VWhat we fcTarmTs. T A prokess for .forfing a deposited film
conpri siiny REPLACED: BHERTEDSs OSG a) providing a substr

havi'ng & | ectron don t|v surfacé (A) in a spaeeofPo3f tion
of the d @gs""pﬂ(’" pageqa (o t@cPaf’T’q "~ (b) introducing a gas of the
an al kyl{EaCl@mEum: ppoed .7, to paged dr-i-dp and hydrogen gas into said space for
forma- | Drawing(s) :tpaged OF..depaged £0..f) | m- and (C) HOW| Ft; \Ni Ng
the te of, t dona} ' tive surface i thin
the ran ;ﬂg‘%&l{ar@tom t"ﬁgé“g% pagey =20 conposi tion tenperature of said al kyl
al um num hydride to 450[err]C. to forman al um numfilm on

sai d el ectroh donative PROCESS @QR FORMING DEPQ§ITEW9F§LUCB§3U§Ecording to
claim1l1, wherein said al k al umi num hydride is dinmethyl alum num
hydri de. 3. The p@¥c &c@&ﬂ%ﬁﬂ?ﬂnﬁ&gﬁéﬂﬁ 1, wherein said

al kyl al um num hydride i s nmononet hyl al um num hy- dri de.

4. The process according to claim 1, wherein said ' substrate is

formed of a materi C 0 - : crystalline silicon,

pol ycrystalli neg ?ad INVERTTO hous..si l.i.con. 5. The
process acco dlggéag alg , rein said .. Substrate is alll-V
conpound se LI LN %%t oh I ng. an el enent- bel onging to the

~group II'l of the peri- opig &n it l&p@eqaq@% o %I §$BEESQGE899' ng to the

~group V of the perio he pracess according

to claiml, wheggrhitg @ deposited FlmAl %d:&i%ulhr‘ikr QOPPBHQQS for
sem conductor cont ai n- I ng an el enment bel onging to the group Il of

the periodic tagbeming ah Alc@positied Filg whiche cahobe prefbrhbey
periodic table. 7. The process according to claim11, wherein said
substrate is a appaliedonbalellecg::@tdelsem‘t wirdngl efeat seniconductobect ed from

tungsten, nol ybdenum tantalum alum - num- ‘tit-ani um and copper.
10 integrated circuit device, et_c.

Related backgr ound art

In the prior art; in electronic dev:ces or
integrated circuits by use of semiconductors, for
electrodes and wiring, aluminum (Al) has been

15 Pprimarily used. Al has many advantages such that it
| is inexpensive and high in electroconductivity, that
it can be also internally chemicaily protected because
a dense oxidized film can be formed-on'the surface,
and that it has good adhesion to Si, etc.
20 As the method for forming Al film for
| electrodes and wiring of Al or Al alioy as mentioned
above, there has been.used in. the prior art the
sputtering method such as magnetron sputtering, etc.
However, since the sputtering is generally the
‘p5 - bhysical deposition.method based on flying of

-sp'uttered particles in vacuum, the film thickness at

- . This Sheet Has Been Repl
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8. The process according to claim1, wherein said substrate is a
metal. 9. The process according to claim'l, "wherein said s
substrate is a sem conductor. 10. The process according to claim
1, wherern said substrate is silicide. 11. The process
according to claim1, wherein said alumnumfilmis nmonocrystalline.
12. A process for formng a deposited film conprising the steps of:
- 2- - (a) providing a substrate having electron donative .
surface (A) and an el ectron non-donative s ace (B) in a space for
formati on of the deposited film - (b) introducing a gas of an al kyl

al um num hydri de and hydrogen gas into said space for fornmation of
the deposited fidHy fAupped (For B G NLHY idi AR Fiinf gqfdewahel ectron
dona- tive surface (A) wthin the range of fromthe de

conposi tion t emMu¥cHnés ditrendlpl tyin Al 188dIHE to wird) Wricdking 430[0y ] C.
to forman alum numfilm sel ec- tively on said electron donative
surface (A). ik rehite qasw.es Nomaol #6ri 6w of & iIml Zhivktess) craiwd real kyl
al um num hydride is dinmethyl alum num hydri de. 14. The process according
to claim 12, whirsaking hasaltheé drtawbackn thedr ixed debiddigretthiSIalisr num
hy- dride. 15. The .process according to claim 12, wherein said

el ectron don@at i markedlycdqwered. fornmed of a material selected from
monocrystal line silicon, polycrystalline silicon_and anorphous silicon,
and said el ectron non- QRridie ther thand( ince thedateorationsul ating:

mat eri al . 16._  The process accordin o claim12, wherein said electron
donati ve surfac&99kes O% (ﬁﬁ"rfeg%e%'qngé PTG F, SUGh, 88n & Sdan®tGrdd&t or

containing an ew%g¥gésed, and fine formation of wiring or multi—léyer

wiring has been particularly required in recent yéars,

10 theré is an increasing severe demand not found up to
date for Al wiring of the prior art. With finer
dimenéional.formaticnvbylincreased integration degree,
the surface of LSI, etc. is subject to excessive
unevenness due to oxidation, diffusion, thin film

15 deposition, and etéhiﬁg,_etc,x For_example, electrodes
or wiring metal must be deposited on the surface with
a stepped difference, or deposited in a via-hole which
is fine in diameter and deep. In 4 Mbit or 16 Mbit
DRAM (dynamic RAM), etc., the aspect ratio (via-hole

o9 depth/via-hole diameter) of via-hole in which a metal
composed mainly of Al éuch as Al, Al-Si, etc. is to be
depdsited is 1.0 or more, and the via-hole diameter
jitself also becomes 1 um or less. Tﬁerefore, even for
a via-hole with large aspéct rétib, the technique

25' which can deposit a metal is required.

Particularly, for performing sure electrical



bel onging to the group Il of the periodic table and an - el enent bel ongi ng
to the group V of the periodic tahle, and said.electrgon non-donative
surface (B) is formed of an insulating nmaterial. 17. The process
according to claim 12, wherein said electron donative surface (A) is forned

L N

of & 11-VI group conpound sem conductor containing an el enent bel onging to
the group Il of the periodic table and an el enent bel onging to the group Vi
of the periodic table, and said el ectron non-donative surface (B) is forned
of an insulating material. 18. The process .according to claim 12, wherein
said el ectron donative surface (A) is forned of a netal con- taining at

| east one el enent selected fromtungsten, nolybdenum tantalum alum num
titanium and cop- per, and said el ectron non-donative surface (B) is forned
of an insul ai i ngommieetiion to the BHeviveaarieradeaudiantdnpo fdllai suth, asher ein
said el ectron donative surface (A) is formed of a netal and said
el ectron non- dosaﬂiz\;eetcr. Acather ithdromide dormatiopyl Adi dg megudirad.

20. The process according to claim 12, wherein said electron donative
surface (A is ftor bed deposited @on-asi ke emhedi ondivd theeydpchodenofonat i ve
surface (B) is formed of an insulating material. 21. The praocess
according to cl &h@ gevigeer eiln sMch Cassr ¢h nedhed of deppadsipm Als forned

of silicide and said electron non- donau\masur ace %BL i forngd of an
i nsul ati ng ﬁhtePP&W on Si or metal surface an not oS ting it on

an insulating £film such as 3102, etc is required
Such selective deposition or selective growth
cannot be realized by the sputtering method which has
been used in the prior art. Since the sputtering
10 method is a physxcal deposition method based on flying
of the particles sputtered from the target in vecuum,
the film thickness at the stepped portion or the
insulating film side wall becomes extremely thin,
leading even to ere breaking in an extreme case.
15 And, nonuniformity of the film thickness and w1re
breaking will markedly lower reliability of LSI.
As the improved sputtering method, there has
been developed the bias sputtering'method in which a
bias is applied on a substrate and depoaition is
20 performed so as to embed Al or antAl'alloy only in the
via-hole by utilizing the sputterdetching action and
the deposition action on the substrate-surface.
However, since the bias voltage of'someIIOOIV_or
higher is applied on the substrate,'deleterious
o5 influence on the device occurs.because'of:charged

particle damaging such as change in threshold of MOS-
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FET, etc. Al so,

deposition acti

LEL T -4-
because of presence of both etching action and
on, there is the problem t hat the deposition speed

cannot be essentially | mpr oved.

FET, etc. Also, because of presence of both etching
action and deposition action, there is'the problem

that the deposition.speed cannqt be essentially

- improved.

10

In order to solve the problems.as”desdribéd
above, various types of CVD (Chemical Vepor
Deposition) methods have been proposed. In these
methods, chemical reaction of the Stértiﬂg gas in some
form is utilized. In plasma CVD or optical CVD,
decomposition of the starting gas occurs in gas phase,
and the active species formed there further reacts on
the substrate to giﬁé"rise'to film formation. 'In

these CVD methods, due to the reaction in gas phase,

- surface coverage on unevenness on the substrate

15

20

25

surface is good: However, carbon atoms contained in
the starting gas molecule are ihcorporated into the
film. Also, pérticﬁlafiy in'plaéma CVD, the problem
remained that there was damage by charged particles
(so called plasma damage) as in.the caée of the
sputtering method.

The thermal CVD method in which the film
grows through the surface react1qn.primarily on the
substrate surface, is good in surfacé'cherage on
unevenness such as stepped'portion of the surface,”
etc. Also, if can be expected that deposition within

via-hole will readi;v occur. Further, wire breaking

1



5 In order to solve the problens as descri bed above, various
types of CVD (Chem cal Vapor Deposi tion) nethods have been proposed.
In these. met hods, chemical reaction of the starting gas in sone
formis utilized. |In plasma CVD or optical CVvD, 10 deconposition of the
starting gas occurs in gas phase, and the :active species fornmed there
further reacts on - the substrate to give rise to filmformation. In

t hese CVD net hods, due to the reactlon i n.gas phase, surface coverage
on unevenness on the substrate surfacg I s good. However, carbon atons
contained in t he starting gas nol ecul e are incorporated into the

film Also, particularly in plasma CVD, the problem remai ned t hat

there was dqnaggtb%Pg e&aﬁﬁffiﬁﬁ can b&Sa&v&faLgd pl asma danmge) as in

the case of th sputtering met The thermal CVD
method, in which the fipgp suchgi'éﬂﬁohgrOHthhéeféishﬁé@ﬂmr!@é\ﬂie@rbf’rl marily

on the substrate surface, is good in surface coverage on
unevenness suchaBsgsimppelepehétrnal oEvbhaeshodohas béén e¥aridhsby it can be
expected that deposition within via-hole will readily aoccur. Further,

mnre breaklng studied. As the formation method of Al film according
5 to general thermal CVD, there is used a method of
transporting an organic aluminum dispersed dn carrier
gas to a heated substrate ahd pﬁrolvzinﬁ tﬁe'gas
‘molecules on the substrate to form a film. For
example, in an ekample'eeenfin'Jodrnai of
10 Electrochemical Society, Vol. 131, p. 2175 (1984), by
 use of triisobutyl aluminum (i;C;HQ)Shl'(TIBA) as
organic aluminum gee, £ilm formation is effected at a
film formation temperatuie-ef 260 °C and a reaction
tube pressure of 0.5 torr to form & film of 3.4
15 wohm-.cm. s |
Japaneee.Leidfoben Patent Application No. 63-
33569 describes a method of forﬁing a film by using no

TiCl but ueing in place thereof organic aluminum

4’
such as TIBA and heating it in the vicinity of the
20 substfete.' According to fhis method, Al cen be
deposited selectively only on the metal er'
semiconductor surface from which the naturelly
oxidized film has been removed.
s In this case, it is clearly stated that the
95 Step of remeving the naturally oxidized film on the

substrate surface is necessary before introduction of



-5-- - 1 at+the stepped portion can be avoi ded. For such
reasons, as the formation nethod of Al film the thermal CVD nmethod has
been: variously studied. As the fornmation nethod of- Al ‘filmaccording 5
to general thermal CVD, there is used a nethod of transporting an
organi ¢ al um num di spersed in carrier gas to a heated substrate and
pyrol yzi ng the gas nol ecul es on the substrate to forma film For
exanple, in an exanple seen in Journal of~ 80" Electrochenical Society,

Vol . 131, p. 2175 (1984), by use of triisobutyl alumnum/[err]

(TIBA) as organic alum numagas, filmformation is effected at a
filmformatiogn t er at

(41 ot gn CRTET 2L O 250, | U000 Ao dll rren (P 85550V
used alone, no carrier gas is required to be used, but
Ar gas may be alsoc used as the”cér:ier gas. However,
the reaction of TIBA with another gas_(e,g. H,) is not

5 contemplated at a;l, and there_;é{nq_desgr;ption of
use of Hz as the carrier gas. Also,_i@_add%tion to
TIBA, trimethyl aluminum.(TMA) qu[triethyl aluminum
(TEA) are mentioned, but there is no specific
description of other organic metals. This is because,

10 since the chemical properties of_o:génic metals
generally vary greatly. if. the organic substituent
attached to. the metal element varies_litﬁleb.it is
necessary to investigate indiyidual;y by_detailed
experimentation to determine what organic metal should

15 be used. ._

In the CVD method as described above, not only
there is an inconvenience thaf the naturally oxidized
film must be removeg, but.also there is the drawback
that no surface smoothness can bé obtained. Also,

20 there is the restriction fhatiheating of the gas is
necessary, and yét heating must be done in the |
vicinitf of the substrate. BeSides{uit'must also be
expefimentally defermined at what_po#imity to the
substrate heating must be done, whereby there-is a;so

25 the problem that the place fbf-setting the heater

cannot be necessarily freely chosen.



