even if possible, there is a p}ob&em with respect to
flatness, resistance, purity, etc. of the A) film
formed, Also, there has been ?hvplved the broblem

20 that the f£ilm formation methodiis complicated and can
be controlled with difficulty..

Furthermore,.according%toﬁthe priof art as
described above high throughpuk sufficient to get a

final commercial success has nbt been achieved.

25



filmnmust be renpved, but also there is the drawback “that no surface

snoot hness can be obtained. Also, 10 th Is the restriction that
heating of the gas is necessary, and yet heating nust be done in the
vicinity of the substrate. Besides, it nust also be experinmental ly
determ ned at what poximty to thes substrate heating nmust be done,

wher eby the[e i%%@i%%gﬁééégégiﬁ&&%&hggb;hat the. place for setting the

heat er- can _ . chosen. _ In the
Bapan (ul'y 7. " TopBF. dFdAbedavavRy ah ERE FaahniaaloFisnd Pim 20
(ot hoct OTi oA 1 cREageHaeekas! 15, URHEh ntBHe YR egrad o Bs, pEdghe °

t t .of i Lgh t han. t hstrate teng t .
T B o et od ks B 1 Egcentyaansd thr BABAT A I PeRat ooy 7 1 ¢

above- nent | nﬁgf%gggeﬁﬁagggkggara%eﬁ%ﬁsﬂan/*ggki fidlle"Rign1y YBre§2addq’Y:

sel ectively groyRgoRlyner in”BE?EoQ&aﬁSQEQOQQHEEOBave existed many

rooms to be improved.
An object of the presént:invention is to provide

a deposited filﬁ formation meého& which is, excellent

10 in controllability, requires éar%icularly no‘expensive
and complicated deposited filé formation device, is
extremely wide in general purpgosé¢ applicability, and
yet can form a metal £ilm of jua;ity, and a method for
producing a semiconductor deviceq

15 An object of the pres%nt;invention is to provide
a deposited film formation meéhoé capable of forming
a metal £ilm composed mainly &f Al of.good quality

N according to the method excelﬁeng in reproducibility.

( ' Another object of theiprésent invention is to

20 provide a method for preparini a:semiconductor device,
which can provide a highly inﬁegfated semiconductor
device of high performance atglow cost.

Anothexr object of the %resent invention is to

provide a deposited film fprmakiqn method capable of

5 forming a metal film composed mainly of Al of good quality
ét high deposition rate with e%céllent reproducibility

at low cost.



but not only the difference between the gas i : tenperature and the
substrate surface tenperature can be controlled with difficulty, but

al so there is the 5 drawback that the b and the pipeline nust be
heated. Mreover, according to this nethod, there are i nvol ved such
probl ens that no uniform continuous film : can be fornmed, that fl atness
of the filmis poor, Stildt anptheireebjebe bifl thies predenthiinivena ivame
extent. 10 As set forth above, the:iprior art nethods have t he
probl ens to beisotveprohidei 8 metlolf £oml preparing absemicanfuatos -Si film
of alowresistivity and good quality, that there is considerable
limtation in devicgppwhachscandobhainl en wbringi ofi. go¢8 quality ass

descri bed above, prior art nmethods cannot i necessarily effect well

sel ective gr.owhihgbf throggh-pn8 and isvbhghfipoxelbabilibyee is a probl em

Wi th respect to fl atness, resistance, purity, etc. of the Al film

f or med. AL%O, t here h&tiBdeanpihervebient pfothenpreeenthinvension m
formation nethod is conplicated and can ~ le controlled with difficulty.
Furthernmore, ad8of@i REoVédene geporited §ilm.forgatipphegthndywhiichh

t hroughput sufficiept to get a final conmercial success has not been
achi eved. 25 can obtain a metal film composdd mainly of Al of good

quality at high deposition raté aﬁd with excellent
selectivity, as well as a meth4d for preparing a

10 semiconductor device. : .

15
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09 - SUMVARY OF THE | NVENTI ON : As described above, in the

technical field or sem conductors in which higher integration has
been desired in recent years, for p qyﬁding I nexpensi vel y 5

sem conduct or devices which are nmade hi ghl'y i ntegrated and higher in
performances, there have existed many roons to be inproved.

An object of the present invention is to proyi a _depasited,film
formation nkthod whi chIhese PRIACES: argy a%q%v%a%lqcmrg%,e F'é‘&&i res
particul arly no_expensiv and npl i cat % de ited fi.lmformation
device, is theekFW@HﬁE?"wPHéqrﬁvgéﬁgﬂap &5? ngpg%ﬁlﬁgggﬁPPtﬁ, and

yet can forma netal, fil f quality, . an ethod faor produci ng a
seni conduct or WEé.tedlg]ﬁm %ompri)é,&r?go%hgcftﬁgg%t k?efqpresdnt i nvention is

L0 BOVIGE . miec? YR, BT TR A 37 b o

a netal film conposed good q according to the

rechod exeo | eHolsd VRO il 4. opace fo foraslOuBE lleccl ol the

pr esent pr ovi e or preparing a sem conductor
devi ce, W@b%@i%%ﬁ &&qxhde a highly integrated sem conductor

{b) introducing a gas ?f_an alkyl aluminum
hydride and hydrogen gas into zsaigd space for formation
pu of deposited film; and :
10 {¢) maintaining the t%mpdrature_of said
_electron donative surface witﬂin'the range of from the
decomposition temperature of s;ié alkyl aluminum
hydride to 450 °C to form en aﬁuﬂinum film on said
electron donative surfaece whil? farying the deposition
15 speed of sluminum. : .

These objects are ﬁlsoéadhieved in accordance
with the invention by providinb é process for forming
a deposited film comprising th? siteps of:

{e) pfoviding a substr;té having an electron

20 donative surface in ?\ space foir f%ormation of the
deposited film;

(k) introducing a gas bf Qn alkyl aluminum
hydride, a gas qontaining siliboniand hydrogen gas
into said space for format;on ;f Peposited film; and

25 {c) maintaining the te%pe?ature of said

electron donative surface withkn the range of from the



devi ce of high performance at | ow cost. b Anot her object of the

present invention is to provi de a deposited filmformation nethod
capabl e of 25 forming a netal filmco ed mainly of Al of good quality
~at high deposition rate with excellent regproducibility at | ow cost.
- 10 Still another object of the present invention Is to
provide a method for preparing a sem conductor . devi ce, which can obtain
~a wiring of jg00fle@tihbé Yt Pén temPeSRLuRE 0YENaRIE ADEy 1 SaMhfiinkd .
~reliability. _ Still "another object bf the present -invention
is to provide ohg@podétes 466 PEOEIBESPR 4Bt 4D IEDs 11168 e PPh bR 2
metal filmconposed mainly of Al of good - :*quality at high deposition

ratd and with ex&fd!€léctron SEbeetivé tdurfecdalihi Bé varfPigdeh@r preparing
a . semconductor device. 10 ;

deposition speed of aluminum. !
5 In the present inven@io&, Al or Al-Si f£ilm is
formed by feeding a gas of aﬁ aikyl aluminum hydride,
oi-a gas of an alkyl aluminum hédride together with a
gas containing silicon. 1In Qddition, the deposition
rate of Al is shifted during%fiiﬁ formation,

3

10 Accordingly, a dense Al or A%—Sﬂ film can be formed

on a substrate at high speedJ

15

20

25




20 25 These objects are achieved in
accordance with the invention by providing a process for formng a
deposited filmconprising the steps of: 3 (a) providing a

. substrate having an el ectron 5 donative surface in a space for formation
of the deposited film (b) introducing a gas of an al kyl

al um num 1 hydri de aq,gl Q\éd %%eerét%asére L Sa'aghsi%%%% fi%r afc%u;%[aln%ne

with the invention by providing a process for forming
a deposited film comprising thHe steps of:
(a) providing a substrate having an electron
5 donative surface (A) and an electron non-donative
surface (B) in a space for foﬁmaﬁion of the deposited
film; ‘
(b) introducing a gas of en alkyl aluminum
- hydride and hydrogen gas into said space for formation

10 of deposited film; and | '

{c) maintaining the teﬁpérature of said
electron donative surface (A) within the range of from
the decomposition temperature of ?aid alkyl aluminum
hydride to 450 °C to form an alum;mum £ilm selectively

1s on said electron donative surfgc& (A) while varying
the deposition speed of aluminum. '

These objects are also_acﬁieved in accordance
with the invention by providinp a process for forming

- a deposited film comprising the s}eps of; .

20 {a) prqviding & substriate having an electron
donative surface (A) and an eléctfon non-donative
surface (B) in a space for formatﬁon of the deposited
film; '

{(b) introducing a gas &f hn aikyl aluminum

25 hydride, a gas containing sili¢on;and hydrogen gas

into said space for formation of aeposited film; and



of deposited film and 10 (c) maintaining the tenperature of said

el ectron donative surface within the range of fromthe deconposi tion
tenperature of said al kyl al um num hyare,ide to 450[err] Cto forman
alumnumfilmon said el ectron donati ve"surface whiles varying the
deposition 15 speed of al um num ' These objects are al so
achi eved i n accordance with the invention by providing a process for
form ng 1 a deposit & )f madncedpding rthe Hetnpésesuafe of said (a)

provi ding a substrate having an electron 20 donative surface in a space
for formation efledtron donddive ot fiaden(A) within the rapge efr S ng a
gas of an al kyl al um num hydri de, a gas containing silicon and
hydrogen gas = the degcmposiitiosatemparatimmiabreid edkydi edyminmum and 25

c) maintaining the tenperatuwe of said : el ectron donati ve .surface
\(Ni%hi n the 'rangU g:r% o% to form an a:lt.ug(inum-silicon f?lm 12 1

d iti t t f i | kyl. al un num., hydri de .to 450 C
Lo F O m an &I uRTRRSINA o P BB p1oe el Aok Rane AMEIRRR (8d surface

whi | e varying twq'xeile varying the deposition é:ped;d of eluminum.

In the present invent;i.om, by feeding a gas of
an alkyl aluminum hydride or a gas of en alkyl aluminum
hydride together with a gas cbntaining silicon onto

10 a substrate having an electro:n d§native surf‘ace (a)
and a non-electron donative sprf;hce (B}, Al or Al-Si
film is forméd only on the election donative surface
(A), shifting the deposition rate of Al during f£ilm
formation, Accoi:dingly, a de;lsei Al or Al-8i £ilm can

15 be formed at high speed only %m ;the electron donative

surface (A} on the substrate.

o

25




deposition speed of al um num 5 ‘I'm' the present invention, A or

Al -Si filmis formed by feeding a gas-of-an al kyl al um num hydri de,
or a gas of an al kyl al um num hydri de uﬂgether'mﬁth a gas contai ni ng
silicon. In addition, the deposition rate of Al is shifted during

filmformation. 10 Accordingly, a dense Al or Al-Si filmcan be forned

on a substiate at hi%p ipeed. - 15 i 20 25
o BRIEF DESCRIPTION OF THE DRAWINGS;

Figs. 1A - 1D are schebatﬁc sectional views
for illustration of. the deposi%ed:film forming process
according to one embodiment of the present invention.

5 Figs. 2 and 3 are ache&at;c views for
illustration of a suitable dep%sited film forming
device in practicing the deposited film forﬁing
process according to the process of the present
invention. ; |

10 Figs. 4A - 4E are sche%at4c sectional\viens
for illustration of the deposiéedgfilm forming process
according to one_embodiment of%thé present invention.

Fig. 5 is a chart show%ng;the X~ray
diffraction pattern on the Al 4epasited 81 (111)

15 sSubstrate having Al deposited.é
Figa. 6A and 6B are chérté showing the X-ray
diffraction pattern. | '
) Fig. 7 is a chart showﬁng;the K-ray
-(* diffraction pattern on the Al 4epésited Si (100}
20 Substrate. . .

Fig. 8 is a schematic @ie& for illustration of
the scanning u~RHEED, .

Fig. 9 is a schematic vheq for illustration of
the principle of crystal grain %bs?rvation with the

25 scanning p~RHEED image. ' ;

Fig. 10 is a chart shdw?nﬁ the X-ray



These objects are al so achieved in accordance ' with the invention by

provi ding a process for formng -a deposited filmconprising the steps
of : (a) providing a substrr havi ng an el ectron

donative surface (A) and an el ectron non-donative surface (B) in a
space for formation of the deposited film' (b)

I ntroduci ng a of al kylL _al um nu hydri de and,K hydrogen gas into
sai d spaceqforgﬁgfﬁﬁfggﬂn Béttﬁfndgﬁogb?eﬁlf$¥ﬁ?s§ﬁﬁd $1'1111 (c)

mai ntai ning th uLS?pgggture of said ~ electron donative surface (A)

wi thin the range 0 rom t he deconposition tenperature of said al kyl

al um num hydri de gQQQGOIQAtQ &agr%gg géggﬁgyg&f&igﬁéeégc{é ely 15 on

sai d el ectron donative surface (A) e var eposTtion speed

of aluninum scenning secéh@afyObi&stsoR’ EmAéCard iKY elehfin GO dance
with the invention by providing a process for formng a deposited film

conpri si ngst herBEEPSifbge 88 the Al fiim)s@IB¥tIN&Dy ad i t@@conavi ng an
el ectron donative surface (A) and an el ectron non-donative surface

(B) in a spacegipii1iprsabkepadé,the deposited film (b)
I ntroduci ng a gas of an al kyl al um num :

Fig. 12 is a chart showiny the X-ray
diffraction pattern on the Al éeposited Si {(100)
substrate. '

10 Figs. 13A - 13C are scﬁem@tic views o} the
acanning secondsry electron 1mggeiapd the scanning n-
RHEED image of the Al film selectively deposited on Si
(100) substrate. i

Figs. 14A - 14E are scﬂemétic views showing

}s ©one embodiment of formetion of a éource drain
electrode of gate insulation tgpeftransistor.

Figs. 15A - 15D are illusirations for

explaining the reaction mechanism.

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments accdrding to the present
invention are described in'detéil}below, but the
present invention is not limited ﬁy these eﬁbodimentp,
and it may bave a constitution mhgoh accomplishes the

25 cbject of the present invention.



25 hydride, a gas containing silicon and hydrbgen gas I nto said space
for formati on of deposited film and ‘

14 1 (c) maintaining the te rature of said el ectron
donative surface (A) within the range of from . t he deconposition
tenperature of said alkyl alumnum - hydridé to 450 [err]Cto forman
alum numsilicon film 5 selectively on saiid el ectron donative surface (A)
whil e varyl ng the depds ttihen fapldawioig alpmiaturkp detailed In the present
i nvention, by feeding a gas of an al kyl: al um num hydride or a gas of
an al kyl al unidngeriptiandifiirstodhearegess fogagorming @ ng silicon onto
10 a substrate having an el ectron donative surface (A) and a

non- el ectron dewpasiteds film by mse Rf An grggnic metad; 4§ ontildneds only on
t he el ectron donative surface .. (A, shiiftizng the deposition rate of Al
during film forﬁ&ﬂ(ﬂﬁcqmﬂﬁﬁ%ﬁ#ﬁﬁyﬁeﬁf- ofpano PrgAndC i | mcan 15

be fornmed at hi%h speed only on . the e] ectron donative surface (A) on

will vary greatly depending on .thé kind of ghe metal
atom, the kind of the alkyl bodded to the metal atom,
the'means of causing the decoméos%tion reaction to
occur, the atmospheric gas, eté. .

10 For example, in the ca%e éf M~R3,(M: %he group
11T metal, R: alkyl group), trqmeqhyl gallium:

~GCRs

CH;-Ga .
. \\caa

in thermal decomposition undergpeq radical cleavage

15 wherein Ga—CH3 bond is cleaved,?wﬁile triethyl
Lo '
gallium: ' i
CaHs i
Csz‘Ga//’ :
. T=C.ls
i

in thermal decomposition is decbmpbsed through 8-

20 elimination into: '
|

. ’,aczﬂs
c ~Ga
2lls ~

- and 02H4.

attached with the same ethyl grbup;

On the other hand, tkiekhyl aluminum

a 02"5
2 Colls-a 82
\\‘CQHS



20 ' 25 BRI EF DESCRI PTI ON OF THE DRAW NGS

Figs. 1A - 1D are schematic sectional views for illustration of the
deposited filmform ng process accondyng to one enbodi nent of the
present i nventi on. 5 Figs. 2 amd®3 are schematic views for

il lustration of a suitable deposited filmformng device in
practicing the deposited filmformn progess according to the
process of tlhe preteprmal dec¢mn@q4$ uq@ergoes radfegd. 4A - 4E are
schematic sectional views for illustration.of the deposited film

form ng processd9°°m99§%BFGPnﬁ“tﬁhﬁﬁé ﬂﬁaeh? gleevedpr cHevievenvent i on
Filg. 51is a chart Syggiggtyy alumf*hm_hav1ng 1C4H9 bonded therein:

——iCuly
lCsz‘ AL
5 “*lckﬂg
is subject to fA-elimination. '
Trimethyl aluminum (TMA) comprisxng CH3 groups

and Al has a dimer structure at ﬂoom temperature:

cﬂ,\_ﬁ /Clii-»l\ —GHa
10 AR .,L‘ ~
Clarm" "*CH: CHs

1

and thermal decomposition is rhdﬁcal decomposition in
which Al~CH, group is cleaved, and at a temperature of
150 °C or lower, it reacts with étmospheric H, to form
15 ©CH,, and forms finally Al.
However, at a high temberhtﬁre of 300 dc or
higher, even if Hz may be presént'in the atmosphere,

CH3 group will withdraw H from. thb T™™A molecule, until

£

finelly Al-C compound is formed.

20 Also, in the case of THMA, in light or a
certain region controlled in e@ec%ric power in H,
atmosphere high frequency (ca..13F56 MHz) plasma, czﬂs
will be formed by the bridging CH, between two Al's

In essence, since gvengan;organic metel

25 comprising CH3 group which the si%plest alkyl group,



diffraction pattern on the Al deposited Si (fllﬁ 15 substrate having Al

deposi t ed. Figs. 6A and 6B are charts showi ng the X-ray
diffraction pattern. Fig. 7 Ii chart shomnng the X-ray
diffraction pattern on the Al deposited Si @ﬁo substrat e.

Fig. 8 is a schematic view for illustration of the scanni ng

[ err] - RHEED. Fig. 9 is a schematic.view for illustration of

t he principle o¢2ugygtampgon|hc£3§egvanpoanunah bheGa25assaaﬁéaaeianRHEED
I mage. Fig. 10 is hart showi ng the X-ray
16 1 diffraceode geperdingnonhthdl kiegosft-the Sh1K¢ligroup, shestrate.

Figs. 11A - 11C are schematic views of the : ;scanning secondary electron
i mage and the skimdiof) therpetal aﬁbﬁfltheagéctdattmnA¢e¢mmpws£tﬁonlver
deposi ted on Si (111) substrate. "~ Fig. 12 is a chart

showi ng the ‘X-regans, foF {depesibiopaof canmetal atom Hepusan cor@an{d00)
5 metal on a desired subetrate, the decomposition
reaction must be strictly contwolled For example,

when Al is to be deposited fron triisobutyl aluminum:

iCaH '
(TI8A:  -AZ —§Cdlls)

- iCaHo”
| 10 in the low pressure CVD ntethodg co;mprising mai\nly

thermal reaction, unevenness o& @m order is formed on
the surface, whereby the surfage ﬁorphology is
inferior. Also, hillock generbtﬁon by heat treatment,
Si surface roughening through Si ﬁiffusion at the

15 dinterface between Al and Si ocpuf, and also migration
resistance is inferior,'whereb& i&'can be utilized for
ultra-LS1 process with difficuntv

For this reason, a method for controlling

precisely both the gas temperaturp and the substrate

20 temperature has been attempted. %owever, the device
is complicated, and the method:is.of the sheet
treatment type in which depoailtioin can be effected
only on one wafer by one deposstign process. Besides,
since the deposition speed is EOOEz/min at the

25 highest, the throughput necessary for bulk production

cannot be realized.



oo
substrate. 10 Figs. 13A - 130 are schematic views of the

scanni ng secondary el ectron i nage and the scanning [err]- RHEED i mage
of the Al filmselectively deposited on Slo (100) substrat e.

Figs. 14A - 14E are schematic views showi n§ one enbodi nent of
formati on of a source draln el ectrode of gate I nsul ation type

transi stor. . 15A - 15D are il lustrations for

expl ai ni ng & he reactloﬁiﬁééﬁaﬁYénﬁhen JYA peTapedoYetscRIPAeERadt ivne
PREFERRED EMBODI MENT eferreg_enbodlnents accordlng to the
pr esent |ﬁ@§nbﬁéﬁ artegpled B¥Juse Ot B1PSE8 OF, IBQP trh present
i nvention is not limted by these enbog ﬁé have a
constitution wﬁP@Hcﬁcééﬁﬁl §ﬁ8§ePh8°m§ io&ﬁﬁ@c@“&ftph§s§r8§e a8M%ent i on.
17 n the foll rior t scrlptlon

first, the pro@Es%igBF'fSPﬁlﬁ s bega“&@p glggﬁaF%PﬁFb§YB§e 18 1or gani c

met al IS(nglln%ere remains room for improvement for sufficient

improvement of throughput. .

Dimethyl aluminum hydridé (DMAH) as the alkyl
aluminum hydride to be utilizéd jn the present
invention is a substance knowé aé alkyl metal, but if

10 could not be estimated at alliwhét Al thin £ilm could
be deposited depending on whaé réaction mode, unless
deposited films are fofmed under:§11 the conditions.
For example, in an exemple of ‘deposition Al by optical
CVD from DMAH, the surface mo4phélogy is inferior, and

15 the resistivity value was greétet than the bulk value
(2.7 nohm-cm) as several uohmito’lo piohm.cm, thus
heing inferior in film qualitﬁ.

Now, referring to the drdwings, preferred
embodiments of the present in«ention are described in

,0 more detail. _ |

In the present inventilon, for depositing an Al-
Si film of good quality és th% e%ectroconductive .
deposition film on a substrate; éhe CVD method is
used. L

25 More specifically, by use of dimethyl aluminum

hydride (DMAH)



I
The deconposition reaction of an organic 5: netal, and hence the thin film

deposition reaction will vary greatgﬁhdepending on the kind of the

net al atom the kind of the al kyl ed to the netal atom t he

means of causing the deconposition reaction :to occur, the atnospheric

gas, etc. 10 For exanple, in the case of N¢R[err] (M the group

11 nmetal, R alkyl group), trinmethyl galli 5 [err]

in thermal weconp05|t|0hemﬂdedgﬂesmuhdrcalC heaugge 15 wherein Ga-CH err]
' bond is cleaved, while triethyl gal liu —H [err]

in thermal deconposition i s deconposed thr§ gh’fg}r] 20 elimnation

I nt o: [err] and err]H err] On the other
hand, triethyl ozl mononsthyl a&umﬁnhndhﬁﬂrﬁdﬁhéﬁyéﬁg)ethyI groups: 25
[err] _ :

' z

5 Chemical formula: cui,._;__hﬂ Lk

L
as” alkyl aluminum hydride whiéh is an organic metal as
the starting geas containing aé léast one atom which
becomes the constituent of thé déposited film,
10 ©optionally a gas conteining s% aﬂoms as . the étarting
| gags and Hz as the reaction ga%, én Al-8i film is
formed by gas phase growth with & gas mixture of these
on a substrate, i .
As the substrate applikaﬁle in the present
15 invention, e material having ebeétron donative
propertYlmaY be employed. b
The electron donative @aéerial is described in
detail below. ;
The electron donative Faﬂerial refers t¢ one
20 having free electrons gxisting;oﬁ free electrons
intentionally formed in the su;st%ate, for example, a
- material having a surface on wpicb the chemical.
reaction is promoted through gkvefand—take of
electrons with the starting ga? m?lecules attached on

25 the substrate surface. For_ex?mpﬂe, generally metals

end semiconductors such as P t&pei N type and



P
18 1 in thermal deconposition undergoes radical deconposition in
which Al-Clerr]H err] is cleaved. However, = - tr|-|so butyl al um num
having i Jerr]H err] bonded therein: 22 [err] 5 is
subject to [err]-elimnation. Tri et hyl al um num ( TMA)
conprising CH err] groups and Al has a dinmer structure at room
t enper at ur e: [err] and therga deconposition is radica
deconposi tion iatrinsichieemidionGrcdor] egcoupor trespeadeto snghat a
t enper at ure of 150 [err]C or lower, it bmdS\MthaHmﬂmﬂchﬂﬂﬂ
to form 15 CHpherekiadnd Those hﬂnahbyvﬁry thin oxidizedHfddmepn ghes hi gh
tenperature of 300 [err]C or - hi gher, even if Herr] may be present in
the at nospher emetal o€HBemilogdugsowi Bhrﬁﬁpﬁdﬁaﬁ/Fﬁﬁpoﬁﬂpﬂéde¢wﬁ mol ecul e,
unti | finally Al -C conpound is fornmed. ;20 in the case
of TMA, in 1igRererwith s fhig ﬁééﬁontBGnFFﬁFFﬁﬁllHeﬁpéépplEaﬁomer in
Herr] at nosphere high frequency (ca. 1B8.56 MHz EL CLerr]H[err]
will be for&mdosyurhbemee@ rGeCAPEREF 5§tﬁé "’Pﬁ/oaﬁ\ aghed starting
essence, since e ?” organlc met al
ecu .
Specifically, there map be included
semiconductors such as monocrystalllne silicon,

polycrystalline silicon, amorpboup silicon, etc.,

10' binary system or ternary syste# o? qu&ternar{ system
11I-V compound semiconductors ;ombr;sing combinations
of Ga, In, Al as the group IIIfeI;ment and P, As, N as
the group V element, 6r 11-1IV %ombound semiconducters,
or metals themselves such as t%ngéten, molybdenunm,

15 tantalum, aluminum, titanium, éopber, etc., or
silicides of the above metals éuoh as tungsten
silicide, molybdenum silicide,:tantalum silicide,
aluminum silicide, titanium siiic%de, etc., further
matals containing either one o% tbe constituent of the

o0 @bove metals such as aluminum éil@con, aluminum

titanium, aluminum copper, alu*inﬁm tantalum, aluminum

silicon copper, aluminum s;licdn titanium, aluminum
palladium, titanium nitride, eﬁc
On the substrate with Sucﬁ constitution, Al is
deposited only through simple ﬁheﬁmal reaction in the
reaction system of the startind gés and H3. For
i .
Coa



25 conprising CH err] group which the sinple%t al kyl group,

Cerr]H err] group or iCJerr]H err] group and Al or Ga has a reaction
node dependi ng on the kind of the al kyl gr , the ki nd of the netal
atom the excitation deconposition s, for deposition of a neta

‘atom from an organic 5 nmetal on a desired substrate, the deconposition

reaction nmust be strictly controlled. For exanple, when Al is to be

deposi t ed f1°”“é£%}ﬁ¥$““ﬁﬁeE&hﬁ&ﬁ&ﬂnreaction in the reactiod &dydtem 10
the | ow pressure

unevenness of [9&£kdRR BIEAH i gnd M

treat nent,

I nferior,
dIffICU|ty

met hod conpri sing mai nlyj t hermal reaction,

whereby it can pe util jyzed f ~ultra-LSlI process with

5

10

15

20

25

Th s

Yr 4 fghT"S eeson,
Cﬂa/ N MCHs

DM&H.assumes a dimer stfucture§a€ room temperature.
Also, with MMAHz, a high quali&y Al £film could be
formed by thermal reaction as éhcwn below in Examples.
) Since MMAH, hes low vapor pressure as 0.01 to
0.1 Torr at room temperature, b large amount of the
starting material can be transported with difficulty,
and the upber limit value of tbe:deposition speed is
several hundred A/min. in the brésent embodiment, and
preferably, it is most desirable to use DMAH of which
vapor prasaure is 1 Torr at r&om'temperature. |

In another embodiment;ofithe present
invention, the CVD method is used for selective
deposition of a good metal film ds the
electroconductive deposit;on gilm on the substrate.

More specifically, asédeécribed above, by use
of dimethyl eluminum hydride (DMQH) or monomethyl
aluminum hydride (MMAHZ), optﬁonélly a gas containing
Si atoms as the starting gas énd_Hz as the reaction
gas, a metal film is selectivdly formed on the

substrate by gas phase growth with a gas mixture of

{Bﬂb\ﬂfbe bas}i¢4iEl ¢ WdrisRie rdBrady the
surface norphology is i nferfor. Also, hillock generation by heat

foBlowslr f ace roughening through Si diffusion at the 15
interface between Al and Si occur and al so mgration resi stance is

& Hathad 4op Sorti ol iR,

in



precisely both the gas tenperature and the sterate 20 tenperature has

been attenpted. However, the device i s. conplicated, and the mnethod
is of the sheet treat ment type in mhlgﬂrdep05|t|on can be effected
only on one wafer by one deposition proces&‘4Besides since the

deposition speed is 500 [err]/mn. at the 25 highest, the throughput

necessary for bul k production cannot be-reali zed.
Simlarly, menkg$@éis enpl oyed, Al deposition has been attenpted by
use of plasha or ght, the devi ce al so ibecomes conplicated due to use

of plasma or "ghtrhé@uﬁé%bf%ﬁheéuwemha% pr@sedevice, 5

there remai ns room for | nprovenent suf fici ent | npr ovenent of
t hroughput . jnvention Whé®ANWirst Ushbetravdr der4 N tasidhesst ky!

al umi num hydride to be utilized in the present . invention is a

subst ance knowne@smatioh OBt che Huifade SN whochdansétdE £6tinmated at al
what Al thin filmcould be deposited dependi ng on what reaction node,
unl ess s depgepoeiitéd| nandre $econd subetrlaté shrfscedhatental on

which no metal is deposited. ?And, as the first
suﬁstrate surface material, a 'material having the
electron donative surface is ised.

In contrast, as the m4teﬁia1 for formihg the

10 surface on which pure Al or Al-S1 is not dep&sited
selectively, namely the materﬂal for forming the
electron non-donative suffeceé convent ional insulating
materials, oxidized silicon f&rméd by thermal
oxidation, CVD, etc., glass oé oxidized film such as

15 BSG, PSG, BPSG, etc., thermaléy nitrided film, silicon
nitrided film by plésma CvD, iow pressure CVD, ECR-CVD
method, etc. :

¢ Figs. 1A - 1D show ho? the pure Al or Al-8i
film according to the present invention is grown.

20 Fig. 1A is an illustrétién showing
schematically the cross-section 6f the substrate
before formation of the pure Al éeposited film
according to the present inveﬁti¢n. 90 is the
substrate comprising an elect%on.donative material.

” When DMAH, optionally together with Si M. a



I
For exanple, in an exanple of deposition A by optical CvD from DVAH,
the surface norphology is inferior, and 15 the resistivity val ue was

‘greater than the bul k val ue (2.7 [erP®hmcm as several [err]Johmto
10 [err]Johmcm thus being inferior in filmquality.

Now, referring to the draw ngs, preferred enbodi nents of the present
invention are described in 20 nore detail. : In the present

i nvention, for Q@QP%ihbngaanaﬁh a gas #ixthb® ebneagd1agal)t ggas the
electroconductlve deposi tion | mon a substrate, the2CVD nethod is
used. 25 reactbf GREChtrCEeldyonky uaessabsdraEéhylhahuéunuﬁuer
hydri de (DVAH): 21 1

Cheni cal fornul ghe fﬁﬁét]depos;tion aandmrﬁbyi phpai Almokydlide is
(NWAH[err]) 5 Chem cal formula:: [err]

precipitated on the substrate 90 to form the
5 continuous film of pure Al or Al{Si as shown Fig. 1B,
Further deposition of ?1~Si is continuved under
the éecond deposition conditioh ﬁo obtain Al-Si film
as shown in Fig. 1D via the stbté of Fig. 1C.
As the result of analy%id according to Auger's
10 electron spectroscopy or photo@lactric spect;oscopy,
no entrainment of an impurity %udh as carbon or oxygen
is recognized in this fiim. .
The deposited film th@s formed has a
resistivity of, for example, wWith a film thickness of
15 400 X, 2.7 - 3.0 puohm-cm at rd:om temperature which is
substantially equal to the bu%k ﬁesistivity of Al, and
becomes continuous and flat fﬁlm. Also, even with a
£film thickness of 1 um, its r#sigtance at room
temperature is approximately é.? - 3.0 yohm-cm and a
59 Sufficiently dense film is foémed with a relatively
thicker film. The reflectancé in the visible
wavelength région is approximéteiy 80 %, and a thin

film with excellent surface flatness can be deposited.



as al kyl al um num hydri de which is an organ”c nmetal as the starting

gas containing at |east one atom which becones the constituent of the
deposited film 10 optionally a gas codﬂﬁ.ning Si atonms as the starting
gas and H err] as the reaction gas, an Al-Si" filmis formed by gas
phase growth with a gas m xture of these . on a substrate.

As the substrate applicable in the present ;15 invention, a materi al

havi ng elegtron donat i ae descrpbepdeinydetnilic abopkqydd. the present The

el ectron donative material is described in ;.  detail below
The el ectron déneentéonpt inr additéber ot then€indfnghatfi dgpbsitinfgectrons
existing or free el ectrons intentional lty formed in the substrate, for
exanpl e, a purat 8di ah anvehgobrenr ilevetiMenaiscliatie(ahebychrin-
reaction is pronmoted through give-and-take of el ectrons with the
starting gas nbhépvahgsthet admectiron dogative subfecat atsar tewperakure
exanpl e, generally netals and sem conductors such as P type, N type and
5 between of the decomposition tiemperature of an alkyl
aluminum hydride and 450 °C in & .gas mixture atmosphere
. L
of’a gas of an alkyl aluminum hydride, particularly
an alkyl aluminum hydride cont?ining methyl group and
) the hydrogen gas, or depositinig A1-Si by use of the
o dbove-mentioned gas mixture atmosphere in which a gas
containing S8i is further added, for effecting higher
through-put in formation of pufe Al or Al-Si film,
during the deposited film formhtion, shift from the
low deposition rate to the higp deposition rate is
5 effected., By doing so, higher!through-put can be
1 _ :
accomplished without lowering Film quality.
{ ;
20

25



1 intrinsic sem conductor etc. correspond to such materi al. Those

havi ng very thin oxidized filmon the metal or sem conductor surface
are al so included. For, with such thig?i | m the chemi cal reaction can
5 occur between the substrate and the att@ached starting mol ecul es.
Specifically, there may be included sem conductors such as
monocrystal line silicon, polycrystal line silicon, anorphous silicon,
etc., 10 bijnary Systeﬁpeg.tﬁr@arx SYRbAAYOE GuaWcBhBWIngyat em LE-v
conpound sem conductors conpri sing conbi nations |, ~of Ga, In, Al as the
group |11 el enepgkegidaBlefdepdsation fillhefgradpgVdevdoenitoroapplylivg
conpound sem conducters, or netals thensel ves such as tungsten,
nol ybdenum  15t¢henpgbgentainventdpnti t ani um copper etc., or
silicides of the above netals such as tungsten silicide, nolybdenum
silicide, tantalumsili Hete, 1 is al enbatrastel fgrddormingnromAdi-Bici de,
etc., further netal s containing either one of the constituent of the
20 above netsl s fddeh afhel sobstrasel Lcds, monnkeduen a substaatém al uni num
copper, alum num tantalum al um num silicon copper, alumnumsilicon
titanium al uni hodder 3 pabvidedminteraaldmh @ift thgeregcsion tube 2 on

the substrate with such constitution, A is
for forming a space for formation of a deposited film

which is substantially closed to Fig. 2. As the
material constituting the readtidn tube 2, quartz is
i0 preferable, but it may Se alsa mdde of a met;l. In
this case, it is preferable td cdol the reaction tube.
' The substrate holder 3 is madé of a metal, and is
provided with a heater 4 so that the substrate mounted
thereon can be heated. And, @he.constitution is made
so that the substrate temperature can be controlled by

15
controlling the heat generatidn temperature of the

heater 4.

g The feeding system offgases is constituted as

?("".'\

described below.

5 is a ges mixer, in wWhich the first starting
gas, the second starting gas dnd the resction gas are
mixed, and the mixture is fed into the reaciton tube
2. 6 is a starting gas gasifier provided for
gasification of an organic meéal.as the first satarting

25 gas. .
The organic metal to be used in the present



deposifed only through sinple thermal reaction in the reaction system
of the startind gas and Herr]. For '

23 1 exanple, the thermal reaction in thgg:.eaction system bet ween
DVAH and H err] may be basically considerett™s foll ows:

[err] 5 DVAH assunes a dimer structure:at roomtenperature. -

Also, with MMAH err], a high-quality A film.could be formed by
thermal reagti ghwtdmwnidaiuid @Sxangresebparature, am] pie formgd ]
has | ow vapor pressure as 0.01 to 0.1 Tarr -at roomtenperature, a

| arge anpunt ofirtte satursted tvappmde magsingh Heannifh FeefRifyeh
difficulty, and the upper limt value oft the deposition speed is
several hundr ectHeriiquid.of rtheonganihmasotditr they 9asi tiR%i®y anl y,
it is nost desirable to use DMAH of which, : vapor pressure is 1 Torr at
rdom t enper at urhich is in turn | iptpedyrad e‘rﬂfcﬂji%tm ©% e present:

i nvention, the CVD method is used for sel ectijve ]
5 - The evacuation is constituted as described
s

below. ;

7 is a gate valve, whibh;is opened when
performing evacuation of a lar;e volume such as during
evacuation internélly of the r%adtion tube 2 before

10 formation of the deposited filg. 8 is @ sloé leak
valve, which is used when perf?rﬁing evacuation of a
small volume such as in controhlﬁng the pressure
internally of the reaction tub% 2 during formation of
the deposited film. 9 is an eba@uation unit, which is
15 constituted of a pump for evac?aﬁion such as tgrbo
molecular pump, etc. -
\ The conveying system o& the substrate 1 is
= constituted as described belo@. . .
| 10 is a substrate convkyﬂng chamber which can
90 house the substrate before ané aéter formation of the
deposited film, which is evacuktéd by opening:the
valve 11. 12 is an evacuatio@ uﬁit for evacuating the
conveying chamber, which is co%sgituted of a pump for
evacuation such as turbo mole%ulér punp, etc.

The valve 13 is opene& orily when the substrate

1 is transferred between the ﬂeadtion chamber and the



deposition of a good netal filmas the 20 el ectroconducti ve deposi tion

filmon the substrate. More specifically, as described above,

by use of di net hyl al um num hydride ( H) or nononet hyl al um num
hydride (MVAH err]), optionally a gas conta¥ni ng Si atons as the
starting gas and Herr] as the reaction 25 gas, a netal filmis

sel ectively fornmed on the substrate by gas phase growh with a gas

m xture of 1 conveying space. 241 1 these.

The substrate applicable in the present invention has a first

 substrate surface materd®shyn in Fige by b the iakaxting@edn which a
‘metal is 5 deposited, gd a, second substrat e; surface mat erial on

“whi ch no netal 9%3%’&)% dthichip. the (gas folgpation %“Eﬂi&’??’étfé’%urface
' contrast, ad oA G %qtérﬁfiqa)rqa%'geﬁé"ﬂ%?@ W ebur o A
the’ 'eférc‘?h)ﬁe S ARRRSRRtER Tk SRHIRA T Al PR A toR, other Y
inert gas) as the carrier gas to form gaseous DMAH,
whicﬁ is transported to the miﬁer_s. The H2 gas as
the reaction gas is transporteé through another route
into the mixer §. The gases a%e Eontrolled in flow

Y

10 rates s0 that the respective p&rtﬁal pressures may
become desired values. !

In the case of forming;a tilm by this device,
the first starting gas may be éf course MMAH,, but
DMAH with a vapor pressure eno@gh:to become 1 Torr at

15 room temperature is the most p}eférred. Also, DMAH
and MMAHZ may be used in a mix&urp.

As the second starting;gag containing Si,

(:? - there c¢an be used Sizﬂs. SiH4, Siaﬂs, Si(CH3)4, 81614,

2 and 31ﬂ301. O0f these pOm?ounds, 81286

99 can be easily decomposed at thg low temperature of 200

SiHZCI which
- 300°C. The gases such as Si?ﬂszare diluted with H,
or Ar and transported toc the m?xer § through a system
other than the DMAH systém.

The deposited film for&e& at a substrate

25 temperature of 160 °c to 450 oh by use of such

starting gas and reaction gas, with a thickness of for



material s, oxidized silicon forned by thermal oxi dation, CVD, etc.,
gl ass or oxidized filmsuch as 15 BSG PSG BPSG etc., thermally

nitrided film silicon nitrided fil @@y plasma CVD, |ow pressure CVD,
ECR- CVvD nmet hod, etc. Figs. 1A - 1D show how the pure Al
or Al -Si fllntaccordlng to the present invention is growmn. 20

Fig. 1Ais an illustration show schematical |y the cross-section of
the substrate exampdgr 400 gy ﬁ‘rﬁﬁ & r&PiﬁﬁévﬂGﬂ’eﬂAl r@ofodiemperaituye
according to the present i.nvention 9% :  Ssubstrate conprising an
el ection donat e éndt &r 220 Hohg-cm ich ﬁﬁeﬁ“ﬁﬁﬁﬁ“téﬁﬂﬂdnﬁﬂpﬁltGQether
wth Siferr]H start I Ng: gas and as m xture

cont ai ni ng H[esrl]]b?afgi rQSiﬁﬁéegﬁgn d iseor g “5ﬁ?8°¥ﬁe h&dPSte 1 heated

under the first depo |t|o condhtron Eﬂre Al gr Al-Si is

preci pitated of itlfe sﬂﬁst tader o th8 Rrefeure durdpg Sddds il m of pure
Al or Al -Si_ as _shown g. Further deposition of AI Si is
conti nued éhde;ormation can be chosen w1thin t b range from 10 ¥ Torr

to 760 Torr. Also, even when the £ilm thickness
may be 1 pym, its resistivity ig ca. 2.7 - 3,0 pohm-cm;
and a sufficiently dense . £film tan be formed also with
a relatively thicker film. Also, the reflectance in
10 the visible light wavelength region is appro£imate1y
80 %, whereby a thin film excehlént in surface
flatness can be deposited. o
The substrate temperat?ré is desirably the
decomposition temperature of thefstarting gas
15 containing Al or higher, and 4?0 goc or lower as
described above, but specificaﬁlf the substrate
temperature of 200 to 450_00 i? fore desirable, and
when deposition is carried outiuéder this cbndition,
by making the DMAH partial pre%s@re 10™* t0 107? rorr,
20 the deposition speed becomes vgrf great.as 100 &/min.
to 800 &/min., whereby suff1czend great deposition
_ speed corresponding to the codt gs the Al—Si
deposition technique for ultrq-LdI can be obtained.
A more preferable suthrdte temperature
25 condition is 270 °C to 350 c and the Al-Si film
' deposited under this conditioq is also strongly



the second deposition condition to obtain Al -Si .film as shown in Fig.
1D via the state of Fig. 1C As ithé result of analysis
according to Auger's 10 el ectron spectro8cppy or photoelectric
spectroscopy, no entrai nment of an inpurity sudh as carbon or oxygen
I's recognized in this film The .deposited filmthus forned has
a resistivity of, for exanple, with a fijl mthickness of 400
[err], 2.7 t 3oriemtdtabilemnd, mmm%ﬁﬂp|@e heat
substantlally equal to the bulk gyesistivity of becone

conti nuous and trestafartmat &%) é?ve‘m!w’t thaur, thef |leﬁ$11|fcﬁ<1r?é£‘ cﬁ‘hel
[err]m its resistance at room nperature;is approximately 2.7 - 3.0
[ err] ohm cm an@®ia mg@anystal king yoqjéh‘sé)q]m yskalding syRstnete ati vel y
thicker film The reflectance in the visiblej wavel en th egion is
approxi matel y g@onmesm@® good Al-5Si ff’i-‘lnm%‘m*"b"x&é‘}%'rﬂt e flatness
can be deposited. 25 26 1
As descri bedl i rhideiasak, Apike a5 qean presdif !“1"" forming method of

the prior art. Also, such Al Bi film is excellent in

electro—migration resistance.
In the device shown in.Fﬁg. 2, Al-Si can be
deposited on only one sheet ofisdbstrate in deposition
10 for one time. Although a depokiﬂion speed of ca. 800
A/min. cen be obtained, it is stfll insufficient for
performing deposition of a 1arbeinumber of sheets
within alshort time.
As the deposition filﬁ fdrming device for
15 dimproving this point, there ia tﬂe low pressure CVD
device which can deposit Al- sf by simultaneous
mounting of a large number of @hqets of wafer. Since
('. the Al-Si film formation accoﬂdiﬁg to the present
. invention utilizes the surfacé réaction on the
o9 @lectron donative substrate_s%rche, in the hot wall
type low pressure CVD method Qhedein only the
substrate is heated, Al-5i coﬁpodnd containing 0.5 -
- 2.0 $ of Si can be deposited én the substrate by use of

DMAH and Hy and the Si starting gas such as SijHg, etc.

25 The reaction tube-preruée may be 0.05 to 760



I nvention, in addition to the finding of depositing pure Al on an

el ectron donative surface (A) by main- taining the el ectron donative

. surface at a tenperature 5 between of t deconposition tenperature of an
boal kyl al um num hydri de and 450 [err in a.gas m xture atnosphere

of a gas of an al kyl alum num hydride, particularly an al kyl al um num

hydri de conttaining nethyl group and t he hydrogen gas, or depositing
Al -Si by usk offangs desirggg\ye_ P fertyi ﬁb@rg“é’?%ﬁ re in which a

gas 10 containing Si is fuigher addeg f%FeI effecti n% higaher

t hr ough- put i n feRReXEtETe 69 &€ Ao 40 G daaigably 209, G Fq 40
deposited fil mdormatio hift fromthe . | ow d@pqgsitiaqn rate to the-

hi gh deposi ti on Gat’®® 9&“{3 paé'ftri@c"_t é'ﬁ‘.es_%ﬁfedéi fy 19y, Hedferta -dudh- put can
be accprrplfos-_f)e;(}o\ﬁndt rgﬁ‘uttl'xleO\i\)Ierrelsnsq.leel Iirg C{%aé Isa:'te)é'ct ion tubeZ,O the 25
1I-fiam to 1 x 1074
[

of the pressure in the reactioh tube, and under such

5 Si,H. partial pressure 1 x 10~ ~fold
codditions, Al-Si cen be well &epbsited on the
electron donative substrate. .

Fig. 3 is a schematic kll&stration showing a

10 deposited film forming device Lo ;hich such ﬁresent
invention is applicable. . :

§7 is a substrate for kofhation of Al-Si film.
50 is an outside reaction tub% m?de of quartz for
forming a space for formation &f deposited film

}j5 sSubstantially closed.to the su?ro&nding, 61 an
innerside reaction tube made ok qpartz located for

separating the flow of gas witbid the outside reaction

tube 50, 54 a flange made of a:métal for opening and

N

closing of the opening of the Put%ide reaction tube
.y 50, and the substrate 57 is 1obaﬁed within the
substrate holding member 56 pr;vi?ed internally of the
innerside reaction tube 51. T?e:substrate holding
member §6 should be preferablyim&de of quartz.
Also, in the presept dkvi?e, the subsirate

25 temperature can be controlled byfthe heater portion

i :
59. The pressure internally of the reaction tube 50



27 Fig. 2 is a schematic view showing a preferabl e
deposition filmformng device for applying . ~ the present invention.
Here, 1 is a substrate fdr formng an Al-§ 5 film The substrate 1 is
smounted on a substrate hol der 3 provit'ed internally of the reaction
‘tube 2 for formng a space for formation off a deposited film

which is substantially closed to Fig. 2. As tihe : mat eri al constituting

the reaction tuae aongua&h%eHSsolaspisfs&aebﬁtrbwﬁabﬁenﬁy Rgedl so made of a
metal. In his case, it is preferable ta cool the reaction tube.

The substrate hebdeﬁaeiba 89deefil canfiBbebd €HEoii§h the BaSVEWEHudtidna
heater 4 so that the substrate nounted t:hereon can be heated. And, the

constitution ispgedet 53. so that the substrdte.tenperature can be
controll ed by control ling the heat generatlon tenperature of the
heater 4. - The feedifegdingt epsoémghgeconstieatéit vochans
descri bed bel ow. o
5 a first gas system, a second Qas'syatgm, a third gas
system and a mixer (noné are d;hovén in Fig. 3)

' sihilarly as the device shown;bysthe symbols 5 and 6
in Fig. 2, and the starting g%seé and the reaction gas
are introduced into the reactfonftube 50 through the

10 Sterting gas inlet 52, These!gaées react on‘the
surface of the substrate 57 dq:ririg passage internally
of the innerside reaction tubé 5i as shown by the
arrowhead 58 in Fig. 3 to dep%sit Al-Si on the
gubstrate surface. The gasesfaféer the reaction pass

15 through the gep formed between tﬁe innerside reaction
tube 61 and the outside réactﬂonitube 50, and
evacuated through the gas evaéua%ion outlet 53.

- In taking out and in ﬂhéésubstrate, the flange
54 made of a metal is permitté;d {o fall by an elevator
(not shown) together with theésu&strate holding member
56 and the substrate 57 to be;moéed to a predetermined
position where the substrate is nounted and detached
By forming a deposlteé falm under the
conditions as described aboveaby:use of such device,

o5 Al-Si films of good quality cén be formed in all the

wafers within the device.



I |

5is a gas mxer, in which the first starting - gas, the second starting
~gas and the reaction gas are nixed,éi d the mxture is fed into the
“reaciton tube 2. 6is a starting ga ghéifier provi ded for
gasification of an organic netal as the first starting 25 gas.

The organic netal to be used in the present

28 invention is liquid at roomtenperature, and is fornmed into
saturated vapor by passiHgh aiet“;ﬁiéﬂﬁng]asl-tés\i dgluse of hehe i dpn tcof sibdwen
organic netal wi thin the gasi , whi¢h is in turn introduced into
the mxer 5  3n Fig. 2, Hif fVanuaiply), nmdzmsdne wtcardd iatsi ores oo £ hed

bel ow. 7is a gate val ve, which;isiopened when perform ng
evacuation of a |arge Vidamre peedisurce durl 1§ ﬂorﬂ evacuati on |nternaIIy of
the reaction tube 2 before 10 fornmation of'the deposited film 8 is a

slow | eak - val ve, vﬁuxﬂ1partm&&ipt&saameforh:ﬁgxeh@cuar¢nn of a
smal | volune such as in controlling the preSjure internally of the
reaction tupe 2 during $bremitainirig gas parliaﬂ pressure: 2.0 x 10 ~ Torr

Substrate temperatuzeé ﬂGO °Cc - 450 °C,
an Al-Si £ilm can be deposxted orl the electron donative
material surface. Even with alfﬂlm thickness of 400 A,
the film is continuous and 1ts;r4515tivity is 2,7 -~ 3.0
10 U com which substantially equ%l'to the-bulk‘value of Al.

When the substrate temperature'ls 270 °C - 350 °C, the
deposition rate is 100 - 800 &/min., and for high speed
deposition, the depositiocn ratp gs required to be made
larger. 1In the case of deposi&i%g pure Al, silicon

containing gas 1s omitted.

15
For realizing high spéed de9051tion it may be
conceivable to make the substgat% temperature higher and
(Zm - DMAH partial pressure higher.: FJ: example, by making
- the substrate temperature 330 °C and the DMAH partial
20 pressure 10 -2 to 10 -3 Torr, a depositlon rate of 0.2 to

0.5 Um/mln. can be realized. ﬁodever if the deposition

rate is too large, the probabalidy becomes higher that

a surface inferior in surface Fl%tness will be obtained,

For example, the probability Qec&mes higher that a pure
25 Al or Al-Si £ilm with a refle&taéce of about 10 to 30 %

will be obtained, The reason Wwhy a film inferior in

surface flatness is thus obtaineq may be considered
]
|
!




_ P
the deposited film 9 is an evacuation unit, ‘which is 15 constituted of a
punp for evacuation such as turbo 3Eylar punp, etc.
The conveying system of the substrate 1 is ‘constituted as descri bed
bel ow. 10 is a substrate conveyi,ng chanber which can 20 house
the substrate before and after formation of the: deposited film which
I S evacuat ed by opening the valve 11. 12 is an evacuation unit for

evacuating jhe to be G/ & the hgadierthathisirfses asdratios of metwgmp for
evacuation such as turbo nol ecul ar punp, etc.. 25 The valve 13 is

opened only whestdne ctllpilexifies axe |gretertar$fea~rrengzbe¢awath&*é,eact i on
chanber and the : conveyi ng space. ° As shown in-

Fig. 1, in the whardbynglepesition prsiddds cﬁmmlaxh dped 1Biqand bsiatd on
chanber for form ng the starting gas, t.he ! | i qui d DMAH nai nt ai ned 5
at room t enper aletexicratebiEudane £lqteress ovhethr Hewonddwra £ilm inert gas)
as the carrier gas to form gaseous DVAH, : whlch Is transported to the
m xer 5. The Hiksigknepss adhus, the greatest rebsons is that, at the
initial stage of deposition, a’ flnm with inferior
surface flatness is formed, whichfexerts deleterious
influences even afterwards. i j
In the present inventién,:as the meanf for shifting
10 from iow deposition rate to hiéh aeposition rate during
deposited film formation, for example, the method of
varying the substrate temperatdre and the starting gas
partial pressure is used to prdv;ée a method of obtaining
pure Al or Al-Si deposited film of high guality and
yj5 excellent in flatness at substantially high deposition
rate. ; @
By doing 8o, a deposit%d %ilm which has
(?= substantially high deposiiton éaté and is also flat
. with high quality can be obtairedi
20 In the deposited film ﬁorﬁation by the surface
chemical reaction according to thq present invention,
it appears that even a thin fihm becomes a continuous
and high quality film under the cdnduion of lower
deposition rate under lower Subthate temperature
95 and lower starting gas partial, prqssure, provided

that there is no contamination frqm the reaction tube.

According to the knowlehgqs by the present



the reaction gas is transported through anot her route into the m xer
5. The gases are controlled in flow 10 g§@:es so that the respective

partial pressures nay become desired val ues. In the
case of formng a filmby this device, the first starting gas nay be
of course MMAH err], but DMAH wi th a vapor pressure enough to becone

1 Torr at 15 roomtenperature is the nost ‘preferred. Al so, DVAH

and MVAH[ er r ] inngnbergsed dapasitedufélm of pure Al orpdlrfié ofcenad
starting gas containing Si, there can be:used Si[err]Herr], SiHerr],

Si [ err] H err] queility] eap] bpefprmed; under pood selestiyaty| &t ar spband
SiHerr]d. O these conpounds, Si;err H[efr]imhich 20 can be easily
deconposed at StRatPokemeapaturarafol69obe 450 °C,3morer preferablgases such
as Si[err]H[errk are dilyted with Herr] : ‘or Ar and transported to the
m xer 5 throuﬁﬁ at9y§§9n1c' ot her than the DVAH system

The d ited filmf d bst : tur, f 160 Ct
450 C by e of such ACCoraindiiy 35?&%&323%? ABRogiLiSa eheR thi thhess of
f . . 3 1 | e 400 , h
Fosi stivity aPTPBSAK SRFEPEEEPe amely png depostsef FIPnCcoRReLAPR] ( °° ©
substantlallysgggagttiow depOSitign rate, uéde? a total pressure of

3 2

10™° Torr to 760 Torr, preferably 5 x10"“ Torr to 5 Terr,

the substrate temperature is s@itbbly c¢hosen from 270 to

10 350 °C, preferably 270 to 300 fc,:and the DMAH partial

pressure from 1.3 x 1073

S

to l.é x110'3-fold, preferably
1.3 x 107 to 1.3 x 1074 -fold?ofithe total pressure.

In the second deposition step ;n fhe present invention,
namely the deposited film formétign step at high deposi-

3

15 tion rate, under a total press¢re;of 10°° Torr to 760 Torr,

2 to 5 Torr,'thé substrate temperature

preferably 5 x 10~
is made 270 to 350 °C, preferaé1y§300 to 350 ‘c,.and
C the DMAH partial pressure 1.3 % 1p™> to 1.3 x 107>-fold
. of total pressure. E
20 | For elevéting the subs%raie température, instead
of using only a heater, the su$st¥ate temperature may be
quickly elevated by irradiatioé of W lamp or Xe lamp on
the wafer surface. Heating byia ;amp is effeétive for
quick elevation of the substra%e ;emperatures
25 Specifically, the DMAH' paktial pressure is
'.suitably gelected from the conditéon of 1.3 x 1074

to 1.3 x 10" 3-fold of the totai p#essure, 80 that a
. i



Al bulk resistivity, and is a continuous and fl'at film 1At this
time, the pressure during film 5 formation can be chosen within the range

from10 [err] Torr to 760 Torr. A§b, even when the filmthickness
may be 1 [err]m its resistivity is ca. 2.7 - 3.0 [err]ohmcm and a
sufficiently dense filmcan be forned also with a relatively thicker

film Also, the reflectance in 10 the visible light wavelength region is
appr oxi mat gl y depositéd filhemapyba fhimedidtn &xXcidhent depositionerate

fl at ness can be deposited. The substrate tenperature is
desirably the than irecumpodépositienprate uir Ufetfibrst astepgagamentiboned
containing Al or higher, and 460 [err]C or l;ower as descri bed above,
but specificaldbovde sEdstexsmple, undepetie B3aneftebiltprdsuie; ryixhs
nore desirable, and when deposition is icarried out under this
condition, - theysyk&trate hbemparapare i being anade ccqustent] the 10 [err]
Torr, 20 t he deposition speed becones veHy reat as 100 [err]/ mn.

to 800 [er3] mBRxt rRERS2UTe | of cPMAY rmay Qﬁxi%ﬁ¥¢ﬁﬁﬁdo or whtld
corresponding to the cost as the Al -Si i dgposition technique for
ultra-LSl can the RNAH Rartial pressure belng enfdnt apthe sBpRetrate

tenperature 25 <condition is 270 [err]C_ t 50 err]C, and the Al -Si
film depdsFRR]F e 'F?}Ysb%oﬂ‘L‘FY?%ﬁfii 50%35‘6’ FONPger the same
total pressure, both of the subst?ate temperature and
o the partial pressure may be elkv{ted.
10 For example, it is prekefable to dep&éit a
continuous £film of 100 to 200 h Jithin the range of
a substrate temperature from Zbozto 300 °C in the
first deposition step under thé'ahove-mentioned.pressure
conditions, and then form the Eilﬁ at an increased
15 deposition rate of, for exampl?, ?.1 to 1 pm/min, by
increasing the substrate tempekathre to 300 to 350 °C.
The deposited film thus formedébe%omes a film of good
quality with surface migration beling inhibited.

By varying the deposit;!ion? conditions as
described above, a cqntinuoﬁs,fflgt and high quality
£ilm of 100 to 260 A is formed. wigthin a deposition time
of 1 to.s minutes under the fi;sé deposition conditions;
while under the second dep_ositfi.oné conditions, since a
continuous and flat pure Al (o? él—Si) has been already
p; ~ formed, a flat and high quality tihin film can be formed

even if pure Al (or Al-Si) may;begdeposited at a high

deposition rate of 0.1 to 1 Vmei%.



31 1 orientatable and, even when subjectéd to the heat t reat ment
at 450 [err]C for. 1 hour, the Al -Si fllnégg t he Si nonocrystalline or
. SI polycrystalline substrate becone good Al -Si filmw thout
~generation of 5 hillock, spike as seen in the filmform ng nethod of

the prior art. Also, such Al-Si filmis excellent in

el ectro-mgration resistance. In the device shown in Fig. 2,

Al -Si can he depo OR3 0Bk YmO geb ¢f &uggtiq&@ Lﬂigﬁggggtlon
10 for oné_tine aohﬁg Héepo%?t?gnﬁgpeed o% [err]/mn.
can be obtained,yi 'éumbkewﬁgf tbfaneatbwbeposu@sﬁf%m ngegegosi tion of
a | arge nunber ? ﬁe hin a short ;tine. As the
deposi tion f"HLBQEEhnGn66¥IEﬁefﬁirsé5cohamtﬁuhag hhiswpbhnthet here is the
| ow pressure CVD devi ce which can deposit Al -Si by sinultaneous
mounting of. a hapeeidyBhetiné sbeetstef 3vminhtesi aGer thetbecéhdSi film
formation according to the present I nvention utilizes the surface

reaction on t hgond@tigh8ct ron donative substrate surface, in the hot wall
in the dewvice shown ianig. 2, pure Al or Al-Si
caﬁhée deposited only on one sbeet of substrate in
deposition at one time. |
The method according tb the present invention

[}

10 is also applicable to the redu%ed-pressure CVD device
for a number of sheets as show? in Fig. 3. Since
deposition according to the pf&sent invention employs
the surface reaction at the he%ted electron donative
substrate surface, according t; the hot wall type

15 reduced-pressure'CVD method in;which only the substrate
is heated, an Al-Si containingzo.s to 2.0 § of S8i can
be deposited at high speed by mddition of DMAH and H,,

(h? : and an Si starting gas such as;Sizﬂs, etc., if necessary.
When a reduced pressurk CVD device is used, the

reaction tube pressure may be b.OS to 760 Torr, desirably

20
0.1 to 0.8 Torr. As the first deposition conditions, .
the substrate temperature may ke 270 to 350 °C, desirably
270 to 300 °C, and the DMAH p%rtial pressure may be
1.3 x 10°% to 1.3 x 10"3-fo1d,! desirably 1.3 x 1077

5 to 1.3 x 10"% of the reaction ?ube pressure. As the

second deposition conditions, the substrate temperature

is made 270 to 350 °C, preferably 300 to 350 °C, and



type | ow pressure CVD net hod wherein only t he substrate is heated,

Al -Si conpound containing 0.5 - 2.0 % oft Si can be deposited on the
:substrate by use of DMAH and H err3%nd the Si starting gas such as
‘Si[err]Herr], etc. 25 The reaction tube pressure may be 0.05 to

32 1 Torr, desirably 0.1 to
0.8 Tort, the substrate tenperature 160 [err]C to 450 [err] C,

Fgfir]ragl)%/dzoo er@ﬁ}{%#&qﬁ]‘f(ﬁrcése%"mﬁe éésure B‘ﬁgttﬁ r’éejglc o‘:letab)e(, 0
(e 5 "SI [er T LRl  4 rasIg, s A3, et 4k bl

-fold e pressudre ‘i'n the reaction tube suc
condi ti ons, AI Ak " AQsdd 0 19 tdie L | ve
substrate. pile %Fé/ﬁ! loq?s a scherratl"%a 16 ustraltealcorE show nd a 10

deposi ted fi-l m fprd g tdﬂ.wﬁe:stto Y Whes Wb ol Whositiod RS,

appl i cabl e. a substrate fdor fornmation of - fil

50 is an OU%,S' Geay Qﬁ.ctdl%itr#%%ﬁ .ﬂ,lqrt,; 1f63'f7 to 1 qudﬂqﬂ&‘cﬁél%ﬁice for
formati on of deposited film

the reaction tube pressure, threby Al-Si is deposited
at'high speed on the electron honative surface.

By forming a deposite% £ilm under the
conditionas as described above?by use of such‘device,

10 aAl-Si films of good quality c$n be formed in all the

‘'wafers within the device.

15

20

25



i
substantially closed to the surrounding, 51 an I nnersi de reaction
tube nade of quartz |ocated for 'iﬁfrating the flow of gas wthin the
out si de reaction tube 50, 54 a flaMge nade of a nmetal for opening and
closing of the opening of the outside reactiadn tube 20 50, and the
substrate 57 is located within the - substrate hol di ng nenber 56
provided internally of the ~ innerside reaction tube 51. The substrate

hol di ng 1 nenber 56 Abevtdihg ©6ctwé aptysanticinéefitfbh7. in the
Al'so, in the present device the substrate 25 tenperature can be

control | ed by tiwitisl estagetdéOrdeposi®ion, 13kt¢ﬁfimﬁwﬁblwﬁ&rd6ﬁéd of the
reacti on tube 50 33 1 is

constituted so mémbeoﬁomlxsilmleohyedheana theyafons | OVess ViSheen
connected through the gas evacuation outil et 53. The gas

feeding systemAs eonslisitmsly tive hdeposited atﬁereaftgas ayshigh speedond gas
system a third gas system and a m xer (none are shown in Fig. 3)
simlarly a$ thiepeyitcionshovemdbyidhe of nba st;S hpdefmin, , filmriguaPlitynd
the starting gased and the reaction gas :
such as surface flatness, etc..w;ll not be deteriorated,
but ﬁure Al or Al-Si £ilm of hggh quality can be deposited
at a high speed practically efkectively.
Even if deposited at afhigh speed, tﬁg film obtained
10 is dense with little amount of'impurity such as carbon,
etc. contained, its resistance.is similar to'that'of
bulk, and also surface flatness is extremely high,
The deposited film, in spite of deposition at high
speed, has the specific featurés.as mentioned below:
15 (1) reduction of hillock,
(2) improvement-of electIOmig%ation resistance,
{3) rxeduction of'alloy pit at:the contact portion,
(:ﬁ (4) dimprovement of surface flétness,
- (5) improvement of resistanCezwithin via-hole and
20 contact resistance, |
(6) lowering the temperature d:>f heat treatment during
wiring step. :
Since Al-Si film of hiéb quality can.be'deposited
at high speed, the thréugh-put;in the ultra-LSI process
25 4is dramatically improved. 1In the low pressure CVD device

as shown in Fig. 3, Al-Si can Be deposited at the same

time on 100 to 200 sheets of 4tinch wafer, and the effect



are introduced into the react on tube 50 through the 10 starting gas inlet

52. These gases react on the surface of the substrate 57 during
"passage internally of the innersidddeaction tube 51 as shown by the
arrowhead 58 in Fig. 3 to deposit A -Si on the substrate surface. The
gases after the reaction pass 15 through thé gap forned between the

I nnersi de reaction tube 51 and the outside reaction tube 50, and

d i on, I . Ki
o i the Supdtt dish ey Hefe i cqnrifhytos areatiy sortie e to
fall b el t 20 h t ther . w t bstrat e, hol d
et " L Biiayrans 6 U SPOE oA L £ BT Lo el
it wh t.h te | d d ;

Poring a GeposttEd e e Ghaa Y4B WL YE SEELE have & #1428 of £ 1,
use of such devifsy ideh N Wied dHE el o8 MAUdddmés ad oL BN 21

t he waf ers  wWithHin the devi ce. ! 34

Wen deposi tg ngg Ayl dV ¢S, t{}?edfé%cfrém CVD device as shown

in Fig. 3 can be practically applied with difficulty,
beéause the reaction tube diaméter becomes larger.
However, the sheet type CVD de?ice as shown in Fig. 2
are very advantageous in enlaréement of wafer{ because

10  the size of the device as a whéle will not change greatly
even if the wafer size'may becéme larger. However, in
Al-Gdeposition according to theéCVD method of the prior
art, no high speed deposition éf 0.2 to 1y m/min. cannot
be realized, and therefore it %ould be employed with

16 difficulty even if a depositedifilm of high gquality
was formed. However, by use ok the deposition method
according to the present invenéion, AlfSi of high

(;= quality can be deposited at hiéh speed of 0.2 to 1

Um/min., and particularly fheimeaning fulfilled by

20 the present invention in a she;t type CVD device éorres-
ponding to 6 inch or 8 inch de@anded for high through~-

put is very important.

25



in Fig. 2, as an exanpl e, under t he condltlons of ; Torr
pressure: 1.5 Torr DVAH partial: pressure: 1.5 x 10[err]

Torr 5 Si containing gas partlau'pressure 2.0 x 10[err] Torr
Substrate tenperature: 160 [err]C - 450 [err]C, an Al-Si filmcan be
deposited on the el ectron donative material surface. Even with a film
t hi ckness of 400 [err], the filmis continuous and Its resistivity is

2.7 - 3.0 340 [Jerr] Cﬂ |C£|Asub§ga£§?%€lr+%weg§§0 ?er 3 bﬁ]kﬁ/ﬁ“ue of Al.

When the substrate tenper ture is 270

deposition rateaéSodr@Png 880thErpidddnme . iﬁﬂgn%Pénhithépéégi ely
deposition, the deposition rate 1s required t'o be made Yarger. In the
case of depositgrgwRUif the Gid+lk®le. 15 containing gas is omtted.

For realizing high speed deposition, it may be concei vabl e to make the
substrate tenperature hFfiger4lnis an 1Ilﬂbtﬂatioalsnbesﬁyre hi gher. For
exanpl e, by making the substrate tenperature 330 [err]C, and the DVAH
partial 205 pressemetifaliyrthe cridsdesedtiohrof athepsshstoateate of 0.2
to 0.5 [err]mMmn. can be realized. However, if the deposi tion

rate i s too | arbeforéecforobubinics ﬁacﬁmoﬂi'gm@rfilmtaocordmgutd ace
inferior in surface flatness will be obtained. For exanple, the
probabi ity becthespPreeent imyentions e 905is fthersubstrate |eompzising

refl ectance of about 10 to 30 % wi || be obtained. The reason why a

filminferior igh electron donative material, and 91 a thin film

- comprising en eleotron non—donhtive material.

10 When DMAH, optionally kogether with 512H6
starting gas and a gas mzxture:contazn1ng Hz as
reaction gas asre fed onto the ;ubstrate 1 heated under
the first deposition condition; pure Al or Al-Si is
brecipifated on the substrate %O to form the

18 continuous film of pure Al or 51—81 as shown Fig. 4B.

When deposition of Al-éi is continued under
the second deposition conditiohs, via the state of

- Fig. 4C, the film grows tq theflevel of the uppermost
portion of the thin film 91'asfshowﬁ in Fig. 4D.

20 Further, when grown under the Eame conditions, as
shown in Fig. 4E, the Al-Si fiﬁn can grow to 5000 X
substantially without growth ih the lateral direction.
This is the most characteristi& point of the deposited
film obtained by the preseat ihvention, and it will be

95 understood how & film of good éuality can be formed

under good selectivity.



surface flatness is thus obtained may be consi dered

35 to be due to the fact that surfggg;nigration of net al at ons
or nolecules are great at a high tenperat wher eby deposition
proceeds only at specific nuclei to deteriorate surface fl atness when

beconming a film 5 thickness. Thus, the greatest reasons is that, at the

initial stgge of deposphi Re ﬁethQ‘3¥tQ??Qggiéoéccordiﬁpéggcﬂaél%ngess S

formed, which exerts deleterious hces even a rwar

n the presented erbhOBpedtrbiopyags pROt8BAELLAI: dBoLtRBLLAMydCPOSI LI ON

rate to high deposition rate during deposited fil ornatlo ‘for
exanpl e, the ngbhedtphinmen¥abyi 88 kthgusvbst bats 58NBREBLHT 8ra84, vbBR
starting gas partial pressure’is used to provide a nethod of "0 talnlng
pure Al or A -5 fepoghtieddf ihmhegé Bi@h.quality and 15 excellent in
flatness at substantially high deposition + rate. By doi ng
so, a depogited film Mhecepesited sibmt ehtbafbymdighadegosiiton rate and
is also flat with high quality can be obtai ned.

resistivity of, for example, wﬁth a film thickness of
400 1, 2.7 - 3.0 pohm.cm at ro@m temperature which is
substantially equal to the bulk resistivity of Al, and
becomes continuous and flat fihm. Also, even with a
10 film thickness of 1 pm,-its registance at room
temperature is approximately 2;7 - 3.0 pohm.cm and a
sufficiently dense film is for#ed with a relatively
thicker f£ilm. The reflectanceéin the visible
wavelength region is approxime&aly 80 %, and a thin

15 film with excellent surface flhtness can be deposited.

20



20 ' In the deposited filmfornmation bﬁ t he surface chem cal
reaction according to the present inventioa,j It appears that even a
thin fil mbeconmes a continuous and hig thﬂity'ﬂlrnunder t he
condition of |ower deposition rate under | ower substrate tenperature
25 and | ower starting gas partial pressure, provided that there is no
contam nation fromthe reaction tube. : According to the

know edges py the presefd described in detailgabove,'in the pres P 1
i nventors, a deposited filmof pure Al or Al -Si of good qwﬁlty can be

formed under gaasiesiiened, \drd \additddilto the ﬁtdﬁ% tiime Al @ 1071160 to
450 Terr]C, nore preferably 270 to 350i[err]C. 5

Accordingly, i rdepuesiftiendstsedeqtsividlyn ol efn idlEdtron dondt@sRNsurPeRY (),
nanmely the deposited filmformation step at | ow deposition rate, under
a total pressurty efaintainlihg eihel electron drthaldive surdaiealilny) aatx alO[err]
Torr to 5 Torr, the substrate tenperature is suitably chosen from 270

to 10 3505 [ ertrdn®enartaizer disltwe2F0 the WRdngytrgi® icand enipe raviidepaist ianl
pressure from1.3 x 10[err] to 1.3 x 10 [err]. -fold, preferably - 1.3 x
10 [err] to 1.3Ikylo glaminunf diydriidet lend iS4l °@ dsswr ggas mixture

atmosphere of the alkyl aluminhm hydride gas and

hydrogen gas, or Al-8i is sele%tively deposited by

use of the above gas mixture i# wvhich a gas containing

10 Si is further added, for effec?ing higher th£6ugh-put

in formation of pure Al or Al-iSi £ilm, the deposition

rate is shifted from a low dep&siiion rate to & high

deposition rate during the depésited film formation.

- By doing 8o, higher through-pu} cen be attained without

15 deterioration of film quality.-

20



In the second deposition step in the present inveéntion,

deposited filmformation step at high deposi -
pressure of 10 [err] Torr to 760 Torr, pr ef
Torr, the substrate tenperature I s nan5270
300 to 350 [err]C, and the DMAH parti at “pre
x 10[err] -fold
substrate tenperature,
tenperature nmay be

| anp on 1t he maferw%

of total pressure.
i nst ead of using on
qui ckly elevated by irra

]

_ e _.Heati . ala
qui ck el evation of the su Sﬁ‘*ﬁ%’ﬁ%ﬁ&?&‘%%ﬁ ”;pe

pcted fromthe conditton of
e COPG

the DVAH parti al, piessure s 25 uitably se

1.3 x 10 [err] in Fi“‘rl'e":‘f'olij!. 5% a%oe[xggnpﬁ.e_,f (‘J‘I"@%Jf th
a Total s 3/

formed at a higher depos?i tai or?rregtsélre i 3 'rojrr

than Tn
first step as mentionegmay pa2RQUS:

Fak gl §.
pressure, with the subStrate tgnggfg?%re-gé

° ' Si containing gas partial
' Substrate temperature: 16

an Al-Si film can be éelectively 4
electron donative material surface

[ ]
thickness of 400 A, the film is co
10 resistivity is 2.7 - 3,0 4 -cm whi

14 1 UL Vvalius O AL, wnen tne

is 270 °C - 350 °C, the deposition

and for high gpeed deposition, the

required to be made larger.

15 For realizing high speed d

concelvable to make the substrate

DMAN partial prescure highexr. Forx

the substrate temperature 330 °C,

2 3

preasure 10 < to 10 ° Torr, a dapd

20
rate is too large, the probability

a surface inferior in surface flat

nanely the
tion rate, under a total
grably 5 x 10 [err] to 5

to 350 [err]C, preferably
ssure 1.3 x 10 [err] to 1.3
For elevating the

y a heater, the sutatrate
di ation of W/l anp or Xe

Is effective for

of the dgydge jshavn,

tionssefite, so that
deposited fil mmy be
t he deposition rate in the

5ur,ltd r.-idhe sane t ot al
ng rede ¢8f&tant, the

pressure: 2.0 x 10" ° Torr
0 °C - 450 °C,

eposited only on the

. Even witq a film
ntinuous and its

khh substantially egqual

subctLrate temperature

rale is 100 - R00 A/min.,

deposition rate is

eposition, it may be

temperature higher and
example, by making
and the DMAH partial

sition xate of 0.2 to

0.5 ¥m/min. can be realized. Howdver, if the deposition

becomes higher that

ness will be obtained.

For example, the probability becomes higher that a pure

Al or Al-31 tilm with a reficctaud

25 will be obtained. The reason why

euriace £flatnees is thug obtained

¢ Ul aboutl 10 Lo 30 ¢
A ti1im 1nterior in

may be& considexed




partial pressure of DMAH may be increased, or th the DMAH parti al
pressure being constant, the substrate erature may be el evat ed.
. of course under the sane t ot al presg&ia bot h of the substrate

t enperature and the partial pressur y be elevated. 10 For
exanple, it is preferable to deposit a confinuous filmof 100 to 200
[err] wthin the range of a substrate tenp rature from 270 to 300
[err]Cin the first deposition step und he above- nenti oned.
pressure 1  &Gndet fYfs toatdre facts Shatt ﬁé’rfﬁi ek T e fa etal 5
deposition rate of, for exanple, 0.1 to 1 [err]m m nby I ncreasing the
substrate tenp@teM§r O 6‘03@9‘{3&*"356@[ grept. at ‘g hijigh Jﬁwmm | m t hus
formed becones m Q oad uality with surface ratlon bei i ng

i nhi bi t ed. wheleby & e@% grgﬁée&‘épé’é‘ulm el to

descri bed abov

200 [err] is f§Fﬁ§5 On%hgﬁ%;&ggﬁﬁg&}%ggeg%%gh% %%ﬁé@EQQ) éﬂﬂﬁﬁegognégr
condi t1 ons.5 o1 FRecEResEl IR she gaaaf'e%t”%‘ér t“ea?ﬁe‘:tﬁa“%degﬁ % een
cven i1 pure ALPCErak sgebe B adeddsddBrl b, £1a%, WarB FreRot T (e
of 0.1 to 1 [eflF e ¢1atness is formed, which exerts deleterious
influences even afterwards.
in the present invention,, as the means for shifting
10 from low deposition rate to high deposition rate during
deposited £ilm formation, for exaﬂhple, the method of

varying the substrate temperature|and the starting gas

partial pressure is used to-proviAe a method of obtaining

pure Al or Al-Si deposited film of high guality and

15 excellent in flatness at substantially high deposition
rate, _

By d&oing so, a deposited film which has
,o substantially high deposiiton rate and is also flat

with high quality can be obtained.