Japanese Lai d-open Pat ent Application No. 63- 33569 descri bes a net hod

of formng a filmby using no [err] but using in- place thereof--organic
al um num such as TIBA and heating it in the vicinity of the 20
substrate. According to this method, Al can be deposited sel ectively
only on the netal or sem conductor surface fromwhich the naturally
oxi di zed fil mhas been renoved. In this case, it is clearly

stated that the 25 step of renoving the naturally oxidized filmon the
substrate surface is necessary before i nTréducti on of

- 6- 1 TIBA. Also, it is described that, since TIBA can be used
al one, no carrier gas is required to be used but Ar gas may be al so
used as the carrier gas of Tl BA th another

gas (e.g. Hlerr]) is not® Bﬁe Bﬁ?eﬁﬁ*ﬁt@g ggga?tlo PR @

description of gy ctrochemical Society, Branch of Japan (July 7,

1989), on page 75, there is a_description of film
formation of Al according to the double wall CVD
5 method. In this method, TIBA is used and the device
is designed so that the gas temperature of TBA can be
made higher than the substrate temperature. This
method may be also regarded as a modification of the
above-mentioned Japanese Laid~open.§atent Application
10 No. 63-33569. Also in this method, Al can be
selectively grown only on a metal or semiconductor,
but not only the difference between the gas “
temperature and. the substrate surface temperature can
be controlled with difficulty, but also there is the
15 drawback that the bomb and the pipeline must be
heated. Moreover, according to this method, there are
involved such problems that no uniform continuous film
can be formed, that flatness of:the £film is poor, that
selectivity of Al selective growth cannot be
20- maintained for so long time, etc.., unless the film is'
made thick to some extent. |
As described above, prior art methods cannot
necessarily effect well selectite growth of Al, and
even if possible, there is a problem with respect to

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

formed. Also, there has been inVolved_the problem



use of Herr] as the carrier gas. Also, in addition to Tl BA,
trimethyl alum num (TMA) and triethyl alum num (TEA) are nentioned,
but there is no specific description of other organic metals. This is
because, 10 since the chemi cal properties of organic netals

general ly vary greatly if the organic substituent attached to the
metal elenent varies |little, it is necessary to investigate

i ndividual ly by detailed experinmentation to determ ne what organic
netal should 15 be used. In the QVD nethod as descri bed
above, not only there is an inconveni&nee that the naturally oxidized
filmmust be renoved, but also there is the drawback - that no surface
snoot hness can be obt ai ned. Also, 20 there is the restriction that
heating of the gas is necessary and yet heating nmust be done in the
vicinity of 1t heﬂiﬁlbsth%téilmB’é@rﬂ%ﬁ optmethed gl complicated mnd manal | y
determ ned at what poxinmty_ to substrate heating nust be done,
wher eby there |§§eﬁ%&ﬁr%%leﬁhﬁibhd%#%ﬁ*?%%ﬁYthe place for setting the

heat er cannot be necessarlly freely chosen.

SUMMARY OF THE INVENTION

5 As described above, in the technical field of
semiconductors in which higher integration has been
desired in recent years, for providing inenpensively a
semiconductor device which is more highly integrsted
and also made higher in performances, there remained

10 many rooms to be improved.

The present invention has been accomplished in
view of the technicsl tasks as described above, and an
object of the present invention is to prcv1de a
process for forming a deposited'fiim which can form an

15 Al film (hereinafter referring comprehensivelv'to pure
Al and a metal composed msinly of Al) of good quality
as the electroconductive materisl at a desired
position with good controllability.

Another object of the present invention is to

20 provide a process for forming a deposited film which
can obtain an Al film which has-entremely_brosd
general purpose utility and yet is.of good quality,
without requiring particulsrlv_no conplicated and
expensive deposited film formingtderice.

25 Still another object of the present invention

is to provide a process for forming_s deposited film



-7- In the pre-text of the 2nd Synposi um of

El ectrochem cal Society, Branch of Japan (July 7, . 1989), on page 75,
there is a description of film formation of Al according to the double
wal - CvD. 5 nmethod. In this nethod, TIBA is used and the device S
designed so that the gas tenperature of TBA can be made hi gher than
the substrate tenperature. This nmet hod may be al so regarded as a

nodi fication of the above- ment i oned Jgpanese Lai d-open Patent
Application 10 No. 63-33569. Also in thi%s nethod, Al can be

selectively grown only on a netal or sem conductor, but not only the
di fference between the gas tenperature and the substrate surface
tenperature can cqnt.rol |l ed, i fflGul by, sbuts..al there is the
15 dr awbackl-thé'thitcﬁe%%é’rrb%a’{lmd %%lpiffo%"?rlée’édﬁe&lsite%e i Tsu%ﬁ%gte ed. Moreover,

according to thig RiAAd.; SIS € fidetrical characteristics, purity,

etc. according to the CVD method utilizing alkyl
aluminum hydride and hydrogen.

5 Still another object of the present invenion
is to provide a pro&éss for fofming_g'depogited film
of an Ai £film whiqh.is extréme;y brqédrin-gene%al
purpose utility and excelient.in selectiQitv, wifhout
requiring particularly a complicated and expensive

10 deposited film forming device.

still another.object of the present invention
is to provide'é'bfééééé for.fbrming-a depositéd £ilm
which can form_an Alifilm uﬁdér gpod gele&tivity
according to the CVD géthod ﬁtilizing-alkYI aluminum

15 hydride and hydrogen.

BRIEF DESCRIPTION OF THElDRAWiNGS

Fig. 1 is a schematic vieﬁ_for illustration of

a suitable deposited film forming device in practicing
20 the déposited film forming prqcesslgccpgding to the
process of thé present invention.

Fig. 2 is a schematic view'for illustration of
anofﬁé; suitable deposited fiiﬁ'forming device in
practicing the'deposited film fofming process

o5 @ccording to the present invention.

Figs. 3A - 3E are schematic sectional views for



I nvol ved such problens that no uniform continuous film can be forned,

that flatness of the filmis poor, that selectivity of ‘Al selective
growt h cannot be 20 naintained for so long tinme, etc., unless the filmis
made thick to sonme extent. As descri bed above, prior art

met hods cannot necessarily effect well selective growth of A, and

even if possible, there is a problemwth respect to 25 flatness,
resistance, purity, etc. of the Al film= 10 fornmed. Al so, there has been

i nvol ved the problem ‘ - 8- I
that the filmformation method is conplicated and can be controlled
with difficulty. SUMVARY OF THE | NVE Igw

1 illustration of the deposited film forming process

according to one embodiment of the present invention.
Figf 4 is a-chart showing the X-ray _‘
diffraction pattern of the Si (1;1)'substrate having
5 the Al film obtained according to the deposited film
forming process of the present“invention; '
Figs. 5A and 5B are charts showing the X-ray
diffractibn pattern of the A1~fi1m on the Si (111)
substrate obtainé@_according to the deposited film
10 forming process of the present invention.

Fig. 6 is a chart showing_the_xfray
diffraction pattern on the $i..(100) substrate having
the Al film obtained:according to the deposited film
forming processhof the present invgntion.

15 Fig,WT.is.a,schématic_#iew for illustration of
the scanning u-~-RHEED method; |
Fig. 8 is a schematic view for illustration of
the écanning u—RHEED method. :
Fig. 9 is a chart showing another example of
o9 the X-ray diffraction pattern of the substrate having
the Al film obtained according to the selective
deposited film forming process of the present
invention. |
s Figs. 10A - 10C are.échématic views showing an
o5 example of the scanning secondary electron image and

the scanning u-RHEED image.of'the substrate haﬁing the



5 _As described above, in the technical field of

sem conductors in which higher integration has been desired in recent
years, for providing inexpensively a seni.conduct or device which is
nore highly integrated and al so nmade hi gher in performances, there
remai ned 10 nany roons to be i nproved. o The present invention
has been acconplished in view of the technical tasks as described
above, and an object of the present~ifwention is to provide a

process for formng a deposited filmwhich can forman 15 A film .
(hereinafter referring conprehensively to pure Al and a netal conposed
mainly of Al) of good quality as the el ectroconductive material at a

desired 1 PQsl tfoIm vobtaimed sccordingbtoithe selective depositedr
obj ect of the present inventionis to 20 provide a process for formng a
deposi ted fi| mfdlmhforming aprotess nofinthe PT$$ﬁﬂﬁninV¢R$#QRirenely br oad

general purpose utility and yet is of good quality W t hout requiring
particularly no conpli ddigd dhdis & Cbﬂbén%h@‘é’-%p%%‘?‘fw fe%XeRRR Rhg
device. 25 Still another object - of the present invention S

to provide a presest-ray diffragtioncpetresy ¢ the substrate having
5. the Al film obtained by the selective deposited film

forming process of the present invention o

Figs 12A - 12C are schematic views of another -
example of the scanning secondary electron 1mage and
the scanning u—RHEED image of the substrate having the

10 Al film obtained according to the selective deposited

film forming process of the present invention

Figs. 13A - 13D are illustrations for )
explaining‘the mechanism of Al_deposition according to
the present inyention. o |

15
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments according to the present
invention are described in detail below, but the
present invention is not limited b& these embodiments,

20 and it may have a constitution wnich.accomplishes the
object of the present invention.

One preferred embodiment of the present
invention is a process for forming a deposited film
comprising the steps of:

25 | {a) providing a substrate having an electron

donative surface (A) in a space'for formation



-9- which can forman Al filmexcellent in surface

characteristic, electrical characteristics, purity, etc. according to
the CVD nethod utilizing al kyl al um num hydride and hydrogen. 5

Still another object of the present invenion is to provide a process
for formng a deposited film of an Al filmwhich is extrenely broad in
gener al purpose utility and excellent in selectivity, w thout
requiring particularly a conplicated and expensive 10 deposited film
form ng devi ce. Still another object of the present invention
is to provide a process for formng a deposized film whi ch can form an
Al fil munder good selectivity according to the CVD nethod utili zing
al kyl al um num 15 hydride and hydrogen.

1. of the deposited film;

(b) introducing a gas of an alkyl aluminum
hydride and hydrogen gas into the space for formation
of the deposited film; and

5 , (c) maintaining the temperature of the
electron donative surface (a) within the range of from
‘the decomposition temperature of the alkyl aluminum
hydride to 450 C to form an aluminum film on the
electron donative surface (A) '

10 Further, another preferred embodiment of the
present invention is a process for forming a dep051ted
film comprising the steps of:

(a) providing a substrate having an electron
donative surface (A) and a electron.non-donative

15 surface (B) in a space for formation of the deposited
film: ..“_ :

(b) introducing.a gas of an alkyl aluminum .
hydride and hydrogen gas into the space for formation
of the deposited film; and

(c) maintaining the temperature of the

20
electron donative surface (A) within the range of from
the decomposition temperature of the aikyllaluminum
hydride to 450 °C to form an aluminum film.selectively
on the electron donative surface (A).

'25 : In the following, pridr_to detailed

description, first, the process for forming a



BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a schematic view
for illustration of a suitable deposited filmform ng device in
practicing 20 the deposited filmformng process according to the
process of the present invention. : Fig. 2 is a schematic view
for illustration of anot her suitabl e deposited filmformng device in
practicing the deposited filmformng process 25 according to the present
i nventi on. Figs. 3A - 3E are schematic sectional views for

- 10 - 1 illustration of the depositediBitm form ng process

according to one enbodi nent of the present invention. Fig. 4
Is a-chart showi ng the X-ray diffraction pattern of the Si (111)
substrate having 5 the A filmobtained according to the deposited film

1 deposited film by use of an organic metal is outlined.
The decomposition reaction of an organic
metal, and hence the thin film deposition reaction
will vary greatly depending on'the'kind of ‘the metal
5 atom, the kind of the alkyl-bdnded-to'the metal atom,
the means of causing the decoﬁpdgition re3c§ion to
occur, the atmospheric gas, etc.