20 In the deposited film for&aticn by the surface
chemical reaction according to the present invention,
it appears that even a thin film Hecomes a continuous
and high quality film under the cqndition of lower
deposition rate under lower substrate temperature

o5 and lower starting gas partial pressure, provided
that there is nb contamination from the reaction tube.

According to the knowledges by the present




38 ’ A pure Al filmor A -Si filﬁ1of 1 [err]mthickness

can be sufficiently forned by depositiong? to 5 m nut es under the
first conditions, and with the depo ifonitime for 1 to 3 mnutes
under the second condi ti ons. In the device shown in Fig.
2, pure Al or Al -Si can be deposited onlyjon one sheet of substrate in
deposition at one tinme. The met hod according to the present

i nvention ;10 irwventoasappl idepoisd tiedd tHHAM el qatker2as B AICE) G idoda

for a nunber of sheets as shown in Fig. 3. Slngzﬂ- deposi ti on accordi ng

to. the presentguahisgyt ican &eplformed underre guod gorattiiton o & udeat ed

el ectron donative substrate surface, accofding tb the hot wall type

15 reduced- pr egsnate Ce¢Dpewialiode ©LHniéch tmnl4sa [fe s wieste gixeeferabliys heat ed,
an Al-Si containing 0.5 to 2.0 %of Si can be deposited at high speed
by addition of270v&l 358 Fferr], and an Si|starting gas such as,
Si[err]Herr] etc., if necessary. When a reduced pressure CVD
device is gised, the Agcoxsddnady .t dive theefinst depdsd ti.cgb step 6m Tahe |
desirably

present invention, namely the deposited film formation

step at low deposition rate, undJr a total pressure of

3 -2

10 © Torr to 760 Torr, preferably 5 *10 ¢ Torr to 5 Torr,

the substrate temperature is suitably chosen fiom 270 to

\

10 350 °C, preferably 270 to 300 °C,| and the DMAH partial

=5

pressure from 1.3 x 10 to 1.3 x 10_3-f01d, preferably

-5

1.3 x 10 to 1.3 x 10'4—fold of the total pressure.

In the second deposition step in {the present invention,
namely the deposited £ilm formation step at high deposi-

-3

15 tion rate, under a total pressure of 10 Torr to 760 Torr,

preferably 5 x 10°2 to 5 Torr, the substrate temperature
is made 270 to 350 °C, preferablyl 300 to 350 °C, and
(T the DMAH partiai pressure 1.3 x lb's to 1.3 x 10-3—fold
- of total pressure. |
%0 For elevating ihe substrate temperature, instead
of using only a heater, the substrate temperature may bg
 quickly elevated by irradiation of W lamp or Xe lamp on
the wafer surface. Heating by a lamp is effective for
quick elevation of the subsatrate ftemperature.

Specifically, the DMAH partial pressure is
-4

25
suitably selected from the condition of 1.3 x 10

-3

to 1.3 x 10 “-fold of the total pressure, so that a




0.1 to 0.8 Torr. As the first deposition conditi
tenperature may -be 270 to 350 [err] C, desijably

ons, the substrate
270 to 300 [err]C, and

the DMAH partial pressure may be 1.3 10[ grr] to 1.3 x 10 [err]
~-fold, desirably 1.3 x 10[err] 25 to 1.3 x 10[|err] of the reaction tube
pressure. As the second deposition conditijons, the substrate

t enperat ure I's made 270 to 350 [err]C, prefferably 300 to 350 [err]C,
and 1 deposited film may be formed a39a highele delpidifdoni xlate
pressure 1.3 x 10[err] to 1.3 x 10[err], preferably 1.3 x 10[err]

to 1.3 x 10[ er than- ip| 4hef depespiionarate inptgssﬁﬁasﬁe@¢@m095tmbexivnsds
2H6 partial pressure, in both the first and the second deposition
condi ti ons, abaue . beFRrt RXATPAR, r aRgerothe gamgl &otjpl pressuyxelopdith

-fold of the reaction tube pressure, wherehy

Al -Si is deposited

at hi gh speed ofiPehEubpE¥etEntEORETAtUTe PRARE. Pade constant, fheforning a
deposited fil munder the congitions as desgri bed above by use of such

devi ce, 105 Al RPartipl preesyyeqo
waf ers within th devi ce.

uBMplymAY N DB ingERAFedn QK WikE

he DMAH partial pressure being c¢onstant, the substrate

temperature may be elevated. Of | course under the same

total pressure, both of the substrate temperature and

the partial pressure may be elevated.

10 For example, it is prefelable to dep&sit a

continuous film of 100 to 200 A
a substrate temperature from 270
first deposition step under the 4
conditions, and then form the £il]
15 deposition rate of, for example,

increasing the substrate temperat

ithin the range_of

to 300 °C in the
bove-mentioned. pressure
m at an increased

0.1 to 1 uym/min, by

fure to 300 to 350 °C.

The deposited film thus formed becomes a film of good

20

quality with surface migration being inhibited.

By varying the deposition conditions as
déscribed above, a continuous, fIat and high quality
film of 100 to 200 A is formed within a deposition time
of 1 to 5 minutes under the first deposition conditions;
while under the second deposition conditions, since a
continuous and flat pure Al {(or Al-Si) has been already
formed, a f£flat and high quality thin film can be formed
even if pure Al (or Al-Si) may be depbsited ét a high

deposition rate of 0.1 to 1 ¥m/min.




15 20 25
According to the present invention, int
deposition, a continuous and dense 4g§re Al

t herefore even pure Al or Al-Si may be depo
speed 5 deposition conditions of 0.2 to 1[err]
such as surface flatness, etc..will not be deter
or Al-Si filgm of high gdaAlt§ibmnobel gapothickine

sufficiently formed by deposition
minutes under the first condition
deposition time for 1 to 3 minute

conditions.

(1]

In the device shown in Pi
can be deposited only on one shee
deposition at one time.
| The method according to t

10 1s also applicable to the reduced

for a number of sheets as shown i

40 1
initial stage of
or AI-Si is forned, and

sited thereafter at high
mmn., filmquality

| or at ed, but pure Al
ss can be '

for 1 to 5
s, and with the

8 under the second
g. 2, Al-Si

t of substrate in

he present invention

L
-pressuxe CVD device

n Fig. 3. Since Al-Si

deposition according to the present invention employs

the surface reaction at the heated electron donative

substrate surface, according to ¢t

15 Teduced-pressure CVD method in wh
is heated, an Al-Si contéining 0.
be deposited at high speed by add
and an Si starting gas such as 8i
When a reduced pressure C

20 reaction tube pressure may be 0.0
0.1 to 0.8 Torr.
the substrate temperature may be
270 to 300 °C, and the DMAH part
1.3 x 1073 to 1.3 x 1073-fo1d, de
4

of the reaction tube pressure,

he hot wall type

ich only the substrate

5 to 2.0 % of Si can
;tion of DMAH and HZ'
2H6' etc., if neceséary.
VD device is used, the

5 to 760 Teorr, desirably

As the first deposition conditions,

270 to 350 °C, desirably
ial pressure may be
sirably 1.3 x 1072

As the

second deposition conditions, the substrate temperature

ie made 270 to 350 °C, preferably

300 to 350 °C, and




at a high speed practically effectively. Even if deposited at
a high speed, the filmobtained 10 is @{)se with little amount of inpurity

-such as carbon, etc. contained, its resistange is simlar to that of
bul k, and al so surface flatness is extrenely high. The deposited film
in spite of deposition at high speed, has the specifi c features as
ment i oned be| OWe ol ) L) of hill.,0 2 rov. t of

el ectrom gr at | on reglmé a ggq‘li% % ("3‘) &d&c‘ﬁdﬁ 1 (11 yl‘g) t re cont act
portion, eqent Lof ce fJ af ) rrprove. nt of
resi stance W|th ne\ﬂeggh‘i\lf T%B' 21(9?15 €8 G‘l r#t}c{ﬁr esi s ancét5 th t 18

| onering the tenpgLat,yke gglggtn JW Wi rin step
Since AI-Si fil g? % h?ghrqugl |9'ty t(!'an poslgd’i’itZg‘kg pa rtia%rpxﬁesssp ed t he
through-put in thepdbh frbSE; Q.l;a.q_c%§1:a ¢ .| n the
| ow pressure CVD device l hown i ﬁé f%cq’rél teb‘g%lt)ionbm g‘\éggsﬁ% 84 at

Z?e same . St msyOBelQQtBQnZQQeSE%%fg% Qfe ‘i Wglyafer ) andotMe Rhie e

the reaction tube pressure, wheery Al-Si is deposited

at ‘-high speed on the electron donative surface.

10

15

20




of high.speed deposition contributes greatly to
through-put. In ultra-LSlI in the future, th
made to have a size of 6 or 8 inch. 9den th
large as 5 6 inch or 8 inch, the | ow pressure (
Fig. 3 can be practically applied with difficult

tube di aneter becones |arger. However, the S
shown in Fig. 2 ar e V&S Ya Brly Al 3950 Usrd I
10 the size of the device as a\Jﬁﬁeavmrﬁr%%?ﬁgh

the wafer size f{i gL UPadel e deddW EVEdn
to the CVD nethod of the prior art, no'

i e

ntf%

t he | mprovenent of

e wafer to be used will be
e wafer size becones as
VD devi ce as shown in

Y, because the reaction
heet type CVD device as

A IEHE Dby Of s MRL gL, because
ange greafly even if

- oSL & cordi ng
%gggp%gétééﬁggf 0.2 to

spee

1 ferr]mnin calngti is fogmedal anadthard foker @hvane All-s3owad Be enpl oyed

with 15 difficulty even if a deposited film of
formed. Howevedepby itee therbafdepoaitt hdghms
present invention, Al -Si of high quality ca
of 0.2 to 15 cond@itliohg bf, 0aadtpaltumyivdnl.y,
the present invention in a sheet type CVD devic
i nch or 8 inchsdefacdedlbonebsghethtowgll not

buf"Al-Si film of high quality cé
at a high speed practically effec

Even if Al-Si film deposi

hi gh quality was
depo3G®@i@d Ng to the
be deposited at high speed

mreaailid yf sutbl bed by 20
corres- ponding to 6
- dexevdoyaitedort ant .

n be deposited

tively.

ted at a high speed, the

10 £ilm obtained is dense with little amount of impurity
such as carbon, etc. contained, its resistance is similar
to that of bulk, and also surface flatness is extremely high.
The deposited Al-Si film, in spité of deposition at high
speed, has the specific features as mentioned below:

15 (1) reduction of hillock,

(2) improvement of electromigration resistance,
(3) reduction of alloy pit at the contact portion,
(:; (4)' improvement of surface flatneéss,
; (5) improvement of resistance within via-hole and
.20 contact resistance,
(6) lowering the temperature of heat treatment during
wiring step.
Since Al-Si film of high quality can be deposited
at high Speed,.the through put in [the ultra-LSI process
25 is drametically improved. In the |low pressure CVD device

-as shown in Fig. 3, Al-Si can be d

eposited at the same

time on 100 to 200 sheets of 4 inch wafer, and the effect




25 42
show how the Al or Al-Si film accorgipng t
sel ectively grown in the via-hole.

“illustration show ng 5
before formation of the deposited filmaccordin

invention. 90 is the substrate conprising
material, apd 9 thin fil conpri sin
material . 10 5t high ﬁﬂﬁﬁ#n S b s

starting gas and a gas n1xt

fed onto the sd‘ﬂ'?ﬁp ement,

pure Al or Al- ?h %&ﬁeé_ﬁ%%glpltg ‘ésﬁg he sut

continuous fil
deposi tion of I . s.,contj.nued under
tﬁe inch. tlJ enq-he waft

condi ti ons, er sxze %
6 inch oxr 8 inch, the low pressur

5
in Fig. 3 can be practically appl
because the reaction tube diamete

However, the sheet type CVD devic

ont |n|ng H[err as
%ﬂﬂfg? it

1 Figs. 4A - 4E
the present invention is
Fig. 4A is an

schematically the crogs-section of the substrate

to t he present
an el ectron donati ve

anfel ectron non-donative

hgreatty F9 g Herr] as
reacti on gas are
Iifoddt th Qi on,
)strate 90 to, formthe
toyhave a size of Gypep

second de395|t|on
comes as large as

B

Cvb device as shown
ied with difficulty,

- becomes larger,

F

as shown in Pig. 2

are very advantageous in enlargement of wafer, because
%

10 the size of the device as a whole

even if the wafer size may become
Al-depositioﬁ according to the Cv
art, no high speed deposition of
be realized,'and therefore it cou
15 difficulty even if a deposited fi
was formed. However, by use of tl

according to the present inventiol

will not change greatly
larger. However, in
D method of the prior
D.2 to 1lu m/min canhot
id be employed with

im of high guality

he deposition method

1, Al-Si of high

gquality can be deposited at high speed of 0.2 to 1

Hm/min., and particularly the meaning fulfilled by
20 the present invention in a sheet type CVD device corres-
ponding to 6 inch or 8 inch demanéed for high through-

put is very important.

25




Fig. 4C, the filmgrows to the | evel of the uppe
thin film9l as showmn in Fig. 4D. 20 Further,

conditions, as shown in Fig. 4E, the A -5 f

substantially without growth in the laterakddire
nost characteristic point of the deposited
present invention, and it will be 25 wunderstoo

qual ity can pe fBxampde 1 under good selectivit
43 1 As the result of analysis acco
el ectron spectroscopy orFigtsst.odihe hriacedhast fosc
of an inpurity such as carbon or oxygen
The deposited fidsmficddowWeor mBy mee of the dewd
with a filmthickness of 400 [err], 2.7 -
t enper at ur e whi gtedcgion tubgktighiindienpaddiyae

Al , and bec s continuous and flat film

t hi ckness of51 [¥r] fonn ¥ &heseyacuakionypit (9.

" nost portion of the
Mhen grown under the sane
| mcan grow to 5000 [err],

ction. This is the
Fil mobtai ned by the
d how a filmof good

Y .
rding to Auger's _
y film forme tdidmy disn

ment

I sjrecognized in this film

phiowp dn Fgr dyarkiiee,

.0 [errJohmcm at room
uetedh §ok CResils® vity of
so, even with a 10 film
t BRpEVEr r 81 S11m

appr oxi mat el 2.7 - 3.0 [errJohmcmand a suf fici entl dense filmis
fgfned Wwith g rQQQJQﬁﬂ%£§° ormed if the vacuum |[degree wit%in t%e
redction tube 2 may be higher than 1 x 10° Torr.

After washing of Si wafern

chamber 10 is released fo atmosph

, the conveying

eric pressure and Si

3

10 wafer is mounted in the conveying chamber. The
conveying chamber is evacuated to ca. 1 x 1078 Torr,
and then the gate valve 13 is opened and the wafer is
mounted on the wafer holder 3.

After mounting of the wafer on the wafer

15 holder 3, the gate valve 13 is clésed, and the
reaction chamber 2 is evacuated to a vacuum degree of
ca. 1 x 1078 Torr.

le In this Example, DMAH is |[fed through the first
~ gas line. As the carrier gas of DMAH line Hz is

sg employed. The second gas line ij used for H,.

By passing Hz-through the second gas line, the
pressure within the reaction tube 2 is made a
predetermined value by contrelling the opening of the
slow leek valvé 8. A typical pressure in this Example

.5 1S approximately 1.5 Torr. Then, the wafer is heated

by current passage through the heater 4.

After the




thicker film The reflectance in the visible wavel ength region is
approximately 80 % and a thin 15 filmwth excellent surface flatness

can be deposited. 20 25

44 As described in detailab 3} iin the present

I nvention, in addition to the finding thatoé‘ el|Al is deposi ted
sel ectively on an el ectron donative surface (A) by mai ntaining the

el ectron donative surface (A) at a 5 tenperature between the

deconpositioh t
in a gas mxture at nosph

10

15

20

25

sifamniamperatare has geaghed arinnederpamisedand 450 [err]C

re of the al | a@gninun1h dri de gas and
ﬁA is introé@éed nto the %eacti&% tube

| |
through the DMAH line. The totai pressure is ca. 1.5

temperature, D

Torr, and the DMAH partial presslre is made ca. 1.5 x

10 © Torr. When DMAH is introdug¢ed into the reaction
tube 2, Al is deposited.
The outline of the first|deposition step is as

degcribed above.

In the first deposition step, after fhe
formation of the continuous Al film of ebout 100 to
200 A, high speed deposition is e¢ffected at the second
deposition step. The condition for the second
deposition step are made the total pressure of ca. 1.5
Torr and the DMAH partiel presgure of ca. 1 x 1073

Torr. After a predetermined dep¢sition time has

elapsed, feeding of DMAH is stopped. Next, heating of
the heater 4 is stopped to cool the wafer. Feeding of
Hz gas is stopped, and after evaguation internally of
the reaction tube, the wafer is transferred to the
conveying chamber, and only the ¢onveying chamber is
made atmospheric before taking oLt the wafer. The.
outline of Al film formation is 15 described above.
Actually, 130 Sheets of iamples of Si wafer
were prepared, the substrate temperatures were set at
13 levels, and Al filme were deposited at the

respective temperatures each for|10 sheets according




hydr ogen gas, or Al -S
gas mxture in which a gas containing 10 Si is further added, for

in formation of pure Al -or Al-Si film
't he deposition rate is shifted froma deposition rate to a high
deposition rate during the deposited filn1fornatﬁon. By doi ng so,

hi gher through-put can be attained wthout 15 {deterioration of film

I's selectively deposited fy use of the above

ef fecting higher through-put

quality.

1
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10

15

20

25

to 4he proceduégsas described ab*ve under the

following conditions:
during the first deposition step
Total pressure: 1.5 Torz:

DMAH partial pressure: |

during the second deposition step,

Total pressure: 1.5 Tor:
DMAH partial pressure: |
The Al films deposited by

substrate temperature at 13 leve]

use of various evaluation methodé.

shown in Table 1.

L4

.5 % 102 Torr

3

.5 %10 ¥ Torr

r varying the
\

8 were .evaluated by

The results are

Al was deposited on.the Si wafer within the

temperature range from 160 °C - ISO'C.

When the substrate tempe
and second deposition steps e#ce
deposition at 0.5 to 1.0 um was
samples that surface reflectance
worse as compared with the case ¢
300 °C or lower were found. The

considered to be due to the fact

temperature in the first deposition step is high,

possibility that flatness of the

atures in the first
d 300 *‘C, high speed
ossible, but the
becomes more or less
yf the temperature of
reason may be

that, if the

the

extremely thin Al

film deposited in the first depogition step is

slightly inferior is enhanced.




When depositing Al -Si by use of the device shown

in Fig. 2, as an

exanpl e, under the conditions of: Tiotal pressure: 1. 5 Torr
DVAH partial pressure: 1.5 x 10[err] Torr 5 Si containing gas
partial pressure: 2.0 x 10[err] Torr = Substrate tenperature;
160 C - 450 [err]C an Al-Si filmcan bé ¥eljectively deposited only on
t he el ectron donative material surface. Evel with a film t hi ckness
of 400 [err], tﬁﬁaﬁbhg‘hs continuous and its 10 resistivity is 2.7 - 3.0
[err] .cm whi ch=subsStamntially equal [err] Bulk value or Al. Wen
the substrate Lerper af UkB11owing 2HQ, baRE] frocddl-bebbl tn BiEafaRoy i on
rate is 100 - 800 [err]/ and fo h spged deposition,

r 15 For

deposition rategtpSset theqya&adeteraeaaa@e1ha&se -

realizing high speed deposition, it may be q
substrate tenpegaring bheh€irseddeposPibnPakbp?
exanpl e, by making the substrate tenperaturg

parti al spressure lOferxal pped@irpei]| 106r Tofr,
20 0.5 [err]mmn. can be realized. However,

oncei vabl e to nake the
| pressure higher. - For
330 [err]C, and the DVAH
deposition rate of 0.2 to
f the deposition rate

is too large, the probabMhiit pabetabeprbsghes: :th
in surface flatness will be obtained. For
beco es higher that a pSnbstrate/Atempefhtbretil

about 10 to 30
during the second deposition step
Total pressure: 1.5 Torr

DMAH partial preasure: 1

10
agd the substrate temperature of
step was varied at several levels

" than that of the first deposition

Al film.' And verious evaluation

15 film deposited are shown in Table
When the substrate temper
deposition step is 270 *C or 300
difference in the results obtaind
Similarly as in Example 1

20
speed deposition at 0.5 to 1,0 unm
The difference from Example 1 is
high surface flatness having a re
% could be formed even when the ¢

25 in the second step was 330 °C, 3§

the substrate temperature in the

ito x 10a”spekace inferior

xanpl e, the probability
ofChon 8@bFect ance of

.0 x 1073 Torr

the second deposition
which were higher
step to deposit the
results of the Al

2.
ature in the first
*C, there is no
d.

. when the substrate

temperature in the second step exceeds 300 °C, high

/min. was possible.
that an Al film with
flectance of 80 to 95
ubstrate temperature
0 *°C by suppressing

first deposition step




25 will be obtained. The reason why a [err] intgrior in surface
flatness is thus obtained may be consi dered

46 1 to be due to the fact that surfac%seigration of netal atons or
nol ecul es are great at a high tenperature, wher eby deposition proceeds
only at specific nuclei to deteriorate surfgce fl atness when becom ng a
film t hi ckness. Thus, the greatest reasons ifs that, at the initial
stage of depositio a,éi n1TAth i nferior surface flatness is forned,
whi ch exertd de?%tg?9ou or IP%¥fuences even aftlerwar ds. in

t he present invg@%ior gs the means for shifting 10 from | ow deposition
rate to high dbi;s??.%n rate during deposited filmformation, for
exanpl e, the method of Y ' t t dpte

starting gas partia?hﬁ?e€%%$€ﬂ?sgﬁggggéoag%ce}dggéaﬁéyﬁgﬁa%? %%?aining

ure Al or Al-S . degposjt Ny L gh | d C Nl N
Flatness at subéfaﬁ?ig#légﬁ%gﬁg%g%bgégiBﬁga&é£¥%§€.gas £6¥ Bk %§ doi ng

so, a deposictedyfii! Ju¥bi Pob88ure as in Example |1. From the gas

second line, H2 is fed. As the rjesult of evaluation
of'Ai £ilm obtained by this Example, Al weas deposited
on Si wafer at a temperatﬁre range of 160 *‘C to 450 °C
similarly as in Table 1 in Example 1.

t
10 When the substrate temperatures in the first

and second deposition steps exceed 300 °*C, high speed

deposition at 0.5 to 1.0 pm was jossible, but the
probability that surface reflectJnce becomes more or
less worse is slightly enhanced. | The reason may be

15 considered to be due to the fact |that, if the
temperature in the first depositilon step is high,

flatness of the extremely thin Al film deposited in

<:_ the first deposition step is inferior.

Example 4

20 This Example 4 performs Al deposition by use
of Ar in place of H2 as the carriler gas for DMAH in
the same procedure as in Exaemple {2. The second gas
line fed H,. When the substrate [temperatures in the
first deposition step were 270 *C and 300 °C, there
25 | was no difference in the results lobtained. The film

quality obtained is substantially the same as in Table




substantially high deposiiton rate and is also f
can be obtained. 20 In the deposited fi

| at with high quality
| mformation by the surface

chemi cal reaction according to the presengg*nvention, . it appears that

even a thin filmbecones a conti nuous
condition of |ower deposition rate under |o

gh quality filmunder the
r substrate tenperature

25 and | ower starting gas partial pre ssure, prjpvided that there is no

contam natien fyomthe reaction tube.
know edges by the present

inventors, a deposited §indiaf1yPuse 14! Eg‘ra,,,ﬁll-eSq
f or med under good selectivity at a sub-- stir

According to the
47

&r P0G hen tHeUality can be
ate tenperature of 160 to

450 [err] C, norgny @i enperatusél 150 tha0 sb%r&’h]dcstep exceeds 300

Accordingly, in the first deposition step in e

present invention,

namely the depog,t eigh |spded @ebosition a&tep ftod @Wod Ol .Okelsat €, under
a total pressure of 10[err] Torr to 760 Torr, preferably 5 x 10[err]

Torr to 5 Torr possiblid\e IWesdiFifereades fabn €

afpldéist ablanacpogen from 270

to 10 350 [err]C, preferably 270 to 300 [err]|C, and the DVMAH parti al

that an Al film with high surface

flatness having a

reflectance of 80 to 95 % could be formed even when

the substrate temperature in the jsecond step was 330

*C, 350 *C by suppressing the substrate temperature in

10 the first deposition step at 300°

Example 5

The Al film.was formed on

1

C or lower.

the substrate having

the following constitution by using low pressure CVD

device as shown in Fig. 3. That

is, as the

15 substrate, the following 17 kind |thin films were used

on the Si wafer.

{1) polycrystalline siligon (polycrystalline

(j? 8i), (2) amorphous silicon (amorphous S$i), (3)

tungsten (W), (4) molybdenum (Mo},

20

{5} tantalum (Ta),

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

- (T481), (8) aluminum (A1), (9) aluminum silicon (A1~

Si), (10) titanium aluminum (A1-Ti), (11) titanium

nitride (TiN)}, (12) copper (Cu}, |(

13) aluminum silicon

copper (Al-8Si-Cu), (14)‘aluminum palladium (Al-Pd),

25 (15) titanium (Ti), (16) molybdenum silicide (Mo-Si),

(17) tantalum silicide (Ta-Si) were employed.




pressuré from1.3 x 10[err]

10[err] to 1.3

deposition step in he present

formati on step

10[err] Torr to 760 Torr,
substrate tenperature

[err]C, and!
-fold of t
t enper at ur e,

may be qui

the wafer surfalét FEaFPﬁgsﬁyeabPéﬁﬁ i s effectlv

of the substrat

pressure is
%err
Si t

to 1.3 x 10
1 dep

|n t he depositi

exanpl e, under

10

15

. 330°C in Table 2 as described aba

20

same Si wafer as in Example 1 wasd

25

i né¥Badeviceoshgynngnofitg . a3handedl

to 1.3 x 10[err]

x 10[err] -fold of he total é)res
_ i nventi on,
at hi gh deposi - tion rate U

preferably 5 x 10

Is made 270 to 350
t he DVRhieps&r spapblpsecweteepleaged
otal pressure. 20 For €

ckly elevated by irradiation of \

e tenperature.
SU|tabI?hEePEEPEHtFPBanﬁélEbﬁﬂ?

% ;old of the total pressure, sg
AHPYHi may be formed at | hi gher

BiB678h, FLF =}, B8baRtERof AtEs!

0.3 Torr

I

Total pressure:
DMAH partial pressure: 3

Substrate temperature: 2
during the second deposition step

Total pressure: 0.3 TorJ

DMAH partial pressure:

Substrate temperature:

The film quality of the
such conditions is not different

substrate temperature in the secd

deposition rate in the second dep
high as ca. 0.7 um/min. for all d
Exemple 6

According to the sanme prﬁ
2, Al film was deposited by the u
of DAMH as the starting gas. As
The deposition conditiong

follows:

lc\

2

fold, preferably 1.3 x

sure. In the second

gnely the deposited film

nder a total pressure of

[err] to 5 Torr, the
preferably 300 to 350

i0 therlovopte8suréO[err|

| evating the substrate

fhimg sereafernedperature

V| anp or. Xe |anp on

e for qui ck el evation
ciffical]y, the DMAH pa ti al
t‘PSnth‘s 1t3mg 4ppedd)

that a

deposition rate t han
i oned above: For

X 10_6 Torr
70°C

x 1074 Torr
30°C

1 film formed under
from those at a

nd deposition of

ve, and also the
osition step was very

f the substrates.

cedure as in Example
se of HMAHZ in place
the substrate, the
uged.

at this time are as



the substrate tenperature being nmade constant,

DVAH may be i ncreased,

t he substrate
t ot al

pressure may be el evat ed.

const ant,

. the sane

. the parti al

. preferable to deposit a

aq r r t
first dep03|t|onﬁg?§% @B e?? : g%ﬁ6§1258ﬁ1gng
and then formthe f|Im
0.1 to 1 [err]
to 300 to 350 [err]C MMAthpaﬂep§§|pgdséufa}tk

ce mgration being

varying the deposition saaadratensemperaturdescé
flat and high quality 20

range of

exanpl e,

good

quality with surf

or with
tenperature nay be

both of the swlstr
10

conti nuous filmof 1

-the DMAH par

pressure,

ove-nenti oned’

I NCr easli nd

filmof 100 to 200

ﬁ%aé@ibﬂcfﬁﬁéeﬁressurgepoflSlﬁarfate of ,

the 5 partial pressure of
tial pressure being
el evated. O course under

ate tenperature and
For exanple, it is

o 300 [err]Cin the
pressure
for

the substrate tenperat
slsxfpmrr%dr&epones a fil
nhi bi t ed. :
foec above,
[err]

deposition tgi neduringothé secéndi depesitihderst

condi tions,

whi | e under the second depositijon conditions,
continuous and flat purBeattiénrtube Pprehavrocenl af rkemly 25

flat and high quali-ty thin filmcan be forned
Al -Si) may be depositedi¥dBa paphiel prespwsetiqh ¥at@® ofTara to 1

[err]m m n.

10

15

20

first deposition
since a
| f

eve pure Al (or

The film quality of deposited Al was not

different from one at a substrat

temperature in the

1

second deposition step of 330°C in Table 2.

Also, the deposition rat
deposition step was ca. 0.7 pm/mﬁ
substantially different from the
Examplel7

First, the procedure for

as follows.

reaction tube 2 is internally evdacuated to ca.

-8

10 Torr by the evacuation unit

can be also formed if the vacuum

reaction tube 2 may be higher thgn 1 x 10

After washing of Si wafer
chamber 10 is released to atmosph
wafer ié mounted in the conveying

conveying chamber is evacuated td

By use of the devicd shown in Fig. 2,

of Al in the second
n. end not

case of using DMAH.

Al-si film formation is
the

1 x

9. However, Al-Si film

degree within the
“8 rorr.
. the conveying
eric pressure and Si

The
~6

chamber.

ca. 1 x 10 Torr,

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

mounted on the wafer holder 3.

fornmed, a

00 to 200 [err] wthin the
conditions,

ure
m of

By

a conti nuous,
is formed within a



49 A A filmof 1 [err]mthickness can be sufficiently

formed by deposition for 1 to 5 m nutes ynder the first conditions,
and with the deposition time for 1 to 3 rinutes under the second 5
condi tions. In the device %yimn in Fig. 2, A-Si can be’
deposited only on one sheet of substrate® deposition at one tine.

The nmethod according to he present inventionj 10 is also applicable to the
reduce -pressure CVD device for a nunber of sheets as shown in Fig. 3.

Since Al -3i depastterwmancdndy F tthd hﬁﬂizes:ﬁﬂttﬂe“‘ﬁf’a’w:o” enpl oys

the surface reaction at the heated el ectron dgnative Substrate
surface, accdadider to tihe lastavatdlvieyps ikS ¢l @&y axeure CVD nethod in
whi ch only the substrate is heated, an Al{-Si containing 0.5 to 2.0 %
of Si can  reastigmediankemiz Higglevasvadted) taddi Meamunl delgideand H err],
and an Si starting gas-guch as Si[err]Herr] dtc., if necessary.

Wen a reducéif'prleg‘s CH9rFevice is used, tHe 20 reaction tube pressure

may be 0.05 to 760 TQrr, §§S|rabl 0.1 tqg 0.8 Torr. As the first
deposi ti of conditiond® this Exemple, DMAH is fed through the first

gas line. As the carrier gas of ﬂMAﬂ line,
Ar is employed. The second gas line is used
for H2 and the third gas 1in¢.for SiZHG‘
By passing Hz througﬁﬁiﬂéiéecond gas {ine. the
10 pressure within the reaction tube 2 is made a
predetermined value by controlling the opening of the
slow leak valve 8. A typical p;esFure in this Examplef
is made approximately 1.5 Torr. Then, the wafer is .
haated by current hassage tﬁrough the heatér 4. After
15 the wafer temperature has reached & predetermined
temperature, DMAH introduced into {the
reaction tube through the DMAH line.
The total pressure is ca. 1.5 Torr, and the -
DMAH partial pressure is made ca. 1.5 x 10°°> Torr,
20 The Si,H, partial pressure is mede|2 x 10”7 Torr. When
Siz}!6 and DMAH are introduced into|the reaction tube
2, Al-S4 is deposited. |
The outline of the first deposition step is as

described above.

In the first deposition st?p. after fhe

[
(421




the substrate tenperature may be 270 to 350 [err
300 [err]C, and the DVMAH partial pressure may be
x 10[err] -fold, desirably 1.3 x 10 [err] 25 to
reaction tube pressure. As the secondg
substrate tenperature

| C, desirably

@eposj tion conditions,
I's made 270 to 350 [efr]C, preferably 300 to 350

270 to

1.3 x 10[err] to 1.3

1.3 x 10 [err] of the

t he

x 10

[err]C, and 50 the DVAH parti al
pressure 1.3 x 10[err] to 1.3 x 10 [err] meferabhy 1.3 x 10 [err] to
1.3 x 10 [erk] frometdon [of 3he jogntinvous)Adediy & ilan@f APauipe 00rHeo
Si[err]Herr] partial pressure in both the first, and.the second
deposi tion condi?Grdy, high aRgeask deRasif iofe 18, Afested At e geqand
[err] -fold of the reaction jube sure, mh AI- | is deposited
at high speed ofeBRS i 3en A58 Pq0n 4§ﬁii %hfb% nd

deposition step are made the total pressure of ca. 1.5

5 Torr and the DMAH partial pressure of ca. 1 x 10"3
Torr. After a predetermined depasition time has
elapsed, feeding of DMAH and Si,H Next,

heating of the heater 4 is stoppe
Feeding of Hz gas is stopped, and

10 internally of the reaction tube,

6 is stopped.
d to cool the wafer.
after evacuation

L}

the wafer is

transferred to the conveying chamber, and only the

conveying chamber is made atmospl
out the wafer. The outline of Al

as described above.
15 Actually,

were prepared, the substrate temp

13 levels, and Ai-Si films were ¢
respective temperatures each for

to the procedure as described abg

s0 following conditions:
during the first deposition step,
Total pressure: 1.5 Torny

DMAH partial pressure: 1
812H6 partial préssure:

25 during the second deposition steg

eric before taking

film formation is

130 Sheets of samples of Si wafer

eratures were set at
leposited at the
10 sheets according

ve under the

.5 x 10”5 Torr

-7

2.0 = 10 Terr




15 20 25
I nvention, in the initial stage of depositi
i Al-Si is forned, and therefore even Al -Si

. at high speed dep03|t|on 5

|quaI|ty such as

be
condi ti ons of bxﬁQ
surface flatness, etc. wll

filmof high quality can be deposited

According to the present

bn,

to 1 [err]mmn.,

a conti nuous and dense
deposited thereafter
film

not be deteriorated,

at a high speed

practically gffectively.potal pressureEVEn, sfnﬁl.r Si filmdeposited at a

DMAH partial pressure: ﬁ
I

SiZHG partial pressure:

1.5 x 1072

.0 % 10 -3 Torr

Torr.

The Al-Si films deposited by varying the

substrate temperature at 13 level

use of various evaluation methodé.

the same as those in Table 1.

Al-S3i was deposited on tH

s were evaluated by

The results are

e Si wafer within the

 temperature range from 160°C - 4?0 c.

' but Al - Si
hi gh speed, the
5
—
10
15
20
25

When the substrate temperatures in the first

and second deposition steps exceed 300 °C, high speed

deposition at 0.5 to 1.0 um was [

yossible, but the

probability that surface reflectance becomes more or

less worse is slightly enbanced.
considered to be due to the fact
temperature in the first depositi

flatness of the extremely thin Al

The reason may be

that,

if the

on step is high,

-84 film deposited in

the first deposition step is inferior.

Example 8

Following the same proced
to set the parametets as follows:
during the first deposition stép.

Total preassure: 1.5 Torz
DMAH'partial pressure: |
Sizﬂe
Substrate temperature: ¢

partial pressure:

lure as in Example 7

.0 % 1079 Torr

1.5 x 10

“7 porr

70°*C or 300°C



10 filmobtained is dense with little anmount of i
carbon, etc. contained, its resistance is simlar
~also surface flatness is extrenely high. s aThe
'spit of deposition at high speed, has #hg spe
mentioned below. 15 (1) reduction of hillock,
-electrom gration resistance, (3) reduction
contact portijon, during(fhe 668N cddPbs PtisH ke
i nprovenent of resistance within via-hole and 2
(6) lowering the tenperpbtap pfedmnte ! r ent sembr%
st ep. Since Al-Si filmof high quallt
hi gh speed, the through mmﬁﬂlphﬂf&hlﬂﬁf@géﬁieprog
inmproved. In the Iom1pressure CVD devi ce as 9
be deposited-at the sanmesi tpa&xiuﬂibﬁbésuﬂ@@

the effect %f hi gh speed depositi g
t he and the substrate temperature of

Ad

evaluation results of the Al~Si £

q

b=

S

step was varied at 13 levels.

those in Table 2.
When the substraté'temper

deposition step is 270 °*C or 300

10
difference in the results obtaing

Similarly as in Example 1%

]

The difference from Example 7 is

temperature in the second step ¢

| speed deposition at 0.5 to 1.0

15
high surface flatness having a re

8.

mpurity such as
to that of bulk, and
deposited Al-Si film in

cific features as
(2) inprovenent of

of alloy pit at the

fl at ness, (5)
contact resistance,

uring W ring

y can be deposited

egsx 2§ Psrgramatically
hown in Fig. 3, Al-Si can

bests 96~2 tosh wafer, and
n contribu es greatly to

the second deposition

at

a result, various

ilm are the same as

ature in the first
i
there is no

.,
4.
,» when the substrate
ceeds 300 °C, high
/min. was possible.
that an Al1-8i film with

flectance of 80 to 95

% could be formed even when the éubstrate temperatures

in the second step was were 330 ¢

' Example 9

20 Following the same proced

t0o set theée parameters as follows:
during the first deposition step,

Total pressure: ]

DMAR partial pressure: 1

25 Substrate temperature: 2

C, 350 °cC.

ure as in Example 8

.5 Torr
.0 x 1073 Torr

10 °C



| mprovenent of through-put. In ultra-LSl in theifuture, the wafer to
be used will be nade to have a size of 6 of 8 inch. Wen the wafer
size b conmes as large as 5 6 inch or 8 ig®H, the Iow pressure CVD device

as shown in Fig. 3 can be practically appl
because the reaction tube dianeter becones larg
type CVD devic as shown in Fig. 2 are ver
enl ar gement jof y@f g 86 as6€ond 0déPes st 6n 0dté
not change greatly even if the wafer size
in Al -deposi tion areeadippesourbe Q/I5 M
hi gh speed deposition
therefore it could be comARygsrtisd pidéssuliréfic
m of high quality was forned. However, by
according to the presersubswedite otempérsiund: hi
deposited at high speed of 0.2 to 1 [err]
meani ng ful §i | | @3 byhe 294 .’ hepaw £5ebt prevsnte
corres- ponding to 6
is very inporta¥r . 0.2 foldb of DMAH partial pres

of 0.2 to 1 [err]m mn cahnot

nch or 8 inch denmanded “f ot hi gh through-

!

The Si content (wt.%) of the Al~:

ed with difficulty,
Pr . However, the sheet
advant ageous in
g device as a whole wll
y becone | arger. However,
d of the prior art, no
be realized, and
mexeyeﬁsifoﬁrdeposited fi
se of the deposition nethod
*C quality can be

mn., and particularly the
8 var Sédefrdmpe LVIPUevi ce
put

ure to effect deposition.

51 films were varied from

0.00?% to 5% approximately in proportion to the 812H6 partial

pressure. As to resistivity, ca

10 wiring life, deposition speed, h

spike generation, the same resul

were obtained. However, in samp

content of 4 % or higher, deposi

the films which appeared to be S
15 surface morphologY,_therebv maki
| % or lower. Samplés having a Si
4 ¥ exhibited a reflectance of 8§
similarly good as in example 8.'

Example 10

20 This Example 10 carries
-by'use of Ar in place or 32 as t
DMAH in the same procedure as in
gas second line, Hz as the react
the result of evaluation. of A1~§

05 Example, Al-Si was deposited on

ion gas is_fed.

rbon confent, average
illock densiky and

ts as in Example 1
les having a Sd

rion waé generated in
i t0 worsen slightly
ng the reflectance 68
content of less than

D to 95 %, which was

our Al-Si deposition
he carrier gas for
Example 7. From the
As

i £ilm obtained by this

Si wafer at a temperature

range of 160 *C to 450 *C similakly as in Table 1 in




1 Exanple 1 ' First, the procedure for Al filmformation is

as follows. By use of the device shown in Fig. 1, the: reaction tube 2
is internally evacuated to ca. 1 x -1GgRerr] Torr by the evacuation
unit 9. However, Al film can be also fornmed if the vacuum degree

wi thin the Teaction tube 2 may be higher-fhan 1 x 10 [err] Torr.

After washing of Si wafer, the conveying - chanber: 10 is released to

at nospheri c pressure and Si 10 wafer is nmount ed: i n the conveyi ng chamnber.
The codveyEx@mRh@nber is evacuated to ca. 1 x 10[err] Torr, - and

hen th | 3 ed_apd, th d qn_the waf
ot der 3. % Y® T whe8l ShE, sibis s?e“%smaareFusﬁstﬁa Bt el

Svacua 8 to s ieunbRel §8S8F1%1°n B3eps <c8Ea, ppOroey. Rish sbded |,
this Exanpl e, 5§t§8g QQrB“Shtbhi Blﬁﬁtwas pogéibhé”ebutA%hbhe carrier
gas of DVAH |ine err

5 ﬁrobab;l;ty that surface;refleotanee becomes more or
less worse is slightly eﬁhaﬁced. fhe Eeason may be
considered to be due to the fact that, if the
temperature in the firstfdep051tlog step is high,
flatness of the extremefy tﬁin Ai~Si £ilm deposited in

10 the first deposztion step 1s znferzer.

Example 11

This Example 11 performs Al-Si deposition by
ﬁse.of Ar in place of Hé as the cerrier gas for DMAH
in the same procedure ae in:Bxamp;e 8. The second gas

15 line fed H,. When the éubstrate temperatures in the
first deposition step w%re.ézo 'Cfand'soo *C, there
eae no difference.in thé reeulte obtained. The f£ilm

(:_ quality obtained is sub%tanﬁially;the:same.as in Table

2. :

%0 Similarly as in Example 1 -OT 8 when the
ubstrate temperature in the second step exceeds 300
°c high speed deposition at 0.5 to 1.0 pm/min. was
p0331b1e. The difference from Examples 7 and 8 is
fhat an AI-Si £ilm withfhigh surface £latness having a

95 reflectance of 80 to 95 S could be formed even when

the substrate temperatures in the second step were 330



20 enployed. The second gas line is used for Herr]. By

passing Herr] through the second gas |ine, the pressure within the
‘reaction tube 2.is nmade a predet erimined val ue by controlling the
.opening of the : sl ow | eak valve 8. Agrypical pressure in this Exanple
125 is approximately 1.5 Torr. Then, the wafer is heated by current
passage through the heater 4. After the

54 1 wafer tenperature has reached a prEdeternined t enper at ur e,
DMAH i s |ntiodqud éggo. he reaction tube . “through the DMAH |ine. The
total pressure is"ca. 1. Torr, and the DMAH partial pressure is nade
ca. 1.5 x 10[LLLdad@r{2 WWen DNAH I siintroduced into the reaction

t ube 2,.AI S é%%oé%reﬁi‘ The outline of the first deposition
step is as descri bgslsgbexemple 12 perform$nit+Ri fdemesiepesi®Y¥on step,
after the 10 formation of the continupus Al filmof about 100 to 200

A, high speed dge@sétinn is plécetefd Eé adetbecortrier gamptar (Pt ep.
The condition for the second
5 in the sane procedure as- in Exemple 9. The second gas

line fed H,- :
“ Deposition coﬂdi?ioﬁ was shown_below.
dﬁring the first deposit?on step,-
. Total pressure: gl.é Torr

1

-9 Torr

10 . DMa® partial p:e?su:e: 1.0 x 10
| Substrate tempergture: 270 °C
during the second depositlon step,
Total pressure: 1 & Torr.

-3

DMAH partial pressure: 1.0 x 10 Torr

15 : Substrate temperétu:e: 33@ ‘q
and the Sizns partial pr?ssuie was varied from 3 X
1074 to 0.2 fold of DMAF partial pressure to effect deposition.
(j' The Si content (wf %) oé the Al-$i £ilms were varied from
‘ 0.005 % to 5 % approximately in propo:tlon to the SijHg partial

éo pressure. 2as to re51st1v1ty, carbon content, average

wiring 1ife, deposition speed, hillock demsity sad
spike generatién, the séme fesults as in Example 1
were obtained. chever, in- samples hav:ng a Si
content of 4 ¥ or higher, deposition was generated ina
25 the £ilms which appeared to be 8i to worsen slightly

surface morphology, thegebY=mak1ng the reflectance 65



deposition step are nade the total pressure of ca. 1.5 Torr and the

DMAH partial pressure of ca. 1 x 10[err] 15 Torr. After a predeternined
deposition time has el apsed, feeding DVAH i s stopped. Next,
heati ng of . the heater 4 is staopped to ol he wafer. Feeding of
H err] gas is stopped, and after evacuation internally of t he
reaction tube, the wafer is ransferred to the conveyi ng chanber, and
only the conveying chanber is made’ atnnsggerlc beforg éaking out the
wafer. The 1 %our|iewen: ASeRplas:BRWIRFOA PL GRRHERE PRed®aBovEa2
Actual |y, 130 Sheets of sanples of Si wafer repar.ed, e
substrate tenpe*a%u?EBiRéFSdsétr&fleﬁﬁanﬁg ?5v393t° g %I gg & W%?e
deposited at the res ectlv S og 10 sheets according
1 to the procedipalags Heg %%dég EEE Blé § following
conditions: _ duilnq3the flrst deposltlon step, Tot a
pressure: 1.5 e DVAH partial pressure: 1.5 x 10[err]
Torr: 5 The Al film was %orméd on the Substrate having
the follcwing constitutibn by using low pre§suré cvD
device in Fig. 3. Thet is,.as the substrate, (1)
polyvcrystalline silicon (pOIYGrYStalllne si), (2)
amorphous silicon (amprppoug si}, (3) tungsten (W),
16 (4) molybdenum (Mo), (S)' tentalum (Ta), (6) tungsten
silicide (WS1), (7) titsnium silicide (TiSi), (8)
aluminum (Al)., (9) alumihuq,silicdn (al1-si), (10)
titanivm aluminum (A1-Ti), (11) titanium pitride
(TiN). (12) copper (Cu), (13) aluminum s:lzcon copper
15 (Al-si-Cu), (14) aluninum palladiun (Al'Pd)r (15)
titanium (Ti), (16) molyhdenum s:l;czde {(Mo—8i), (17)
tantalum silicide (Ta-Si) weres employed.
(j: These samples wqre placed in the low pressure
i éVD'device shown in 5195_3.apd Al-8i £ilms were formed
20 within the same batch.

The deposition condltlons at this time are as
follows:

éuring the £irst deposigion'étep,



during the second deposition step, : : - Total pressure: 1.5 Tor

DVAH partial pressure: .5 x10 3 Torr; The Al filps deposited
by varying the 10 substrate tenperature at 13 levels were evaluated by
use of various evaluation nmethods .- The r@Qlts are shown in Table 1.
Al was deposited on the i wafer within the tenperature range from 160
[err]C - 450 [err]C 15 When the substrate tenperatures in the
first and second deposition steps exceed 300 [err]C, high speed
depositiontat 0.5 to FUFemITRTERS posSi DI EOTHUt the sanpl es t hat

surface refl ectance b s nore or less rse -6 conpared with the
case of the tenperat ?P&@r}gfpa%a T E oré,\?’bvaeqi V\ef%"r%pound. The
reason nmay be consi der 0. e to the t_ that7 J he
tenperature in the firs 2%@%%?%% éy%%sﬁehi gif,a':?t’heiw.t i'CFOI(')}';:si bility that

flatness of the extre ' Eilmd jded in the first
g Temerari € RS

deposition step is 25 sl B 10 1I'sS e ced.
5 during the second deposition step,

Total pressure: 0.3 Torr -

4

DMAH partial pressure: 1 x 10+ Torr

Sizﬁs partial préssgre: 3 x Ib-s Torr

Substrate temper%ture: 330°C

10 . The film qaalityfof.the Al;si £ilm f;rmed under
such conditions is not d?fférent f&om those at a
substrate temperature i% the second déposition of
330°C in Teble 2 as desc;ibed above, end also the
dep081tion rate in the s;cond depqsition step was very

15 bigh as ca. 0.2 pm/min.éforfall of the substrates.

Example 14

According to thé sa@e'pro&eduﬁe &@s in Example
3, Al-Si film wms depos%ted‘by the us; of MMAHZ in
place of DAMH as the st%rtigg gas. As the substrate,
50 Si wafer obtained by pa{ferning the séme §i0, thin
£ilm as shown in Example 7. '
| The deposition éonditioné.at this time are as
follows: :

during the first deposition stép,.



1 Example 2 Fol |l owi ng the sanme procedure as in Exanple 1
to set the paraneters as foll ows: durlng the first deposition step,
5 Total pressure: 1.5 Tor . DMAH partial pressure:
1.0 x 10[err] Torr SubstrafJtenperature: 270[err]C or
300[err]C during the second deposition step, ' Tot a
pressure: 1.5 Torr 10 DVAH partial pressure: 1.0 x 10[err]

Torr and the subspratesdsnperat Yi8sehbbe §e§of eposition .
step was varied at severa?éléve S mhlgh aerg hi gher 8 than that of the

first deposition step t pomAke +ide pressuﬁg flgnk f@d5vgéfpus eval uati on
results of the Al f|| eposited dre shown in Table

When the substrate tenpsiéméwparfnéhepfessﬁre. 1d@p§51@|%hréiﬁp is 270
[err]C or 300 [err]C, theTe is no difference in-the results obtained.

Sinilarly as in Exanpl éSubsitate ttempebstunee 200°CGenperature in the
second step exceeds 300 [err]C, high speed deposition at 0.5 to 1.0
[err] m m n. swasdgobeg bthe secondhieppsitioncetépom Exanple 1 is that an Al

filmwth high surface flatness having a reflectance of 80 to 95
Reaction tube pressure- 1.5 Torr

-3

MMAHZ partial pressure: 1x 10 Torr

-5

Si2 6 partial pﬁesSure: 1=x iO TorT

The film qual:ty of deposited ‘Al-Si was not
10 dszerent from one at a substrate temperaturé in the
second depeosition step of 330 C in Table 2.
Also, the depos;tion rate of Al-Si in the
second deposition step éas'ga. O.Z.um/min. and not

substantially differentffrdm the éase:of using DMAH,

15 Exemple is

Accérding to thé same procedure as in Example
8, Al-si film was deposited'by the usé of SiH, in
(;i place of 312 6° As thegsubstrate;.Si;wafer was used.
The deposition éonﬂitions‘at %hié time are as
20 %ollows: 5 .
during the first deposi%ion step,
Reaection tube péessﬁre: 1.5 iorr

! ' =
DMAH partial pressure: 1.0 x 10 5 Torr

Si,H, partial p%eésﬁre: 5.0 x 10”7 Torr
o5 Substrate'tempeéaxuke: 270" c

during the secoand deposition step,



% coul'd bée forned even when the substraie fenperature 25 in the second

step was 330 [err]C, 350 [err]C by suppriessing the substrate
‘tenperature in the first deposition step '

57 1 at 300 [err]C or |l ower. Exafpte 3 Thi s Exanpl e
carries out Al deposition by use of Ar in place of Herr] as the
carrier gas for DMMH in 5 the sane procedure as in Exanple 1. Fromthe gas
.second line, Herr] is fed. As the resujt of eval uation .of Al film

“obt ai ned bylthls Exanpl Beagriqhs takpoRFEEERFS: * dnSST °ﬁ€fer at a
.tenperature range of 160 err 0,450 Jerr as in Table 1
in Exanple 1. 10 Duah %ﬁtﬁﬁé BEREPPR %é ténﬁéigturg ¥n the first
‘and second deposition step hig e&d deposi tion
at 0.5to0 1.0 [err]n1ma§§2§6 %ﬁ?ga§ FL%%&LS L:’]oroggblI:'El‘::’f/' that surface

reflectance becones nor el S 8hpekt!1y enhanced. The
.reason may be 15 conS|§uBe5r?te L8 §§S¥?0 the fact that, if the

t enperature !n the f'rS&nﬂeﬁﬁiht§9£1§E§®of3débaaited altkat passngk the
extrenely thin Al filmdeposited in
dlfferent from one at a substrate temperature in the
second deposition step of 330 C in Table 2.
Also, the deposztzon rate of Al—S; in the
second deposition step w;s ca. 0.7 pm/min. and not

10 substantially different ?rom the case of using SijHg.

Example 16 {

Samples having Al lems forned according to
the same method as in Example 1 were prepared. When
crystallinity of the Al film deposzted on the Si wafer

is of the respective samples, namely under the same film

forming conditions as ig Example 1 by:use of the X-ray
diffraction method and {he';éflebﬁive_electron bean
C diffraction method, it was found ﬁo be as described
| below. L :

20 When the cristaf di?gﬁtioé of ‘the Si substrate
is (111) planve, frém_x—éay diffraction, es shown in
Fig. 5, only the diffraétion peak:showing Al (100) was '
observéd concerning A1.§ In - reflective high speed
electron beanm diffractién by use of an acceleration
voltage of 80 kV or 100 kv as shown in Fig. 6, a

monocrystal Spot showing Al. (100) was observed. Fig.



the first deposition step is inferior. Exanple 4 20 Thi s

Exanple 4 perfornms Al deposition by use: ~of Ar in place of Herr] as
the carrier gas for DVAH in t he sane procedure as in Exanple 2. The
second gas line fed Herr]. When.t he.sybstrate tenperatures in the
first deposition step were 270 [err]C and 30 err]C, there 25 was no
difference in the results obtained. The film quality obtained is
substantially the same as in Table : 58
1 2. 1 6A Ssnal dntfirasrtmnEmnme@nlwhenz elpiesiromhdean issubstrate
tenperature in the second step exceeds 300 - | speed dep05|t|on at
0.5 to 1.0 [err] peRmittads to Entﬁ?sélblfé-oo)Tﬁ@dﬁhﬁéPgﬁd Bahwl es 1
and 3 is t hat an AI filmw th high: surfac tness h V|n a

refl ectance of 88ifo § %%Erlf&'aﬁ‘&"f"é’r ‘i%r‘?é‘n ectrone it e
tenperature in the sec 0 err]lC, 360 rr] C Dby,

suppr essi ng the QEEE%F%F% ? 23 ‘&°°£0 dﬁ§?°%§ﬁ5£‘F?&ﬁ%ﬁkm)at

300 [err] C or lo%ﬁus, the Eiagg on the 8i (111} substrate was found
to pe a monocrystal having {10Q) plane. Wx?hin the
fi;st and second substréte femperaturé range in Table
1 those deposited at a range from 250 %% to 330 C
were found to have Al f;lms reproduc:lbly deposited

10 which were monocrvstallxne. .

Also, the Al films deposited on the Si (111)
substrate with the subsii'rate surface having off-angles
differing by 1°, 2°, 3° 4%, s° from the Si (111)
élane were also found to ha7e Al élOO) monocrystals

= deposited stably, partiéulaily under éhe tenmperature

conditions of the first® and second substrate
temperature ranglng from 250 % to 336 c s;mzlarly

(ﬁ as in the case when depes;ted on the Si (111)

) substrate as described abOVe_.

20 Wher the crYstai diﬁection'of:the Si substrate
is (100) plane, from XF%HY diffraétio@. as shown in
Fig. 2, only the diffrac::'tiqn peak-shgéving Al (111) was .'

_ 6bserved conceruing Al.f Inéreflectivé high speed

glectron beam diffractibn by use of aﬁ accelerﬁtion
voltage of 80 kV or 100§kv,-a monécryétal spot showing

25
Al (111) was observed. ! Thus, the Al film on the Si



The Al filmwas formed on the substrate ‘having the foll ow ng

constitution by using | ow pressure CVD : device as shown in Fig. 3. That
is, as the 15 substrate, the following 17 kind thin filns were used
on the Si wafer. (1) polycrysﬂé3llne silicon (polycrystalline
Si), (2) anorphous silicon (anorphous Si), (3) tungsten (W, (4)

nol ybdenum (M), (5) tantalum (Ta), 20:(6) tungsten silicide (W), (7)
S)o(10) "t izht’&% ke Sl S8 P ()4 Aododmyrtet Bvded) ™ (12)
Cu 13 I Cu
pal | adi um (A (p )zsv 21”1 95 m, v E0EE a8 st s %rca o
Mo- Si
gl'hesel ?sarrpl es vve g%ﬂwéwlﬁv%%%gh%é%&é%%%ﬁl ce shovvn in
Fig. 3 and Al TilIEuersd UdFE®Re o 33! % NdhE SRR "8 Have Al

The dep05|t|on & I me are é
5 films deposited which wgre.stably'monocrystalline.

Also, the Al films deposited on the Si (100)
éuﬁstrate with the subsgraté'surface having off-angles
differing by 1°, 2°, 3°é 4, 5° from the Si (100)
plane were also found té have Al (11i1) monocrystals

10 depesited stably, partiéularly under éhe.temﬁerature
conditions of the firstiandgseconq substrate
femperature ranging from 250 °C to 336 ¢, simileriy
as in the case when depésitéd on éhe Si (111}
substrate as described éboée.

15 Example 17 : .

Samples having Al films formed according to

the same mpethod as ia E#ample 2 were prepared. When

crystallinity of the Aléfilm depoéiteé on the Si wafer

by use of the X-ray diféra&tion method and the
o9 Feflective electron héaé diffrac%ion method, it was
found to be as described below. |

When' the crystal d;rectlon of the Si substrate

is (111) plane, from X;ray diffraction, as shown in
Fig. 5, only the dszraction peak. showing Al (100) was
observed concerning Al.; In refleetzve high speed

électron beam diffraction by use of an acceleration



5 follows: during the first deposition step, Tot a
pressure: 0.3 Torr DVAH partial pressure: 3 x 10[err] Torr
Substrate tenperature: 70[err]C 10 durl E? t he second deposition step,
Total pressure: 0.3 Torr 6hrtial pressure: 1 x 10[err]

Torr Substrate tenperature -330[err]C The film
quality of the Al filmforned under 15 such conditions is not dlfferent
fromthose at a r oggaéje

330[err]C il ngllga?e ?Léb§sd; (;%\r/gvuan r;"Ell:I f . gé)‘go& ti on rat e

in the second %%t o essts%g,g\%}o\@ln& @1 (1d?j)ghv§ aﬁselq,gdi ergdgn m

for all of the su ccordlngtothe sarre

procedure as | %AB&%”E! %1fffra5AM9|n°‘?atEtlé?nV%éﬁe@3%é%zp)béé3@ ise of

MVAH[ err] in pla the starting gas. As the substrate, the
sane Si wafer %Mfﬁeht‘&s Aisevioc) in the [001 JThe: ¥ienosid i on

conditions at this tine are as
5 Fig. 6B a diffraction patte:g when:electron bean is

permitted to enter Al'(lbO)_in theidiréction of [611].
Tht.zs', the Al £film on thef: Si'.-(lll) _su.bstrate vtas found
to be a monocrystal havig'.xg (5100) piane‘. Within the
second substrate temperature range in Table 2, those

10 dep051ted at a range from 250 °c to 330 °c were found
to have Al filmas deposited which were monocrystalline.

Also, the Al films depos;ted on the 8i (111)
substrate with the subst;ate surface beving off-angles
differing by 1°, 2°, 3°,§ 4%, 5° from the Si (111)

5 plane were also found to have Al (100) monocrystals
deposited stably, partictlarly under the temperature
conditions of the secon& substrate temperature ranging

(Ti from 250 °¢ to 330 ¢, similarly as in the case when

deposited on the Si (111) substrate as described
20 above. _ :
| When the crystai ditection of the Si substrate
is (100) plane, from X—-nfay diffraction, as showa in

Fig. 7, only the diffraction peak showing Al (111) was

observed concerning Al. : In'reflec;tive high speed

electron beam diffraction by use of an acceleration

voltage of 80 kV or 100 kV, a monocrystal spot showing



60 1 during the first deposition step, ' Reacti on tube
-pressure: 1.5 Torr MVAH[err] partial pressure: 5 x 10
[err] Torr Substrate tenperatyge: 270[err]C 5 during the
second deposition step, React i tube pressure: 1.5 Torr
MVAH[ err] partial pressure: 1 x 10[err] .Torr The film
quality of deposited Al was not different fromone at a substrate

A ob. the Gapocht G Fhowe Sspertithe Bhednatbe PR dF legh 02
([))MZH[err]nimnnﬁéod)?ng‘i%stratesuvpgéggt|.aél,%/%gﬁ%)ﬁ%£e%ré& 5&%%@5??“ usi ng
reacti on tube 20HE) ARRRT | FLVARE o piodlY fosteiied houderdnta®, |
CHECUSL O U L St OIR Pl 5 b e S50 U 0l kb 089
gggﬁ%él TorPs ré?ég%é%ﬁ?o atnﬁ%%hé@?%aggggéﬁéi‘%ﬁgeilmérwééééﬁfﬁapg nmount ed
'n the Convey'q9h599n3§£e 881y monocrystallzne. '
Also, the Al films dep051ted on the si (10Q)

substrate with the substrate surface hav;ng off—angles

diftering by 1°, 2°, 3° 4 . 5° from the Si (100)

10 plane were also found to hawe Al (111) monocrystals
dep051ted stably, particularly under the temperature
conditions of the second substrate temperature ranging
from 250 °¢ to 330 °c, sim;larly as in the case when
deposited on the Si (111) substrate as described

15 above.

Exanple 18

Crystallinity oé the Al film formed by the
method of Example 3 wasgexahined.: Similarly as in the
case of Example 1, at a:substrate tem?erature of the

first and second suhstrate in Table 2 ranging £from

20
250 C to 330°C, A1(100) monocrystal was deposited on
the si (111) substrate, and Al (111) monocrystal on
the Si (100} substrate.f
Example 19 :

25 Crystallinity oé the Al f;lm formed by the

method of Exsmple 4 was lexamined.. Similarly as in the



conveyi ng chanber is evacuated to ca. 1 X 10[err] Torr, 25 and then the

gate valve 13 is opened and the wafer is: nount ed on t he wafer hol der
3. After nounting: of the wafer on the wafer

hol der 3, the gate valve 13 is closed, ahd théb reaction chanber 2 is
evacuated to a vacuum degree of ca. 1 x 10[err] Torr. 5 In
this Exanple, DVAH is fed t hrough the flrst. gas line. As the carrier
gas of DMAH | i ne, is enployed. The.second %as line is used for
Herr] and the tfRe8 QﬁsEF?ﬁBIPoF SFFePrfFP§FF?‘e emperatureppl 1hej ng

Herr] through the second gas |ine, the . gressure wi thin the reaction
tube 2 is made afid rStp?EQeﬁepﬁPﬁeH“P&Fﬁétﬁy ohBPSR| BnfaPHdéngpERPRg of the

Z%g?@Liﬁ;Lg?%?i g’?opr f ﬁgh 8 igf? @Qhécﬁﬁggggde§ gﬁP?gﬁg:ﬁaggage
A
bredetermined  Eheefbel g mﬁﬁﬁ*’%ﬁ%ﬁ?‘g@e 3140 PRScy8ea ‘ol
5 +the Si {100} substrate. ;

Example 20

First, the procednre for Al f11m formation is
as follows. By use of the device shown in Fig. 2, the
reaction tube 2 is intefnally evaguatéd to ca. 1 x 10"8

10 Torr by the evacuation un1t 9 However, Al f£ilm can

be also formed if the vacuum degree wnthin the

reaction tube 2 may be hzgher than 1 x 10 -8 Torr.
After washing o@ Si.wafer; the conveying

chamber 10 is released éo atmospheric pressure and Si

15 wafer is mounted in the?con%eying chamber. The

conveying chamber is ev&cuated to ca. 1 x 1¢.‘)"6

Torr,
and then the gate valveéls is opened and the wafer is
C mounted on the wafer hoider=3. | '
After mounting 6! the wafer on the wafer

20 holder 3, the gate valve 13 is closed, znd the
reactzon chamber 2 is evacuated to a vacuum degree of
ca. 1 x 10 -8 Torr.

In this Examples DﬁAH is fed through the first
Qas line. As the carriér'gas of pMAH line Hz is used.

25 The second gas line is ﬁsed.for H,-



reaction tube through the DVAH | i ne. " The total pressure is ca. 1.5

Torr, and the DMAH partial pressure: is made ca. 1.5 x 10[err] Torr.

20 The Si[err]H err] partial pressure i$ made 2 x 10 [err] Tori. Wen
Si[err]H err] and DMAH are introduced i hto ¥ reaction tube 2, Al-Si

I s deposited. The outline of the first d position step s as
descri bed above. 25 In the flrst deposi tion step, after t he
formation of the continuous Al -Si filmbf about 100 to erh% hi gh
speed deposiltion is effB&tD§S§ﬂn9hgstbﬁﬁEgh thed§58§P§|8ﬁssﬂéﬁe:

condition or the second osition, ste re nade the total pressure
of ca. 1.5 5 UEPESENG Fﬁ§héﬂAﬁgﬁaF?FﬁF BPeggg?e ofScB249¢ R 10[err]

Son aha S 5 PrFodeERemLaa, St bedephtiolting, ppnColfERHy RECEHH
L oERes b 55! PR, SEPR, wmven e cch ML B ohplag 8 thaw tlanptd o1
-5 is made approximately 1.§ Torr. Then, the wafer is
heated by current passag; through the hester 4. After
the wafer temperature has reached a prsdstermined
semperature, DMAH is int%oduced into the reaction tube
through the DMAH'line. The total pressure is ca. 1.5
10 Torr, and the DMAH part;al pressure is made ca 1.5 x

10-‘ Torr. When DMAH is introduced into the reaction

tube 2, Al is deposzted.
The outline of.t?e first dsposition step is as
described above. f
15 _ In the first deposztlon step, af er the
formation of the conxlnuous Al f£film of about 100 to
200 A, high speed deposﬁtioniis effected at the second
e deposition step. The c&ndition for the second
deposition step are made the total pressure of ca. 1.5

Torr end the DMAH partial pressure of ca. 1 x

20
10 -3 Torr. After a predeterm;ned deposition time has
elapsed, feeding of DMAH is.stopped. Next, heating of '
the heater & is stopped;to cool the wafer. Feeding of
Hz gas is stopped, and af er evacuation internally of
25 the reaction tube, the wafer is transferred to the

conveying chamber, and cnly the conveyzng chamber is



transferred to the conveyi ng chanber, and only the conveyi ng chanber

I s made at nospheric before taking out the waf-er. -The outline of Al
filmformation is as descri bed above. Actual ly, 130
Sheets of sanples of Si wafer Wer e pre?%ed t he -substrate
tenperatures were set at 13 |l evel s, Si filnms were deposited at

t he respective tenperatures each for 10 sheets according to the
procedure as described above under the ,20 followi ng conditions:

during the firshadepasmbephestiep pressure before Talingoads ke wefer .Torr
DVAH partial pressure: 1.5 x 10[err] : Torr Si[err]H err]
partial pressur@he optdime]Qfedy iy rfOIE@tém Ag ﬁ%dﬁﬁﬁﬂf@%posi tion
st ep, 63 1 Tot al
pressure: 1.5 #bpyve. DVAH partlal pressure 1.0 x 10 [err]

Torr - . Si[err]H arti ali ressur 11.5 x 10 Torr.
The Al-Si filns dep05|t§&§5’$?&lﬁﬁ) tp 2 %—“"‘m’
5 subjected to thermal ox;dat:.on at a temperature of
1000 ¢ according to the hydrogen ccmbustion system

(;Hz. 4 liters/M, O 2 11ters/M)

2°
" The film thiolmess was 7000 4 + 500 &. and the

refractive index 1. 46. A photoreszst was coalted on

10 the whole Si substrate, and a desired pattern was
baked by an exposure machlne. The pattern was such
'that various holes of 0. 25 p.m x 0.25 nm - 100 um x 100
um were opened. After development of the resist, with
the photoresist as the mask the s-ubb:.ng Sio2

'15 etched by the reactive i-ion etching (RIE), etc. to have
the Substrate Si part:tafzy exposed. Thus, 130 sheets
of samples bhaving various sizes of SiO holes of D.25
B x O 25 uyn - 100 pm x 100 m were prepared, the
substrate temperature was set at 13 levels, and for

20 1::he samples each of 10 sjzeets art the respect :.ve
éemperatures. Al films hsrere: deposited :following the
i:rocedure as described a?bev'e under the following
c':onditions: E .

_ during the first deposition step,
25 - Total pressure. 1 5 Torr

DMAH partial press-u;'e. 1.6 x 10 Torr



5 substrate tenperature at 13 |l evels were eval uated by use of various
eval uati on net hods The results are : the same as those in Table 1.

Al -Si was deposited on the Si wafer within the . tenperature range from
160[err]C - 450[err]C. 10 Wien t$8§ substrate tenperatures in the
first and second deposition steps exceed 300 [err]C, high speed
deposition at 0.5 to 1.0 [err] mwas possible, but the probability that
surface refl ect nce becones nore or i less worse is slightly enhanced.
The reason nay hiuridy e ssabomel depdsei disn teteme fact that, if the -
tenperature in the first deposit on step is high, fl at ness of the
extrenely thin Al-Si filTetRbariessnder 1.5 -Temefirst deposition step is
inferior. Exanple 8 20 Fol | owi ng_ the sanes procedure as in
Exanpl e 7 to’ set t hHAF ATl Pretyeie 1-8 2 dlQ i ngfamRe first

deposition step,’ Total pressure: 1.5 Tor DVAH
partial pressure; 1.0 xb®Ry GRS |doep;°s“?e’d by va@(%%q % err] partial

pressure:. 1?5TX 9 Lers] Je%er%%lﬁﬁ ﬁaﬁéeq :G%Jg{%]?l,ﬂx@ér e"{aH% groyressure:_

1.5 x 10[err erat ure.
300[err]C use of various evaluation methods. The results are

shown in Table 3.
In the above sam%les, no Al wﬁs deposited on
sioz at a temperature ra?ge from #60'q'to 459'0, and
16 Al was deposited only on: thé port:ifon w:ith opening of
§i0, to have §i e.xposed Aliso, when 2pm of Al
deposition was carried ;ut ia the?aboée tenperature
range contiauously, simélar_selecéivefdepositability
was maintained. : '
15 When the sgbs'trafte temp_eré.turefs in the first
and second deposition séeps-exceed 306 *C, high speed
@eposition at 0.5 to 1.d um, was possible, but the
C probability that urfécef reflecta:;ce _I?ecomes more ar
| less worse as comparéd iéith the case q:f 300°C or lower
20 is slightly enhanced. - fhe :eason'may;be considered to
be due to the fact that, if the témpe:;-ature in the
first deposition step isj high, fza}tnes's of the
extremely thin Al film éepq_sited in the first
aeposition step iIs infeif'ioz;:.. :

25 Emmple 21

Following the séjme procedure és in Example 20



1 during the second deposition step, ‘ Total pressure: 1.5
Torr : DVAH partial pressure: 1.0 x 10[err] Torr

Si[err]H err] partlal pressure: 1.5 x 10 [err] Torr 5 and the
substrate tenperature of the second deposgq)on step was varied at 13
levels. As a result, various evaluation results of the Al-Si film
are the sane as those in Table 2. * When the substrate
tenperature in the first 10 deposition step is 270 [err]C or 300 [err]C,
there is nol to sptf{theparapetexs rasifollomsai ned.
Simlarly as in:Exanple 7, when the subistrate tenperature in the
second step excBEHPBhe Figst dpppeition -’sff&d deposition at 0.5 to 1.0 -
[err]mM m n. was p055|ble ‘éS The diffiefence fromEXanple 7 is that an
A-Si filmwth L RTERTTT arnbsy ng a reflectance of 80 to

"?ﬁe seconOdA) g?glpdwgg f/vce) even :ﬁf:p%{:%%é) E:fltg tewes urgsg 20 "
R e S i g SRR, 076 5ladon s amiers o
during the second dep051;ion step;
' Total pressure: 51.5 Torr
DMAR partial preESuee: 1.0 x'16°3 Torr
and the substrate temperature of the second depesition
10 step was varied at several levels which were higher
than that of the first deposxt;on step to deposit the
Al film. And various ev_ezluat:.on results of the Al
film deposited ere shows im Tsble 4. |
When the substrate temperature in the first
= deposition step is 270 'c or 300 'c, there is no
difference in the results obtazneq.
Similarly as inEExaﬁﬁle 20, wﬁen the substrate
(f- temperature in the secoéd sﬁep exqeede 300 °C, high
- speed deposition at d.sfte 1.0 nméminé was possible.
. The difference from zxaﬁple 20 is ‘that en Al film with
| high surface flatness hewing a reflectance of 80 to 85
% could be formed even when the substrate temperature
in the second step was 330 ‘*C, 350 ~c-.:
Similarly as ingExemple 20, Al was selectively
25 deposited only on Si. ilso, evenjwheé Al was

deposited to 2um, the selecfive depositability was



Total pressure: - 1.5 Torr : DVAH partial pressure:

1.0 x 10 [err] Torr 25 Substirate tenperature: 270 [err]C

1 during the second deposition step, ! . Total pressure: 1.5
Torr . ' DVAH parti al pressur'eall 0 x 10 [err] Torr

Substrate tenperature: 330 [err]C 5 and.the Siferr]Herr] partial
pressure was varied from3 x 10[err] . to 0.2 fold of DMAH partia
pressure to effect deposition. The Si content (w. % of the Al-Si
films were \larimeiftgined. 0.005%t 0 5@6apprOX|nater in proportion to
the Si[err]Herr] partial pressure. As to resistivity, carbon
content, avera e ing life, deposition speed, hillock density and

Tbuever. i n sanpi es havi Ay aEgep feaézo%%?g%'f S5t o21, ﬁiﬁ@%ft%%epgs. tion
e e Shol U, oFnbFCsh' RBeHIOF mSPRETEEN LarPEeP abd oL | 0N 1Y
Sanpl es havgng & Skhgoggﬁgtp?BcESﬁ§etQ§hin Example 20. From the gas
second lirpe, Hz ig fed.
' Similarly as in Table 3 of Exa:mple 20, no Al
was deposited on 5102 at a temperature range from
160 C to 450°C, and Al was deposited only on the -
10 portion with opening of 8102 to have Si expo;ed.
Also, when 2pm of Al deposition was carried out in the
above temperaxure range continuonsly, s;milar )
select:ve depositability was ma1nta;ned
When the substrate temperatures in the first
15 and second deposition stfps:exceed 300 “C, high speed
éeposition at 0.5 to 1. & pm was po%siﬁie, but the
probability that Surface reflectance becomes more or
(: 1ess worse is slightly enhanced. ?he_reason may be
oonsidered o be due togthe.fact tﬁaté if the
20 temperature in the firsé deﬁositi@n séep is high,
flatness of the extremeiy thin Al’filﬁ deposited in
éhe first deposition stép io'infefiorﬁ

Example 23

This Example 23 performed Al depos:tion by use
of Ar in place of H, as the oarrler gas for DMAH in

the sane procedure as in Example 21. The second gas



4 %exhibited a reflectance of 80 to 95:% which was . simlarly good as

in exanpl e 8. Exanple 10 20 . This-Exanple 10 carries our .
Al -Si deposition by use of Ar in pl aceé)é Herr] as the carrier gas for
DVAH .in the sane procedure as in Exanple 7 From t he gas second |i ne,
Herr] as the reaction gas is fed. As ; the result of evaluation of

Al -Si filmobtained by this 25 Exanplé, A -Si was deposited on Si wafer
at a tenperature range of 160 [err}C to 450 [err]C sinmilarly as in

Table 1 in 1

line fed Hz. When the substrate tegperaturgstianghe 1.

When the substrate tenperatures in the first and second deposition
steps exceed 300if8frfeporiyhonpssapr were(@ifsi fi 8nda209. 50t othAePR[errm

was possi bl e,
nore or

considered to be due

{
deposi tion stepq?§fﬁF§H°btaine §§n§§§s§FnFH31é¥tF%ﬁe? ¢ HH f%ﬁbg?ln1

deposi ted |g

10

15

20

but the 5 probability that surface refl ectance becones
Ie§§smﬂ?s@1f§e§??§ﬁtF9 3 ﬁaﬁ&&&lt?hebF%agﬁﬁ nayh% film

to the_fagt .t hat erat ur e first

' Similarly as in %xample 20;or 21, when the
S_ul‘;strate temperature iné thé second step exceeds 300
¢, high speed depositioia at 0.5 to 1.0 va/min. was
possible. The difference fronm Examples 20 and 21 is
that an Al film with high surface flatness havzng a
reflectance of 80 to 95 ? could be reproducibly formed
even when the substra¥e %emberature in.the second step
was 330 *C, 350 °C. | |

Similexly as in Bxample 20 _and Example 21, Al was
select:x.vely deposited only on Si. Als}), even when Al was
depO$1ted to 2um, the seiectlve depositability was
malnta_tned. :

In the above samples, no Al was deposited

on si0, at a temperature range from 160 C to 450°C,

2
and Al was deposited only on the portion with

opening of $10, to have-%i ezposed. Elso, when Zpm of
Al deposition was carried out in the above temperature .
range continuously, 51m11ar selective depositability
vras naintained.