For example, in'thefCase”ﬁf-Mhﬁé (M: the group

: CHs
10 v
CHs-6Ga
in thermal decomposition undergoes radical cleavage
wherein Ga—CH, bond is cleaved, while triethyl
gallium: ' Calls -
| C2Hs-6a ] .
15 . Cals
in thermal decomposition is decomposed through S8-
elimination into: _ i |
' - Calls
Csz—Ga<'H
20 ) |
“and 02H4. On the other hand, triethyl aluminum
attached ﬁith the same ethyl group:
| Czﬂs
~
C2ls-AL
28s \czﬂs

L3

25 ‘in thermal decomposition:undergoes radical



form ng process of the present invention. Figs. 5A and 5B are

charts showi ng the X-ray diffraction pattern of the Al filmon the S
(111) * substrate obtained according to the deposited film 10 form ng
process of the present invention. Fig. 6 is a chart show ng

the X-ray diffraction pattern on the Si (100) substrate having

the Al film obtained according to the depoilted film form ng process

of the present invention. 15 Fig: 47-is a schematic view for
illustration of t he scanning [err]-RHEED net hod. Fig. 8is
a schematic view for illustration of t he scanning [err]-RHEED net hod. -

Fig. 9is a cha&é ?ate gaogge&hgéﬁnﬁhe oﬁ ?%1%g§% ay diffraction

pattern of the Sub av n d according to the

sel ective ﬁsae%i»eér&thbf-eﬁmgaﬁﬁﬂﬁﬁaﬁ ﬁéﬁg{? Pé eﬁenﬁo?'ded

i nventi on. 10C are sc vdedhs Show ng an 25
exanpl e of the tRep8inAg secondary el ectron i nage and t he scanni ng
[err]-RHEED i nage of the substrate having thec. Hse '
iCuHo- A£<_
o T iCale
5

is subject to S8-elimination.
Trimethyl aluminum (TMA) comp:ising CH3 groups

and Al has a dimer structure at room tempefature:

_ CHs. .. _CHs~ '~ - _CH
10 VN Y Tt
Cs — ~CHs — TScCH,

and thermal decomposifion ie“#adicel decoﬁpositioh in
which Al-CH3 group is cleeeed; end at a temperature of
150 °¢ or lower, it reacts with'atﬁospheric Hz to form
15 CH4, and forms finally Al
However, at a high temperature of 300 C or
‘higher, even if HZ may be present in the atmosphere,
cns group will withdraw H from the TMA molecule, until
finally Al-C compound is formed. -
00 Also, in the case of TMA, in light or a
certain region controlled in electric power in H

2

atmosphere high frequency (ca. 13.56 MHz) plasma, C.H

276

will be formed by the bridging CH3 between two Al's
s In essence, since even an organic metal
25 compris;ng CH3 group which the simplest alkyl group,

CZHslgroup or 10439 group and Al or Ga has a reaction



Al fil mobtained according to the sel ective deposited filmformng

process of the present invention. Fig. 11 is a chart show ng
anot her exanpl e of the X-ray diffraction pattern of the substrate
having 5 the Al filmobtained by the selective deposited film

form ng process of the present invention. s Figs. 12A - 12C are
schematic views of anot her exanpl e of the scanni ng secondary el ectron
i mge and t he scanning [err]-RHEED imgge-of the substrate having the
10 Al filmobtained according to the selective deposited filmformng
process of the present invention. Figs. 13A - 13D are

il lustrations for expl ai ni ng the nmechani smof Al deposition according
to t he 1pr emodé depentiing. onlfhe kinBEFAl tE® SBHSFR #Fodhl, CEh&HE

PREFERRED EMBCDI MENTS -
kind of the metal atom, the excitation decomposition

means, for deposition of a metal atom from an organic
metal on a desired substrate, the decomposit;on
5 reaction must be strictly controlled. 'For example,

when Al is to be deposited from triisobutyl aluminum:

iClH -
(TIBA: “TUTNae - iClls)
) iC4ﬂg/

in the low pressure CYD motnod oopprising mainly
10 thermal reaction, unevenness of um ofder_is formed on
the surface, khereby_the_snrface morphology is .
inferior. Also, hillock ggneration by heat treatment,
si surfece_roughehing through Si diffusion at the
interface between Al and Si occur, and also migration
15 Tresistance is inferior, whereby it can be utilized for
ultra-LSI process with d1ff1cu1ty o |
For thls reason, a method for controlling
precisely both the gas temperature and the substrate
temperature has been attempﬁed. However, the device
90 18 oomplicatedl.and the method is of the'sheet
treatment type in which deposition can be effected
only on one wafer.b? one debosition process. Besides,
since the deposition speed is 500 A/min. at the
highest,"fhe throughput necessary for bulk production
95 cannot be realized.

Similarly, when TMA is employed, Al deposition



Preferred enbodi nents according to the present I nvention are descri bed
ail below, but the present invention is not..l.imted.by .these..
ments, 20 and it may ‘have a constitution which acconplishes the

in det
enbodi

obj ect of the present invention.

t he present
conprising the steps of: 25 (a) providing a substrate having an

el ectron.

- 12 -
al kyl

One preferred enbodi nent of

invention is a process for forming a deposited film

donative surface (A) in a space for formation

1 of the deposited film - 16 - (b) introducing a gas of an

al um num

hydri de and hydrogen gas into the space for formation

of the deposited film and - 5 (c) maintaining the tenperature of

t he

1

10

15

20

25

has been attempted by use of plasma or 1ight; the
device also becomes cohp;icated'due_to use of plasma
or light, and alSq because of the sheet. type device,
there remains room for improvement for sufficient
improvement of throughput. — N _

Dimethyl aluminum hy@gide (DMAH) asithe alkyl
aluminum hydride to be utilized in_thé_pgesent -
invention is gssqbstgnce“knéwn:as alkyl metal,.but-it
could not be estimated at all what Al thin film could
be deposited depending on what.reaction mode, unless
deposited films are formed under all the conditions.
For example, in an example qf.deposition Al by optical
CVD from DMAH, the surface morphology is inferior, and
the resistivity value was greétar ihan,thg bulk value
(2.7 pnohm-cm) as several pohm to 10 uohm.cm, thus
being inferior in film quality. :

Now, referring to the drawings, preferred
embodiments of the present invénfibn are described in
more detail.

In the present invention, for depositing
selectively an Al film of good quality as the
électrocondudtive deposition film on a subétrate, the
CVD method is used. _

More specifically, by use of dimethyl alum}num
hydride (DMAH):

Chemical formula:

cHs —



el ectron donative surface (A) within the range of from t he

deconposition tenperature of the al kyl al um num hydride to 450[err]C
to forman alum numfilmon the el ectron donative surface (A). 10
Furt her, .anot her preferred enbodi nent of the present invention is a
process for formng a deposited ~ filmconprising the steps of:

(a) providing a substrate having an el ectron - donative surface (A) and
a el ectron non-donative 15 surface (B) n, a space for formation of the
deposi t ed film (b) |nﬂr oduci ng a gas of an al kyl

al um num hydri de and hydrogen gas into the space for formation of
the deposited film and 20 (c) maintaining the tenperature of the

el ectron donative surface (A), within the ran%e of from
deconposi ti dn tefpetkydrelypipye ByRyidg) whifhnis an ﬂ?SFPHE P8t§50°€ to

forman alumnumfilm elec i vel tron donative surface
(A). 25 monpﬂef ¥l 8 PBﬁPﬁQ hHPFgaetgﬁggkagred descri ption,
first, the process for formng a

Chemical formula: (CHs \A.Q/H
g~
as alkyl aluminum hydride as the starting gas -
.containing at least one atom which becomes the
constituent of the depoéited'film;'gﬁd"Hz as the
reaction gas, an Al film is formed by gas phase growth
10 with a gas mixture of these on é’éﬁbétrate;

As the substrate appliceble in the present
inQention, a material having an electron donative
surface may be employed. _'

The electron donative material is described in

15 detail below. _

The electron donative material refers to one
having free electrons existing or free electrons
intentionally formed in the substrate, for example, a
material having a surface on which_the.chemical

90 Teaction is promoted through givé-éhd-;éké of
electrons with the starting gas moiecules attached on
the substrate surface. For example;lgenerallv metals
and semiconductors corréspond.tb suéﬁ material. Those
having very thin oxidized film on the metal or

o5 Semiconductor surface are also included. For, with



- 13 - | deposited filmby use of an organic netal is outlined.

The deconposition reaction of an. organic nmetal, and hence the thin film
deposition reaction will vary greatly depending on the kind of the

nmetal 5 atom the kind of the al kyl bonded to the netal atom t he
means of causing the deconposition reaction to’ occur, the atnospheric
gas, etc. For exanple, in the case of MR err] (M the group
1l netal, R alkyl group), trinmethyl galljum 10

[err] in thermal deconposition under s radi cal cleavage wherein
Ga-CHerr] bond is cleaved, while triethyl gal lium 15

[err] I n thermal deconposition is deconposed through [err]-

elininationlintéﬁch thin film, the chemical reaction can occur
between the substrate and the attached starting
moiecules.

Specifically, there may be included

5 semiconductors such as monocrystalline silicon)
polycrystalline Silicon,_amorphcus si;icon{uetc.,
binary system or ternary system or quaternary system
III-V compound semiconductors comprising combinations
of Ga, In, Al as_the group_IIi eleyentkand_f,'gs, N as

10 the groﬁp V element, orm;IfIV cgmppund semiconducters,
or metals themselves such as tungsten, molybdenum,
tantalum, aluminum, titanium, copper, etc., or .
silicides of the above_mefé;g such as tungsten
silicide, molybdenum silicide, tantalum silicide,

15 @luminum silicide, titanium silicide, etc., further
metals containingggit@er one of the constituent of.the
above metals such as'aluginum silicon, aluminum
titenium, aluminum copper, aluminum tantalum, aluminum
silicon copper, aluminum silicon titanium, aluminum. |

o9 balladium, titanium nitride, etc.

On the substrate with such constitution, Al is
deposited only through simple thermal reaction in the
reaction system of the étarting gas'and Hz., For
-example, the thermal reaction in the reaction system

'-25 -between-DMAH and H2 may be baéically considered as
follows:



[err] 20 and [err]. On the other hand, triethyl alum num attached

with the sanme et hyl group: [err] 25 in
t her mal deconposition undergoes radical _ :

- 14 - deconposition in which Al-Clerr] is cleaved.
However, tri-iso-butyl alum num having [err] bonded

t her ei n: - Jerr] 5

is subject to [err]-elimnation. : - 19 - Tri met hyl

al umi num (TMA) conprising CH err] groups and Al has a

di mer structure at roomtenperature:

CHs H CHs -
~a2” ae” 4+ Ha— 288 8 +4CHLT +Hat

DMAH assumes a dimer étructure:at room temperature.
5 Also, with MMAHZ, a high quality Al film could be
formed by thermal reaction as shbwn'below 19 Examples.
Since MMAH2 has low vapor pressure as 0.01 to
0.1 Torr at room temperature, a large amount of the
stérting material can be transported with difficulty,
10 and the upper limit value of thé-deposition speed is
several hundred &/min. in the present embodiment, and
preferably, it is most desirable to use DMAH of which
vapor pressure is 1 Torr at rbbm température;
In another embodiment of the present
15 Jinvention, the CVD method is used for selective.
deposition of a good Al film as the electroconductive
deposition film on the substfate.
More specifically, as described above, by use
of dimethyl aluminum hydride (DMAH} or monomethyl
o0 aluminum hydride.(MMAHZ) and H, as the reaction gas,
an Al film is selectively formed on the substrate by
gas phase growth with a gas mixture of these.
The substrate applicable in fhe present
invention has a firét substrate surface material for
25 formation of the surface on which AI is deposited, and

a second substrate surface material on which no Al is



[err] and thermal deconposition is radical deconposition

I n which Al-CHerr] group is cleaved, and at a

t enper at ure of 150 [err]C or lower, it reacts with
atmospheric Herr] to form 15 CHerr], and forms finally Al.
However, at a high tenperature of 300 [err]C or hi gher,
even if Herr] may be present in the atnosphere, CH3
group will withdraw H fromthe TMA nol ecul e, until

finally Al -C conpound is forned. -20 - 20 Al'so, in the
case of TMA, in light or a certain region controlled in
electric power in H2 : at mosphere high frequency (ca. 13.56

Mz) plasna Czdgposited And, as tM$'£1$E%féE£§¥¥JQ’téﬁ%f& éﬂy ng CHerr]

bet ween two AI I'n essence, since even an

organic metal pgaterial, a maéerfemmﬁ@ £ S Tdc S R Sivd he sinpl est
al kyl group, C2H5 group or 1 CAH9 group and Al or Ga has a

reaction surface is used.
In contrast, as the materiai for forming the
5 surface on which Al is not deposited selectively,
namely the material for forming the electron non-
donative surface, conventional insulatinghmaterials;
oxidized silicon formed by.thermaisoxidation, CVD,
etc., glass or oxidized fiim_such as BSG, PSG, BPSG,
10 etc., thermally nitrided film, sincon nitrided £1ilm
by plasma CVD low pressure CvVDh, ECR-CVD method, etc.
Fig. 1 is a schematic view showing a
preferable deposition film forming device for applying
the present invention ' |
15 Here, 1 is a substrate for forming an Al f£ilm.
The substrate 1 is mounted on a substrate holder 3
provided.internally-of the reaction tubenz'for'forming
a space for formation of a deposited'film which is
substantially closed to Fig; 1. As the material
20 constituting the reaction tube 2, quartz is
preferable, but it may be-also.made of'a metal. In
this case, it is.preferable to cool the.reaction tube.
The substrate holder 3 is made of'a“metal, and is
provided with a heater 4 so that the substrate mounted
thereon can be heated. And, the constitution is made

25
so that the substrate temperature-can be controlled by



- 15 - 1 node depending on the kind of the alkyl group, the ki nd of
the nmetal atom the excitation deconposition nmeans, for deposition of a
metal atom from an organic metal on a desired substrate, the
deconposition 5 reaction nust be strictly controlled. For exanple,

when Al . i's to be deposited fromtriisobutyl alum num [err] in the
| ow pressure CVD nethod conprising mainly 10 thernal reaction, unevenness
of [err]morder is formed on t he surface, whereby the surface

nmor phol ogy is inferior. Also, hillock,generation by heat treatnent,

Si surface roughening through Si diffusion at the - interface between Al
and Si occur, and also mgration 15 resistance is inferior, whereby it can
be utilized for ultra-LSI process with difficulty. For

this reason,; a gBhked1lahgC Aher bleitngeneratibacitenperatulret b ghe
tenperature and the substrate tenperature has been attenpted. However,
the device 20 neateengl.icated, and the nethod is of the sheet

The feeding.system of gases is constituted as
described below. | | |

5 ' 5 is a gas mixer; ih which”fhé"stérting gaé
and the reaction gas are mixed, and fhéhmixyﬁfe is fed
into the reaciton tube 2. 6 is a starting gas |
gasifier pro§ided for gaéificétion of an orgahic méfai
as the stértiﬁg gaé. | | |

10 The organic metal to be uséd in the present

invention is liquid at room temperature, and is formed
into saturated vapor by passing a carrier gas through
the liquid of the orgénic metal within the gasifier 6,
which is in turn introduced into the mixer 5.