Example 24

By means of the 1ow pressure CVD device shown



10 the first deposition step is inferior. Exanpl e 11

This Exanple 11 perforns Al -Si deposition by -use of Ar in place of
Herr] as the carrier gas for DVAH . “in the sane procedure as in Exanple
8. The second gas 15 line fed Herr]. : V& the substrate tenperatures in
t he first deposition step were 270i[err]C and 300 [err]C, there

was no difference in the results obtained. The film qual ity obtai ned
is substantially the sanme as in Table : Simlarly as in
Exanpl e 7 orl 8, imh&ia-hd 2@l filmmaters éqrmﬁepa (Fhe iSnhetrateto Tl th ep
exceeds 300 [err] C h speed dep05|t|on at. 0.5 to 1.0 [err]n1n1n

was POSSi bithe ﬂﬁ’@scﬁﬂ‘q’%r Seseribecebeiom d gannles 5-% [ud-an

Al -Si f ilmwth _high surface flatness having a 25 reflectance of 80 to
95 % coul d be fér@¥8d even when ' the'substrate tenperatures in the

d st . 330 350 C Ex le 12
second step Mere preparation c&e éh §_1[err]: anpl e

5 : On a monocrys'tal:'line silicon ajs the electron
éonative first substrat% surface mateﬁial, a thermally
oxidized 810, £film as t%e electron non—donative second
substrate surface materi?al was formed,f and patterning
was effected according €o the phofoliéhographic steps

10 as shown in Example 20 éo have thé moﬁocrystélline
e‘»urface partially exposed.

The £ilm thickness of the thermally oxidized
810 film was found to be 7000 A,'Wlth the size of the
exposed portion of the monocrystalllne silicon, ramely

15 qpening being 3 Mum x 3 qm. Thus, Sample 5-1 was
ﬁrepared. (Hereinafteré such sample %s expressed as

| éthermally oxidized Sioé'(ﬁereinafter%abbreviated as T-
(:3 éioz)/monocrystalline silicbn“}.
” Preparation of Samples §—2 - g;;gg

20 : Sample 5~2 is an oxidized film forned by

' normal pressure CVD {hereinafter abbrevzated as
Sioz}/monocrystalline szlicon
' Sample §~3 is a‘ boron doped oxidized film
formed by normal pressure GVD-(herelnefter abbreviated
as BSG)/monocrystalline sxlicon.

Sample 54 is a: phosphorus doped oxidized film



This Exanple 12 perforns Al -Si deposition by use of Ar in place of

H err] as the carrier gas for DMMAH 5 ih the sane procedure as in Exanple
9. The second gas line fed Herr]. | Deposition condition
was shown bel ow. during the first depr#& tion step, Tot a
pressure: 1. 5 Torr 10 DVAH partial pressure: 1.0 x 10[err]
Torr _ : substrate tenperature:. 220 [err]C during the second
deposition step, . Total pressure: 1.5 Torr DVAH
partial presdureforned kyipormal]|prespuresCVD (hereingferr abbremipsed: ure:
330 [err]C and the Si[err]H err% paftial pressure was varied from3 x
10[err]  to 0.22¢oPRCH/moRRerparataiapr 84ddFeRto of fect deposition.

The Si content (wt.% of the Al-Si filns were varied f.rom 0.005 %to 5
% approxi mately in proporerBhet 3 ¥h sSﬁ[E&EﬁPP@FV? 5§?t88F°nZé°Pﬁﬂessure.

As to resistivity, rbon_content, average - wiring Iife, deposition
speed, hillock déﬁ%&f?egnﬁlgm °§B?§eb§e§ Fﬁ?#oﬁ?e?ﬁﬁg§a results as in .
Exanple 1 oy e _obt apped. ver, iin_sa havi:n ' cont ent
ot o or hi §her (DEESERRFPER aRR¥EYSkrat ns HREET MBMLO R B agne, SOTLOT |
to be Si to morseglgééghtly surface norphol ogy, t-hereby naking the

refl ectance 65 ? T ” ; B '

Sample 5-6 is =a ;it¥ided filnéfOrmed by plasma
QVD {hereinafter abbrevéated as P-S:N)/monocrystalline
s:ilicon. ‘ : .

10 . Sample 5-7 is agthe;maliyénitgidéd film
{hereinafter abbreviated as T—S:N}/moﬁocrystalline
éilicon.' j .

Sample 5-8 is aénigridgd'film‘formed by low
pressure GVD (hereinaftér épbreviated5as LP~

15 S:N) /monocrystalline siiicog;

' Semple §5-9 is a %nitrided ffilmiformed by ECR
device (hereinafter abbreviated as ECK-

C éiN)/monocrystalline éiéicqﬁ. :

Further, by combinations of the electron
20 éonative rirst substraté surface materials end the
électron non-donative ségon@ substraté surface
ﬁaterials, Samples 5—11 — 5.'-179 shown%in Table 5 were
prepared. As the first%substrate suréace maferial,
honocrystélline silicon%(moﬁocrystalline si),
25 ﬁolycrystalline siliconf(polycrystalline 8i),

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



1 %or lower. Sanples having a Si content of less than 4 % exhi bited

a reflectance of :80 to 95 % which was : simlarlygood the sane as in
Exanpl e 8. Exanple 13 5 The Al- filmwas fornmed on the
substrate having. the follow ng consti le on by using | ow pressure CVD
device in Fig. 3. That is, as the substrat (1) pol ycrystal line
silicon (pol ycrystal l'ine SI ), (2) am)rphous silicon (anorphous Si),

(3) tungsten (W, 10 (4) nolybdenum (Nb), . (5) tantalum (Ta), (6) tungsten

silicide (W), lebtdsg_.ﬁﬁ Ltr%o)sy | | €Carthea {oth S(:I)a) (Bungstefidiiiyad Al) . (9)

alumnum5|llcon tltanlumalumnum(AI ), (11)

titaniumnitri dQWSi) , hitdnidnl 21 COPR § ) { B urtddH J licon copper
15 (Al -Si-Cu), (14) alum num pal |l adi um (A Pd) (15) titani um (Ti),

(16) ol ybdenumaiivnighae siiie®n  (A1-81), t4 teiritind|a e duiec | @R T5,Si ) ver e
enpl oyed. These sanples were placed in the | ow pressure

CVD devi ce showrtilﬁad?nm nd ade (TSINY ) Icmppm:r e(dxﬂr,nmluﬁhum tgiiliddrre sane
pateh. 5 copper (Al-Si-Cu) ’ alum1mm palladium (Al—Pd) ’
ti;anium (Ti), molybdennp s;licide (Mb-Si),.tantalum :
silicide {(Ta-Si) were em%loégd- ghesé sanples were
placed in the low pressére CVD devicejshown in Fig. 3,
and Al films were fomedz within the séme batch.
10 The deposition -czonditions were as follows:

during the fifst deposiﬁion step,

Total pressure: ! 0. 3 Toxrr
—6

DMAH partiai mgssue: 3 x 10 Torr
Substrate tempeﬁaturez. 220'05
15 @uring the second deposﬁtion stepé |
' Total pressure: 0.3 Torr _
DMAH partial pr%ssuge: 1‘x 16‘4 Torr

C : Substrate tempezature: 3éo'c.
As the result of film formation under such

20 conditions, concern;ng a11 the samples appl;ed with
patterning from Sample 5—1 to 5-179, depos.ition of Al
£ilm occuzred -only on th_e electron dogatlve f:.rst
substrate surface £ilm 'lé:o embed complétely the opening
w1th the depth of 7000 A- '

o5 The film auality of the Al £1ln formed is mot

different from those at;a substrate temperature in the



The deposition conditions at this time are as - foll ows: during

the first deposition step, 25 Total pressure:
0.3 Torr DVAH parti al presgsu§$ 3 x 10[err] Torr

-7 Si[err]Herr] partial presSdte: 1.0 x 10[err] Torr
Substrate tenperature: 270[err]C - during the second deposition step,
Total pressure: 0.3 Torr DVAH partial pressure: 1 x 10[err]
Torr Siferr]Herr] partial. pressure;: 3 X 10[err] Torr
Substrate tehpersgeond depusiniq of(83307C in Tahhe ?iesn deecribedf the
Al -Si filn1forned under such condiitions is not_different fromthose
at a subst3RAYR ¢ AR AN Th9 IIROZLEIFR TRP®sIRI B gfecond

330[err]Cin Tabéeepésf‘asﬂé%é;&eﬂasb&g% #0gh 4 %d 0.7 pa/min. for

- all of the substrates.

5 Example 25

According to the sanme procedure as in Example

-

21, Al film was dep091ued by the use of MMAH, in
place of DMAH. As the substrate, 51 wafer obtained by

patterning the same Sioé thin film es ?hown in Exemple

L

10 gO-
' The deposition QQné;tions at ﬁhis time are as
follaws ; .
dnrzng the first deposition step, ' ;

Reaction tube pgessure: 1.5 ﬁorr

15 : MMAH, paertial pressure: § x 10-5 Torr,

2
Substrate tempeﬁatuie: 270°C -

durzng the second depcsztzon step,

C Reaction tube pressure: 1.5 '.I'.‘orr |
-3

1

MMAH, pertial pfeséﬁre- i= iO Torr

Similarly as in! Example 21, Al £ilm embeded

20
completely the SiOz opening with the depth of 7000 X
and the film quality of;deposited'Al Was not
different from one at assubstrate'temﬁeratnre in the
second deposition step of 330 c in Table 4,

25 f Also, the deposition rate of Al in the

second deposition step was ca. 0.2 nm/m;n. and not



deposition rate in the second dep05|t|on step was very: 15 high as ca. 0.7
[err]mmin. for all of the substrates. Exanpl e 14

According to the sanme procedure as in Exanple 8, Al-Si filmwas
deposited by the use of MVAH err] in : Qlace of DAVH as the starting
gas. As the substrate, 20 Si mafer(ﬂneﬂald by patternlng t he sane
SiJerr] thin filmas shown in Exanple 7. The
deposition condifions at this tinme are as fol | ows: during the
first depositi onsutiepantally different from the case of using DMAR(Q
Reaction tube pressure: 1.5 Torr ' MVAH‘er r ] parti al

pressure: 5 x 10[err] Toim the above Sampl€$5e¢¢]4{é¥$? @@P@$ateﬂressure:
1.0 x 10[err] Torr Substyrate _tenperat ure: 2H£ar
during the secor#iQg%iei tAmgeEgture range from 1R3¢ tentbAbe. pradsure:

LSO a1 was adposited iy L&' tﬁéeééiﬁéfon m%(bl%gx&& g of'"
5 S:.O2 to have Si exposed- Also, when Zum of Al |
depos:tlon was carried out in the above temperature
:ange coptinuously, s imllar selective depos;tabillty
was maintained.

Example 26

t

10 . First, the procedure for Al—Si £ilm formation is
és follows. By use of the dev:.ce shown in Fig. 1, the
reaction tube 2 is internally evacuated to ca.. 1 x
1078 Torr by the evacuation unit 9. However, Al1-Si fiim
can be also formed if the vacuum degree within the

—8 Torr.

15 reaction tube 2 nay be higher than 1 x 10

After washing of Si wafer, the conveying
chamber 10 is released to atmpspheric pressure and Si

(?\ wafer is mounted in the conveying chamber. The
' conveying chamber is evécuated to_ca.:z x 10°% Torr,
o9 @and then the gate valvefis is opened éﬁd the wafer is
mounted on the wafer holder 3. '

After mounting of the wafer on the wafer
holder 3, the gate valve 13 is closed and the
reaction chember 2 is e?acuated to a yacunm degree of

0s Ca. 1x 10™% Torr. . .

In this Example, DMAH is fed through the firast



Si[err]H err] partial pressure: 1 x 10[err] Torr ' The film
qual ity of deposited Al-Si was not 10 :different fromone at a substrate
tenperature in the second deposition step of 330[err]C in Table 2.

Al so, the deposition rate of Al-Si in the second deposition step was
ca. 0.7 [err]mm n. and not substantially different fromthe case of
using DMAH. 15- Exanple 15 : " According t'o the sane procedure
as in Exanple - 8, Al-Si filmwas dep05|ted by the use of SiHerr] in
pl ace of Sifierrgtbeithe. A8 the ssbstiert gasSorwpMAR WascuURedis

The deposition conditions at this tine iare as 20 follows: during the
first depositioempieped. Th&ecsetond gsbelpnesisrasedlfBrTH rand the

DVAH partial pressure: 1.0 x 10[err] Torr: : Si[err]H err]
partial pressurthirg gas 1fperfor FépHg.25 Substrate tenperature:

270 [err]C during the second depoerlon step
Reaction tube pressure: By 1p8sgipg . E, through the second gas line, the

5 pressure within the reaction tube 2 is made a
predeterm:ned value by controlling the openlng of the
slow leak valve 8. A tgplcal pressure in this Example
is made approximately 1!5 Torr. fhen; the wafer is
heated by current passage thrOugh the heater 4. After

10 the wafer temperature has reached a predetermlned
temperature, DMAH is introduced 1nto the reaction tube
through the DMAH line. The total pressure is ca. 1.5
Torr, and the DMAH partial pressure zs made ca. 1.5 x
i0™% Torr. The si oY part1a1 pressure is made 2 x

15 iﬁ-z Torr. When DMAH and si Hs are 1utrodu¢ed into
the reaction tube 2, Al-s: is deposited.

The outline of the fzrst deposition step is as

- ' described above. i.

TN

In the first depos:tion step, . after the
20 formation of the continuous Al-Si film of about 100 teo
200 A, high speed deposition is effected at the second
deposition step. The condztlon for the second '
deposztion step are made the total pressure of ca. 1.5
Torr, the DMAH partial pressure of ca. 1 x 10 -3 Torr

-5

25 and the Sizﬂs partial pressure of ca. 1 5§ x 10 Torr.

After a predetermined deposition time has elapsed,



DVAH partial pressure: 1 x 10[err] Torr - : Si[err]H err]
partial pressure: 5. x 10[err] Torr : Substrate tenperature:
330[err]C : The filmaquality q%apeposited?Al-Si was not
different fromone at a substrate t enperatti®e in the second deposition
step of 330[err]C in Table 2. Al so, the deposition rate of
Al -Si in the second deposition step was ca. 0.7 [err]mmn. and not
10 substantlaI¥£ different fromthe case of using Si[err]Herr].

Exanpl e 16 eding ofg éﬁﬁﬂe%\ﬁ%ﬂ % 9 5RPRest ne dlevo R Fidias

the sane nethod as .i.n were pre red e stallijuty of
the Al film dep@% tt&? §1 %f% P ‘T‘?V%g resepé'&ﬁcgfye }rlﬁ%?g _
nanely under th use
of the X-ray %é?;;{éciﬁsor?t aat ere%%%ctlve f&ctron%%

diffraction metgd.end Mas :‘THHTOE&H% DeHaS vl 'i@%ransféﬁlé??"ane e

Wien the crystal. direction he Si° substrate - (111)
X-ray diffracti Qrmvasy Sl Whdnber, add Gal%y 10/ Bbddylidd Adral eak

showi ng Al (7100): was observed concerni.ng Al. - In.reflective high speed

el ectron beam dﬁéd@gﬂma“sﬂneﬁw rifestuirc (RIS itiking o0t raFer80 kV
or 100 kV, .as shown-in Fig. 6, mbnocrystal spot showing Al (100) was

observed. Fi g. The outline of Al £1lm formatlon is as described

above. 5 .
¢ : Si substrates (K type, 1 -2 ohm -cm) were
10 subjected to thermal ox;dat:on at a temperatﬁre of
1000 ¢ according to the bydrogen combust:on system
(:Hz 4 livers/M, 0,: 2 liters/M). '
The film thickness was 7000 & Ei §00 &, and the
fefractive index 1.46. ZA photoresist'was coated on
15 the whole $1i substrate, and a desired pattern was
,baked by an exposure mach;ne. The pattern was such
that various holes of O. 25 pe x 0.25 um - 100 pm = 100
(w; pm were opened. After developnent of .the resist, with
the ph0toresist as the mask, the subbing Sio2 wasg
90 €etched by the reactive ion etchzng {RIE), etc. to have
the substrate Si partially exposed. Thus, 130 sheets
of samples having varioqs s;zes of Siéz‘holes of 0.25
ﬁm x 0.25 pm — 100 pm x§1oo rm wefe prepared, the
substrate temperature was set at 13 1evels, and for
the sapples each of 10 sheets at the respective

temperatures, Al-Si films wers salect}vely deposited



72 1 6Ais a diffraction pattern when el-ectron beamis permtted
to enter Al (100) in the [001] direction; Fig. 6B a diffraction
pattern when el ectron beamis - permtteﬁgto enter Al (100) in the
direction of [011]. 5 Thus, the Al fi] the 'Si (111) substrate was

f ound to be a nonocrystal havi-ng (100) pl ane. Vvthin t he first
and second substrate tenperature range in Tabl e 1, those deposited at

epr oduci bly ™ 3585%?58%% Vo tBR PERCREPE o BRod PR AP Abde Bhes chi' T,

the Al filns dep 1) substrate with the substrate
surface havi ng o??iangﬁgg EQE&§5;§%& ing by 1[err], 2[err], 3, 4[err] ,

S[err] fromtheggkihdlihe firsglagsogg&goﬁl§Qe§ound o have Al (100)
nonocrystal s 15 eposited stably, “particularly under the tenperature
condi tions of. the first Qaéa;eggagsﬁygst&aserorr tenperature ranging from

250 [err]Cto 330 C, simlarly as i:n the case when gep05|ted on the Si
(111) sgbstrate as ﬂmrpbsdzahomessure- 1.5 x 10" Torr
: Si,H; partial p:essure. 2.0 x . 107 Torr

2
dufing the second deposﬁtion step,

Total pressure:fl.s Torr

DMAH partial préssure: 1.0 = 10-3 Tozr

10 1,8, partial pfessure- 1.5 x 10°°

Torr

The Al-Si films deposzted by varying the
substrate temperature at 13 levels were evaluated by
use of variocus evaluatiqn methods. r§e results were
the same as shown in Taéle 3.

15 _ In the above saépleg, no Al-Si was deposited
én 8102 at a temperaturé range from 1é0°c to 450°C,
and Al-Si was depositedfonlf on the portion with
opening of SiQ, to héveESi exposed. Also, when 2um of
51—51 deposition was caéried out in the above

20 ?emperature range coﬁfiénoﬁsly, similér selective
Gepositability was meintained. -

When the substrate temperatures in the first
and second deposition steps exgeed 300 *C. high speed
dep051t;on at 0.5 to 1. 0 pm was poss:ble, but the

25 probabillty that surface reflectance becomes more or

less worse is slightly enhanced The reason may be

£



20 When: t he crystal
pl ane, from X-ray diffraction, as showniin
diffraction peak showing Al (111) was
reflective high speed el ectron beam 3.&
‘acceleration 25 voltage of 80 kV or
Al (111) was observed. Thus,

direction ¢f the S

observed concerning Al.
fraction by use of an
100 kV, a nonocrystal
the Al filmon the Si

substrate
Fig. 7, only the

Is (.100)
In

spot show ng

73 1 (100) substrate was d to be a. nonocr stel (111)

pl ane. Wthit tﬁQ°FFF§Fe5h& %@E%Jﬁ%t gact ﬁ?&ﬁpéth e range in
Tabl e 1, those de | e m i C.to [err] C were
f ound to have Alqeg‘gSé e%pd‘:sﬁ é‘J& |(§i1 \?/esrigés yéprrgtr?ogr% ‘al I i ne.

Al so, the A fi S -SEUQ b AEepuk R

substrate surfagggﬁggg%g of%h%n éﬁeﬂgl Al'ng 1 ; F Pw% g err

S5[err] fromthe, g €30Qk deposHEﬁ@%

nonocrystals 10. deposited”stably, - par
condi tions of t
250 C to 3309C,

i
Fpétgqnd second substrate

Ao et 0 have A (111

cularly under the tenperature

temmrﬂureranmngfrom

10

15

20

Following the same procedure as in Example 26
to set the parameters as;follows:
during the first deposition step, -

Total pressure: 1 & Torr '

1.0 x 10 -5 rorr
-7

DMAH partial pressure:

SiH, partial pressure: 1.5 % 10~7 Torr

Substrate temperéture: 220'0 or 300°C

during the second deposit;on step,

Total pressure: ;1.5 Tory
N . 1 .. -3

pMaH partial pte%sure: 1.0 x 10" > Torr

-5

8i Hé partial pressure- 1.5 £ 10 Torxr

and the substirate temperature of the second deposition

step was veried at 13 leyels. And various evaluation

#esults of the Al-Si fil? depositec were the same as

in Table 4.

When the substrate temperature in the Ffirst
éepositicn step is 270 'C or 300 "C, ghere is no
difference in the results obtazned. :

Similarly as in Example 20. when the substrate
temperature in the second step exceeds 300 *C, high
speed deposition at 0.55;0 1.0 um[minﬁ was possible.

The difference from Example 20 is that an Al-Si f£ilm with



as in the case when deposited on the Sii (111) substrate as descri bed

above. 15 Exanple 17

Sanples having Al filnms formed according

‘to the sane nethod as in Exanple 2 prepared. When

crystallinity of the Al film deposited: on Si waf er by use of the
X-ray diffraction nmethod and the 20 reflective electron beamdiffraction
met hod, it was found to be as described bel ow. When t he

| d f the Si sub
i Tiracti ond asisfompakeos Dlakasst baging 6 £ et pHAk Shol ng A

(100) was

el ect ron beam aqobser VE%OM%Q%W%&;&% eﬁc‘%g%vte A]tgme“%ee%ture

74
nnnocryst

diffracti on_pattern wh I q:%m r _t
in the [001] directi on%"g%glyo%ba di zfct | oa:}]bapgit eﬁ ! en ecﬁvoe%'

is

vol t age
al

S

10

15

20

g'tn %MO X OC{ (ﬁ]‘ﬁ% i%v\és ser \/edégb FJCQS oA agi |6§ aa

deposited only on Si. Also even when Al Si was
dep081ted to 2um, the select;ve deposztab;laty was

maintalned.

Example 28

Following the sa@e'ﬁroaednie as in Example 27

v

to set the paremeters as?follows:.

durzng the first deposition step,

Total pressure: 1.5 Torr
DMAH partial prebsure: 1.0 x 10" ° Torr
Substrate temper;ture: 270 'd
&uring the second deﬁbsi?ioﬁ step., :
Total pressure: ;I.S'Torr
DMAH partial pre%suré: 1.9 x #Ohs Torr

Substrate tempér%tu:e: 330 °C

and the Si, 6 partial pressure was varied from 3 x

~% to 0.2 fold of DMAH partial pressure to effect

10
éeposition. The 8i content ; -

(we.%) of the Al-Si films were varied from 0.005 % to
5 % approximately in proportion to the Sizﬂs partial
pressure. As to resistiv1ty, carbon content, average
w1ring life, deposition speed, hlllock density and

spike generation, the sape results as in Example 1

beam



permitted to enter Al (100) in the diregction of [011]: “Thus, the A

filmon the Si (111) substrate was found to be a nonocrystal having
(100) plane. Wthin the second substrate tenperature range in Table
2, those 10 deposited at a range from2§@ C to 330 [err]C were found

to have Al filnms deposited which were npnocrystalline. Al so,
the Al filns deposited on the Si (111) - substrate with the substrate
surface having of f-angl es dlfferlng by 1[err] _2[err], 3lerr],

4,5[err] fRomwere HbtTained. 1 SHOREERE. R SAMRILS MARIRG Ra¥d Al (100)
nDnocrystaIs deposi ted st abl articularly_under the tenperature
condi tions of t¢ﬁ?§%%%nﬂfsﬁb§t?ﬁt%igﬁﬁﬁerg?ﬂ?%3¥ R WS gennggﬁ¢259 [err]C

to 330 C, simlarly_as |n the case mheg _ q5805|ted on th 8111
substrate as de¥k¢|frims whigh. gppeared: to be ?ﬁﬁeﬁrﬁiiﬁht ¥rection
of the Si  substr 100 ane fron1X— di f actlon shown
"0 11 Sk o2 7 Sutgoe mompRe aeY) oRhaRsh kit e (19t} Sfkenoe 88

erved O T ol B B S B SEIRIRE |
monocrystal - spog Qhé):‘:"l'x{’ﬂ:tea a reflectance of 80 to 95 %, which was
similarly good as in example 27.
Similarliy as 1n Example 27, the selective
de9031tability based on the substrate surface material

3

10 was confirmed at the whole region.

Exagple 29 :
This Example 29 performs Al—Sz deposltion by

use of Ar in place of Hz as the oarr:er gas for DMAH
in the same procedure as in Example 25. The second
15 gas line fed H,. :
Similarly the same results as 1n Tabhle 3 in
Example 20, no Al-Si was deposited on 3102 at a
(“_ temperature range from IGO'G to 450 c, and Al-Si was
depos;ted only on the portion wzth openzng of s:.o2 to
20 have 81 exposed. Also.'uhen 2pm of Al-Si deposition
was carried out in the above tenperature range
continuously, similer selectzve dep051tab111ty was
mazntalned. :
: When thke substrate temperatures in the £irst
and second deposition steps ‘exceed 300 *C, high speed

de9051t1on at 0.5 to 1.9 pm/min. was p0351b1e, but the



75 1 A (111) was observed. Thus, the Al filmon the Si (100)

substrate was found to be a nonocrystal: havi ng - (111) plane. Wthin the
second substrate tenperature range in Table 2, those deposited at a
range from250 ‘5 [err]Cto 330 [err]G we found to have Al filns

deposi ted whi ch were stably nonocriystall'i ne. Al so, the A
films deposited on the Si (100) substrate with the substrate surface

g?36?9 géf grékgr iéglrf% IngsP%fﬁ%i;r!fl !%rrli % 4, Ierdl fron1tre :

sgggﬁhtgubztﬁatgé?gﬁéé%ggu %&gaﬂggytegh%ﬁgﬁﬁ g&F%F?FE %gg§§% gfrfc,t ©
g . 1

simlarly as in_ih Végg giw%§nbe aufg%BO%hFGQa%ﬂ %%%rysfgl%#% substrate as

described 15 abo ity of the Al
filmfornmed by ?Q§§era tggdtgg Egggglgeéogqglgéagkggdﬁssh arIy as in

t he case o at a substriate tenperature o first
and second $uUbskiatRekd 3#DkRe2ekeRehad frtﬂ[{h Al 0 enrl C
Al (100) nnn?crystgl ﬁas depos?te on gY %? %? g If?ra?‘%g[i i
(111) nDanyStafh@”f;rst H@?ogitﬁ$ﬁobt&bbabrahﬁerlor.

Example 30 ?

This Example 30 performs Al-Si deposition by
( use of Ar in place of Bz as the carrier gas for DMaH
10 in the same procedure as in Example 22.. The second
gas line fed HZ‘ When the'substrate temperatures in
the first deposition stép were 270 +G'and 300 °C,

there was no dszerencelln the results obtained. The
£film quality obtained is substantlally the same as in
15 Teble 4. : _
Similarly as inéExapple I-Qr éz, when the
substrate temperature ié the secogd siep exceeds 300

c "G, high speed deposition et 0.5 to 1.0 pm/min. wes

at

possible. The difference from Exémplés 26 and 27 is
20 that an Al=Si £ilm wzth high suxface flatness having a

reflectance of 80 to 95° % could be formed even when
the substrate temperatures in the’ second step were 330
°c and 350 °C. :
Similarly as in Examples 26 and 27, Al
25 éelectively deposited ogly on Si. A1§o, even when Al-
Si was deposited to énmé'thg selective depositability



Example 19 25 Crystallinity of the Al f|In1forned by the
met hod of Exanple 4 was exam ned. Sinmlarly as in the:

|76 1 case of Exanple 1, at a substrate tenperature of the first
and second substrate in Table 2 ranging:f Sn 270[err]C to 330[err]C,
‘Al (100) rmonocrystal was deposited on . the Si (111) substrate, and Al
(111) rnonocrystal on 5 the Si (100) substrate. - Exanpl e 20

First, the procedure for Al fjilmformation is as follows. By use of
the device sﬁowﬁaﬁhmﬁﬁgtain e reaction tube 2 is internally
evacuated to cap_ 1 é lo[qyr] 10 Torr by the evacuation unit 9. -However,

Al filmcan Ezgg—éﬁég—forned I f the @acuunldegree W thin the

reaction tube 2 may be e%x%ﬁﬁﬁ 91 HUebihs 21Q9E 4 After
washi ng of Si wafer, thgi%%hveyl g 1"'charrber 10 |§ rggg;;y&on oy

at mospheric preggg @ ARG $n placerdiren. i ew&meeemerh@&prfwmmachanber
The conveyi ng chanber is evacuate& to ca. x 10[err] Torr,

and then thes gatig \tﬁevgaiﬁ prodednte a&di&h@m‘gﬂe |ze. The second

gas line fed Hz . _
’ Deposition condition was shown below.
during the first deposition step,.
Total .pressure: ;1.5 Torr -
10 | DMAH partial pre?sure: 1.0 x 107° Torr
Substrate temper%ture: 270 *C
during the second deposition step,
' Total pressure: ; 1. 5 Torr
DMAH partial pressure: 1.0 x 10 -3 Torr
5 Substrate tempeéatnne: 330 ‘q
end the sizﬁs pertiel péessnre wae‘vagied-from 3 x 310-4
to 0.2 fold of DMAR paréial pressure to effect deposition.
(\ _ Similarly as in Examplegzs .the si content (we %) of the Al-

Si films were varied frcm 0. 005 & to 5 L approximately in
proportion to the Sizﬁg partial preSSure. As to

20
rESJStzvitY, carbon content, average wiring life,
deposition speed, hillook denszty and : epike
generation, the same results as in Example 20 were
obtained. However, in samples having a 8i content of
25 4 % or higher, deposition was generated in the films

which appeared to be Si: to worsen slightly surfaoe



mount ed on the wafer holder 3. : After nounting of the wafer on

the wafer 20 Hholder 3, the gate valve: 13 is closed,.and the- reaction
chanber 2 is evacuated to a vacuum degree of ca. 1 x 10[err] Torr.

In this Exanple, DMAH is fed through the fi36t gas line. As the
carrier gas of DMAH Iine Herr] is used 25 The second gas line is used
for Herr]. 77 By
passing H err] through the second gas, L1 ne ressure within the
reaction tube 2m9sphaaegav erﬁpgdﬁ?g?ﬂgneﬁevﬁ?ﬁeeﬁ§368ﬁtﬁélFlﬁﬁ t he
openi ng of the slo k valve 8. A ;yglcal §s ure i th|s Exanpl e
5 is made apprbRVREt el aTP SFoPFYRfcft S gnﬁﬁ?§r° ess thast 4g%py

t t t t 4. Af h t t h
eached 5 predcPERAphEdS Qergﬁe% B bRntr: 85 e BB R0 the
ti t uby 1.5 10
reaction tube dﬁ%&ﬁpar??gp é”&s Ihegkg&sg péessure I s ca.

Torr, and the pressure I'S fhade 10[err] Torr.
Wien DVAH i g introducedaho bhﬁ:&éﬁi&lﬂg in Example 26, the

select;ve depositab;l;ty'based on the substrate
surface material was conflrmed at the whole region.

Example 32

By means of the 1ow pressure CVD device shown

10 in Fig. 3, Al-S1 films were formed on the substrates with

the constitutions as described below (Samples -1 -~ 5-
179). ;

Preparation of S%gg;e 5-1

On a monocrysiaﬁliné silicon &s the electron
15 donative first substrate surface mat erial, a thernally
oxidized Sioz £film as the electron non—donative second
substrate surface naterial was formed, and patterning
was effected according to the photol:thographic steps
as shown in Example 7 ta have the monocrystalline
oy Surface partially exposed. )
| The £ilm thickness of the thermally oxidized
$10, £1im was found to be 7000 X, with the size of the |
exposed portion of the monocrystalline silicon, nemely
opening being 3 nma x 3 gm, Thus,:Sample 5-1 was

25 érepared. (Hereinafter, such saméle is expressed as



tube 2, "Al is deposited. _ 'If’he outline of .the first deposition

step s as : descri bed above. 15 In the.first deposition step,
after the formation of the continuous Al filmof about 100 to 200
[err], high speed deposition is efféctéd gihe second deposi tion
step. The condition for the second : dg% sition step are nmade the total

pressure of ca.-1.6 20 Torr and the DVAH parti al pressure of ca. 1 x

10[err] Torry. ﬁﬁter redet eposi tion pse '
feeding of bvaARt P?"?ta&g e&’x"%ﬁe%e né’ magtef‘h@'%ﬁ’é‘&vétra §%?‘6’pped
to cool the wafer. .Feedi n I s stopped, and after
evacuation int <§1;‘|5?2I)I/§l o1 tatli%eiﬁeez%gii]oﬁ?q}aﬁb' the:wafer is transferred

to the " conveyi ng w anber is
78 1 made atnosphe ; _%r]_ %glcl waf er . The
outline of Al film fO"s%HJ.Qn 5-% %.% %Gﬂ%ﬁied fllﬁtb(i“é%med by Si

substrates (N type 1 - 2 ohmecen: werej
5 normal pressure CVD (hereznafter abbreviated as

3102)/monecrysta111ne SLIZGon- :

’ Sample 5-3 is a boron doped ox:.dized £ilm
formed by normal pressure GVD {here:mafter abbreviated
as BSG) /monocrystalline sil icon.

10 Sample 5—4 13 a phosphorus doped ox:r.d.lzed £ilm
formed by normal pressure CvVb (here:.nefter abbreviated
es PSG) /monocrystalline Esil.icon. |

Sample 5-5 is a EphOSphorus' and boron doped
oxidized film formed by norma.l pressure CVD

15 (hereipafter abbreviateti as BSPG) /moneerystall ine
silicon. f ' :

Sample 56 is a éniei-ided f:iln ;formed by plasma
cf! éVD (hereinafter abbrevgated-as PTS:Ni/monocrystalline
g eilie_on. ' |
20 - Semple 5-7 is a' themally nitrided film
(hereinafter abbreviated es T-S:N} /monoorystalhne

e;lzcen. j . :
Sample 5-8 is'e;nitrided filmfformed by low
pressure cVvD (here:nafter abbrev1ated .as LP-

25 s N) /monocrystalline silicon
' Sample 5-9.is e; nitrided fJ.lm formed by ECR



5 subjected tb t hermal oxi dation at é t enper at ure of 1000 [err]C

according to the hydrogen conbustion system (Herr]: 4 liters/M
Jerr]: 2 liters/M. The fﬁijthlckness was 7000 [err] [err]
500 [err], and the refractive ingdex 1.46. A photoresist was coated on
10 the whole Si substrate, and a desired pattern was baked by an
exposure nmachine. The pattern was such that various holes of 0.25

[err]m X 25de&&h”khey@@dﬁﬁﬂéﬁ“§§b¥@91ated ber gbm-ver e ‘'opened. After

devel opnment of the resist, with

subbi ng S|C[es&h)Wﬁ&no&&ysﬁﬁﬂﬂﬂ&eb;;ﬁbeoheact|ve ion etching (RIE)

have the substrate Si partially exposed. Thus, 130 sheets
sanpl es havi ng varloususwbes,otwspdpbﬁnpthohascﬁftDeQElectroherr]n1x 0. 25
[err]m - 100 [err]m x 100 [err] m were: prepared, the substrate
t enper at ure wdengsdvar £iysite trahe surfage masersads epdesbe of 10
sheets at the respectlve tenperatures, Al filnms were deposi t ed
fol | owi ng & he® “trBPoE@HUFI@%iJGS§PPBE§ %?Erﬁﬁﬁeﬁuﬁ'ﬁécﬁol | owi ng
condi tions: during the f rsthiP03|t|on step, Tot a
pressure: 1. 5m¢5ppials, Samples 5 H”pﬁr??glsb?ﬁgs&PeTaklﬁ & wererr]
Torr prepared As the first subsdtrate surface material,
monocrystalline silicon (monocrystalline 8i),
) polycrystall;ne silicon (polycrystalline 81},
10 amorphous silicon (amorphous 8i}, tungsten (W),
molybdenum (Mo}, tanxalum {Ta), tun gsten silicide
(WSl), titanium silicide (Tisi), aluminum (Al),
alumznum gilicon (Al—si), titanium alum;num (a1-T1i),
titaniom nitride (Iiﬁx)ﬁ copper (qu),:alnminum silicon
15 copper {(Al—-Si-Cu), alumfnum'palladium;(Al—Pd),

20

25

titaninm (T}, molybdennm silicide [Mb—Si), tantalmm
silicide {Ta—-Si) were employed These sanmples were
placed in the low pressgre cvo device:shown in Fig. 3,
and Al-S1 £ilms were fofmed within thé same batch.

The deposition éonditions were as follows:
during the first deposiéion step;, .
: Total pressurezz 0.3 Torr

DMAH partial préssu;e: 3 x 1§—6 Torr

Si HG partial p;essmre- 1x io'z Torr

Substrate temperature- 270 C

during the second depositzon step,

the photoresist as the nask, the
etc.

of

to



79 -1 duri ng t he second deposition step, Total pressure:
1.5 Torr -3 DVAH
partial pressure: 1.5 x 10 [err] Torr The Al filns deposited
by varying the ;5 substrate tenperatur gt 13 level s were eval uated by
~use of various evaluation nethods. The r lts are shown in Table 3.
In the above sanples, no AI vvas depositéd on SiOferr] at a

tenperature yange from PLQ*%,@SO[Q{@QO «Nd 10 A was deposited

only on the "portion W|th open SiJerr] to have:Si exposed. Al so,
when 2[err]mof ‘Al Dggﬁoyat,_.ntgglv\@gég@eed QUi i1y “Bheezikove t-enperature

range continuously, simlar sel ective depositability was mai nt ai ned.