15 The evacuation is constituted as described
below. | -

7 is a gate valve, which is opened when
performing evacuation of a large volume such as during
evacuation internally of the reactiqn tube 2 before

o0 formation of the deposited film;: 8 is a slow leak
valve, which is used when perfo:ming‘evacuation of a
small volume such as in controliing the pressure
internally of the reaction tube 2 dufing formation of
the deposited film. 9 is an evabuatiqh unit, which is

25 constituted of a pump for evacuation such as turbo

moleculér pump, etc.



treatment type in which deposition can be effected only on one waf er

by one deposition process. Besides, since the deposition speed is 500
Almn. at the hi ghest, the throughput necessary for bul k production
25 cannot be realized. - Simlarly, when TMA i s enpl oyed, Al
deposi tion - 16 - | has been.
attenpted by use of plasma or light, the devi ce al so becones
conplicated due to use of plasm or light, and al so because of the
sheet type devi ce, there remains rooﬁ?fOr I nprovenent for sufficient

5 inprovenent of throughput. D net hyl al um num hydri de ( DVAH)
as the al kyl al um num hydride to be utilized in the present

I nvention iﬁ a SUbStanC@né“@@ﬂv@§iﬁbk¥§sqshahf'QHE Lhbstrate 1 is

constituted as described below.
10 is a substrate conveying chaﬁber which can
house the substrate before and after formation of the
5 deposited film, whichlis evaeuated by opening the
valve 11. 12 is an eyecuetion ﬁnit for evacuating the
conveYing_chaﬁber, which is constituted of a pump for
evacuation such as turbo“molecular pump, etc.
The valve 13 is opened only when"§he substrate
10 1 is transferred eetween_the reedtion“chamﬁer and the
conveying space. ) |
As shewn in Fig. 1, in the starting gas
gasifier 6 which is,the'gee'formation chamber for
forming the start;ng'gas, the liquid DMAH,meintained
i5 at room temperature is bubbled with H, or Ar (or other
inert gas) ae'the carrier gas to form gaseous DMAH,
which is transported to the mixer 5. The H2 gas as
the reaction gas is transported through another route
into the mixer 5. The gases are controlled in flow
20 rates'so that the respective partial pressures may
become desired values.
In the caee of forming a film by this device,
the starting gas may be of course MMAH?, bﬁt DMAH with
a vapor pressure enough to become i Torr at room

25 temperature is the most preferred. Also, DMAH and



could not be estimated at all what Al thin filmcould 10 be deposited

dependi ng on what reaction node, unless deposited filns are forned
under all the conditions. For exanple, in an exanple of deposition Al
by opti cal CvD from DVAH, the surface norphology is inferior, and

the resistivity value was greater than the bulk value 15 (2.7
[err]ohmcm) as several pohmto 10 [err]loksm cm thus being inferior in
filmaqauality. Now, referring to the draw ngs, preferred

enbodi ments of the present invention are described in nore detail. 20
In the present invention, for depositing selectively an Al filmof good
quality as the mqan ehagl becddctin/a ddxdurie.on filmon a substrate, the
CVD -nethod i's used. 2 More specifically, by use of dinethyl

alum num 25 hydride (DdéHdeposited film formedcalt hosubisAratieerr |
temperature of 160 °C to 450 °¢c by ﬁse of such
starting Qas and reactidn gaé,_with'a thickness of for
5 . example 400 X, has a resistivit? at room temperature
of 2.7 - 3.0 pohm-cm which-is substantially-equal to
Al bulk resistivity, and i3 a continuous and flat
film. At this tiﬁe, the pressure during film
formation can be chosen within"fhéﬁféhgé'ffom"10-3
10 Torr to 760 Torr. Also, even when the film ' thickness
may be 1 um, its resistivity is ca. 2.7 - 3.0 pohm.cm,
and a sufficieﬁfly dense film can be formed also with
a felativeiy'fhiékér fiim. .Aléé;.éhénreflectance in
the visible light wavelength fegion-is approximately
15 80 %, whereby a thin film'éxcelleﬂt in surface
flatness cén;bé'depoé;fed:'f:' R
The subsfféte temperaéuﬁe is.desirably the,
decomposition femperature of fhe starting gas
containing Al of higher, and 450 °C or loﬁer as
20 deécribed above, but specifically the substrate
temperature of 200 to 450 ©c ‘is more desirable, and
when deposition is carried out under this condition,

4 0 1073

by making the DMAH partial pressure 10~ Torr,
the deposition speed becomes very great as 100 A/qin.
05 to 800 i/min., whereby sufficient great deposition

speed cofresponding to the cost as the Al deposition



- 17 - 1 as al kyl alum num hydride which is an organic netal or

nononet hyl al um num hydri.-de (MVAH err]): Chem cal formula:
[err] 5 as al kyl al um num hydri de as the starting gas cont ai ni ng
at I'east'one atom which becones the constituent of the deposited film
and H2 as the reaction gas, an Al filmis formed by gas phase growth

10 with a gas mxture of these on a substrate. , As the
substrate applicable in the present A pyention, a material having an

el ectron donati ve surface may be enpl oyed. The el ectron
donative material is described in 15 detail bel ow. The

el ectron donative material refers to one having free electrons existing

or free el ecfroRgchniquel ol ANArarLisy Bk be obeajueatrate, for exanple, a
mat erial having a surface on which the chem cal 20 reaction is pronoted
t hrough gi ve-and-take ofA more preferable substrate temperature
condition is 270 °C_to 350 °C, and the Al film
deposited under this condition is also strongly
5 orientatable and, evén when subjected to the heat
treatment at 450 °C for 1 hour, the Al film on the Si
monocrystalline or'Si'polycryétailine substnate |
becomes a good Al film without generation of hillock,
spike as seen in the film forming method -of the prior
10 art. Also, such Al film is excellent in electro-
migration resistance.
In the device shown in Fig. 1, Al can be
deposited on only one sheet of substrate in deposition
for one time. Although a deposition speed of ca. 800
15 A/min. can be obtained, it is still insufficient for
performing deposition of a large number of sheets

within a short time.
As the deposition film forming device for

'improving this point, there is the low pressure CVD
20 device which can deposit Al by nimultaneous.mounting
of a large number of sheets of wafer. Since the Al
film formation according to the present .embodiment
utilizes the-snrface reaction on the electron donative
substrate surface,-in the hot wall type low pressure

o5 CVD method wherein only the substrate is heated, Al

can be deposited on the substrate by use of DMAH and



el ectrons with the starting gas nol ecul es attached on

the substrate

surface. For exanple, generally netals and sem conductors correspond to
such material. Those having very thin oxidized filmon the netal or 25
sem conduct or -surface are also included. For, with _

- 18 - ° 1 such thin film the chem cal reacti:on can occur bet ween
the substrate and the attached starting - nol ecul es.

Specifically, there may be included 5 sem conductors such as
nonocrystalline silicon, pol ycrystal LLne silicon, anorphous silicon,
etc., bi nary systemor ternary sysTefifror quaternary system [11-V
conpound sem conduct ors conpri sing conbi nati ons ~of Ga, In, Al as the

group Il element and P, As, Nas 10 the group V elenment, or 1I-1V
conpound seqicogducters, o '
2° '

10

15

20

25

The reaction tube pressure may be 0.05 to 760
Torr, desirably 0.1.to 0.8 Torf, the substrate
temperature 160 °C to 450 °C, desirably 200 °C to 400
©c, the DMAH partial pressure 1 x 10 >-fold to 1.3 x

10”3

-fold of the pressure in the.feaction tube, and
undef such conditions, Al can be wéilwdeposifed on the
electron donative substrate. ‘

Fig. 2 is a.schematié'iiiﬂétrétioﬁ_showing a
deposited film forminﬁ device to which such. present
invention is applicable. | “ T - |

57 is a substrate for formation of Al film.

50 ié an outside reaction tube made of quartz for
forming a space for formation 6f.deposited £ilm
substantially closed to the éurrounding, 51 an
innerside reaction tube made of quartz located for
separating the flow of gas within the outside reaction
tube 50, 54 a flange made of a metal for'openihg and
closing of the opening of the oﬁfside reaction tube
50, and the substrate 57 is located within the
.substrate holding member 56 provided internally of the
innerside reaction tube 51. The suhstrate holding
member 56 should be preferably made 6f quartz.

Also, in the present dévice, the substrate
temperature can be controlled by the'héater pogtion

59. The pressure internally of the reaction tube 50



or netals themsel ves such as tungsten, molybdenum tantal um al um num
titanium copper, etc., or silicides of the above netals such as

t ungst en silicide, nolybdenumsilicide, tantalumsilicide, 15
alumnumsilicide, titaniumsilicide, etc., further met al s cont ai ni ng
ei ther one of the constituent of the above netal s such as al um num
silicon, alum num titani um al umi num copper, al um numtantal um

al um num silicon copper, alum numsilicon titanium alum num 20

pall adium titaniumnitride, etc. . - 26 - (On the substrate with such
constitution, Al is deposited only through sinple thermal reaction in
t he reaction systemof the starting gas and Herr]. For exanpl e,
the thermal reaction in the reaction system 25 Quﬁy and H err]

may be basi dal | §8 cgPReELFREEY SO as ;Bmg\,\ggntrui’&é%e@y

- 19 - r
Lerr] evacuation system connected through the gas evacuation

outlet 53.
The gas feedihd system is constituted to have
5 a first gas system, a second gas'system-and a mixer
(none are shown) similarly as the dévice shown by the
symbols 5 and 6 in Fig. 1, and the-startiné gas and
the reactioh gaé afe introdﬁceé-gﬁ£6;tﬁé.Qeaction tube
50 through the startihg Qés'ihiét'sz;"fﬁeée gases
10 reaét on the'surféce of'theméﬁﬁétf;te.SY dﬁfiﬁé--
passage internally 6f tﬁe:innéfgaaéhfegét;on'iﬁsé 51
as shown b&lthe';r¥oﬁhéad 58 in F;g: éwgo_d;posiélAl'
on the substrate surface. The gases after the
réaction péss through fhe gap.fefmé& betﬁeen.the
15 innerside reacfion tube Sl'éﬁd'tﬂé 6ﬁtside reaction
tube 50, and evacuated through the gas evacuation
outlet 53. | | _
In taking’out.and in tﬁe'éubéfrate, thé fiange
54 made of a metal is permitted to fall by an elevator
20 (not shown) together with the.substrate hblding member
56 and the substrate 57 to be ﬁéved to a predetermined
position where the substrate is mounted and detaéhed.
By forming a depositedufilm ﬁnder the
conditions as described aboée by_usé of such device,
5 Al films of good quality can be formed in all the
wafers within the deviée.



DVAH assunes a dimer structure at roomtenperature. 5 Also, with
MVAH err], a high quality A filmcould be formed by thernmal reaction

as shown'bel ow i n Exanpl es.
pressure as 0.01 to 0.1 Torr at roomtenperature, a |arge anount of

Since MVAH err] has | ow vapor

t-he starting material can be transported with difficulty, 10 and the

upper limt value of the deposition spegdjh several hundred A/ m n.
t he present enbodi nent, and preferabe, it

DVAH of whi ch

‘vapor pressure is 1 Torr at roomtenperature.

is nbst desirable to use

in

I n anot her enbodi nent of the present 15 invention, the CVD nethod is used

for sel ectiwve.

depasi deserdbed gbodell thel hiam bbeathedtr oconducti ve

deposition filmon the substrate. More specifically, as
descri bed aboveactgrding to the AlnfiAm forwmatdom pydceds baked) oor
mononet hyl 20 al um num hydri de éNWAHZ and H2 as the reaction gas,

an Al filmis séh@c@@b@ﬂ?mﬁﬁﬂnﬁé

10

15

20

25

het presgpst Apvengjon is dense with

little content of ;mpurity such as carbon, etc. and
resistivity whiéh ig-similar to bulk, and also has
high surface smoofhness,_and therefore remarkable
effects as described below can be obtained..

(1) Reduction of hillock

Hillock is occurrence of concavities on the Al

- surface due to partial'migration of Al when inner

stress duripg film formation is released in the heat
treatment step. Also, similar phenomenon occurs by
local migration by current passage. The Al film
formed by the present invegtion has little inner
stress and-;s under the state of monocrystal or
approximaté-fo that. For this reason, in the heat
treatment at 450 °C fér_qne hoﬁr, as contrasted to .
formation of'104 - 106/cm2 of hillqgks,in_the Al film
of the pric: art, the hillock nﬁmber could be greatly
improved as 0 to_lO/cmz. Thus, due to substantial
absence of A; surfacé concavity, the resist film
thickness and the interlayer insulating film can be
made thin to be advantageous for making it finer and
more flat. _

(2) Improvement'of'electrb-migration resistance

Electro-migration is the phenomenon that the



gas phase growth with a gas mxture of these. The substrate
applicable in the present I nvention has a first substrate surface
material for 25 formation of the surface on which Al is deposited, and
a second 'substrate surface material on which no Al is

- 20 - deposited. And, as the first substrate surface

material, a material having the el ectron donative surface is used.

In contrast, as the material for formng the 5 surface on which A is not
deposited sel ectively, nanely the ma i"al for formng the el ectron
non- donative surface, conventional insulating materials,

oxi di zed silicon forned by thernmal oxidation, CVD, etc., glass or

oxidi zed fil{n sypt a8 BEnd WovdEP packbad’dt -a (AGRHY beidggrgled i1 m

silicon nltrlde
density. By this phenomenon, voids are generated and

grown along the grain boundary, whereby as accompanied
with reduction of the cross-sectional area, the wiring
5 generates heat to be broken.

| Migration resistance is generélly»eYaluafed.bY

average wiring life.
The wiring formed,by the sputtering method or
the CVD method of the prior art has obtained an
10 average wiring life of 1 x 102 to 103 hours_(ih'tﬁe

case of a wiring crosSPsectionél area of 1~um2) under

the current passage test conditions of 250 °C, l1x 106

A/cmz.

In contrast, the Al film obtained by the Al
film formation method based on the embodiment of the
15 bpresent invention could -obtain an average wiring life

of 103 to 10 hours with a wiring having a cross-

sectional area of 1 umz.
Hence, according fo the present invention, for

example, when the wiring width is 0.8 um, a wiring

20- layer thickness of 0.3 ym can sufficiently stand
practical application. That is, since the wiring
layer thickness can be made thinner, unevenness on the

. semiconductor surface after arrangemént of wiring can

be suppressed minimum, and also7high reliability in

25 passing ordinary current can be qbtainéd. Also, this

is possible by a very simple process.



by plasma CVD, | ow pressure CVD, ECR-CVD nethod, etc. Fig. 1

IS a schematic view show ng a preferabl e deposition filmform ng
devi ce for applying the present invention. 15 Here, 1 is a
substrate for formng an Al film The substrate 1 is nounted on a
substrate hol der 3 provided internally of the reaction tube 2 for
form ng a space for formation of a deposited filmwhich is
substantially closed to Fig. . As the material 20 constituting the
reaction tube 2, quartz is preferable, but it nmay be al so nade of a
metal. In this case, it is preferab@?tT)cool the reaction tube.

The substrate holder 3 is made of a netal, and is - provided with a

heater 4 so that the substrate mounted 25 thereon can be heat ed: And, the
Coneror e D, 1P taprovenithd W¥ ddlfadd Yt chrleld Tra'tdpinidy °°
characteristic improvement of wiring)

In the pribr art, roughness of the surface of
a metal thin film had inconvenience in the alignment

5 step for the mask and the.substrate'ip the patterning
step and in the etching step.

That is, there is unevenness extending- to
several um on the surface of Al film according to the
prior art method, whereby the surface morphology is

10 boor, and therefore had the following disadvantages.

1) Alignment signAIS'cause diffused reflection
to occur at the surface, whereby noise level becomes
higher and inherent alignment.signals cannot be
diSCriminated.

15 '2) "For covering large surface unevenness, the
resist film thickness must be taken large, which is
opposite to fine formation. | _

3) If the surface morphology is poor, halation
due to the reéist internal reflection will occur

20 locally, whe;eby resist remaining occurs.

4) If the sufface morpholqu is poor, the side
wall becomes notched in the wiring etching step
according to its unevenness.

. According to fhe'present invention, the
surfaée morphology of Al film to bé formed is markédly

25
imprcved to cancell all the drawbacks described above.



1 controlling the heat generation tenperature of the heater 4.

The feeding systemof gases is constituted as descri bed below. 5
51is a gas mxer, in which the starting gas and the reaction gas are
m xed, and the mixture is fed into the reaciton tube 2. 6 is a
starting gas gasifier provided for gasification of an organic netal
as the starting gas. 10 The organic netal to be used in the

pr esent invention is liquid at roomtenperature, and is forned

into saturated vapor by passing a carrier 3§as through the liquid of
the organic netal within the gasifier 6, which is in turn introduced
into the mxer 5. 15 The evacuation is constituted as descri bed
bel ow.

evacuation of a (4 &;d;fﬂv?ﬁ&%éﬁa\?%\é% '45’3:%118” %D&%%%%&%ﬁ% s ﬁglrwr g} "
Slow leak PhebmtR Hiche o, TR A R R actation of &
In the prior art method, if the size of the
contact hole becomes finer as 1 um x 1 um or less, Si
5 in the wiring is precipitated on the substrate of the
contact hole during hegt treatment in the wiring step
: to.cover theredver; whereby resistance betweén the
wiring and the element becomes maﬁkedlv‘larger.
According to the embodiment of the present
10 invention, since a dense film is formed according to
the surface reaction, Al has been ‘confirmed to have a
resistivity of 2.7 - 3.3 polim cm.” Also, the contact-

6 ohm-cm2 at an area of

resistivity can attain 1 x 10
0.6 um x 0.6 um when the Si portion has an impurity of
15 107 ocm ~.
That is, according to the present invention, a
good contact with the substrate can.be obtained.
In other words, in the patterning step, at the
line width of the resolving'powér limit of the

exposure machine, the alignment precision 30=0.15 um

20
can be accomplished, whereby wiring having smooth side
plane is rendered possible without.causing halation fo
occur. '
(5) It becomes possibie to make heat treatment
25 during wiring step lower or abolish the heét treatment

step.



smal | volune such as in controlling the-pressure internally of the

reaction tube 2 during formation of the deposited film 9 is an
evacuation unit, which is 25 constituted of a punp for evacuation such as
turbo nDIecuIar punp, etc. - 22
- 1 The conveying system of the substrate 1 is constituted
as descri bed bel ow 10 is a substrate conveyi ng chanber which
can house the substrate before and-aBfter formation of the 5

deposited film which is evacuated by opening the valve 11. 12 is an
evacuation unit for evacuating the conveyi ng chanber, which is
constituted of a punp for evacuation such as turbo nol ecul ar np,

etc. 1 The vasyvdesgriibeghdnededqi]l akoNerhbYsapPAving t%@ 1is

transferred between the reaction chanber and t.he .
present. invention to the wiring formation method of a

semiconductor integrated circuit' the yield can be
improved, and reduction of cost can be promoted to
5 great extent as compared with Al wiring of the prior
art. | . | |
Figs. 3A - 3E show how the Al film according to
the present invention is selectively grown
Fig. 3A is an illustration showing
'10 schematically the cross-section of the substrate
before formation of the Al deposited film according to
the present inventioni"QO is the.sobstrate oomprisino
an electron donative matefial, and 91 a thin film
comprising an eleotron non—dooative material.
15 In the case of using DMAH as the starting gas,
when a gas mixture oontaining Ha as the reaction gas
is fed onto the substrate 1 heated within a
temperature range from the decoinposition temperature
of DMAH to 450 °C,.A1 is precipitated oh the substrate
20 90,.whereby a continuous film of Ai is foroed as‘shown

in Fig. 3B. Here, the pressure within the reaotion

=3 ¢0.760 Torr, and the

-5

tube 2 should be desirably 10

DMAH partial pressure preferably 1.5 x 10 to 1.3 x

-3

10 “-fold of the pressure within the above reaction

25 tube.



conveyi ng space. As shown in Fig. 1, in the starting gas

gasifier 6 which is the gas formation chanber for -~ formng the starting
gas, the.liquid DVAH nai ntained 15 at roomtenperature is bubbled with
Herr] or Ar (or other inert gas) as the carrier gas to form gaseous
DVAH, which is transported to the mxer 5. The H2 gas as t he
reaction gas is transported through another route into the m xer 5.
The gases are controlled in flow 20 rate3$2so that the respective parti al
pressures may becone desired val ues. In the case of
formng a filmby this device, the starting gas may be of course
MVAH err] but DVAH with a vapor pressure enough to becope 1 Torr at
room 25 tdénperature i ¥heRedaBRslipiencPf ol 1§d§%gt%R¥@¢aﬂﬂder the

23 Ngﬁgge canftggSg,lnig ghétgtate of Fig. 3C, the Al

film grows to the level of the uppermost portion of
the thin film 91 as shown in Fig. 3D. Further, when

5 grown under the same conditions, as shown in Fig. 3E,
the Al film can grow to 5000 A substantially without
growth in the lateral direction. This is the most |
characteristic point of the deposited film obtained by
the present invention, and it will be understood how a

.10 film of good quelity can be formed under'good

selectivity. | | | .

As the result of analysis according to Auger's
electron spectroscopy or photoelectric spectroscopy,
no entrainment of an impurity such as carbon or oxygen

15 is recognized in this film.

The deposited film thus formed has a
resistivity of, for example, with a film thickness of
400-1, 2.7 -~ 3.6 pohm-cm at room temperature which is
substantialiy equal to the bulk resistiyity of Al, and

becomes continuous and flat film. Also, even with a

20
film thickness of 1 um, its resistance at room
temperature is approximateiy 2.7 - 3.0 pohm-cm and a
sufficiently dense film is formed with a relatively |
thicker film. The reflectance in the visible

25 wavelength region is approximateiy 80 %, and a thin

film with excelient surface flatness can be deposited.



The deposited filmfornmed at a substrate tenperature of 160[err]Cto

450 [err]C by use of such starting gas and reaction gas, with a

t hi ckness of for 5 exanple 400 A, has a resistivity at roomtenperature
of 227 - .3.0 [errJohmcmwhich is substantially equal to Al bul k
resistivity, and is a continuous and fl at film At this tine, the
pressure during film formati on can be chosen within the range from 10
Torr to 760 Torr. Also, even when the filmthickness may be 1 [err]m
its resistivity is ca. 2.7 - 3.0 [err]oﬁnpénf _ and a sufficiently dense
filmcan be forned also with arelatively thicker film Also, the
refl ectance in the visible Iight mavelength region i s approxi mately

doposited T ® U e, SRoRtER el Romeb et B Sn, persor G BuER" *°

and 450 [err]C %%H?r Weed% gl esc#%“%dg%%desglﬁﬁﬂgkiéf‘ Rallythe O

US| SRS CHhacits T sterinalagl s o

DVAH partial preghtedni@ige®l dro bR ]an‘&)wso °c or lower as

| 5 mentioned above, but specifically a substrate

temperature of 200 to 450_?C is desirable, gnq when
deposition is performed under such condition, the
deposition speed is gufficientlymgrgat as 100 A/min.

4 o 1073

to 800 i/min. when DMAH partial pressure is 10
10 Torr. Thus.a sufficiently great:deposition speed
can be obtained as the Al depqsiticn_technique for
ultra-LSI.
A more preferable substrate temperature
condition is 270 °c to 350 °c, and the Al film
15 deposited under tpis condition is also strongly
orientatable and, even when_subjected to. the heat
treatment at 450 °C for 1 hour, the Al film on the Si
monocrystalline or Si polycrystalline substrate

becomes a good Al film without generation of hillock,

spike. Also,-suéh Al film is excellent in electro-

20
migration resistance.

Similarly in the case of selective deposition,
in the device shown in Fig. 1, Al can be deposited on
only one sheet of substrate in deposition for one

25 time; Although a deposition speed of ca. 800 &/min.

can be obtained} it is still insufficient for



t he deposition speed becones very great as 100 A/mn. 25 to 800 A/mn.
wher eby sufficient great deposition speed corresponding to the cost as
the Al deposition - 24 -

technique for ultra-LSI can be obtained. A nore preferable
substrate tenperature condition is 270 [err]C to 350 [err]C, and the
A film deposited under this condition is also strongly 5

ori entatabl e and, even when subjected to the heat treatment at 450
[err]C for 1 hour, the Al filmon the Si nonocrystalline or S

pol ycrystal line substrate becones a dgdod Al filmwithout generation of
hi | | ock, spi ke .as seen in the filmformng nethod -of the prior 10
art. Also, such Al filmis excellent in electro- m gration

resi st ance. 1 I n, the device fsfg)vxna in Flu%be%:-’ oAt’l an be

performing deposition o rge n sheets
within a short time.
As the deposition film forming device for
improving this point,'thefe is the low:pféésure CvD
5 device which canldepdsit A1 by simultaneous mounting
of a large number of sheets of ﬁéfer."Sincg the Al
film formation according to the present embodiment
utilizes the éﬁrfade reaction of the electrdn donative
substrate surface, in the hot”ﬁéii'ffpé low préssure
10 CVD method wﬁerein only thé substrate is heated, Al
can be deposited on the substrate by use of DMAH and
HZ'
The reaction tube pressure may be 0.05 to 760
Torr, desirably 0.1 to 0.8 Torr, the substrate
;s ‘temperature 160 °C to 450 °C, desirably 200 °C to 400

5

©c, the DMAH partial pressure 1 x 10 “~fold to 1.3 x

3_f01d of the pressure in the reaction tube, and

10~
under such conditions, Al can be selectively deposited
on only the eléctrbn donative substrate. |
20 The deposited film forming device to which
such present invention is applicable is the same as in
Fig. 2 as described above, and therefore its detailed
description is omitted here. |
. By forming a deposited film under the

25 conditions as described above by use of such device,

Al films of good quality can be formed selectively and



deposited on only one sheet of substrate in deposition for one tine.