15 When t he su& PalradRar pirsefden t Bexf |:|.|(}st6 Torr and second
deposition steps exceed 3 [err]C hi gh speed deposition at 0.5 to

1.0 [err] mwas possi bl e subgitrehe tempemaxmatei:l i 30" IBat surface refl ectance

becones nore or | ess worse as conpared with the case of 300[err]C or

| ower iss slightly msha:heed'esullteafeafsldm feyrmies ioon sindere duch
condit:.ons. concerning all the samples applied with
patternlng from Sample 5—1 to 5-179, depos:.t:.on of Al-

S_:L £ilm occurred oanly ozg the elesctron donative first

TN

éubstrate surface £film éo eﬁbed cdmplétely the opening
10 wzth the depth of 7000 .. j l
The film qualz.ty of the a1-Si ‘£ilm formed is not
éifferent from those at a substrate tenoerature in the

second deposition of 330 C in Table 2 as described

above, and also the depos:.t:on rate 1n the second
15 deposition step was very high as ca. 9.2 am/min. for
:all of the substrates. ; :

Example 33

According to the same procedure as in Example

{’3

27, Al-Si film was deposited by the use of MMAH, in

20 place of DMAR, As the substrate, si wafer obtained by
patterning the same sioz thin film as shown in Example
26. | |

The deposition éond;tions.at ihis time are as

follows:

]

6uring the first deposition step,



be due to the fact that, if the tenperature in the first deposition
step is high, flatness of the extrenely thin Al filmdeposited in the
first deposition step is inferior. (ia Exanpl e 21

Fol | ow ng the same procedure as in Exanﬂl 20

.80 to set the paraneters as follows: - during the first

deposi tion step, Total pressure: 1.5 Torr - DivVAH
partial presgure: 1.5 Rekttidd thiié pressure:. 1.5 Ihsfrate tenperature:
270[ err] C or 300[err] c during thd second dep03|t|§n st ep,

Total pressure: 1.5 TomMMAH, partial pressure: § x 10 = Torr : -3
DVAH partial pressure: 1()%(10[err] Torr and t he. substrate
tenperature of the secor&izdiaeow:cttmﬁ ﬂ:ﬂassn&p- wels % k@ el Tarmseveral |evel s
whi ch were higher tHan that of the first deposition step to deposit

t he Al -film Andsmmevmmrweesma@'& t he Al film
deposited are shown in Table 4. ' When the substrate

t enper at ur e 5n1ﬂu;ﬂngwﬂhe second deposition step,

Reaction tube prgSSure. 1.5 Torr

-3

MMAH, partial pressure: 1 x 10 ° Torr

=5 gory

SiZHS partial pr%ssﬁre' 1x io
Similarly as in Example 27, Al-Si film embedded
10 completely the 8102 openlng with the depth of 7000 A
and the £ilm qualaty of depcszted Al—Si was not
dszerent from one at a.substrate temperature in the
second deposition step éf 330°C in Ta@le 2.
Also, the deﬁosftion'raie'bf Al-Si in the
15 second deposition step was ca. 0. 1 nm/m;n and not
substantially different from the case of using DMAH.

Examole 34

- f According to thé saﬁe proéedﬁée as in Example
é?, Al-si film was dépo%ited by the u%e of SiH, in

20 Place of SiH.. Aas thegsuﬁstrateﬁ Sigwafer obtained
éy patterning the same %102 thin filmgas shown in
Example 1. g :
. The deposition conditions at th;s time are as

follows

durzng the first deposition step,.



15 deposition Step is 270 [err]C or 300 [err]C, there is no
difference in the results obtained. : Simlarly as in Exanpl e
20, when the substrate tenperature in the second step exceeds 300
[err]C, high . speed deposition at O. 51@«1 O [err]m mn. was possible.
20 The difference from Exanple 20 is tihat aﬁLAI filmwth hi gh
surface flatness having-a reflectance of 80 to 95 " % could be forned
even when the substrate tenperature . in the second step was 330 [err]C,
350 [err]C. 1 ~ Re8criibar tybasprasEras| e 126, Tarrwas sel ectivel y
25 deposited onl'y on Si. Also, even when Al was deg05|ted to 2[err]lm
the selective dépositabipﬂﬁﬁ pastial pressure: 1 x 10 ° Torr 81
1 maintained. ngle 22 : Thi s Exaﬁple722 carries out Al
deposi tion by use 5QﬁslﬁaﬁF33é ﬁ?eﬁﬁﬁrﬁl a® &hdOcar TPEF gas for DVAH
5 in the sanme procedure as I n ExanE 20. Fromthe as second line,
a

Herr] is fed. ubsErate FVPQEaFHr?abIQTQ Exanmpl e 20, no Al
5 during the second dep031t10n step,

Reaction tube p;essure. 1.5 Torr
DMAH partial préssure: 1x Ib_s Torr

$i,H, partial p&essure= 5_:4:';{10-"5 Torr

Substrate tempe;atube: 330° C ‘

10 | Stmilerly es in!Example 27, A.'L-Si £ilm embedded
completely the S:.C)2 opening with the degth of 7000 X
and the film quality of; deposzted Al-Sz was not

different from one at a substrate temperature in the
secOnd deposition step of 330°C in Table 4.

15 i Alsc, the depos:tion rate of A1—51 in the

seaond deposition step was ca. 0.2 um/min. and not

substantially different from the case of using 812 6"

(T Examg;e 35 é
| ' According to the-Same methcd as in Example 20,
20 =a sample having an Al f11m formed thereon was
prepared The crystallznlty of the Al £ilm
selectively deposited on Si at the same substrate
temperature as in Table 1 was evaluated by the X-ray
diffraction method and tpe scanning u—RHEED
25 microscopé. : o i
' The scanning n-RéEED_microécopé is the method

disclosed in Extended Abstracts of thezzlth Conference



was dep05|ted on Slo[err] at a tenperature range from 160[err]Cto

450[err]C, and Al was deposited only on; 10 portion with opening of
Sigerr] to have Si exposed. Al so, . - 2[err]m of Al deposition was
carried out in the above tenperatufie range continuously, simlar

sel ective deposi:tability was maintained: Wien the substrate

tenperatures in the first 15 _and second deposi_tion ste&g exceed 300
S

[ﬁrr]C hlgHbSEeFdSOliﬁ §$HG§iPF8§°&F Gng'ﬁﬂtfgéaﬂﬁrﬁfﬁp p3§§|EF€' but
tWﬁresfe s EL.Ogﬁt#f?b elinaR dauteal pEL8ER ”E@ f%g”?%ﬁg? 88rei°roBe due to
t t that t {
i ah, a: o kieh83, paorhIPaRBbyaS H’Pﬂ% e REEERCCRBLISAR13" | b

. 3 Thi
E;;iéleeggSL;L?%Fﬂ%ggﬁégﬂkggggFggﬁnbgiaggacng°n3fmﬁF#Pﬁ_BFaB€i8F Ef%?r] as
the Car i e gas {gr DURLG: vy DUE,STHBAPLECEL 5 F0E0 EAOHHE 21 The

second gas
sample surface at a shallow angle of 2 - 3°, and the

crystallinity of the sample surface was evaluated from
the diffraction pattern formed by the dszracted
{'; electron bean. chever, since the electron beam
10 ¢diemeter is large as 10q B to seyera; hundred pm,
only average information on the samplé surfece could
pe obtained. In the n-éHEEb micréscoée. an electron
geam diffraction patteré from a specific fine region
on the sample surface can be observed by narrowing the
15 electron beam diameter cf O 1 pm. Also, by scanning
| the electron bean two-dzmenszonally on the sample
surface, by use of any des;red dlffractlon spot
1ntensity change on the d;ffraction pattern as the
image signal, two dimen$1onal image (scanning r-RHEED
20 image) on the sample sufface can be oﬁtained. At this
tlme by cbservation of the scann;ng B~-RHEED image by
use of different diffraction spots A and C on the
d1ffraction pattern as shown in Fig. 8 even if the
1attice planes in parallel to the sample surface may
he aligned in (100), the crystal gra1n boundaries

rotating within the plane Gan be visuglized as



1 line fed Herr]. \Wen the substrategtenperatures in the first

deposition step were 270 [err]C and 300 [err]C, there was no
difference in the results obtained. Thg@@m qual ity obtained is
substantially the same as in Table 5 ;4. : Simlarly as in
'Exanple 20 or 21, when the substrate tenperature in the second step

‘exceeds 300 err h speed deposition at 0.5 E % %gL rr]nm mn.

was possrbﬁeStiﬁﬁﬁiﬁpﬁ%eﬁEﬁ@eeﬁPBWPEkﬁﬁble?EEG'aﬁ e ¢ %hat an

Al filmwth high surface flatness havrﬁ% reflectzqﬁe of .80 to 95 %
ek PRe i

coul d be reprod&ppisl ﬂérﬁeéiffra°@§eﬁ ature in
the second step. was 330 [err] Simlarly as
in Exanple 20 aﬂBeE?aﬁBFePéfneAP tL? P%EFF?§F905e88§FF§& only on Si.

Al so, even when:Al was 0Si d tio,2lerr t.n ctr
deposi t abi | ity REEUrS anﬁatﬁpag RE3E al_plaL% fkghe %Ph % int3dent

bhdve sanpl es, no

Al d ted ) ot Ct
450\[Ngfr]eCIOO%IZOe ﬁ&‘ﬁf’"\/ﬁgegeggg t"u.gl'g y%?r:: t Ne por %%ev‘rnk 119 el g[)re]nr ng0

of S Tler] Lo age S xpused cAbson #1023kt not B 6R0S! L1 on
was carried out ove tenperature .- range ntinuously, simlar
sel ective depos'].tiité' 1' lYas sholfds i@ﬂba' Be0when the lattice plane in
parallel to the sample Sm:-face is, for example, (100),
but crystal grains x and Y are rotat:tng mutually
10 with:tn the plane, in the scanning u—REEED :unage by use
of the diffraction spot; A, both crystal grains x and y
are displayed as the regicn wzth strogg intensity. On
ihe other band, in the écanﬁing u—RHEﬁD image by use
of the diffraction spot: c, only the crystal grain x is
'15 dlsplayed es the regzon with strong intensity
Thereforo, by obeervaeion of +he Gﬁaﬂﬂﬁﬂc n—RHERN
image by use of the diffract;on spots’ A and C as shown
c: : in Fig. 8, it cen be discrimznated whether the crystal
in the region observed is a polycrystal including
'20 1nterp1anar rotation. or a monocrys;al. In Extended
Abstracts of the 2ith canference on SOIzd State
Devices and Materials (1989) D- 217 az:d Japanese
Journal of Applied Physics vol. 28, No. 11 (1989)
LZOTs, concerning Cu thin film, it has been clarified

25 that, for example, even! 1f the lattlce plane in

parallel to the sample surface may. be {100}, there



Exampl e 24 By nmeans of the | ow pressure CVD devi ce shown

83 in Fig. 3, Al filnms were forned on the -substrates with t he
constitutions as described bel ow (Sanpl:§94-1 - 5- 179).

Preparation of Sanmple 5-1 On a nnnocrystallrne silircon as the electron
donative first substrate surface material, a thermally oxi di zed

Sigerr] fiym I5xidfs Ch e}g&@aaorarg&ﬂa&:h&%gfegnﬁlnte 184831 £8k&eSUAT aCe

mat eri al wa$S forned, and ttern ecte according to the

phot ol i t hogr aphj ¢ ShEPH1L éj) cﬁssmm?rhgngxarrpl e 20 to have the -
y

nonocrystal |l i ne surface parti al exposed. : The film

t hi ckness of the t her meki¥s8Xi €¢haetl1 £3 17 S ggi{eargglgggl{,gygdoho be 7000
[err], with the size of the exposed portion of the nonocrystalline
silicon, nanel yrnd5si0pepbsedaheingade| gEr the Xs@beratd tdhipsratary! en5- 1
was - prepared. (Hereinafter, ‘such’ ‘sanple is’ expressed as

5 'J.‘able 1 was evaluated.

When the crystal dzrect:.on on: the Si substrate
surface is (111) p1ane,=from X-ray diffraction,
concern:.ng Al, as shown in Fig. 10, only the
dlffract:r.on peak show:r.ng Al (100) could be observed.

10 Next crystalliinity of the Al £ilm depcs:.ted
selectively was evaluated by use of a’ smning B—-REEED |
m.croscope. As shown 1n F;g. 11, after the reg:on
where Al had been select:.vely depos:ted was specified
by the scanning secondary eleotron 1mage show:.ng the

15 surface form (Fig. 11A); by use of the diffraction
spot 200 (c.:c::m:es;_:;cu:rclia:zgé to Ethe diffraétion spot A in
Fig. 8) and the ditfraction spot 620 (correspondlng to

the diffraction spot c in Fig. 8} on the diffraction

r"h)

pattern cccurring when Fhe electron b_eam was permitted

on the Al (100) plane fi-om ‘the [001] éirection, the

20
scanning' R-RHEED image (E’ig’. 11B and Fig. 11C) was
observed. As shown schematically in F:Lg. 11B and Fig.
11C, there is no changeg in lightness and darkness on
. the Al film selectively deposited, end the Al
25 :'selectively deposited was confirmed 1:_:0 be an Al (100)

:monocwstal -



"thermally oxidized Sierr] (herei nafter abbrevi ated as T-
SiJerr])/nonocrystalline silicon"). . Preparation of Sanples 5-2
- 5-179 20 : Sanple 5-2 is an o:iagedfllmformed by nor mal
pressure CVD (hereinafter abbreviated & Sigerr])/mnocrystalline
silicon. Sample 5-3 is abroron doped oxi:di zed film f or med
by normal ptessure CVD (hereinafter abbr evi at ed ‘as

BSG) / nonocrystal line sidhCelle other hand, wiéfiPtRe8# éfpseddlgsphas us doped
oxidized film formed by nornal pressure CVD (hereinafter

abbrevi at ed is thEﬁ)éamthynhélv,ﬂe—holeco:nrrespectwely of Selmesl e 5-5
I s a phosphorus and boron doped . axi di:zed filmf.ormed by nor nal
pressure CVD ﬂafh@lélm%?eﬁbbeﬁl&%eﬁeh%c%FG}YrﬂﬁmVsQ%I‘ﬁ%e
silicon. Sanple 5-6-is ainitrided film:formed by plasma

CVD (her ei naf t SO Qi Bf cHimilerly Ag: f%?ibc*?’%?%’ﬁﬂ%’- Th"%ﬁl#%on 10

Sanple 5-7 % t h | | trided film
anpl e S aubsetzqgte ytennltperszl'a'gurels ranging from 250 % to 330 %

were selectively deposited stably,_ and_. the Al obtained

was found to become monocrystal
Also, Al films depos;ted selectively on the Si
(111) substrate with _thq 8i (111) plane being at off-

angles by 1° 2°, 3°, 4?. 5° from -:the ;Si substrate

10
were glso found to deposit a1’ (100) nonocrystals under
the temperature cond:..t:v.ons of the substrate
temperature ranging from 256 °c to 330 %% sinilarly as
deposited on the Si (111) substrate as described

' above. :

' When the crystal direction of ithe Si substrate

surface is the (100) plane, from X-ray diffraction,

)

éoncerning Al, as shown Ein f‘ig. 12, oﬁly the
diffraction pesk shmung Al (111) could be observed.
Flg. 13 shows the scanning secondary electron imgge
(Fig. 13A) and the scann.xng ;z—RHEED mage {Figs. 13B
and 13C) when Al was selectively deposited on only the
s: exposed surface on a: substrate havmg si (100)
exposed in . a iine by patterning of s;o in a lz.ne.

For the scanning u—RB‘EED image, the 333 diffraction

spots {Fig. 13B) and 53; diffractlon gpats (Fig. 13C)



(hereinafter abbreV|ated as T-S: hD/nDnocrystalllne : silicon.

Sanple 5-8 is a nitrided filmformed by | ow pressure CVD (hereinafter
abbreviated as LP- 15 S N)/nonocrystaLllne silicon. Sanpl e
5-9 is a nitrided filmformed by ECR . @FVICE (hereinafter abbreviated
as ECR- SiN)/ nonocrystal li ne 5|I|con ; Further, by

conbi nations of .the electron 20 donatiive first substrate surface
materials edd the el ectron non- dqnat[ve second substrate surface
materi al s, Sanpkese émployed. 17theBIntilm Tsdlectbivele deposipedpased. As
the first substrate surface material, ; . monocrystal line silicon
(monocrystal | i r@oﬂ;meQStOm#mﬁla(uhb mnmmsttpbl- ycfbesel atne Si),
anmor phous silicon (anorphous Si), tungsten (W n@l ybdenum
(M), “tantal ummtr@tmg‘s'%@ﬁ%a#weerammg(Mq' 2$¢ta<ﬁ|‘am§$$| c¢

(TiSi), alumnum (Al

were %ound to be selectively deposited stably, and the
° Al films obtained became monocrystals.
Also, Al films deposited selectively on the Si
(100) substrate with the si (100) plane being at off-
angles by 1°, 2°, 3°, 46, 5 from the Si substrate
- surface were also found to deposit Al (111) v
w0 monocrystals under the temperature conditions of the
substrate temperature rqnging from zsé % +o 330 %
éimilarly as deposited én the Si (111i substraee as
| described above. | |
Example 36 :
Samples having Al filns formed according to

15

the same method as in Example 21 were' prepared. When

crystallinity of the Al film selectively deposited on
(:- the Si exposed surface by use of the xrray diffraction

method and the scanning u—RHEED microscqpe, it was

20 found to be as described belaw.
When the crystal direction of: the Si substrate .

is (111) plane, from x—ray diffractiOn, as shown in

Fig. 10, only the diffraction peak showing Al (100)

was observed. The Al film selectively deposited was

evaluated by use of the scanning W-RHEED microscope

3



alum numsilicon:(A-Si), titaniumalumnum (A -Ti), : titaniumnitride
(TiN), copper (Cu), alum numsilicon 5 copper (A -Si-Cu), alum num

pal | adi um (Al - Pd), titanium (Ti), nolybdenumsilicide (M-Si),

tant al um suicide (Ta-Si) were enpl o'?g.-? These sanpl es were pl aced
in the | ow pressure CVD device shown in FIrg.” and Al filns were
formed within the sane batch. 10 * The deposition conditions were
as follows: 1 during the first deposition step, Tot a
pressure: 0.3 Toamd it was foundpppiPpalii 109}e§§%?§rYSBai sindlarly Torr
Substrate tenperature: 270 ereramIS during the second deposition step,

Total pressure: t@egsqgeras iz ple BRMH partial pressure: 1 x 10[err]
Torr ' Substr : As the
result of f|In1fornat|o ﬁB §§1mﬁo ﬁ%? %@d 95n€%?n$ﬁg(%¥i)the

| |'i ed h
of A ;Fm%“s%maeoﬁﬁ‘;ﬁ ﬁﬂeh%uééﬁé“ﬁs«%‘%a ¢ hérPad SreSShETet 0,
Terres (10 GTREGHERRLE B0 807 EPTTRCT 40 oo Bvhafe [ERR T 7O
different from thpgee %&Sgﬁaré\a&ae@%gr&l [160f monocrystais

éeposited stably under éha_temperéturé conditions of

the first and s:econd 'sub.;'strate ten;pera:ture ranging

from 250 °C to 330 °¢ similarly as in’ the case when
10~ dep051ted on the Si (111} substrate as descrlbed
above. ’

When the crystal direction of the si substrate
is (100) plane, from xrray d;ffractxon, as shown in
Fig. 12, only the diffraction peak showing al {(ii3)
was observed concarn;ng:Al. Also;the:Al film
selectively deposited w%s e&aluatéd b} use of the
écanning 1—RHEEED microséopé_ and it was found to be Al
(:' thO) monocrystal similérlf ‘the same és in Example 20.

Within the second substrate temperature range in Table
4, those deposited at a: range from 270 °c to 330 °¢
were found to have Al films deposzted which were
stably monocrystalline. ; !
Also, the Al fiims deposited on the Si (100)
éubstrate with the subsératé surface paving off-angles
®  aiffering by 1°, 2°, 3°j; 4%, §° from the Si (100)

plane were also found té have Al (111} monocrystals



86 1 second deposition of 330[err}C In Table 2 as descri bed
above, and also the dep05|t|on rate in the second . deposition step was

very high as ca.- 0.7 [err]mmn. for g of the substrates. 5
Exanpl e 25 According to thé-g me procedure as in Exanple

21, Al filmwas deposited by the use of - MVAH err] in pl ace of DVAH.
As the subst ate, Si wafer obtained by | patternlng t he sane SiC{err]

cond 2 e Ry Yo Yhgorypoe conaty LA

1.5 T
AR50 o, e AN QUSRS fronl 5y
et 2180 P aupir e 1 iR AOAIB 2P P

React i on tube pressuré:

1 x 10[6”15 TOkh (111) substrate as descrzbed above.
Example 37

L Crystallinity of the Al film select;vely
depos;ted by the method. of Example 22 Was examined.
S;nilarly as in the case of Example 20 at a substrate
temperature of the first and second substrate in Table
10 2 ranging from 250°C to 330'0 AI(IOO) monocrystal was
deposited on the Si (11;) substrate, end Al (111)
monocrystal on the Si (éoc).substeatei |
ﬁxamgle 38 g |
Crystallinity of the Al f£film selectlvely
18 depos:ted by the method of Example 23 was examined.
SJmilarly as in the case of Example 1 at a substrate
;emperature of the secopd,substrate in Table 2 ranging
(_ ' from 270°C to 330°C, 315(100) monocryetal wes
deposited on the Si (111) substrate, and Al (111)

monocrystal on the Si (100) substrate.

Exagg;e 39 ;

: Crystallinity of the Al film deposited
selectzvely according to the same method as shown in
lExample 24 was evaluated.

. From the scanning p—RHEED microscope

observatzon accordlng to the same observatlon method

L G



20 S|n1larly as in Exanple 21, Al': f|In1enbeded ' conpletely the

SiJerr] opening with the depth of 7000 [err and:the filmquality of
deposited Al was not different from B3t a substrate tenperature in
the second deposition step of 330[efr]C in Table 4. Al so,
.t he deposition rate of Al in the . second deposition step was ca. 0.7
[err]m mn. and ‘not 1 substantially different fromthe case of
usi ng DVAH. ' In the above sanples, no Al was deposited on
Sigerr] at a t@ﬂp@?ﬁ?ﬂ#@eﬂaﬁ@eﬂ¥?ﬁﬂ4§6§FerVPEFtBh355PE?F]ﬁﬁbéﬁﬁa e A

et BN AT T I8 ﬁsa,a%ues: b hebRal ), S
o T s SRR UHSblo, T BRGTE BELRREC BEREC 20
TTorTEL IO e e L3R o st oL g 79 1
deposited on 8i was found to be Al (100) When the
first substrate material is Si (100), in either case
when the substrate material is T—Szoz, s:toz, BSG, PSG,
BPSG P-8SiN, T-SiN, LP~S£N or ECR-SiN, the Al film
selectively deposzted.was found to be Al (111)
0 When the first eaterial is T;H, in either case
ﬁhen the second substraée material is &-sioz,_Sipz,
BSG, PSG, BESG, P-SiN, T-SiN, LP-SiN o:' ECR-SiN, the
il film selectively depesited was fouéd to be oriented
in Al (111) from X—ray diffraetion, and from
reflective high speed eIectron beam dszractlon
pattern of the prior arg by use of an:electron beam of
an acceleration voltageéof 80 XV or 1@0 kv,
(j? éiffraction spots coﬁceéned with Al (lel were
etrongly observed. - : ..

Examgge 40

As an example for forming source-drain
electrodes of gate insulation type trensistor,
electrode formation witéin the co@tac€ hole on the
source—drain was carrie& out by use of the £ilm

25 %ormation method aGCOrding.tp the preeent invention.

This is described by referring to Fig. 14.



10[err] Torr by the evacuation unit 9. Fbme&er, Al-Si film . can be also
formed if the vacuum degree within the 15 reaction tube 2 may be hi gher

then 1 x 10[err] Torr. After washing of Si wafer, the
conveyi ng chanber 10 is rel eased tgiikgnspherlc pressure and Si
wafer is mounted in the conveying chanb h conveyi ng chanber is

evacuated to ca..1 x 10[err] Torr, 20 and then the gate valve 13 is
opened and the mafer i's mounted on the wafer ‘hol der 3.

After nmounting of the wafgrse) dhcavpreipe siliedtiekafert Bo1gabe uakve 13
is closed, and the reaction chanber: 2 i s ‘evacuated to a vacuum degree
of 25 ca. 1 x df[cstiventdonal select:ve oxifativs daxthpde, ebbl\Hai s fed
through the first 88 gas
line. As the carhiak gaeldfoflﬂ&zédné1bm asd a th;nthggnallfhe second gas
line is used-for Herr] and the . thirrd gas line for Si[err]H errj.

By passing H errgx diﬁeﬁgﬁi@ne5gécwﬁaegﬁsr¥¢ﬂe°nt?EP "iﬁebrégéuﬁ igi-t hin
the reactio tube4A2) i's made a

*

- Next, with the use of 81H4 gas as the starting
gas a polycrystalline sillcon layer was formed by the
thermal CVD method, a polycrystalline sil;con gate
electrode 504 was formed and also with the thick

10 field oxidized £film and:the gate electrode 504 as the
mask, phosphorus was io{ injected self—matchingly to
form an impurity diffused région §05 of 1 x 1018 cm 3
iPig. 14B}. . :
Next, an oxidized silicon . £film 508 was formed
18 by use of the thermal CVD method (Fig. 14C).
By use of the 1ithographic method. a contact
‘ 'hole 609 with a size of 0 5 um x 0 5 um was formed
C (Fig. 14D). : ' '
By transferringEthe'substéatefthus obtained to
20 ?he device shown in Figé 1, Al fiim wés formed.
. At this time, tée substrate témperature was
made 270 °C, and DMAH was employed as ' the starting
gas, Hy as the carrier gas to carry out formation of
Al £ilm. :

After completion of'forma#ian:of Al film, the

transistor was taken out from the film forming device



pr edet er m ned vaI ue by controlling the openl ng of the sl ow | eak val ve

8. A typical pressure In this Exanple : ~is made approximately 1.5 Torr.
Then, the wafer is heated by cufrrent passage through the heater 4.
After 10 the wafer tenperature has reay_l]_eﬁ a predetern ned

tenperature, DMAH is introduced into the reaction tube t hr ough the
DVAH |ine. The total pressure is ca 1. 5 . Torr, and the DMAH partial
pressure islmde ca. 1.5 x LR)r] Torr. The Si [e(rTn]gH[tgﬁt] artlal
pressure i s madend pbsesvedi(] &s [t Fresul\ﬁ‘reﬁw &7 Bterr] are
I ntroduced into t he reaction tube 2, .

The outline of EHdmf B “G@pé’ﬁpﬁsdﬁ é’ﬁ‘lrys °§'st e crr"%'ec’f' ®Hove.

In the first depgsition ste f c@ctat 0 uous

Al -Si film of aBg‘f?Fp%@ "% lfg%fs[e r;]nZQ:hl g%’r specgn g%téﬁ%nr%dsd‘

effected at “the @ca%gg 1ted RPN Whstisha £ie Goyli(ray) fam)Lhe second
€ the tota

deposition gtep-are pressure of ca. 1.5 Torr, the DVAH

partial pre surg’ﬁ% Jf% Hirtdde oflHe Al £idnd 91]09 wais &’dﬂ!“'[fﬁrﬁﬂ

partial pressur x 10[err] Torr. - After a predeterm ned
deposition ti ”Evﬂ%'iu Q:'h%‘)%racteristics of the trans:.stor obtained

were examined, extremely good characterlstics were

e exhibited. : ' |

T Separately, acci:digg to the éame steps, the

1 éubstrate was made N tyﬁe and the'imperity was changed
from phosphorus to boraé to.prepafe chhannel MoS.

Comparative example

An Al film was formed on & monpcrystalline
silzcon under the folloning cond;tions.
15 By passing Ar in place of Hz, Al was deposited
Ey pyrolysis of DMAH. yhe total p;eseure at this time
was made 1.5 Torr, tﬁe éMAH'pertiai péessure 1.5 =
(:} 10—4 Torr, and the subsérate temperatere of 270 ~ 350
| '

20 When the Al fizé thiis formed éas evaluated,
ebout 2 % of carbon waséfound to be conteained at the
@inimum-' i :

Resistivity becéme greatef by;z—fold or more
than the case when hydrogen was employed.

As to reflectance, it was 1owered to about 1/3

to 1/9 relative the case when hydrogen wes employed.



89 1 feeding of DMAH and Si[err]Herr] is stopped. Next, heating

of the heater 4 is stopped to cool the mafer Feedi ng ' of H err] gas
is stopped, and .after evacuation interna ,&2 of the reaction tube
the wafer is transferred to the 5 conveying chanber, and only the
conveyi ng chanber is “made at nospheric pressure before taki ng out the
waf er . The outline of Al filmformation is.as described above.

Si substrates (N:type, 1sim2ialIyCmivebg liFe w#s ebbedekopiher ksl 2
oxidation at a tenperature of 1000: [err] C according to the hydrogen

conbusti on syst egipher, Geherakiod probebillity efr hil2obikt beebhd.

The filmthickness was 7000 [err] 500 [lerr], and the refractive i ndex
1.46. A phot or eSteatemsbyodt edpbar 08 mpre,wH@HeGSﬂasgbsnnabe: afid a
desired pattern was baked by an expgosure machine.: The pattern was such
that various hol é8ikesowese| Eprpmh %oobesgpoerEted.100 [err] m x 100
[err]mwere 8pened. After developnent of: the resist, wth t he
photoresi st as the mask, 26h&0stbBi AgPePEtirn] spaed. 28 weschedebedt he
reactive ion etchrng (RIE) etc. to have the substrate Si partially
exposed. Thus, 1302sheeté4- of sanples having various sizes of SiQ[err]

hol es of 0.25
As described abqve,_Al depos;;ed only.by
decomposition of DMAH wfthoux use'of éz is inferior in

—
f:.lm quality, and was unsatisfactory as the Al £ilm
1 for a semiconductor dev:ce. .

Separately, wit%out use of Eaé DMAH was
éecomposed by the opticél cvD method éo dEposif Al.
As'the result, some impéovement sﬁch %s no containment
ef carbon, and the 1ike§was:obser?ed from as the Al

1 _film prepared &s comparéd with the caee when no light
was employed, but other: characterzstics were not
1mpr0ved 80 much, and the A; film Was - still

€:= unsatisfactory as the AI film for a semxconductor

_ c}evice.

20 as described abéve,ftne mechenism of Al

deposition according togthe_éreseet i;vention may be
ﬁresenfly hypothesized és follows.

When DMAH reaches the electron donative
substrate, namely the substrate haviug electrons under

the state on which hydrogen ‘atoms’ are :attached (Fig.

15A) with the methyl groups directed toward the



[err]mx 0.25 [efr]n1- 100 [err]mx 100 [err]m were prbpared, t he

substrate tenperature was set at 13 levels, and for t he sanpl es each
of 10 sheets at the respective tenperatures, Al-Si filnms were

sel ectively deposited - 113 90 1
foll owi ng the procedure as descri bed above under the - fol |l ow ng
condi tions: . during the first depos;tlon st ep, Tot a

E&??S‘” h te T%gtfsm 8idPe] B8, FIEERRPE bir SRS Ui e ket o ek
.T 1.5 T

ovRH Cpar ti ol por BeBqrge! ha %%%ng e proup, (Figs. “1s8 %P? ﬁ?m-er o

partial pressure: 1.5 XTﬁQ[§E Eﬁl -%&the at this tgH%BAF g filnms

deposi ted by varylng t he enperature a evel s were
eval uat ed by ?gt vari ous eval uatii on net hods. The results were
t he sanme as §homn |n abl e 3. é In the above sanples, no Al -Si

was deposite on Sl(aqeyklxag, gﬁtgnggrgt Y58 {.a,pgg_l]‘_ﬁom 160[err]C to
450[ err] C,

.t Further, sim;lar reaotions wzll proceed for
the hydrogen atoms remalnlng on depos;ted Al having
free electrons (Fig. 15D). flere, when hydrogen atoms
#re deficient, hydrogen;molecules_con#tituting the
10 feaction gas are decompésed'an the suszréte to supply
hydrogen atoms. On theiothér hand, since there is no
electron on the electron nonrdonatlve surface, the

above-mentioned reaction will not proceed and no Al

deposited.
15

Figs. 15A - 15D-are 111ustrations for better
understanding of the reaclon.mechanisn, and the
nnmbers of H, e and Al shown in Figs.: 1SA —~ 15D are
(i' fot necessarily coincident.. '

In the case of an AI—Si film, 81 atoms are

20
1ncorporated into Al during the process of the

reaction as described above.

As described abeve, accordlng to the present
invention, a low resistévity. dense agd £lat Al or Al-
Si film could be deposiéed on a substrate at ﬁigh
spesd. : '

Also, excellént?seléptive'depésition could be

effected. f



- 114 -

. @ T
and Al -Si was deposited only i:n.&ha portioR W h S aopenjing of ASiiJ err]
to have Si exposed. Also, whg E ef rt m pof Al - $i€deposilth on whs
carried out in the above 202|Befiperpt ure fgnde contigl obsly,] sim] ar
sel ective depositability|was hm ntagna d. o _| = Vhen the
substrate tenperatures i'n the|[Tars§ S JecBnd depositioh st epg exceed
300 [err]C, high speed pepoesitipn pt 0.45 t0q1.( [ gr[] miwas pos%ibl e,
but the 251 probability thag|sprfhce refl ctanc? bacoreg=zmdrge or | ess
worse is slightly enhanced,_1hé reatonl nay lbd - X copsiidered to
be due to the fact that, if tHhe t enpeffdt yreSin |t hg {i3 $t{ dePosijti on
step is high, flatnessgf 1 he extre@lythiﬁAl-Sl ig depBs|i ted in
the first deposition step is@nferjof. | 5 [Edanpl e 271 Fol | owi ng
t he sanme procedure as in Exa-nc&' 25 -+ t—thepafafreters—es—9l | ows:
during the first deposition ‘thep, T Tot al Eressuqe: 1.5 TJorr
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10 DVAH partial pressure: 1.0 4 O[err] Torr
Si[err]H err] partial pressure: 1.5 X 14 err] Torr

~Substrate tenperature: 270[err]C or 300[err]C during the second

deposition step, - Total pressure: 1.5 Torr 15 DVAH
partial pressure: 1.0 x 10[err] Torr Si[err]H err] partia
pressure: 1.5 x 10[err] Torr and the substrate tenperature of the
second depasi tN@¥e: No Sd&fosESiomIdcELrE a8 d @yl fatANenpilire\Ge uat i on
results of the Al-Si filmdeposited were the sanme as 20 in Table 4.

When the substx$e®cienperature in the first deposition step is 270
[err]C or 300 [err]C, there is no ~difference in the results obtained.
Simlarly as in ExanplAvexthgemheiring kifististtein®3o twdmqeetataaldnia) t he
second step exceeds 300 [err]C, high speed deposition at 0.5t 1.0,
[err]m min. \Whepouwirgnt is pasged @t fareurrent glarmdddnplof 20 ¥ 40 hadt/ cam
Al-Si filmwth - 2 92 1 high
surface fl & nedhrongh iy arossisaetirmalamg® of ds pm™ at 250°C.

Spike generation ratio is destruction probability

at the junction portion of 0.15 pm depth.