Al t hough a deposition speed of ca. 800 15 A/mn. can be obtained, it is
still insufficient for perform ng deposition of a | arge nunber of
sheets * within a short tine. As the deposition film

form ng device for I nproving this point, there is the | ow pressure CVD
20 device which can deposit A by sinultaneous nmounting of a large
nunber of sheets of wafer. Since the Al filmformation according to

t he present enbodi nent utilizes the sifface reaction on the el ectron
donati ve substrate surface, in the hot wall type | ow pressure 25 CVD
met hod wherein only the substrate is heated, Al can be deposited on

ége_substrat? byéiﬁﬁﬁfgnéwﬁgif”gk all the wafers within the device. -
As described above, the film obtained

according to the Al. film selectivé formation process
based on the embodiment of the present invention is

5 dense with very little content of impurity such as
carbon, etc. and resistivity which is similar to bulk,
and also has high surface smoothness, and therefore
remarkable effects as described below can be obtained.
(1) Reduction of hillock

10 The Al film formed accdrding to the present
invention has little internal stress and is under the
state of monocrystal or apprdximéte to that. For this
reason, in the heat treatment at 450 °C for one.hour,
as contrasted to formation of 10% - 10%/cm? of

s hillrocks in the Al film of the prior art, the
hillrock number coﬁld be greatly improved as 0 to
_10/cm2.
(2) Improvement of electro-migration resistance

The wiring formed by thé method of the prior
o0 art has obtained an average wiring life of 1 x 102 to

3 hours (in the case of a wiring cross-sectional

10
area of 1 umz) under the current passage test
conditions of 250 °¢, 1 x 10° a/cm?®. 1In contrast, the
Al film obtained by the Al film selective formation

25 method based on the embodiment of_the present |

invention could obtain an average wiring'life of 103



H err] - The reaction tube pressure may be 0.05 to 760

Torr, desirably 0.1 to 0.8 Torr, the substrate tenperature 160 [err]C
to 450 [err]C, desirably 200 Cto 400 5 [err]C, the DVAH parti al
pressure 1 x 10[err]-fold to 1.3 x . 10[err]-fold of the pressure in the
reaction tube, and under such conditions, Al can be well deposited on
t he el ectron donative substrate. - 36 - Fig. 2 is a schematic
illustration showing a 10 deposited filmform ng device to which such

pr esent i nvention is applicable. 57 is a substrate for
formation of Al fil 50 is an outside reaction tube nmade of quartz
for f onm nto al@paeursrwithnat wining bepingtedcfossrsdStienditantial ly
closed to the surrounding, 51 an i nnerside reaction tube nmade of
quartz | ocated 8%pa of 1spBarating the flow of gas within the outside

reaction tube 50, 54 a flan made,of ,a netal for opening and
cl osing of the g%anﬁéu%Fi?ﬁeOEUgiiaz PifcipoRoRt@et BRrtieR and the

S e O o b o e R "eb B ve i PoERE oSG BB D0 o
hol di ng present invention can suppress generation of alloy pit
at the contact portion with the Subétréte crystal even
by the heat treatment during wiring step, and also a
wiring "iFh"99°d contact characteristic can be
obtained. That is, even when the.june;ion is ﬁade
10 shallow to the eéxteént of 0.1 pm, the junction will not
be destroyed with only thg_A;_materigl, N
(4) Improvement of surface smoothness (patterning
charaétefisiiéniﬁbro#emeﬁf of wiring)
According to the present invention, the
15 surface morphology of the Al film to be formed can be
improved epocﬂ;makingly, wheféby all of the problems
of the prior art can be improved.
That is, in the patterning step, at the line
width of the resolving power limit of the exposure
20 machine, the alignment precigion.30=0.15 um can be
accomplishéd, whereby wiring having smooth side plane
is rendered possible without causing halation to
occur. | '
¢5) Improvement of resistance in contact hole and
through hole and contact resiétance i

25
According to the present invention, since



menber 56 shoul d be-preferably made of quartz. Al so, in the
present device, the substrate 25 tenperature can be controlled by the

heat er portion 59. The pressure internally of the reaction tube 50

- 26 - "1 is-constituted so as to be controllable by the evacuati on
system connected through the gas evacuation outlet 53.

The gas feeding systemis constituted to have 5 a first gas system a
second gas system and a m xer (none are shown) simlarly as the device
shown by the synbols 5 and 6 in Fig.31,‘and the starting gas and

the reaction gas are introduced into the reaction tube 50 through the

starting gas inlet 52. These gases 10 react on the surface of the
substrate 57, duliqidee £1 BT Le 1AL e tindd by WY Yulgalcgrcti on tube
reaction even when the opening may be 1 uym x 1 um or

less, it has been confirmed that the Al completely
filled within the contact hole and through hole each
5 has a resistivity of 2.7 - 3.3 pohm.cm. Also, the

G_Ohmgcm2 in the

20 3

contact resistivity can attain 1 x 10

case where the Si portion has an impurity of 10““cm
in a hole of.O.G pm x 0.6 um. |

That is, acéording to the present invention,

10 the wiring material can be completely embedded only in
the minute opening, and also good contact with the
substrate can be cobtained. Therefore, the present
invention can contribute greatly to improvement of
resistance within hole and contact resistance which

15 have been the greatest problems in the fine process of
1 um or less.

(6) It is possible to make the heat treatment
temperature during wiring step lower or to omit the
heat treatment step. . _

20 As described in detail above, by applying the
present invention to the wiring formation method of a
semiconductor integrated cifcuit} particularly
embedding of contact holg or throﬁgh.hole, the vield
can be improved, and reduction of cost can be promqted

és to great extent as compared ﬁith Al wiring of the

_ prior art.



as shown by the arrowhead 58 in Fig. 2 to deposit Al on the substrate
surface. The gases after the reacti on pass through the gap forned
between the 15 innerside reaction tube 51 and the outside reaction

t ube. 50, .and evacuated t hrough the gas evacuation outlet 53.

In taking out and i-n the substrate, the flange 54 made of a netal is
permtted to fall by an elevator 20 (not shown) together with the
substrat e hol di ng nmenber 56 and the substrate 57 to be noved to . a

pr edet er m ned position where the substygate is nounted-and detached.
By formng a deposited fil munder the conditions as descri bed above by
use of such device, 25 Al filns of good quallty can be fornmed in all the
wafers within the device. - 27 -

1 Example 1

First, the procedure for Al film formation is
as follows. By use.of the device shown in Fig. 1, the
reaction tube 2 is internally evacuated to ca. 1 x 10~

5 8 Torr by the evacuation unit 95 However, Al film can
be also formed if the vacuum degree within the
reaction tube 2 may be hlgher than 1 x 10~ % Torr.

After washiag of~sitwafer}‘fhe conveyihﬁ'”ﬁl
chamber 10 is releaaed'fewaiﬁeapherie pressure and Si

10 wafer is mounted in the conveying cheamber. The
-'6

conveying chamber is evacuated to ca. 1 x 10 ° 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
;5 holder 3, the_gete valve 13 is closed, and the
reaction chahber.2 is_evacueted to a vacuum éegree of
ca. 1 x 108 Torr. -
In this Example, DMAH is fed through the first

gas line. As the carrier gas of DMAH_line H, which is

2
the same as the reaction gas is employed. The second

20
gas line is used for Hz.
By passing H2 through the second gas line, the
pressure within the reaction. tube 2 ls made a
predetermined value bv controlling the opeﬁing of the
25 slow leak valve 8. A typical'pressure in this Example

is made approximatelv 1.5 Torr. Then, the wafer is



As described above, the film obtained according to the Al film

formati on process based on t he enbodi nent of the present invention is
dense with little content of inmpurity such as carbon, etc. and 5
resistivity which is simlar to bulk, and al so has . hi gh surface

snoot hness, and therefore remnarkabl e effects as described bel ow can be
obt ai ned. - (1) Reduction of hillock Hillock is occurrence
of concavities on.the Al 10 surface due to partial mgration of A when

I nner stress during filmformation i< 3%®l-eased in the heat

treatnment step. Al so, simlar phenonenon occurs by | ocal m gration by
current passage. The Al film formed by the present invention has

little inner 15 stress and is under the state of nonocrystal or
approxi mat e to theated-Qy qurrentaRAcsage tthrongh the hegten fent Afitesso
[err]C for one hqQur, as contrasted to

- formation of, 10[err] -
10[err]/cnierr] Alafef kennpig g #??rﬁea°h°4ﬁ8tﬂﬁ54ﬁﬁ4ﬁm¥ﬂ%q t he
hill ock nunber could b r eat ' o) S, . t 0/ ¢ rrl. . Thus,
due to substant &aﬁ?peraet‘gco%'er%%h%?%i‘g%_%‘%ge%oirfgté{/&% H eetriesﬁ X | m
thickness and t g ddtgH |che DMAIE U fild NI P ML Yressure is ca. 1.5

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

1074

Torr. When DMAH is introduced into the reaction
tube 2, Al is deposited. After a predetermined
deposition time has elapsed, feeding of DMAH is
stopped. Next, heating 6f the heatér 4 is stopped to

10 cool the wafer. Feedihg of HZ gaé is stopped, and
after evacuation internally of thé reaction tube, the
wafer is transferred to the conveying chéamber, and
only the conveying chamber is made éfmosphéric
pressure beféré taking out the wafer. ~The outline of

15 Al film formation is as described ebove.

Experimental example 1
Next, preparation of samples according to this
Example 1 is described.
' 130 Sheets of samples of monocrystalline Si

20 substrates (N'type; 1 - 2 ohm-cnm) were prepared, the

substrate temperatures were set at 13 levels, and Al

films were deposited at the respective temperatures
each for 10 sheets according to the procedure as
described above under thé following conditions:

25 whole pressure: 1.5 Torr

4

DMAH partial pressure: 1.5 x 10 ° Torr.



made thin to be advantageous for nmaking it finer and nore flat. 25
(2) Inmprovenent of electro-mgration resistance
El ectro-nmigration is the phenomenon that the
- 28 - wiring atons nove by passage of a current of high
density. By this phenonenon, voids are generated and grown al ong the
grai n boundary, whereby as acconpani ed W th reduction of the
cross-sectional area, the wiring 5 genEr&Pes heat to be broken.
M gration resistance is generally eval uated by average wiring life.
The wiring fornmed by the Sputtering nethod or the CVD nethod of the
prior art has obtained ghe A4 raMRs2GRPYsitBa byl ¢apfingXchBlerr] to
10[err] hours (in the case of a wiring cross-sectional area of .
i-[er1 (r) ][ rr[e]rr]) glbetrate telhpedatiute! ataisagevedst wepadevarnate Bg0[err] C

X err

use of various evaluation methods. The results are

shown in Table 1.

10

15

20

25



Alcnerr]. 1In contrast, the Al film obtained by the Al filmformtion
nmet hod based on the enbodi nent of the 15 present invention could obtain

an avera@e wiring life of 10[err] to 10[err] hours with a wiring
~having a cross- sectional area of 1 [err]m Hence,

according to the present invention, for exanpl e, when the wiring width

is 0.8 [err]m awring 20 layer thicknegg of 0.3 [err]mcan sufficiently

st and practical application. That is, since the wiring | ayer

t hi ckness can be nade thinner, unevenness on the sem conduct or surface

after arrangenent of wiring can be suppressed m ninum and al so high

reliability jin 25 passing ordinary current can be obtained. Al so, this
i s possible by a very sinple process.
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1 (3) Inmprovenent of surface snoothness (patterning characteristic

i nprovenent of wring) In the prior art, roughness of the
surface of a nmetal thin filmhad i nconveni ence iin the alignnment 5
step for, the mask and the substrate in the patterning step and in the
etching step. That is, there is unevenness extending to
several [err]mon the surface of Al filmaccording to the prior art
met hod, whereby the surface norphology is 10 poor, and therefore had the
fol | owi ng di sadvant ages. 1)- A3 gnnent si gnal s-cause diffused
reflection to occur at the surface, whereby noise | evel becones

hi gher and i nherent alignnent signals cannot be di scrimnated. 15

2) For covering | arge surface unevenness, the . resist filmthickness
must be takdn | arge, which is opposite to fine formation.

3) If the surface norphology is poor, halation due to the resist
internal reflection will occur 20 Ilocally, whereby resist remaining
occurs. 4) If the surface norphology is poor, the side

wal | becones notched in the wiring etching step
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according to its unevenness. According to the present
I nvention, the 25 surface norphology of Al filmto be fornmed is markedly
i mproved to cancell all the drawbacks descri bed above.

- 30 - 1 (4) Inprovenent of resistance in contact hole and t hr ough
hol e.and of contact resistance - = In the prior art nethod, if the
size of the contact hole becones finer as 1 pmx 1 [err]mor less, S
5inthe wiring is precipitated on the substrate of the contact hol e
during heat treatnment in the wiring step to cover thereover, whereby
resi stance between the wiring and the gheoent becones markedly |arger.
According to the enbodi nent of the present 10 invention, since a dense
filmis formed according to the surface reaction, Al has been
confirmed to have a :

1 Shortly speaking, Al films of very good

quality were obtained at a temperature range of 160 °c
to 450 °C, more preferably 200 °C to 400 °C, optimally
270 °c to 350 °c.
5 Example 2

First, the procedure of Al film formation is
as follows. By the evacuation ﬁnit 9, the reaction
tube 2 is evacuated internally to ca. 1 x 10 ° Torr.
Al film can be formed even if the vacuum degree in the

8 Torr.

10 Treaction tube 2 may be higher then 1 x 10

After washing of the Si wafer, the conveying
chamber 10 is released to atmospheric pressure,and the
Si wafer is mounted in the cohveying chamber. The
conveying chamber is évacuated toca. 1 = 10_6 Torr,

15 then the gate valve 13 is opened and thg wafer is
mounted on the wafer holder 3.

After mounting of the wafer holder 3, the gate
valve 13 is closed, and the reaction chamber 2 is
evacuated to a vacuum degree of ca. 1 x 10-8 Torr.‘

20 In this Example, the first gas line is used
for DMAH. As the carrier gas for the DMAH line, Ar is
emplovyed. The second gas line is used for HZ‘

By passing Hz'through thp seéond gas line, the
pressure within the reaction tube 2 is made a
predetermined value by Controlling the opening of the

25
slow leak valve 8. A typical pressure in this Example



resistivity of 2.7 - 3.3 pohmcm Also, the contact resistivity can

attain 1 x 10[err] ohmcnferr] at an area of 0.6 pmx 0.6 pm when the
Si portion has an inpurity of 15 10[err] cnferr] ' ‘That is,
according to the present invention, a good contact with the substrate
can be obt ai ned. In other words, in the patterning step, at

t he line width of the resolving power limt of the 20 exposure

machi ne, the alignment precision 3a=0.15 p _ can be acconpli shed,
whereby wi ring having snooth side pl ane is rendered possible w thout
causing halation to occur . (5) It becones possible to nake heat
treatnent 25 during wring step |ower or abolish the heat treatnent

step. 1 is made approximately 1.5 Torr. 3¥hen, the wafer is

heated by current passége‘through the heater 4. After
the wafer temperature has reachéd a predetermined
temperature, DMAH is introduced into the reaction tube
5 . through the DMAH line. The whole pressure is ca. 1.5
| Torr, and the DMAH partial pressure is made ca. 1.5 x

4 porr. When DMAH is introduced into the reaction

10
tube 2, Al is deposited. After a predetermined
deposition time has elapsed, feeding of DMAH is

10 stopped. Next, heating of the heater 4 is stopped to
cool the wafer. Feeding of H2 gas is stopped, and
after evacuation internally of the reaction tube, the
wafer is transferred to the convéying chamber, and
only the conveying chamber is made atmospheric

15 Dpressure before taking out the wafer. The outline of

Al film formation is as described above.

Experimental example 2
. Al films were formed according to the method
6f Example 2. For the filmé obtained, concerning
20 resistivity, carbon content, average wiring life,
deposition speed, hillock density, generation of spike

and reflectance, the same results_as in- Example 1 were

obtained.

Example 3

25 This Example 3 performs deposition according



1 As described in detail above, by applying the pr esent

I nvention to the wiring formation nethod of a sem conduct or integrated
circuit, the yield can be i nproved, and reduction of cost can be
pronoted to 5 great extent as conpared with Al wiring of the prior

art. Figs. 3A - 3E show.how the Al filmaccording to t he
present invention is selectively grown. Fig. 3Ais an
illustration showing 10 schematically the_cross-section of the substrate
before formation of the A deposited filﬁ1§§cord|ng to t he present
invention. 90 is the substrate conprising - an el ectron donative
material, and 91 a thin film conprising an el ectron non-donative

I ,
V\nzteﬁr;agas %Sthﬁ’et%%n?éaﬁtﬁgo é‘rgﬂg gs%‘ﬁe reactlo’ht%%s%@ré{%%% ont o

t he substrate tagesspl@es f romthe
deconposition t %%2% ureIct'ﬂhB @h? Eﬁméﬁggsﬁgoa%efé?c Al is precipitated on

the substrate 20 90, WyRsEE8YpRe£BUGLEAUOUS form Of Al is forned as shown
in Fig. 3B. Here, the pressure within the reaction t ube 2 shoul d be

desirably 10[err] to 76ﬂMKHéFpaﬁﬂdalhpressurEMMﬁipalm T4 Taressure
preferably 1.5 x 10 to 1.8 X

5 Exge:imental'examgle 3
According to the methed of the above Example

3, films were formed by varying the substrate
temperature within a temperature range from 160 -°C to
400 °C. . As the result, Al,thin films excellent in
10 flatness, denseness containing no carbon impurity were

deposited similarly as in Experimental example 1.
Example 4

This Example 4 is film formation according to
the low pressure CVb method.

15 Experimental example 4

A monocrystalline silicon substrate was plaeed
in the low pressure CVD device shown in Fig. 2, and Al
film was formed within the same badge. The film
formation conditions were made a reaction tube

pressure of 0.3 Torr, a DMAH partial pressure of 3.0 x

” 10”5 Torr, a substrate temperature of 300 °C, and a
film formation time of 10 minutes.,
As the result of film formation under such
conditions, an Al film of 7000 & was deposited. The
film quality was very good, exhibiting the same

25
' properties as one prepared at a substrate temperature



10[err]-fold of the pressure within the above reaction 25 tube.

- 32 - When deposition of Al is continued under the

above conditions, via the state of Fig. 3C, the Al filmgrows to the
| evel of the uppernost portion of the thin film91 as shown in Fig.
3D. Further, when 5 grown under the sane conditions, as shown in Fig. 3E
the Al filnlcan grow to 5000 A substantially without gromh in the

| ateral direction. This is the nost - &baracteristic point of the.
deposited fil m obtai ned by the present invention, and it wll be
understood how a 10 filn1of good quality can be forned under good
selectivity. the result  of angsé5|s ?gcgtdlng to Auger's

el ectron spdct r 8§c389 of EWGFBeﬁEbFFPErgﬂﬁefﬁ

Experimental example §

Samples having Al films formed according to
the same method as in Example 1 were prepared. When
5 crystallinity of the Al film deposited on the Si wafer
-of the respective samples, namely under the same film
forﬁing conditions as in Example -1 by use of the X-ray
diffracfion method and ‘the reflective electron beam
diffraction method, it was found to be a
10 monocrystalline Al. |
First, the evaludation methods are described.
When the crystal direction of the Si substrate
is (111) plane, from X-ray diffraction, as shown in
Fig. 4, only the diffraction peak showing Al (100) was
15 observed.concerning'dl.' In reflective high speed '
electron beam diffraction by use of ‘an acceleration
voltage of 80 kV or 160 kV, as shown in Fig. 5, a
monocrystal spot showing Al (1Q0) was observed. Fig.
5A is a diffraction pattern when electrbn beam is
20 permitted to énter Al (100) in the [001] direction,
Fig. 5B a diffraction pattern when electron beam is
permitted to enter Al (100) in the direction of [011].
Thus, the Al film on the Si (111) substrate was found
to be a monocrystal having (100) plane. Within the

25 substrafe temperature range in Table 1, particularly



no entrainment of an inpurity such as carbon or oxygen 15 is recognized in

this film The deposited filmthus fornmed has a

resistivity of, for exanple, with a filmthickness of 400 A, 2.7 - 3.0
[err]ohm cm at room tenperature which is substantially equal to the
bul k resistivity of Al, and 20 becones continuous and flat film Al so,"
even with a f|In1th|ckness of 1 [err] Its resistance at room
tenperature is approximtely 2.7 - 3.0 ['e4rr%o'hm cmand a sufficiently
dense filmis formed with a relatively thicker film The refl ectance

inthe visible 25 wavelength region is approxinately 80 % and a thin
filmwth exgellent surface flatness can be depgs

- 33 - 1 those gepagifad &t & SANGeFFOD |2|§°pe|cf §PnBRY SGcrere
sel ective depos%%h%% %QPNA%J“if*¥¥f£§”&QAJE§ted which were stably
mohocrystalline. "
Also, the Al films deposited on the Si (111)
T 5 substrate with the substrate surface having off-angles

differing by 1°, 29, 3°, 4°

‘ 5 from the Si (111)
plane were also found to have Al (100) monocrystals
deposited stably, particularly under the temperature
conditions of the substrate temperature ranging from

10 250 °C to 330 °C,-similar1y as in the case when
deposited on the Si (111) substrate as described
above.

When the crystal direction of the Si substrate
is (100{ plane, from X-ray diffraction, as shown in

15 Fig. 6, qnlgﬁthg_diff:act;on peak showing Al (111) was
observed concerning Al. In reflective high speed
electron beam diffraction by use of an acceleration
voltage of 80 kV or 100 kV, a monocrystal spot showing
Ai (111) was observed. Thus, the Al film on the Si

20 (100) substrate was found to be a monocrystal having
(111) plane. Within the substrate temperature range
in Table 1, partigularly those deposited at a range
from 250 °C to 330 °C were found to have Al films
deposited which were stably monocrystalline. Alsof

25 the Al films deposited on the Si (100) substrate with



deconpositi.on tenperature of the starting gas containing Al or higher
and 450 [err]C or lower as 5 nentioned above, but specifically a

substrate tenperature of 200 to 450 [err]C is desirable, and when
deposition is perforned under such condition,.the deposition speed is
sufficiently great as 100 A/ m n. to 800 A/ mn. when DVAH parti al
pressure is 10[err] to 10[err] 10 Torr. Thus a sufficiently great
deposition speed can be obtained as the Al deposition technique for
ultra-LSl. A nore preferabl e-sapstrate tenperature

condition is 270 [err]C to 350 [err]C, and the Al film 15 deposited under
this condition is also strongly ori entatabl e and, even when subjected
to the heat treatment at 450 [err]C for 1 hour, the Al filmon the S

nmonocryst al | lne the Ssubstyatessurface having wtf-angléscditferigodovAl film
wi thout generatigg ofghilbocke 29 _spike. Aso, such Al filmis_ excellent
in electro- 1 g?atl%norésr s?an€§°m the Si (100) plane rvere AlsR case
of selective dep05|t|o ce shown

deposi ted on °‘(‘J'|’|‘Pyt‘6n€a'§ﬁe€£| %)?‘flgb’é?P%?EY?T'P%p%?‘??%%P‘?Q%t?caﬁgype

particularly under the temperature conditions of the

5 substrate temperature ranging from 250 oC"to 330 °c,
similarly as in the case when deposited on the Si
(111) substrate as described above.

Experimental example 6

Crystallinities of theLAl.films.formed
10 according to the method of Example 2 were evaluated
Similarly as in the case of Example §, particularly _
within the range of -the substrate tempefature'from 250
°c to 330 °c, Al (100) monocrystal was formed on the
si (111) sﬁbetrate, and A1'(111) monocrystal on the Si

15 (100) substrate. =

Experimental example_? N

Al films were formed on Si.substrate according
to the method of Example 3. As the result of
evaluation of cr?stallinities-of the Al films by the X-

ray diffraction method and the reflective high speed

20
electron beam diffraction method, the following
results were obtained.
| When the crystal direction of the Si substrate
surface'is (111) plane, from x?ray diffraction, &s

25 shown in Fig. 4,_on1y the diffraction peak showing Al

(100) was observed concerning Al. In reflective high



25 time. Although a deposition speed of ca. 800 A/ mn. can be

obtained, it is still insufficient for

- 34 - 1 perform ng deposition of a |arge nunber of sheets within a
short tine. As the deposition filmform ng device for

I mpr'oving this point, there is the |ow pressure CV/D 5 device which can
deposit Al by simnmultaneous nounting of a large nunber of sheets of

waf er. Since the A filmformation according to the present enbodi nent
utilizes the surface reaction of the electr%p donati ve Substrate
surface, in the hot wall type Iom1pressuFé4 10 CVD nmet hod wherein only the
substrate is heated, Al can be deposited on the substrate by use of
DVAH and - Herr].

1 speed electron beam diffraction by use of an
acceleration voltage of 80 kV or 100 kV, as shown in
Fig. 5, a monocrystal spot showing Al (100) was
observed. Thus, the Al film on the Si (111) substrate

5 was found to be a monocrystal having (100) plane.

| -Also, the Al films deposited on the Si (111)'
substraté with the substrate surface having off-angles’
differing by 1°, 2°, 3°, 49, 5° from the si (111)
plane were also found to have Al (100) monocrystals

10 deposited, similarly as in the case when deposited on
the Si (111) substrate as described above.

When the crfstal direction of the Si substrate
is (100) plane, from X-ray diffraction, as shown in
Fig. 6, on1§ the diffraction peak showing Al (111) wés.

15 observed concerning Al. In reflective high speed
electron beam diffractién by use of an acceleration
voltage of 80 kV or 100 kV, a monocrystal spot showing
Al (111) was observed. Thus, the Al film on the Si
(100) substrate was found to be a monocrystal having

(111) plane. .Also, the Al films deposited on the Si

20
(100) substrate with the substrate surface having off-
engles differing by 1°, 22, '3°, 4°, 5° from the si
(iGO) plane were also féund to have Al (111)'
monocrystals deposited, similarly as in the case when
25 deposited on the Si (111) subst;ate as described |

above.



The reaction tube pressure may be 0.05 to 760 Torr, desirably 0.1 to
0.8 Torr, the substrate 15 tenperature 160 [err]Cto 450 [err]C,

desirably 200 [err]C to 400 [err]C, the DVAH partial pressure 1 X
10[err]-fold to 1.3 x 10[err]-fold of the pressure in the reaction

t ube, and under such conditions, A can be selectively deposited

on only the electron donative substrate. 20 The deposited film
form ng device to which such present invention is applicable is the
same as in Fig. 2 as described above,5&nd therefore its detailed
description is omtted here. By form ng a deposited fil munder
the 25 conditions as descri bed above by use of such device, A filns

o G Tl T ancouths ERedptorre Farerand, the Frperingntal
As descri bed aqggghpigglﬁ'L319§t§fgegxamples when forming Al films

selectively.