10

15

20



% coul d be forned even when the substratejgeaperature in the second

step was 330 [err]C, 350 [err]C Simlarly as in Exanple 20,
Al -Si was selectively 5 deposited only on Si. Also, even when Al -Si was
deposited to 2[err]m the selective depositability was mai nt ai ned.
Exanpl e 28 Fol |l owi ng the sanme procedure as in Exanple 27
to set the pajaneters as foll ows: during the first deposition step,
Total pressure: 1.5 Torr ewvg DMAH pargial pressure:
1.0 X 10 [err] Torr sBdtpat & t@npefaturef EPA0 Tdrricp Jis
during the second deposition st us Tot al- p@ quret { 1.5{Torr
DVAH partial pressure: 1.0 X &5 Tors S rate
tenperature:” 330 [err]C arret— er Hrer ety 217-}: e s
varied from3 x 20 10[err] to«) 2 fglH of H pariia pl e to pfif ect
deposition. The Si content . o9 bf {thelA -6 Hilphs | ri edf firom
0.005 %to 2 5 % approximtelV} ifn grppoftidn| t o tthe |Si[fr err
parti al pressure. As to resrsyTviTy, farkop fo enf, hjesade 2
wiring life, deposition speed, K|l lock Hengigy pnd x t R
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spi ke generation,

- 117 -
the sanme results as in Exanple 1

content of 4 %

be

n
od as

med

f orns
as
gas
3in
ange

93 1 were obtained. However, 49 sanples having a Sig
or higher, deposition was genepft@f |np fa | ms |WHi4h a <ﬁared t
Si to worsen slightly surg c&8npr pho rjrerebyrgad ng ft he
reflectance 65 5 %or |owerw ﬁg'p ep h Si cqneepl of| tess
4%exhibited1areflectancerﬁ Srtotop—2 Saame D . iy
i n exanpl e 27: S’& arlyj as xarfplee 47, I he selectiye
depositability based on the su@$t|at b kur ebiall 1P|~wAs|confir
at the whol e region. ExanPli e} 29 IThils Exarfplief 29 per
Al -Si deposition by use OF [A T pI T HIeL T [as & Ja rr§r‘“g
f or DVAH " in the sane proceflufe as|in fgxprpld %6. |The| $&cqnfl - T5
line fed Herr]. aBipil ar]y [t Bel danmd resylts] a i|n| Tabl ¢
Exanpl e 20, no Al -Si.was depasidefd oh Sid ery]l av a bnpdrhturelr
from160[err]€ to 450 [err]C, ahdl Al {S m’as" A g
L] s E
=4 g
-8 3
<
o L <]
° l
g 3
WV N\
; AE 3
8 g
10 R
ol I3 |7 2
" o 1.9 |3 z ~
« o™~
L =l |8 ! g §
‘% -"':' N z o 4 ;
- ol |4 = |2 1T1] §
s E,
gl |3 1T lle !
C
Q "
18 b Z b
S <
~R ——%
3] a . &
g $ At
=
(-. 5 =4
. o~
= $ 211
& a ~
v i \
'}: \54\ '2‘ N
E) onl E (=]
3 3 S
v y i J 7 -~
& ' 2 o
Sl @ ¥
(=3 [*]
= 33"0 '
Zg 0 1 v z
[
= 3 e
oy > o -l ]
25 85 e o fl g . - g > -:
) o q > o o 1 - «
o |« o b + [ g 2 o v
Ec -UEJ ¥ + 3] Tl -~ Q s} } Q
Qo sol & L] Q [ wo oc [ =1
& suf 20 ~l —t L a) o - Q X 9
& Sl HO 0 G4 [ o n ~ T -
o v olo a [ [ > ] ot =]
weadAls | © 5 = < a = 7]
o
H D
-]
B O
-
S 3 0
0 T T




deposited only on the portion with openirnd18f -Sierr] to 20 have Si
exposed. Al so, when 2[err]mof Al -Si deposition

above tenperature range

conti nuously,

was carried out

in the

simlar selective depositability

was mai nt ai ned. When the substrate tenperatures in the
first and second deposition steps exceed 300 [efr]C, high speed
deposition at1 0.5 to 1.0 [err]m m n.. was possi ble, but the
94 1 probability that surface refl ectance becones nore or Jess
worse is slightly enhanced. ¥ reason may be & considered to e due
to the fact that, if the o] sapmferfatdrg i the |fEFs p:)S_itWOI’]:étep is
hi gh, 5 #latness of thes xgrf;:e"rely t hijn JAL} Si fill @t deépopifed in 3w t he
first deposition step is iMfjepigor. =| HBxaphpl e 408 S
Exanpl e 30 performs Al -S SHTgm|bg usef ={ TP ace| o err]
as the 'carri%r gas for DVAPRI} 10 ix h&|sgne| pyocadufelas| ip ExanphEs 27.
The second gas line f&{ Hefr]. [Wénl{th ?ubstrat ¢~ enperaju €§s§i n
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the first deposition step were 278 [&Br}C and 300 [err]C, t here was

no difference in the results obtained. The filmquality obtained is
substantially the same as in 15 Table 4. Simlarly as in
Exanple 7 or 27, when the substrate tenperature in the second step
exceeds 300 [ er FH&—hteh apc,uﬂeﬁu.uu.a O—5to—tP [err] mmn.
was possi bl e. [The diifffejence Lrpmg.Bxgiml esiza fngd 22,,| 5 20 that an
Al -Si filmwth high su(fac?ﬂfgt Negs E | PRy | | T efPeptgnge of 80 to 95
% coul d be forned even<whdénsm | v the b watiest ¢rpefaPuf el I n the second
step were 330 [err]Cland!{350i[erk]C Sinilarly as in
Exanpl es 26 and 27, ' 29 sqlectfively depogited onlfy oh Sif Aso, even
when Al - ~ Si was| dgpodi 2d e Im LHeI ¢l &t ﬁp)snzabl lity
95 1 was maintayngd. | 4| BanhlpBY &K | & | b | LThid Fxample 31
per forms Al'-Si deposftion by usejof |Ar ijn pllacejof Herf] 8&as the
carrier gas for DMAH™S 1T THe Sane procgaurje ag 1 njexanpl.e|] 2& The
second S ot |t m ]l lw]|o]l~]o]|= @
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gas line fed Herr]. Depo‘SiH%n‘ condition was shown bel ow.

during the first deposition step, _ Total pressure: 1.6 Torr 10
DVAH partial pressure: 1.0 x 10[err] Torr Substrate
Tenperature: 270 [err]C during the second deposition step, :
Total pressure: 1.5 Torr DVAH partial “pressure: 1.0 x 10[err]
Torr 15 Substrate tenperature: 330 [err]C and the
Si[err]H enr] partial pressure was varied from3 z 10[err] ~to 0.2
fold of DVAH parti al prass_gr\(le\le'g_g ‘e j Jatly as in
Exanpl e 28, the Si cont pntva(wWeed) I} & varied from
0.005 %to 5 % appr oxi rratéy ' \r}'gH err]
partial pressure. As tp rfdge wiring
life," depositi on speees ration, the
sane results as in Exanpl €20 eBs npl es _
having a Si_ content of ! v ted in the
films Swhi ch appear d 20 [ G
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nmor phol ogy, thereby making the reflectance 65 % or | ower. Sanpl es

having a Si content of less than 4 % exhibited a reflectance of 80 to
95 % which was simlarly good the sane as in Exanple 27. 5

Also, simlarly as in Exanple 26, the sel ective deo03|tab|I|ty based
on the substrate surface material was confirmed ROt

Exanpl e 32 . ——By-—rneans—of the_| pyj pressure
in Fig. 3, Al-Si filns were forned on the substrates

constitutions as delsllllmmnlmnmm” nples 5-1 - 5- :
Preparati on of Sanp . On a nonocrystalline silicon as the

electron 15 donative fir'st "sustfate seidbme material, a thermally
oxidized Sierr] filmas the el ectron non-donative second substrate
surface material was fornmed, and patterning was effected according to
t he photolithographic steps as shown in Exanple 7 to have the
monocrystal line 20 3urfAcprocess afoy £oqpoingl.a deposited filfhe compmnising

t hi ckness of the thermally oxidized Sigerr] filmwas found to be 7000
[err], with the sizetbhe sheps of:

5 (a) providing a substrate having an electron
donative surface in a space for formation of the
deposited film,
(b) introducing a gas of an alkyl aluminum
hydride and hydrogen gas into said space for formation
10 of deposited film, and
(¢) maintaining the temperature of said electron
dbnative surface within the range of from the

decomposition temperature of said alkyl aluminum

o,

hydride to 450°C. td"form an aluminum film on said
15 electron donat#%é surface while varying the deposition

— speed of aluminﬁm:

2. A procéss according to Claim 1, wherein step (b)
comprises introducing a gas of an élkyl aluminum
20 hydride, a gas containing silicon and hydrogen gas
into said space for formation of deposited £film, and

in step (c) an aluminum-silicon film is formed.
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exposed portion of thm‘ﬁ'ne' silicon, nanely . openi ng being 3

[err] x 3 [err]m Thu 25 prep —{( Her e | such
sanpl e is expressed asS”"m”ﬂ Zm:, ms'ﬁm’e THiS SHEET HA%%EIE?J 4
"thermal |y oxidized Si (%r €] er el abbr evi at ed afEPLACE
Sigerr])/monocrystalline silicon"). Preparation of Sanpl es

5-2 - 5-179 Sanple 5-2 is an oxidi zed g mforrred by 5 normal pressure
CVD (hereinafter abbreviated as rT)/ m)nocrystal line silicon.

Sample 5-3 is a borgi]ew glﬁx O)i)irq’icégg Eglé?}rdln OEH'e?]IQImn?rﬁqf 2Prﬁ§§i'€fn

gVD fhegehnafter ﬁb nDno rystalline silicon.

anple 5-4 is ap OS!HHH ed d or orgﬂ,m
pressure CVD (hereina a evfgpgghaﬁ thg%%% /ﬁ%nog?ggtaYFlne sif?%%n.
Sample 5-5 is a phO%ﬁQﬁ{ Y and boron doped OX|d|zed filmformed by

nolrmal pressure CVD “15  (hereinafter abbreviated as BSPG)/nonocrystalline
silicon.

S 4. The process according to any preceding claim,
wherein said alkyl aluminum hydride is monomethyl

aluminum hydride.

5. The process according to any preceding claim,
10 " wherein the deposition speed of alﬁ_minum is varied by
setting the temperature of the eiectron donative
surface loﬁ at an initial stage and then varying the

temperature to a high temperature.

15 6. The process according to any preceding claim,
wherein the de_pbsitidn speed of aluminum is varied by
varying the partial pressure of the alkyl aluminum

C: hydride.

20 7. A process according to any preceding claim,
wherein step (a) comprises providing a substrate
having an electron donative surface (A) and an
electron non-donative surface (B) in a space for
formation of the deposited film.

25

8. A process for preparing a semiconductor device,
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Sample 5-6 is a nitrided-fitmformed by ptasnma CVD (hereinafter

abbrevi ated as P-S: N)/ nono ' silicon. 20 Sanmpl e 5-7
is athermally nitrided fi nmmlmulﬂﬂm“mner abbrevi ated as
T-S: N)/ nonocrystal line * r S el , P E—5- 9 ng ny ded
filmfornmed by | ow pressure CVD (hereinafter : i

S: N)/ monocrystal line silicon. - 123 Sanmple 5% LE-eled m
formed by ECR 1 device (herelnafter abbreviated as ECR-
SiN) /nonocrystallige;shléd ises: Further, by conbinations of
the el ectron donative Tirst substrate surface materials and the 5
el ectron non-donative s&g EP St spiidedTor formatibar oFl a depaplited
5-11 - 5-1I79 shown in Table 5 were prepared. As the first substrate
surface material, film amsemigorididtor Substratenohaeingt abni ndnSullating
pol ycrystalline silicon (polycrystalline Si), 10 anor phous silicon

(anor phous Si), tunfilren wi§h an opening provided on the main surface
5 thereof;
introducing a gas of an alkyl aluminum hydride and
hydrogen gas into said space;
maintaining the temperature of said semiconductor

substrate within the range from the decomposition

10 temperature of said alkyl aluminum hydride to 450°C;

and .
depositing a metal composed mainly of aluminum

selectively in said opening while varying the

deposition rate.

15

9. A process for preparing a semiconductor according

to Claim 8, vherein a gas of an alkyl aluminum

hydride, a gas containing silicon and hydrogen gas are

introduced into said space; and a metal comprising of

20 aluminum and containing silicon is deposited.

10. A process for deposition of aluminum optionally
with silicon by means of a gas of an organic aluminum
hydride, hydrogen and optionally silicon, in which the

25 -rate of aluminum deposition is varied.
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nol ygdem]m (Mp), tantalum (Ta), tungst ed@4icide THIQ §tfEsT Hﬁ$t'3§ﬁf\'u+|
.sH|C|de(Tl&) al um num (Al). ' al umi num si |:i|lcon (BF ?qutm1um
aIun1nun1(AI-T|) tltanlumlﬂtiﬁiﬂﬁﬁﬁi-N), copper (Cu), alum num
silicon 15 PROOESS FOR- BORMING DEPROS IMED pRILMABYINUSE AOF RRDKYL ALUMINUM
titani um (Ti ) AYDREpBJRRDNPROCESS CEOK Mﬁ’ARIN@rSMINNDUCTOEIﬂE\CIGEE (Ta-Si)
were enpl oyed. These sanpl es were ' pl aced in tthe | ow pressure CVD

device shdwn in Fig. 3, and Al-Si filnms were formed within the sane
batch. 20 : T | &5@ NgsiYRr 8cipokel fainly during
the first deposition g’?eg‘,gmﬁé 8'a i iﬁél%t al pres?%re 0.3 Torr

DVAH parti al gfegfuggc ?I ta 104 efrd Mrmetnod utilizinG gasrdf atkyl
partial pressure: 10 ] Torr. 25 Substrate tenperature:
270[err] C aluﬂﬂﬁaﬂgnir&ﬁ&ecmfbﬁmléasn st@pif desired, further

Total pressure: 0.3 Torr ; DMAH partial® pressure; 1 x 10[err]
Torr s gas c&{:giﬁ}_ﬁﬁesi]amhéj aflmefemtetlos is1oareied 9Bk,

by shifting the depos:.t:.on rate from a_ low deposition
rate to a high depos:.t:.on rate.
According to th:.s method, excellent selectivity

is exhibited and al.so a :E:le excellent in flatness can

o~
‘

10 1‘;e deposa.ted ‘at & high deposit:.on rate.

&

20
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Py

substrate tenperature: 330[err]C AS the result of film
formati on under such condi tions, concerning all the sanples applied
W th patterning from Sanple 5-1 to 5-179, deposition of Al- S
filmoccurred only on the electron donaﬂ\qmiirst substrate surface
filmto enbed conpletely the opening 10 1 h the depth of 7000 [err].
The filmaquality of the Al-Si filmfornmed is not -different fromthose
at a substrate tenperature in .the second deposition of 330[err]C in
Tabl e 2 as descri bed above, and al so the deposition rate in the second
15 deposition step was very high as ca. 0.7 [err]mImn. for all of

t he substrates. Exanpl e. 33 According to the sane procedure as in
Exanpl e 27, Al-Si filmwas deposited by the use of MMAH err] in 20
pl ace of DVMAH. As the substrate, Si wafer obtained by patterning the
same SiJerr] thin filmas shown in Exanple 26. The
deposition conditions at this tine are as f.ol | ows: during the
first deposition step, ' Fo

e e
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100 ) Reaction tube pressure: 1.5 Torr

MVAH err] partial pressure: 5 x 10[err] Torr Siferr]H err]
partial pressure: 1 x 10[err] Torr ~ Substrate tenperature:
270[err]C 5 during the second depositi tep, React i on
tube pressure: 1.5 Torr : M%ﬁ% rr] partial pressure: 1 x
10[err] Torr SiJ[err]H err] partial pressure: 1 x 10[err]
Torr Simlarly as in Exanple 27, A -Si filmenbedded 10
conpletely the SiJQerr] opening with the depth of 7000 [err] and the
filmaquality of deposited Al -Si was not different fromone at a
substrate tenperature in the second deposition step of 330[err]C in
Tabl e 2. Al so, the deposition rate of Al-Si in the 15
second deposition step was ca. O.7[err]mmn and not substantial ly
different fromthe case of using DVAH. Exanpl e 34

According to the sane procedure as in We 2 27, Al -Si filmwas
deposited by the use of SiHerr] in 2 acedf Si[err]Herr]. As the
substrate, Si wafer obtained by patterning the same SiJerr] thin
filmas shown in 5 '

{

cvem,
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Exanpl e 1. The deposition conditions at this tinme are as
follows: 25 during the first deposition step,

101 Reaction tube pressure: 1.5 Torr DVAH
partial pressure: 1 x 10[err] Torr 3/, Si[err]H err] partial
pressure: 5 x 10[err] Torr g&bstrate t enper at ur e:
270[err]C 5 during the second deposition step, Reacti on
tube pressure: 1.5 Torr DVAH partial pressure: 1 x 10[err]
Torr Si[err]H err] partial pressure: 5 x 10[err] Torr
Substrate tenperature: 330[err]C 10 Simlarly as in Exanple 27,
Al -Si filmenbedded conpletely the SiJerr] opening with the depth of
7000 [err] and the filmaquality of deposited AI-Si was not

different fromone at a substrate t enper second deposition
step of 330[err]C in Table 4. /27?ZF he deposition rate of

Al-Si in the
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second deposition step was ca. 0.7 [err]m mn. and not substantial ly

different fromthe case of using Si[err]Herr]. Exanpl e 35
. According to the sanme nethod as in Exanple 20, 20 a sanple having an Al
film formed thereon was - prepared. {IM2 crystallinity of the Al film
selectively deposited on Si at the sane substrate tenperature as in
Table 1 was evaluated by the X-ray diffraction nethod and the scanning
[err]-RHEED 25 mi croscope. The scanning [err]-RHEED
m croscope is the nethod di scl osed in Extended Abstracts of the 21th
Conf er ence 1 on Solid State s and Materd 989) p. 217
and Japanese Journal of Applied Rhysics jvol. 28, Nd. 11989),
L2075. According to the RHEED (Refl ecti on Hi gh Ene n

Di ffraction) netho | ectrdn beam was jpermttled to be

i ncident on the $;ﬂ13;)€;é4rface at|_a shalll ow angle ,
crystallinity of the sanple surface was eval uated from th%\befraction
pattern formed by the diffracted

c 52 491
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el ectron beam However, since the electron beam 10 dianeter is |arge as
10p [err]mto several hundred [err]m only average information on the
sanpl e surface could be obtained. In the [err]-RHEED m croscope, an
el ectron beam di ffraction pattern frﬁgﬁa specific fine region on
the sanpl e surface can be observed by narrédwng the 15 electron beam
dianeter of 0.1 [err]m Also, by scanning the el ectron beam

t wo- di nensionally on the sanple surface, by use any desired

di ffracti on spot intensity change on th iff ragS{on pattern as the

i mge signal, two di nensional inage (scannin r]-RAEED 20 inage) on
the sanple surface can be obtained. At this time by observation of the
scanning [err]-RHEED i mage by use of different diffraction spots A and
C on the diffraction patfern as showmn}in Fig. 8, even if the
| attice planes in parallel tof the sanple sqrface may be aligngd in
(100), the crystal graig bgingdari es retating wthin the plane|can be
visualized as & 1 Fdj stingui shed §rom each other. Here, fhe

di ffraction
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spot Ais a diffraction spot on the line (line 1) where the plane in

which the diffraction pattern occurs and the sagittal plane fornmed by
the incident 5 electron beamare crossed at right angle, while the
diffraction spot Cis a diffraction spotly on the line 1. As shown
in Fig. 9, when the lattice plane in 6 ggrallel to the sanple surface

is, for exanple, (100), but crystal grains x and y are rotating
mutually 10 within the plane, in the scan [ er RHEED i mage by use
of the diffraction spot A both crystal qﬁagci 2} are displ ayed
as the region with strong -intensity. On er hand, in the
scanning [err]-RHEED 1 nmage_by use of the diffraction spot only
the crystal grain x is 15 Hdisplayed as the region withh strong injensity.

Therefore, by observation of] the scanngng [err]-RHEED |l inmage by use of
the diffraction spots Azangy|C as shown — in Figs. 8,]|& can be
di scrim nated whet her ©he gfpstal € the region o $8kved is a
pol ycrystal including >0 ¢€nhferplanar §&ation or a nofjpgsystal. I .
Ext ended Abstract s =of e 21t h Con gzence on Solid]gtate Devi ces
and Materials (1989) p52$75h1d Japanes Jour nal off|Applied Physics
vol. 28, No. 11 (1989)(,,4m:_2075, congerning Cu thin fi{lm it has{been
clarified that, fggELkapple, evenfif the lattice plane in
L
e
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L ! | ] i I
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2 © (DEGREE)
S ! '\\IFFRACTION PATTERN
k
DIFFRACTION SPOT A DIFFRACTION SPOT C
C " 0
Feo o1 SAMPLE
. ‘)‘g,.’“

/
/"~ SAGITTAL PLANE

/

v—._-—_

INCIDENT
ELECTRON BEAM



parallel to the sanple surface nmay be {100}, there 1 exists a
crystal grain including interplanar rotation in the {100} crystal

gr ai ns. First, the Al film deposited selectively on - the
Si exposed surface at the substrate tenpﬁzq?ure in 5 Table 2 was

eval uat ed. When the crystal “di'fection on the Si substrate .
surface is (111) plane,from X-ray diffraction, concerning A, as shown
in Fig. 10, only the diffraction peak showi ng Al (100) could be
observed. 10 Next, crystallinity of the Al film deposited

sel ectively was eval uated by use.of a scanning [err]-RHEED m cr oscope.
As shown in Fig. 11, after the region where Al had been selectively
deposited was specified by the scanni ng secondary el ectron inmage
showi ng the - 15 surface form (Fig. 11A) by use of the diffraction spot
200 (corresponding to the diffraction spot Ain Fig. 8) and the
diffraction spot 620 (corresponding to the diffraction spot Cin Fig.
8) on the diffraction pattern occurring when the el ectron beam was

FIG. 9

gCRYSTAL X
7

100)
X y X y
SCANNING u -RHEED #SCANNING 12 -RHEED
IMAGE BY USE OF . IMAGE BY USE OF

DIFFRACTION SPOT A DIFFRACTION SPOT C



20 on the Al (100) plane fromthe [001] direction, the scanni ng

[err]-RHEED image Fig. 11B and Fig. 11C) was observed. As shown
schematically in Fig. 113 and Fig. 11C, there is no change in
| i ght ness and dar kness on - the A fibg}selectively deposited, and the
Al sel ectively deposited was confir d2t0 be an A (100)
105 On the other hand, when the Si exposed pl ane i's not
linear but like via-hole, irrespectively of the vi a- hol e dianeter, the
Al selectively deposited was found to be simlarly Al (100)
nonocrystal. Those at 5 substrate tenperatures ranging from250 to
330 [err]C were selectively deposited stably, and the Al obtained
was found to becone nonocrystal. Al Al filns deposited
selectively on the Si -(111) substr &a}h Si (111) plane being at
of f- 10 angles by 1f[err], 2[err] , 3[err], 4[err], 5[err] fromthe
'Si substrate were al so found to deposit Al (100) nonocrystal s under
the tenperature conditions pf—the—substrpte e ing from
250 [err]Cto 330 [err]C sipmlarly as deposited on the Si (211)
substrate as described-
< 1
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< 3 g
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15 above . When the crystal direction of the Si substrate
surface is the (100) plane, from X-ray diffraction, concerning A, as
shown in Fig. 12, only the diffraction peak showing Al (111) could be
observed. 20 Fig. 13 shows the scannjﬂz secondary el ectron i mage
(Fig. 13A) and the scaning [err]-RHEED i & (Figs. 13B and 13C) when
Al was selectively deposited on only the Si exposed surface on a
substrate having Si (100) exposed in a line by patterning of Si(err]
inaline. For the scanning [err]-RHEED i mage, the 333 diffraction
spots (Fig. 13B) and 531 diffraction spots (Fig. 130C) '
106 1 were enpl oyed. The Al filmselectively deposited was
confirmed to be an Al (111) nonocrystal. Those at substrate
tenperatures ranging from250 Cto 33§jDerr]C e fggind to be
selectively deposited stably, and the E fi§ obtal ned becane

m

nonocrystal s. ﬂgAlgjlél fil efosited sel
(100) substrate with t «( 100 | ane i y

ively on the Si
in
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-

angles by 1, 2 3 4, 5[err] fromthe Si substrate surface were al so

found to deposit A (111) 10 nonocrystal s under the tenperature
conditions of the substrate tenperature ranging-from250 [err]C to 330
[err]C simlarly as deposited on tlig 1’3 (111) substrate as
descri bed above. Exampl e 36 / Sanpl es having Al filns
formed according to the sanme nethod as in Exanple 21 were prepared.
When crystallinity of the Al filmselectively deposited on - the Si
exposed surface by use of the X-ray diffraction met hod and t he
scanning [err]-RHEED m croscope, it was 20 found to be as descri bed
bel ow. When the crystal direction of the Si substrate. IS
(111) plane, fromX-ray diffraction, as gjggn in ,p Fi %%0 only the
AFCfi I m

di ffraction peak show ng AL (10 wasj obser vey:
sel ectively depositedﬁﬁ 7?/ uat ed | .
m croscope y

and it was found to be Al (100) nonocryst

anRi ng [err]-RHEED
1




the sane as in Exanple 20. Al so, the Al filns

deposited on the Si (111) substrate with the substrate surface
havi ng of f-angl es : 5 differing by 1[err], 2[err], 3[err],
4[err] , 5[err] fromthe S (111) 11/ﬁ2 pl ane were al so found to have
Al (100) nonocrystals deposited stably under the tenperature
.condi tions of the first and second substrate tenperature

rangi ng from250 [err]Cto 330 [err]C simlarly as in the case
when 10 deposited on the Si (111) substrate as descri bed
above. ' Wen the crystal direction of the Si 58@bstrate
is (100) plane, from X-ray diffraction,_ as shown in 12,
only the diffraction hop (ﬂll) AN 15

observed concerni ng A?ﬁ?iﬁéo 7ﬂ [ Ser ecN posi t ed

was eval uated by use of the
and it was found to be Al C

scanning [err]-RHEED m cgjoscope
(100) monocrystal simlarly}the sane

as in Exanple 20. Wthin t re range
in Table 4, t hose deposited at a range from 270 [er to 330
[err]C were found to have Al filns deposited which were
stably nonocrystalline. Also, the Al filns deposited
on the Si (100) substrate with the subst 64(3 surfac oEaV|ng
of f -angl es 25 dlfferlng lerr], 4, 5S[err fromthe
Si (100) 7 B ’

{ t
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plane'mere al so found to have Al (111) nonocrystals

108 deposited under the tenperature conditions of the 'second
'substrate tenperature ranging from270 [err]C to 330 [err]C,
simlarly as in the case when deposited on the Si (111) substrate as
descri bed above. _ Exanple 37 12/12 Crystallinity of the A
filmselectively deposited by the nethod of Exanple 22 was exam ned.
Simlarly as in the case of Exanple 20, at a substrate t enper at ure of
the first and second substrate in Table 10 2 ranging from250[err]C to
330[err]C, Al (100) nDnocrystaI was deposited on the Si (111)
substrate, and Al nocrystal on the Si (100) substrate.
Exanpl e 38 7@? I|n|ty of the Al filmselectively 15
deposited by the neth of Exanpl e 23 was exam ned. Simlarly as in
the case of Exanple 1, at a substrate t enper at W2e of ,he sqgond
substrate in Table H ranﬂlnq fron1270[err]C’/d 330[er . AL_(10Q0)
nonocrystal was ]

Si02 H H H H

Si eeee_e

FIG. 15B Y.
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deposited:on the Si (111) substrate, and Al (111) nmonocr ystgb s A he

Si (100) substrate. Exanple 39 " Crystallinity of the Al
fil mdeposited sel ectively according to the sanme nethod as shovvn in
Exarrpl e 24 was evaluated . 25 From t he scanni ng

m croscope observation according to 1 sane obseswatT Ol

1 as described in Exanple 35, when the first substy a® S
Si (111), in either case when the second subst r atle =1

TS|Qerr] S|Qerr BSG P BPQ P— SIN T-SrN_ LP-Si N or
ECR-SiN, the AI %%‘P $vé‘P§ PQETTED SF LI %u‘{%ﬁEtQFbé‘%Yg 100) .
Wen t he ?% ﬁ%ﬁéfg% gégg‘% aPNPs SEROCESS) , iFP%ei t RAERAREN

when the substra %Ierr], Sigerr], BSG PSG BPSG,
P-SIN, T-SiN, LP-SiNor ECRSIN, the Al film sel ectively deposited was
found to be Al (Jldddga, When the first material is TiN, in

ei ther case e second substrate material is T-SidJerr],
Sigerr],

In forming a deposited film composed mainly of Al
according to the CVD method utilizing gas of alkyl
aluminum hydride, hydrogen gas, and if desired,
further gas containing Si atoms, film formation is

Qh/ cérried out by shifting the deposition rate from a low

deposition rate to a high deposition rate.

According to this method, excellent selectivity
is exhibited and also a film excellent in flatness can

be deposited at a high deposition rate.

REPLACEMENT SHEET

FIGURE 3
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BSG PSG BPSG
setectively depo
idi ffraction, and

I]HHIIIHEHW

rom

SlNor ECR-SI N, the A film
obe oriented in Al (111) fromX-r
ectlve hi gh speed el ectron beamdiffractio

Apo 6121-¥

rj"

lpattern of the pri ] p el ectron beam of an accel eration

\vol tage of .80 kV o RQPLACEMENT SHEETH raction spots

wer e strongl y johserved: Exanpl e 40 REPLACEB SHEETSp! 8G.
for form ng source-|drlai B¢ w FC rgdes of gate i ation t

transi stor, elledt rgéen?‘grﬁrrgtl Wit hi p f8e_co %"Wéf’% é%ef* - o paged .......
source-drain was darlcied out by e of the 11| m 2p&l Claim{sdr napiged Ihmdaged 9.
according to the prlsent invent i on. This is dagqyramgspyp&@&e,r I.1.R@phded .......
Fig. 14. 110

a p-type silicon wafer 501 by use of convent |énp'asm';‘cél ec?a%e“d'i'l'géa? q()%ﬁ """"
met hod, etc. a t hi Wil lﬁ‘%@ﬁrzedfl Thin thernal 1y

oxi di zed film 502 were L flbpm fon fosming a 399 tqd:?l@ comprising

the steps of:

(a) providing a substrate having an clectron donative
surface in a space for formation of the depasited
film,

(b) introducing a gas of an alkyl aluminum hydride
into said space for formation of deposited film, and

(c) maintaining the temperature of said electron dona-
tive surface within the range of from the decompo-
sition temperature of said alkyl aluminum hydride
to 450° C. to form a metal deposit composed
mainly of aluminum on said electron donative sur-
face while varying the deposition speed of alumi-
num from a first deposition rate to a second deposx-
tion rate, wherein the first deposition rate is suffi-
ciently lower than the second deposition rate to

form an initial film having enhanced surface flat-
ness with inhibited surface xmgrauon and wherein
the second deposition rate is suffi c:ently higher
than the first deposifion rate to maximize layer
formation and form a flat and high quality film at
enhanced deposition speeds.

2. The process according to claim 1, wherein said

alky! sluminum hydride is dimethyl aluminum hydride.

3. The process according to claim 1, wherein said
dd:zi. aluminum hydride is monomethyl aluminum hy-

4. 'I‘heprocasaccordmgtochunl wherein the
deposition speed of aluminum is varied by setting the
temperature of the electron donative surface low at the
initial stage and then increasing the temperature to a
high temperature.

8. The process according to claim 1, wherem the
deposition speed of aluminum is varied by varying the
partial pressure of the alkyl aluminum hydride.

6. A process for forming a deposited film comprising
the steps of:

(a) providing a substrate having an electron donative

:ﬂuﬁce in a space for formation of the deposited

-
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5 t14A). Next, with the use of SiH err] gas as the starting-
gas, a polycrystalline silicon Iayer was fornmed by the thermal CVD

‘net hod, a pol ycry§t T rcor—egat e————etectrode 504 was forned, and
also with the thi :kﬁﬁ%-AégMEMesfﬁ Bx di zed f ate el ectrode 504
as the mask, y phosphor us was [ nj ﬂ“ “ﬂl ngly to form

rsr

an inmpurity diffupefl Z28NQY ¥97 o X (Fig. 14B).
Next, an oxidizedjsfjlicon filmb5 sformad 15 by use of the thermnal
CvD nethod (Fig. p4Cr- ' By use of the lithographic nethod, a
cont act hol e 509 with a size df 0.5 fjgzr{4mx 0.5 [err] mwas forned
(Fig. 14D). By transferring the substrate thus obtained to 20 t he
device shown in Fig. 1, Al filmwas forned. At this tine, the
substrate terrperature was made 270 J[err]C, and DVAH was enpl oyed as
the starting ) ingroduping 21838 amn&ylgémmdmdﬂdmt f or mati on of
Al film lﬁdarg-mphmmng siliconrinto isaid space fof | m t he

‘transistor was taken diotniatiomdfideposited filmyiand devi ce
' (c) maintaining the temperature of said electron dona-
tive surface within the range of from the decompo-
sition temperature of said alkyl aluminum hydride
to 450° C. to form an aluminum-silicon film on said
electron donative surface while varying the deposi-
tion speed of aluminum from a first deposition rate
to a second deposition rate, wherein the first depo-
sition rate is sufficiently lower than the second
deposition rate to form an mnitial film having en-
hanced surface flatness with inhibited surface mi-
gration and wherein the second deposition rate is
sufficiently higher than the first deposition rate to
maximize layer formation and form a2 flat and high
quality film at enhanced deposition speeds.
7. The process according to claim 6, wherein said
alkyl aluminum hydride is dimethyl asluminum hydride.
8. The process according to claim 6, wherein said
alkyl aluminum hydride is monomethy! aluminum hy-
dride.
9. The process according to claim 6, wherein the
deposition speed of aluminum is varied by setting the
temperature of the electron donative surface low at the
initial stage and then increasing the temperature to a
high temperature.
10. The process according to claim 6, wherein the
deposition speed of aluminum is varied by varying the
partial pressure of the alkyl aluminum hydride.
11. A process for forming a deposited film comprising
the steps of:
(») providing a substrate having an electron donative
surface (A) and an electron non-donative surface e
(B) in a space for formation of the deposited film,
(b) introducing s gas of an alkyl aluminum hydride
into said space for formation of the deposited film,
and
(c) maintaining the temperature of said electron dona- I
tive surface (A) within the range of from the de-
compoasition temperature of said atkyl aluminum
hydride to 450° C. to form a metal deposit com-
posed mainly of aluminum selectively on said elec-
This Sheet Has Been Replacec
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and observed. As the result, it was found that Al film510 was
deposMed only on the S'—-Se-S—me phosphorus was diffused in the
icontact hol e 509, and RE%WME%B&”EEE bn the oxjdized film508 (Fig.

égﬁg)char act glrjlrts{]ler:s E)Pe ?\irI;;;mi;ﬁqtgpfeob aT Inlagln E’M"ﬁﬁﬂ"“ﬂﬂ"”lm vhen

—

extrenely good charactefi $tics were exhi bi t ed.

Separately, according t¢ the—seare—steps, fhe 10 substrate was nade N
type and the inmpurity V\qgs changed fr-amZﬁhﬂsphorus to boron to prepare
P channel MS. Conparat1ve exanple An Al filmwas forned
on a nonocrystalline silicon under the follow ng conditions.

By passing Ar in place Oftxdi{ oﬁluﬂ‘iﬁﬁuﬂmhtfﬁgt depos Aygol ysis of

DMAH.  The total pressurqoqt ha ion rat t he DVAH
partial pressure 1.5 X suﬂ'c?ent terrperature
havxn en-

of 270 - 350 [err]Cd sforrred was
eval uat ed cposmon rate to form an ln
’ hanced surface flatness with ml'ubued surface mi-
gration and wherein the second deposition rate is
sufficiently higher than the first deposition rate to
maximize layer formation and form a flat and high
quality film at enhanced deposition speeds.
12. The process according to claim 11, wherein said
alkyl aluminum hydride is dimethyl aluminum hydride.
13. The process according to claim 11, wherein said
alkyl aluminum hydride is monomethyl aluminum hy-
dride.
14. The process according to clsim 11, wherein the
deposition speed of aluminum is varied by setting the
temperature of the electron donative surface (A) low at
the initial stage and then increasing the temperature to 2
high temperature.
15. The process according to claim 11, wherein the
deposition speed of aluminum is varied by varying the
partial pressure of the alkyl aluminum hydride.
16. A process for forming a deposited film comprising
the steps of:
- (a) providing a substrate having an electron donative
surface (A) and an electron non-donative surface
(B) in a space for formation of the deposited film,
(b) introducing a gas of an alkyl aluminum hydride
and a gas containing silicon into said space for
formation of the deposited film, and
(c) maintaining the temperature of said electron dona-
tive surface (A) within the range of from the de-
composition temperature of said alkyl aluminum
hydride to 450° C. to form an sluminum-silicon
film selectively on said electron donative surface e
(A) while varying the deposition speed of alumi-
num from a first deposition rate to a second deposi-
tion rate, wherein the first deposition rate is suffi-
ciently lower than the second-deposition rate to
form an initial film having enhanced surface flat-
. ness with inhibited surface migration and wherein
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about” 2 % of carbon was found to be contai ned—=a m ni num

|Re5| stivity becane greater by 2-fold or nore t han the case when
lhydr ogen was enpl oyed. p o ref ﬂ m@m | owered to
‘about 1/3 to 1/9 rR LACEMEN SHEEP when prm wj' ’mm, oyed.
Simlarly, wiring life ssho veji 9 C|phr gemerati on
probability of hillockjb cane NO 59 er by 2 cipher or nore, and a

| ar ge nunber of ptkes were foun o] b(izgenerat ed. 5

to the deposition speedl, It was |owered o 1/2 to 1/ 4.

As descri bed above, Al | decorrp05|t|on of DVAH

w thout use of Herr] is inferior in film. qualit and was

unsatisfactory as the A the secohd depoﬁnonaﬂéer#dvm y higher e
se othahl the FirstDdéposition rate todmaximizedeyesy t he optical
CVD nethod to deposit Al.formationfind foini afldttandhigh quality\filmeat such as no

Separately, w thout u

cont ai nnent

enhanced deposition speeds.
17. The process according to claim 16, wherein said
alkyl aluminum hydride is dimethyl aluminum hydride.
18. The process accordxng to claim 16, wherein said
alkyl aluminum hydride is monomethyl aluminum hy-
dride.
19. The process according to claim 16, wherein the
deposition speed of aluminum is varied by setting the
temperature of the electron donative surface (A) low at
the initial stage and then increasing the temperature to a
high temperature.
-20. The process according to claim 16, wherein the
deposition speed of aluminum is varied by varying the
partial pressure of the alkyl aluminum hydride.
21. A process for preparing a semiconductor device,
which compnm
arranging in a space for formation of a deposited film
a semiconductor substrate having an msuktmg film
with an opening provided on a main surfwc

mtroducmg a gas of an alkyl nlummum hydnde into
said space;

maintaining the temperature of said semiconductor

substrate within the range from the decomposition

temperature of said alkyl aluminum hydride to 450°
C.; and

depositing a metal composed mainly of aluminum
selectively in said opening while varying the de-
composition rate from a first deposition rate to a
second deposition rate, wherein the first deposition
rate is sufficiently lower than the second deposition
rate to form an initial film having enhanced surface
flatness with inhibited surface migration and
wherein the second depasition rate is sufficiently
higher than the first deposition rate to maximize

- layer formation and form a flat and high quality

film at enhanced deposition speeds.
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of carbon, and the |ike was observed fromas the Al 15 film prepared
as, conpar ed with the case when no |ight was enpl oyed, but other
characteristics were not i mproved so much, s still

unsatisfactory as the Al film for a seni conduct or m
As descri bed above, t de o to the
b BEPLAL oIl ll}’ms'”

present invention may y hypot hesi

Wien DMAH reaches t he |el[ectron donati substrate, nanely the
substrate having el ectjr dns2 grN@evY 1997 t e s?ate on whi ch hydrogen atons are
attached (Fig. 19A) with the net Byt groups directed toward the

113 1 substrat e |si‘de; obh of the substrate cuts one
bond of Al and a methyl group (Figs, 1¥%B end 1%C). The
reaction schene at this tinme 1s as fol |l ows: [err]

Further, simlar reacti gpsAviroces¥ fof PRepdritig a semiconductor device,
which comprises:
arranging in a space for formation of 2 depasited film
a semiconductor substrate having an insulating film
with an opening provided on a main surface
thereof;
introducing a gas of an alkyl aluminum hydride and a
gas containing silicon into said space;
maintaining the temperature of said semiconductor
substrate within the range from the decomposition
temperature of said alkyl aluminum hydnde to 450°
C.; and
deposmng a metal composed mainly of alaminum and
containing silicon selectively in said opening while
varying the decompasition rate from a first deposi-
tion rate to a second deposition rate, wherein the
first deposition rate is sufficiently lower than the
second deposition rate to form an initial film having
enhanced surface flatness with inhibited surface
‘migration and wherein the second deposition rate is
sufficiently higher than the first deposition rate to
maximize layer formation and form a flat and high
quality film at enhanced deposition speeds.
23. A process for forming a deposited film comprising
the step of:
(2) providing a substrate having an electron donative
surface in a space for formation of the deposited
film,
(b) introducing a gas of an alkyl aluminum hydride
into said space for formation of deposited film, and
(c) maintaining the temperature of said electron dona-
tive surface within the range of from the decompo-
sition temperature of said alky! aluminum hydride
to 450° C. to form a metal deposited composed EC R
mainly of aluminum on said electron donative sur-
face while varying the deposition speed of alumi-
num from a first deposition rate to a second deposi-
tion rate, wherein the second deposition rate is
suﬁ‘icxently higher than the first deposition rate to
maximize layer formation and form a flat and high
quality film at enhanced deposition speeds.

This Sheet Has Been Replaced
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t he hydrogen atons remai ni ng on deposited Al having
(Fg. 150).
‘nmol ecul es constituting the 10
substrate to supply
no el ectron on the el ectron non-donative surff JHEpLA¢
above-nentioned reaction will not proceed and no
15D are iITustrations—for better urdiéag%adha 0
Wi h

1D are o nd ﬂ]}lﬂ@]mﬂ]jmm; vetdent o T T the cast

I ncor por at ed |ntﬂ Al during the precess of
—As—described abpve,

Figs. 15A-

15D are

Al -Si ilm SI a2t OrRs ar e
t he reacti on as descri bed above.

Here, when hydrogen atons

hydrogen atons. On the other hand,

free electrons
are deficient, hydrogen
reaction gas are deconposed on the

since there is

NT SHEE

according to the present i nvention, a lowresistivity,

Al or Al-
speed.
ef f ect ed.

Si filmcould be dep05|ted on a substrate at high 25
comprisingl d be

& pesesss forrforming:a deposi
- 11the §teps pf:

(a) providing a substrate having an electron donative
surface in a space for formation of the deposited
film,

(b) introducing a gas of an alkyl almmnum hydride
and a gas containing silicon into said space for
formation of deposited film, and

(c) maintaining the temperature of said electron dona-
tive surface within the range of from the decompo-
suunxuunpenuuﬂsofsaulaﬂqﬂ:ﬂnnnnunxhydnde
to 450° C. to form an aluminum-silicon film on said
electron donative surface while varying the deposi-
tion speed of aluminum from a first deposition rate
to a second deposition rate, wherein the second
deposition rate is sufficiently higher than the first
deposition rate to maximize layer formation and
form a flat and high quality film at enhanced depo-
sition speeds.

28. A process for forming a deposited film comprising

the steps of:

_(a) providing a substrate having an electron donative

'he

s. 15A -
f an

dense and fl at

surface (A) and an electron non-donative surface

(B) in a space for formation of the deposited film,
(b) introducing a gas of an alkyl aluminum hydride
into said space for formation of deposited film, and

(c) maintaining the temperature of said electron dona- -

tive surface (A) within the range of from the de-
composition temperature of said alkyl aluminum
hydride to 450° C. to form a meta] deposited com-
posed mainly of aluminum selectively on said elec-
tron donative surface (A) while varying the deposi-
tion speed of aluminum from a first deposition rate
to 2 second deposition rate, wherein the second
deposition rate is suﬂ';cimtly higher than the first
- .deposition rate to maximize layer formation and

form a flat and high quality film at enhanced depo-

sition speeds.
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- 115 - | Note: No deposition occurs at substrate tenperature of

150 [err]C Average wiring life is tine to wre breaking
when current is paspad_at a current density of 1 x 10[err] Alcmerr] 5
through a cross-sedti R a err]nfer

Spi ke generation rgti _Tr-BHEEjO probabllllllmlllmimﬁllﬂ"m'J unction
portion of 0.15 [e r]mdepth. 1

'26. A process for forming a deposited film comprising
the steps of:

(a) providing a substrate having an electron donative
surface (A) and an electron non-donative surface
(B) in a space for formation of the deposited film,

(b) introducing a gas of an alkyl aluminum hydride
and a gas containing silicon into said space for
formation of deposited film, and

(c) maintaining the temperature of said electron dona-
tive surface (A) within the range of from the de-
composition temperature of said alky! aluminum
hydride to 450° C. to form-an aluminum-silicon
film selectively on said electron donative surface
(A) while varying the deposition speed of alumi-
num from a first deposition rate to a second deposi-
tion rate, wherein the second deposition rate is
sufficiently higher than the first deposition rate to
maximize layer formation and form a flat and high
quality film at enhanced deposition speeds.

27. A process for preparing a semiconductor device,

which comprises:

arranging in a space for formation of a deposited film,
a semiconductor substrate having an insulating film
with an opening provided on a main surface
thereof:

introducing a gas of an alkyl aluminum hydride into
said space;
maintaining the temperature of said semiconductor
substrate within the range from the decomposition
temperature of said alkyl aluminum hydride to 450°
C.,; and
dcposxtmg a metal composed mainly of a.lunnnum :
se!ectxvely in said opening. while varying the de- - e
composition rate from a first deposition rate to a
second deposition rate, wherein the second deposi-:
. tion rate is suﬂ‘xcxently higher than the first deposi-!
tion rate to maximize layer formation and form a
flat and high quality film at enhanced deposmon : S e

28. A procss for preparing a sem:conductor devxcc.
which compnsa

arranging in a space for formation of a deposited ﬁlm

a semiconductor substrate having an insulating film:  This Sheet Has Been Replace
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with an opening provided on a main surface
thereof;

introducing a gas of an alkyl aluminum hydride and &

gas containing silicon into said space;
maintaining the temperature of said semiconductor
substrate within the range from the decomposmon
temperature of said alkyl aluminum hydride to 450°
C.; and

deposmng 2 metal composed mainly of aluminum and
containing silicon selectively in said opening while
varying the decomposition rate from a first deposi-
tion rate to & second deposition rate, wherein the
second deposition rate is sufficiently higher than
the first deposition rate to maximize layer forma-
tion and form a flat and high quality film at en-
hanced deposition speeds.

29. The process according to claims 1, §, 11, 16, 21,
22, 23, 24, 28, 26, 27 or 28, wherein the temperature is
maintained within the range of from 200° C. to 450° C.

30. The process according to claim 29, wherein the

¢ is maintained within the range of from 200°
C. to 400° C.

31. The process according to claim 23, wherein the
substrate further comprises an electron non-donative
surface, said deposited metal being selectively deposited
on the electron donative surface.

32. The process according to claim 23 further com-
prising the step of introducing hydrogen gas into the
space for formation of the deposited film.

33. The process according to claim 23, 31 or 32,
wherein the electron donative surface is comprised of a
semiconductor or a conductor.

34. The process according to claim 31, wherein the
electron non-donative surface comprises an insulator.

35. The process according to claim 23 or 31, wherem.
the decomposition temperature is 160° C.

36. The process according to claim 23 or 31, wherein
at_lest one of the pressure and the temperature of the
alkyl aluminam hydride gas being introduced during
the time of the second deposmon rate is higher than it is
during the time of the first deposition rate.

g
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- 1719 - [err] -
120 - [err] '

- 121 - What is claimed 7s

. éLheAS{o(raggegfs for form ng a deposited Egl) mpfg\r/rlpa:ml"ﬁ“uulmu mmmaw hg an

el ectron donative DI ACCACR surface icn & shace f'or formation
of the deposited RE{‘ HGWW §UE§Tnc a gas of an al kyl aI um num hydri de
into said space for]f rmation of depcS|tedf|Im and

(c) maintaining the tlendé NOW89Bf (sdi @ ¥%Ctron dona- tive surface within
the range of from tjhg deconpo- sition tenperature
of said al kyl al um}jnum hydrride

37. The process for forming a depasited film compris-
ing the steps of:

(a) provxdmg a substrate having an electron donative
surface in a space for formation of the deposited
film,

(b) introducing a gas of an alkyl aluminum hydride
into said space for formation of deposited film, and

(c) maintaining the temperature of said electron dona-
tive surface within the range of from the decompo-
sition temperature of said alkyl aluminum hydride
to 450° C. to form a metal deposit composed
mainly of aluminum on said electron donative sur-
face while varying the deposition speed of alumi-
aum from & first deposition rate of less than 800
A/min. to & second deposition rate of more than 0.1
pm/min.

38. The process according to claim 37, wherein the
substrate further comprises an electron non-donative
surface, said metal deposit being selectively deposited
on the electron donative surface. :

39. The process according to claim 37 further com-
prising the step of introducing hydrogen gas into the
space for formation of the deposited film.

40. The process according to claim 37, 38 or 39,
wherein the electron donative surface is comprised of a
semiconductor or a conductor.

41. The process according to claim 38, wherein the
electron non-donative surface comprises an insulator.

42. The process according to claim 37 or 38, wherein
the decomposition temperature is 160° C. -

43. The process according to clasim 37 or 38, whcre:n B
at least one of the pressure and the temperature of the
alkyl aluminum hydride gas being introduced during
the time of the second deposition rate is higher than it is
during the time of the first deposition rate. . e

£ & & 8 &
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to 450[err'] C. to forma netal deposit. conposed
mai nl y,.0 "di—% pre mgrﬁas%gtﬁct r&’h dohative sur-
face whj | ggym&g (‘e,,.d.eapostﬁ pagedspeefl of al um -

numfroma
tion rat
C|entIyI
forman i "?‘itlml?ﬁfﬂn """ ed syrface flat-
ness withjinhibited surfac nd wherein
t he seconfl DaFBEsOFi BECERE.. 13 -Q'rrfhm tly higher
than the TTTSt deposition rate to naxin ze=l Bler

formation and forma flat and high quality film at
enhanced deposition speeds.

to claiml1, wherein said al kyl

di et hyl aI um num hydr 'Wﬁat is claimied is:

claiml1l, wherein said rccess a é?bk
nononet hyl al um num 1Ap for forming i é&k

The process accordin %‘fal
dep05| tion speed of al ’&E%ﬂ &?ﬁﬁg

It1gn rate to

3 qepo§L‘§4ﬂormg@ 242198 $econd deposi -
é?f’ gﬂ Hst 51%%1"1,0 rate is suffi-
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2.1 The process accoridi ng
al Loum hydride s
The proess according to.

Al temgRidhg de i S

4.

tron donative
deposited-

Ack I A SRACE JP
Fﬂmmmllﬁln“mlm leﬁclt teasi nglthe tegpe%ﬁé e tq a XGPanQ o claim

h| gh t efrpelr atfur . *
whgrein the mtosand WJ@{)

dmis varied
caky! al um num

Eyd;/a&yl ng the (c)mmm"s“ ig&g“%“ ted fil

ydr.i de ited film

compri si ng uve i hﬂolt?&ﬁ‘tﬂg&:gﬁﬁﬁs (a)
| [ Al SV

providing a substrate h
surface in a space for f &3

-------

film
and a gas contai ning 5|I 6

% ) . mﬂ M num hydri de
t > ty " .- Y H
%metoaseconddepon-

txon rate, wherein the first deposition rate is suffi-
ciently lower than the second deposition rate to
form an initial film having enhanced surface flat-
ness with inhibited surface migration and wherein
the second deposition rate is sufficiently higher

than the first deposifion rate to

maximize Iayer

formation and form 2 flat and high quality film at

enhanced deposition speeds.

2. The process according to claim 1, wherein said
alkyl sluminum hydride is dimethyl aluminum hydride.

€

dride. :
- 4. The process according to clsim

3. The process according to claim 1, wherein said
alkyl aluminum hydride is monomethyl :Ium_inum hy-

1, wherein the

 deposition speed of aluminum is varied by setting the
temperature of the electron donative surface low at the
initial stage and then increasing the temperature to a

high temperature.
5. The process according to clsim

1, wherein the

deposition speed of aluminum is varied by varying the
partial pressure of the alkyl aluminum hydride.
6. A process for forming a deposited film comprising

the steps of:

(a) providing a substrate having an electron donative
surface in a space for formation of the deposited

film,

REPLACEMENT SHEET



formatton of dep05|ted film and (c) maintaining the tenperature of said
el ectron dona- . tive surface withi @Ephmgwgﬁswégf om t he deconpo-

sition terperature of said al kyl alu to 450 [R&’p
el ect ron 10 ative surfacgEMNTGHEET

" form an alum numsilicon filmon sai :
varyi ng the deposi - ‘tion speed df |al 2@ MBRBIBm|a|first deposition
, Wherein the filr4t depo- sition

rate " to a second dep05|t|on r at

rate is suf‘f‘l’m‘eﬁt‘l‘y“l‘UWET—ﬁTan t he gecond deposi flion rate to form an

'|n|t|al f|| hanced th inhibited surfce
I Iwmw‘lﬂmﬂﬂlthe second deposition rate is :
suff|C|entIy ansthe first depositigpn.rate to maxi m ze | ayer

formation and forma flat and high quality filmat enhanced deposition
speeds. 7. The process according to claim®6, wherein said al kyl al um num
hydride is di nethyl -al um num hydri de. 8. The process according to claim

6, wherein said al kyl (b)lintroducingys/igas of sralkyyatintinum dhydride hy- dri de.
9. The process accordi padt @ gdsatont@inisg esilicdn ,ﬁﬁesﬁdp?gdel for speed of
alum numis varied by sgg{.,hgg,guw AcpBSEA] filn! gndf the el ectron donative
surface low at the w@ tﬁ’é‘&ﬂ Peratra Jrsaial diéctrdif dbfdPer ature to a
hi gh t enper at ue. % Ego}'ﬁ'oﬁw ein the
deposi tion speed of aI 1 eaI pressure of
t he al kyl al um num hyd L3S0 8{’ r"‘r T 'g osited film
conpri sing the steps of 5 Noiay B .an el ectron
donati ve surface ( & (B) in a
space for formation of &fajymmum oma(% ﬁﬁ“a gas of an
al al um num hydri de t0 & secand depesition sate, wherein the: fishdepo he deposited
Fi I and  (c) nmisition mmgmmfmm than sthedsesiosé: r on dona-
tive surface (A wthi depbsitionrmste ¢6 formnas linitiab film havimgpenss t on
tenperature of said al behced suffacerflatness ywithdahibited stirface|mis. to forma
netal deposit com afndi whereirt méwmmgbﬁﬁmmmn said elec- .
tron donative surface icidiitlye highey ithan ithe fitS@&position rate ta
: maximize layer formation and form z flat and high
quality film at enhanced deposition speeds.
7.Theptocssaccordmgtoclum6 wherein said
alkyl aluminum hydride is dimethyl sluminum hydride.
8. The process according to claim 6, wherein said
alkyl aluminum hydride is monomethyi aluminum hy-
9. The process according to claim 6, wherein the
- deposition speed of aluminum is varied by setting the
te:nperxtureofﬂneelearondouuvesnr&celowuthe
‘initial stage and then increasing the temperature to 2
high temperature.
10. 'meprocasaccordmgtoclmﬁ,whetemthe
deposition speed of aluminum is varied by varying the
partial pressure of the alkyl aluminum hydride.
11. A process for f‘orxmng a deposited film eompmmg
the steps of:
(2) providing a substrate having an electron donative
surface (A) and an electron non-donative surface
(B) in a space for formation of the deposited flm,
() introducing 2 gas of an alky! aluminum hydride
into said space for formation of the deposited film,
and
(c) maintaining the temperature of said electron dona-
tive surface (A) within the range of from the de-
compasition temperature of said alkyl aluminum
- hydride to 450° C. to form a metal deposit com-
posed mainly of aluminum selectively on said elec-
tron donative surface (A) while varying the deposi-




to a second
te is.sufficiently

fnitial fREW SHEET

tion speed of alum numfroma first
: dep05| tion rat e, wherein the first de pcﬂEPLACEMENTtsﬁﬁETr

| ower than-the second °~ ~ depositio
en- «  hanced surface flatness wt 'nh | f
and wherein the second deposition ratle |séBhEE§]§¢gl
first depositionrateto __maxi m Ze | njand forma flat and
hi gh m at enhanced ddposition speeds. 12. The process
accordi ng to c sald - i de is dinethyl

al um num hydr i m)!‘\ g“&‘ cess accorpgsng to claim1l, wherein said
al Kyl al um num crde i’ rfonoet hyl al um num hy- dri de. 14. The process
according to claim1l, wherein the dep05| ti on speed of aluminumis varied

by setting the tenperat Qf A) | ow at the
initial stage and then |LH° ;% &Jaxﬁisl’?eﬁé‘srx §§ enper at ure.

ce m-
i ently higher than the

b

15. The process accordi 'HECBP ﬂ'ﬁ'ﬁf speed of
alumnumis varied by v 'hg"!‘hé‘ }5’& %‘é’E&r al um num
hydride.  16. A procesd$epesitiog, ratedo %WH“SI ng the steps
of : (a) providing a sutagcedisyriaaei thgnm Uitbdnhmtdmlmélﬂ‘ surface (A
and an el ectron non- dongratien smdf wherein théBecond deposition frate Sor mat i on of
the deposited film ( spfficienty hightg thagahe firstdepdsition altatonum hydri de

and a gas containing si Immamemdnsmendmm;ﬂmnm;hn of the
deposited film and f sald electron

dona- tive surfac 5 W zaid conposition
temperature of said Qﬂeﬁ Jn&toforman

al [@num sil'icon r‘gﬁ jve sur face

(A) while varying th ‘ ’ ﬁ!grh&maflrst
deposition rate to & he first

deposition rate is s ciently quver t han the ecqnd, deposition rate
to form an initi all4{The peacesy acaeedieg 40 %ﬂm%e
. deposition speed of sl utnmumxsvmedbysemngthe

temperature of the electron donative surface (A) low at
the initial stage and then mcremngthetanpcntureto 3
high temperature.

18. Thepmcmaccordmgmclnm 11, wherein the
deponﬁonspeedofﬂummum:svmedbyvarymgthe
partial pressure of the alkyl siuminum hydride.

16. Aprmforfommgadepoawdﬁlmcompmg
the steps of:

(a) providing a substrate having an electron donmve

surface (A) and an electron non-donative surface
(B) in a space for formation of the deposited film,

@ - (b) introducing a gas of an alkyl aluminum hydride
and a gas containing silicon into said space for
formation of the deposited film, and

* (c) maintaining the temperature of said electron dona-
tive surface (A) within the range of from the de-
composition temperature of said alkyl aluminum
hydride to 450° C. to form an sluminum-silicon
film selectively on said electron donative surface
(A) while varying the deposition speed of alumi-
num from a first deposition rate to a second deposx

tion rate, wherein the first deposition rate is suffi-
ciently lower than the second-deposition rate to
form an initial film having enhanced surface flat-

. ness with inhibited surface migration and wherein



ness with inhibited surface m grati oy n

124 "+ the second deposition rate |i ?é@m Gl gnw Thi gher than t he

first deposition rate to Mxinze | ayer formati o nd formq EIQTSHEET
high quality film at enhanced deppos) t p@MAREWE8. | |17. Thc process
according to claim 16, wherein said adklyl alum num hydri de is di net hyl

al um num hydri de 18 The process acgordimg tO clalm 16, wherein said

al kyl al um num hydride is nonomethyl Bl um num hy- drj 19. The process
accordi ng tounmummnumﬁ lm the depGSTtion speed of aluminumis varied by
setting the e el ectron donatiléd Surface (A) low at the

ini'tial sage and° t Hen " nées’ ng the t Opea to a high tenperature.

2L A process for prepari nOtganS the Fed itiofl Viat& to\\Riakinize Mayeses:
substrat e havi ng an i nsul open| ng
surface t her eof ; [

é‘?

20.
The process according to claim 16, wherein the deposition speed of alum num

is varied by varying the pgid sétond @%ﬁuﬁﬁoﬁfrﬁbasaddﬁhcﬂlwmnm hydri de.

ovided on a nmain

aranging in a space for fof%ﬂd?o *\ ttﬁﬂ!iﬁ ?amgem conduct or
pI

sai d space; nalntalnin
substrate within the r#ﬁ
al um num hydri de to 450

the first deposition r29<The processcacoarding tonclaimnls; wherein: thend
depgsi tion deposition speed of aluminum is varied by setting the

g temperature of the electron donative surface (A) low at
the initial mgeandthenmcrusmgthetunpeum:etoa
lngh tempersture.

20. The process according to claim 16, wherein the
deposition speed of aluminum is varied by varying the
partial pressure of the alkyl aluminum hydride.

- 2L A process for preparing a semiconductor device,
which comprises:

srranging in a space for formation of a deposited film

a semiconductor substrate having an insulating film
with an opening provided on a main surface
thereof;

introducing a gas of an alkyl alunnnmn hydnde into

said spacs;

maintaining the temperature of said semiconductor

substrate within the range from the decomposition
C 3 ‘ temperature of said alkyi aluminum hydnde to 450°
~ C.; and
depositing 2 metal composed mainly of aluminum
selectively in said opening while varying the de-
-cemposition rate from a first deposition rate to a
second depasition rate, wherein the first deposition
rate is sufficiently lower than the second deposition
rate to form an initial film having enhanced surface
flatness with inhibited surface migration and
wherein the second deposition rate is sufﬁcxently
higher than the first deposition rate to maximize
layer formation and form a flat and high quality
film at enhanced deposition speeds.

g] Mll‘?ar : Wdrl de into
3 g\ygggf‘ sai d al kyl

mai nly of

' toygjaizt 18, Whet
al um num sel ectively %’sﬂmﬂmwmﬁ%ﬁm Ydeposi tion

rate from a first depsbideon rate to a second deposition rate, wherein
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rate to forman initial film having flatness with

inhi bited surface migration and  whedr &ERLAGEMENE otk Td¢position rate is
sufficiently hi gher than-the first-f7deposition rat¢ o nmaxi nREELACﬁMﬁN;rSHEFfT
formation and forma flat and hi gh qualli t ) MAR!199&t jedhanced deposition
speeds. 125 : process f@r |preparing a

sem conduct or devi ce, . whi ch 5es arranging in a

space for formation of a deposited fifl m a|seni conduct or
substrate,,ha:u—ngrmr‘l’ﬁéﬁT’alegng film = Wt h an openi ng provided

nal ky ”as””aﬁ\i\\m\““\h\ﬂ\ da T e contaiming SilTeon into

L \JL:\J

sai d space n fraintaining the tenperature of said sem conductor
substrate withi‘n the range fromthe deconposition tenperature
of said al kyl alum num hydride to 45[err] C, and :

depositing a metal conposed mainly of alunm num and cont ai ni ng

silicon selectively in s&-eﬁmﬁméommsamcm%d% Position rate

froma.first deposi- which comprises:i on rate to a second deposition rate,
wherein the - Mgngdnpmmtfnmndafmﬁmmpl ower then

t he second dmtcﬂductatmﬁs&atohmgmmmhnnsﬁlm havi ng
enhanced surface fl at ness Mhunbpdmﬁgdpﬁd:uiﬂd;eon a main surfacsi gration and
wherein the second deposi ithefgeofate is sufficiently higher

the first deposition mﬁ%’d%chfgagasofan aliodntthy Rydrigeand ar mat i on and
forma flat and high. ﬂ/ﬁwlﬂ@gp@epanced deposition

speg 23. A pr Gerhidomdaens’ | si ng
e gl 5 i‘“ﬂgr g e
donative sur t8sp {d\gsgieposited

C.; and

depasiting a metal composed maifily of aluminom and

containing silicon selectively in said opening while

varying deposition rate from a.first deposi-

tion rate to. a second deposition rate, wherein the
first deposition rate is sufficiently lower than the
second deposition rate toform an initial film having
enhanced surface flatness with inhibited surface
migration and wherein the second deposition rate is
sufficiently higher than the first deposition rate to
maximize layer formation and form a flat and high
quality film at enhanced deposition spesds.

23. A process for forming 2 deposited film comprising

the step of:

(2) providing a substrate having an electron donative
snrfacemaspaceforformanonofthedepoated
film,

(b) introducing a gas of an alkyl aluminum hydride
into said space for formation of deposited film, and

(c) maintaining the temperature of said electron dona-
tive surface within the range of from the decompo-
sition temperature of said alkyl aluminum hydride
to 450° C. to form a metal deposit = composed
mainly of sluminum on said electron donative sur-
face while varying the deposition speed of alumi-
num from a first deposition rate to a second deposi-
tion rate, wherein the second deposition rate is
sufficiently higher than the first depogition rate to -
maximize layer formation and form a flat and high -
quality film at enhanced deposition speeds.




.(b) introducjng a gas of an al kyl al um num hydri de
space for fornation of deposited film. and

|nto sai d

~(©) mai ntal n| n
‘tenperat ure of said el ectron dona- tive surface wiRER EFﬁEﬁTSHEET

range of fromthe deconpo- ~sition tenperature of sal d al kyl
al um num hydri de to 450[err] C. to forma netal deposit

conposed -mai nly of alum numon said el eq

face while varying the deposition speed of alum -
first deposition rate To a secon dep03|

E PfstSZBSS."?PBﬂllmmiu lﬂ ﬂm mm - 260 e

fla at enhanced «

—r —

e

- 126 - 24 A process for form ng a deposted fil

rﬁaﬁ;;ﬁ@f i

m conprising the

of : (a) providing a substrate having an electron d

a space for formatlon of the deposited - film (b)

| kyl al
o o bt o P BEaess SrRIAER 4SRRI A Bbpl

sai d el ectron don

sition terrperature@? '&\‘%i qf%n th?g;mg&nﬁ

forman al um numsili Fl'Frﬂ

ﬂz—h

narve StHact i N
I ntroducng a gas of
%3 into said space

t het enpeat ure of

fromthe deconpo-
O[err] C to
surface while

varying the deposi - +ti.on, speed of_ al um numfrom a fi rsét deposition rate
ion rate is
sufficiently higher tsmd agass cpataining %bmlmmnmdasmqeofqram m ze | ayer
forpation and - forformaﬁantofm%amdy filmat enhanced depo-
@ (c) maintaining the temperature of said electron dona-
tive surface within the range of from the decompo-
sition temperature of said alkyl aluminum hydride
to 450° C. to form an aluminum-silicon film on said

to a second deposi t(drintraducing & gas efian-alkyt ginmin

: electron donative surface while varying the deposi-
tion speed of aluminum from 2 first denosition rate

to a second deposmon rate, wherein the"second
deposition rate is sufﬁcxently higher than the first
deposition rate to maximize layer formation and
form a flat and high quahty film at enhanced depo-

sition speeds.

28. A process for formmg a deposxted film compnsmg_

the steps of:

(a) providing a substrate baving an electron donative-
surface (A) and an electron non-donative surtace

e

. (B) in a space for formation of the deposited film,
(b) introducing a gas of an alkyl aluminum hydride
into said space for formation ofthe deposited film, and

© maintaining the temperature of said electron dona- °
tive surface (A) within the range of from the de-
composition temperature of said alkyl aluminum
hydride to 450" C. to form a2 metal deposit com-
posed mainly of aluminum selectively on said elec-

tron donative surface (A) while varying the deposi-

tion speed of aluminum from 2 first deposition rate

to a second deposition rate, wherein the second

deposition rate.is suﬂicienﬂy higher than the first

deposition rate to maximize layer formation and
form a flat and high qualxty film at enhanced depo-

sition speeds.



sition ‘speed. 25. A process for forming a deposited film conprising the
st eps of : (a): providing a substrate having an el ectron donative

‘surface {A) and el ectfron non-donative surface (B) in a- SP%QLA?FMENTSHEET
n

formation of the deposited film (b) introducing a gas of a

al uni num hydri de Into said space for formation of the dep05| ted f| | m
and (c) maintaining the tenperature of said el egroerdor
surface (A eromthe de- - ccmﬁgg AQEMENT $’éﬁfg f sai d
al kyl auhm nul m to f@rma netlal] deposit com
posed mainly of ‘M\m\ }‘g“‘ %‘\! eI y on"s#i'd el ec- ?DOMAﬂnggl e
surface (A). e deposi - tion spde al um num frem a
firs depositlon rate to a second deposition ratle, <e¢ond
~deposition rate is suff|C|entIy hi gher tha the firgt deposition nnate to
maxi-m ze | ayer formation and. forma flat and high qualTty TTrTmat
enhanced depo- SI26thmd&rfammgadepomedﬁlmcaﬁxpquocess for
‘form ng a depositedthe goftprising the steps of:  (a) providing a
substrate having An e(ag W tehav,ﬁ phala-ttdn dangtive el ectron
non-donati ve surface deposi ted
filv, (b) |ntrodUC| and a gas
cont ai ng silicon i nt o %g%ftg? m#]wgﬁpoy ted film
and (c) mati ,s%ﬁ tive srace
(A) within the range of‘qdrﬁnﬂsn@ﬂm ?%ﬁ“;ggfsture of sid -
al kyl alum num - hgmﬁbl@b o (the Qﬁpqsdlhﬂdarflé-ahnanéon
, : taining the temperature of said electron dona-
& tive surface (A) within the range of from the de-
- composition temperature of said alkyl aluminum
hydride to 450° C. to form-an aluminum-silicon
_ﬁlmse!ecuvelyonmdelectrondomvesurﬁce
(A) while varying the deposition spesd of alumi-
num&omaﬁrstdeposmonramtoaswonddeposx
tion rate, wherein the second deposition rate is
sufficiently higher than the first deposition rate to
‘maximize layer formation and form a flat and high
quality film at enhanced deposition speeds.
27. Apmc&ssforpreparmgasmconductotdevwe.
whick comprises: '
mgngmaspaccforformanonofadeposmdﬁhn
uemconductorsubstratehavxnganmsnlanngﬁlm
with an opening provided on a main surface
@ introducing a gas of an alkyl aluminum hydride into

said spacs;
maintaining the tempa'atnre of said semiconductor . .
substrate within the range of from the decompos:.t:.on
temperature of said alkyl sluminum hydride ta' 450"
C.; and
depositing a metal composed mainly of aluminum
selectively in said opening. while varying the de-
position rate from a first deposition rate to a
- second depasition rate, wherein the second deposi-
tion rate is suffi cxently higher than the first deposi-
_ tion rate to maximize layer formation and form a
flat and high quality film at enhanced deposition

28. A process for preparing a semiconductor device,
which compnsa

arranging in a space for formation of a deposited film

a semiconductor substrate having an insulating film.



filmseectively on said dect donative rfae (A while varying the |
dep05|t|0n speed of - nmfo a fr deposition rat to a second deosi -

ton rte, wherein the second depoitan rate is suffiiently %h&ﬂ,‘
the rst d sio eto mMAZi n | ayer fomation andformafﬂgém EET
q filmat enhanced deposition speed - 27. A process f ng_a
m conduct or -device, whi-eh—eonpri se =ani nSny aRﬁﬂfA@EME@T §I-fEETm

of a deposited uctor subst. having a
with au openg " @iﬂ“ﬂ"" ﬂﬂl sUrfc . thereof; | |rodu0| n%a gpsj of
an al kyl al ui n sai d spa 8g - M| . of

O

n

-

sai d semn conducr substrate within the rangg' gf from{ihe¢ decorrp05| tio
tenperature of said aikyl dlum num hydride to' 4S0' C.; ad
depositing a metal conposed mainly of alum num sélectively ln saldl

™ " acona deposi i ot a” GRehin %#ﬁ%ﬁ&%%fw dlease] {1 on ate, 0
sufficiently bigher. th,a:}hf'?flrst d?pOSI tlolr'}w;t to X|m' . layer

formation and forma MroqUCiRg 8,8asQ fed deposition
speeds- 28. A processﬂ’cﬁcm oammdma@nor devi ce, which

conpri ses: arr angi ngaintaining tﬁmtafoﬁldfmmlpéd filim
a sem conduct or submdwmighan ktheukangegofi Exom the decomposition

- 128 - ' Mtemperature of said alkyl aluminum hyidriderto 4502ni ng provi ded
on a main surface C.; and t her eof ; _
Introducing a gas of | gegisltitlg # mithlWithpystd ﬂmy%rilummmmd
Q ' containing silicon selectively in said opening while
: varying the deposition rate from a first aeposi-
' tion rate to a second depasition rate, wherein the
second deposition rate is sufficiently higher than
the first deposition rate to maximize layer forma-
tion and form a flat and high quality film at en-
hanced deposition speeds.
2. Theproceswcordmgtaclumsl.i.n.ﬁ.n
22, 23, 24, 25, 26, 27 or 28, wherein the temperature is
. maintained within the range of from 200° C. to 450° C.
30. The process according to claim 29, wherein the

temperature is maintained within the range of from 200°

Cwd40°C. - .

- - 31..The process according to claim 23, wherein the
substrate further comprises an electron non-donative
surface, said deposited metal being selectively deposited
on the electron donative surface.

32. The process according to claim 23 further com-
prising the step of introducing hydrogen gas into the
space for formation of the deposited film.

'33. The process according to claim 23, 31 or 32,
wherein the electron donative surface is comprised of a
semiconductor or a conductor.

- 34. The process according to claim 31, wherein the
electron non-donative surface comprises an insulator.

3S. The process according to claim 23 or 31, wherein

~ the decomposition temperature is 160° C
36. The process according to claim 23 or 31, wherein
at least one of the pressure and the temperature of the
- alkyl aluminum hydride gas being introduced during’
the time of the second deposition rate is higher than itis -
during the time of the first deposition rate.




Ps cantaining silicon into said spsce; - m antai ng the -

t enper at yre. of sai d semni conduct or ' substrate within the
range ‘of. fromthe deconpdsition S _ tenp t TSSHEET
al kyl &l um num hydri de to 45" : C andﬁé‘g“'&&méN

depoitng a netal conposed mainly of alum um and
containing silicou.sdectively in said opening while
varying the deposition rate froma first depos{-

tion rate toa seconddeposition rate, wherein the

second deposi t;i ' ffdeciently higher thdng,g pymia |
the fint deposl:]ﬂﬂ’HlI‘lH'ﬁ”Ea"M”m | ayer. form REPLACEMENT S{EE '
don and fan a c i lity fiT 128t~ ec-| .

hanced deposition speeds. 3. ZT0MAR 99985s afcordi ng
toclains 1, 6, 11, 16, 1 : 2% 23, 24, A 226, F 7{.or 28,
*hw the tnpertu 1is ' mai nt &i Ne | apge of ton
200" Cto 450 C L 30. The process according fo caim
29, wherein the : . =ture is maintained wmthin the
range offrom 200 ' G to 4004. C . *
The proces accor di.ndTt o c PEPeess for fpreniagt depgsited film compas- Substrate
further conpri ssaring the steps 9fon- donat i ve : snrface said

deposi ted metl bei néa)spriovidinget subserase bavingaa electran danative on the
el ectron donative surfurfsee I a space for fos@atidhofthecdspositedor di ng to

cl ai nrom film, prisingthe step of introducing hydrogen gas

i nt g~t he : ; OfIk%t Rsnin deigeosi ted fim.
33.®ne process accgzp lgg%:‘dggﬁ aﬂg;%:g{n?&nﬁjﬁfé ﬁm“l? and :
wherein the el ectrok@ AR | e SF Biids 3

sen conductor or a ?ﬂm‘s e At . process
accordi ng to clai m 318V vﬂﬁenthemseoffronthe B¥Ct ron

non- donat i ve surface SUeDtemperasmre of said aiky! aluminum hkydride 35. The
procens according to to #56" 2G. o farmvacmetal deposit composed t he

deconposi t o t nper at urmairdy WiQiluginum on said electron donative &f- The process

according to claim23asge ‘Gﬁﬂe\dﬁgﬁm deposition speed of slumist one of the
Ergssgre andbt he t_enPﬁhgqtigfg f deposition rate of less ﬁ,me;mylt ~al umf n;Jhm :
ri de gas being in & e eint ime o e
sgcond dgposi ti og I’atéQIE m;hl %ndmonmdmmwmf during the
tinme of the first dggﬁgn oh rat.e. ording to clai 37, wherein the
- substrate further comprises an electron. non-donative
on the electron donative susface.
- 39. The process according to claim 37 further com-
prising the step of introducing hydrogen gss into the
space for formation of the deposited film.
40. The process according to claim 37, 38 or 39,
wherein the electron donative surface is comprised of a
. semiconductor or & conductor.
- 41. The process sccording to claim 38, wherein the
clectron non-donative surface comprises an insulator.
42. The process according to claim 37 or 38, wherein
the decomposition temperature is 160° C. :
43. The process according to claim 37 or 38, wherein
at least one of the pressure and the temperature of the
alkyl alominum hydride gas being introduced during
. the time of the second deposition rate is higher than it is -
during the time of the first deposition rate.




‘deposi tion spegiMYcoNDUETOR DEVICE

-129- . . ' 37. A process for fornlng a deposited film -
con‘prl S ing the steps of: (a)

pr-ovi di ng 1 subst rate having au el ectron donaive : _
surfac*in a space for formation of the deposited REPLACEMENT SHEET
film (b) introducinmg a gaS of so al kyl al um num

hydri de _ into said space for formati on of deposited
f11-m and e (c) nmi nta_i%)n_g the eare ofsaid electrn
dona- _ tie surface thin the rage of frmthe deconpo-
sti.on anp of said al kyl alum num hydride to 450 C

to forma netalpeiRnaid FONPPBRMING DEPOSITED FILM,BY '%nﬂ“'é(roh.i m num on

sai d el ectron INGH SUHYDRIDE  AND  pRocEss ! 2F8r'M bReEpARYNIY he

deposition rate of I than 1Q0 _ Alm. to a second
deposn rae of nore than 0.1 ™ - 3. Th pca gs according to
claim 7, wher aABSTRACT subsrate fiurh conpaise an :
el ectron non-donati ve : surfcev said netal, deposit being
sel ecti vel deposted an the el ectron donative surface.

39. The process accéﬂdifngmﬁ-!;gcaadWQQJ-tedHétlmmpased mainly of pdg the
step of itroducng hydrogen gs ito the space for fbrmazion
of he deposite@°FPrRing to "the CVD methodoutihizingcaas =fomdkyd to

claim37, 38 or139 wherein the electro dozative surfice
i s conprised ofl§minum hydride, hydrogsaqueesr omnd cadfdudesired,

norfedonat tve SARFERES: dtha Pefalhthizy M Stins,  £11n formation 438 Thg |
process accor deQrEQdCLQE”iig@%{féfngWé cieposition Egterﬁgo&, chgg

deconposti tenperature Is

.according to Ch@bﬁ]ﬁzlgﬁ. %g.te""%%r & Bigh deposition gt least one of the
y

prepure and the aFUn1nun1hydr|de gas

bei ng i ntroduced durlng - the time of the second-deposition
rate is higher than it is : during the tinme of the first.
deoition rate. According to this method, excellent selectivity

is exhibited and also a film excellent in flaﬁness can

be deposited at a high deposition rate.

FIGURE 3 _ REPLACEMENT SHEET

20 MAR 1998




AEPLACEMENT SHEET

Tonwnwm || WM

the second depositicn rate is sufficiently higher
than the first deposition rate to maximize layer
formation and form a flat and high quality film at
enhanced deposition speeds.
17. The process according to claim 16, wherein said
alkyl aluminum hydride is dimethy! aluminum hydride.
~ 18. The process according to claim 16, wherein said
alky! aluminum hydride is monomethy! aluminum hy-
dride.

19. The process according to claim 16, wherein the
deposition speed of aluminum is varied by setting the
temperature of the electron donative surface (A) low at
the initial stage and then increasing the temperature to a
high temperature.

- 20. The process according to claim 16, wherein the
deposition speed of aluminum is varied by varying the
partial pressure of the alkyl aluminum hydride.

21. A process for preparing a semiconductor device,
which comprises: '

arranging in a space for formation of a deposited film

~ & semiconductor substrate having an insulating fiim
with an opening provided on a main surface
thereof; _ .

introducing a gas of an alky! aluminum hydride into
said spacs; : ' '

maintaining the temperature of said semiconductor
substrate within the range from the decomposition
femperature of said alky! aluminum hydride to 450°
C.; and

depositing a metal composed mainly of aluminum
selectively in said opening while varying the de-

deposition .. rate from a first deposition rate to a

second deposition rate, wherein the first deposition
rate is sufficiently lower than the second deposition
rate to form an initial film having enhanced surface
flatness with inhibited surface migration and
wherein the second deposition rate is sufficiently
higher than the first deposition rate to maximize
layer formation and form a flat and high quality
film at enhanced deposition speeds.
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