Example 5
5 First, the-procédure'of Al film formation
according to this Example is aé folldws. By use of

the device shown in Fig; 1; the reaction tube 2 is

8

internally evacuated to ca. 1 x 10" ° Torr by the

evacuation unit 9. However, Al film can be also
10 formed even if the vacuum degree within the reaction

8

tube 2 may be higher than 1 x 10 = Torr.

After washing of the éi wafer't:eated ég és to
effect selective depoéition, fhe éénveying_chamber 10
is released to atmosﬁheric ﬁressure-;ﬁd the Si wafer
15 is mouﬁted in the cbﬂveying chambéf;}-TheJE6nveyin§
chamber is evacuatéd to ca; 1x 16-6:Torﬁ; then the'
gate valve 13 is opened.and the wafer is mouhted on
the wafer holder 3. |
.After mounting of the wafer on the wafer
o9 holder 3, the gate valve 13 is closed; and the
reaction chamber 2 is evécuated to'a vacuum dégree

8 Torr.

of ca. 1 x 10
In this Exemple, DMAH is fed through the first

gas line. As the carrier gas of_DMAH line, H, is

25



according to the Al filmselective formati on process based on the
enbodi nent of the present invention is ‘5 dense wth very little content of

i mpurity such as carbon, etc. and resistivity which is simlar to
bul k, and al so has high surface snoot hness, and therefore

remar kabl e effects as .descri bed bel ow can be obt ai ned. (1) Reduction
of hillock 10 The Al filmformed according to the present
invention has little internal stress and il under the state of
nmonocrystal or approximate to that. For this " reason, in the heat
treatnment at 450[err]C for one hour, as contrasted to formati on of

10[err] - 1Q[er r] b | K&y 4 afgdsmmf. .t prior art,
t he hi ?I roéc%'ﬁ éé'r c%?dé%%%éegﬁ yf%dr‘r%r%ﬁg‘a%s Oéto 2 hﬁle/ cnjerr].

(2) Inprovementyobs £hGOH ! OtRF-Shghi fRel €666hdNges 1ine, the prddsurering
formed by the method of £he prior 20 art has obtained an average wiring
life of 1 x 10[withifhOthe redfiton] tuber2 ismade greeddterminédg
cross-sectional area of 1 [err]nferr]) under the current passage test .
condi tions of 2edlgerbyControldingrthe/ cpéring of ntherslentleake Al
filmobtained by the Al filmselective fornmation
5 valve 8. A typical pressure in this Example is made
approximately 1.5 Torr. Then, the wafer is_heated by
current passage through the heater 4. After the wafer
temperature has reached a predetermined temperature,
DMAH is introduced into the reaction tube through the
10 DMAH line. The whole pressure is ca. 1.5 Torr, and
the DMAH partial pressure is made ca. 1.5 x 10-4 Torr.
When DMAH is introduced into the reaction tube 2, Al
is deposited. 'After a predetermined depositien time
has elapsed, feeding of DMAH is_stopped. Next,
15 heating of the heater 4 is stopped'tq cool the wafer.
Feeding of Hz_gas is stopped, end after evacuation
internally of the reaction tube, the wafer is
transferred to the conveying chamber, and only the
conveying chamber is made atmospheric pressure before
o0 taking out the wafer. The outline of Al film
formation is as described above.

Experimental example 8

Si substrates (N type, 1 - 2 ohm.cm) were |
subjected to thermal oxidation at a temperature of
25 1000 °c according to the hydrogen combustion system

(Hz: 4 liters/M, O,: 2 liters/M).



25 net hod based on the enbodi nent of the present i nvention coul d
obtain an average wiring life of 10[err]

- 36 - 1 to 10[err] hours with a wiring having a cross-sectional

area of -1 [err]. - (3) Reduction of alloy pit in contact portion

The Al selectively fornmed according to the 5 :present invention can
suppress generation of alloy pit at the contact portion with the
substrate crystal even by the heat trgatment during-wiring step, and
also a wiring with good contact characCtieristic can be obt ai ned.
That is, even when the junction is made 10 shallow to the extent of 0.1
[err]m the junction wll not be destroyed with only the Al material.
(4) Inprovegent of surfege sIDRt PRESENéPSI%SE NTOGD X + SOGrACtamdstic

| mprovenent of w ring)
the reflactive index 1,46. A photoresist was coated on
the whole Si substrate, and a desired pattern was
baked by an exposure machine. The pattern was such
5 that various holes of 0.25 um x 0.25 um - 100 um x 100
pm were opened. After development of the ppotoresist,
with the photoresist as the mask, the sﬁbbing Si_O2 was
etched by the feactdve ion etching (RIE), etc. to have
the substrate Si partially exposed. Thus, 130 sheets
10 ©of samples having various sizes of Si0, holes of 0.25
pm x 0.25 pum - 100 um x 100 pm were prepared, the
substrate temperature was set at 13 levels, and for
the samples each of 10 sheets at the respgctive
temperatures, Al films were selectivély deposited
15 following the procedufe“as desbribed-abeve under the
following conditions:
whole pressuré: 1.5 Torr
'DMAH partial pressure: 1.5 x 1Q—4 Torr.
The Al films deposited by varying the
20 substrate temperature at 13 levels were evaluated by
use of various evaluation methods. The results are

shown in Table 2.

25



According to the present invention, the 15 surface norphol ogy of the Al

filmto be forned can be | mproved . epoch- naki ngly, whereby all of the
probl erns of the prior art can be inproved. That is, in
the patterning step, at the line - width of the resolving power limt of
t he exposure 20 nmachine, the alignnment precision 3[err]=0.15 [err] mcan be
acconpl i shed, whereby w ring having snooth side plane I s rendered
possi bl e wit hout causing halation to occur . (5) Inprovenent of

resi stance in contact hole and 25 through Tol® and contact resistance
According to the present invention, since '

- 37 - 1 adense filmis selectively fornmed by the surface reaction
even when theg opening may be 1 [err]mx 1 [err]mor
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"less, it has been confirned that the Al conpletely filled wthin the
contact hole and through hole each 5 has a resistivity of 2.7 - 3.3

[err]ohmcm Also, the contact resistivity can attain 1 x 10[err]
ohmcnierr] in the case where the Si portion has an inpurity of
10[err]cnerr] in a hole of 0.6 [err]mXx 0.6 [err]m - That
is, according to the present invention, 10 the wiring nmaterial can be
conpl etely enbedded only in t he m mutd® openi ng, and al so good cont act
with the substrate can be obtained. Therefore, the present
invention can contribute greatly to inprovenent of resistance within
hol e and contact resistance which 15 have been the greatest problens in
the fine prbcess of 1 [err]mor |ess. (6) It is possible to nake
t he heat treatnent tenperature during wiring step lower or to omt the
heat treatnment step. 20 As described in detail above, by applying
t he present invention to the wiring formati on nethod of a
sem conductor integrated circuit, particularly enbeddi ng of contact .
hol e or through hole, the yjelb can be inproved, and reduction of cost
can be pronoted 25 to'greeﬁ egtent as conpared with Al wiring of the
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prior art. - 38 - 1 Exanple 1

First, the procedure for Al filmformation is as follows. By use of

t he device shown in Fig. 1, the reaction tube 2 is internally
evacuated to ca. 1 x 10 5 [err]Torr by the evacuation unit 9. However,
Al filmcan be also fornmed if the vacuum degree within the

reaction tube 2 may be higher than 1 x 10[err] Torr. Af ter
washi ng of Si wafer, the conveying chater 10 is released to
atnospheric pressure and Si 10 wafer is nmounted in the conveying chanber.
The conveyi ng chanber is evacuated to ca. 1 x 10[err] Torr, and

then the gate valve 13 i, ogened, and JUE Ml ®ad % was WpleTLeY e Vel er

éioz at a temperature range from 160 %¢ to 450 OC, and
Al was deposited only on the portion with opening of
5102 to have Si exposed. Also, when deposition was
5 carried out in the above temperature range
continuously for 2 hours, similar seléctive‘*-*“
depositability was maintained. |
Example 6
First, the procedure of Al film formation is
10 @s follows. By the ‘evacuation uhit 9, the reaction

8

tube 2 is evacuated internally to ca. 1 x 10 - Torr.

Al £film cén-be'formed even if the vacuum degree -in the

8 Torr.

reaction tube 2 may be higher than 1 x 10
- After washing of the Si wafer, the conveying

15 chamber 10 is released to étmospheric pressure and the
Si wafer is mounted in the conveving chanmber. The -
conveying chamber is evacuated to ca. 1 x 107° Torr,
then the gate valve 13 is opened and the wafer is
mounted on the wafer holder 3. |
20 After mounting of the wafer on the wafer

holder 3, the gate wvalve 13 is closed and the reaction

chamber 2 is evécuated to a vacuum degree of ca. 1 x

-8

10 Torr.

. In this Example, the first gas line is used

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



After nounting of the wafer on the wafer 15 holder 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, DVAH is fed
through the first gas line. As the carrier gas of DMAH line H err]
which is 20 the sane as the reaction gas is enployed. The second
gas line is used for Herr]. By passing Herr] through the
second gas line, the pressure within gge-reaction tube 2 is nade a
predeterm ned value by controlling. the opening of the 25 slow leak valve
8. A typical pressure in this Exanple. I's made approximately 1.5 Torr.
Then, the wafer is - 39 - 1
heat ed by curresmppoyedge Eheongohhegbsauene4zsAﬁsed for HEhe waf er
tenperature has reached a predeternrned
By passing H2 through the second gas 1ine, the
pressure within the. reaction tube 2 is made a
predetermined value by controlling the opening of the
5 slow leak valve 8. A'typical pressure in_this Example
is made approximately 1.5 Torr. Then, the wafer is
heated by current passage through the heater 4. After
the wafer temperature has reached a predetermined
temperature, DMAH is introduced into the reaction tube
10 through the DMAH line. The whole pressure is ca. 1.5
Torr, and the DMAH“partial_pressure_;s made ca. 1.5 x

=4 Torr. When DMAH is introduced into the reaction

10
tube 2, Al is deposited. After_a predetermined
deposition time has elapsed, feeding of DMAH is

15 stopped. Next heating of the heater 4 is stopped to
cool the wafer. Feeding of H2 gas is stopped and
after evaouation intetnaliy of the reaction tube, the
wafer is transferred to_the conﬁeying chamber, and
only the conveying chamber is made atmospheric

20 ptessure befote taking out the wafer. The outline of

Al film formation is as described above.

Experimental example 9

Al films were formed according to the method
of Example 6. For the films obtained, concerning
25 resistivity, carbon content, aVerage wiring life,

deposition speed, hillock density, generation of spike



tenperature, DMAH is introduced into the reaction tube

t hrough the

DVAH i ne. The whol e pressure is ca. 1.5 5 Torr, and the DMAH parti al
pressure is made ca. 1.5 x 10[err] Torr. Wien DVAH is introduced into
the feactfon tube 2, Al is deposited. After a predeterm ned

deposition tinme has el apsed, feeding of DVAH i s stopped. Next,
heating of the heater 4 is stopped to 10 cool the wafer. Feeding of

H err] gas is stopped, and after evacuggion internally of the reaction
tube, the wafer is transferred to the conveyi ng chanber, and only

t he conveyi ng chanber is nade atnospheric
The outline of

Experinment al  exargie® rdeflectance, thd\eddme FEpIed i) i
Exanpl e 1 is described. -

t he waf er.

to this

pressure before taking out
15 Al filmformation is as descri bed above.

Biey Bferf€&D! di. ng
130 -Sheets of sanples of

nmonocrystal | i ne étample & uwssite adlesainédype, 1 - 2 ohmcnm) were prepared
t he substrate tenperatures were set at 13 levels, and Al films
were deposited at the resheeiiselectirs depesitabil ity ivith sibstrate
according to the procedure.as descri bed above under the follow ng

condi ti ons:

5

10

15

20

25

was the same as in Experimental example 8.

Example 7 oo e o
This Example is selective deposition of Al

according to the low pressure CVD method.

Experimental example 10 .

By means of_thewlqy”preséprg"cyp"deviqg'shown
in Fig. 2, Al films were formed on the substrates with
the constitutions as described below (Samples 5-1 - §-
179). |

Preparation of. Sample 5-1. _. .

On a monocrystalline silicon as the electron
donative first substrate surface material, a thermally
o#ﬁdized 8102 film as the electron non-donative second
‘substrate surface matérial'was'formed. and patterning

was effected according to the photolithographic steps

'as shown in Example 1 to have the monocrystalline

surface parfially exposed.
The film thickness of the thermally oxidized

Si0, film was found to be 7000 X, with the size of the

2
exposed portion of the monocrystalline silicon, namely
opening being 3 um x 3 um. Thus, Sample §5-1 was

prepared. (Hereinafter, such sample is expressed -



25 . whol e pressure: 1.5 Torr DVAH partial pressure:
x 10[err] Torr. _ - 40 - 1
The Al filns deposited by varying the substrate tenperature at 13
| evel s were eval uated by use of various evaluation nmethods. The
results are shown in Table 1. 5 10

...58_

10

15

20

25

as “thermally'oxidized 8102 (hereinafter abbreviated
as T—Sioz)/monocrystalline silicon").

Preparation of Samples 5-2 -~ 5-179

Sample 5-2 is an oxidized film formed by
normal pressure CVD (hereinaftef abbreviated: as
Sioz)/monocrystalline silicon.

Sample 5-3 is a boron"dopednoxidize& film
formed by normal pressure CVD (hereinafter ébbreviated
as BSG)/monocrystalline_silicon,-.u-

Seample 5-4 is a phosphorus dopedioxidized film
formed by normal pressure--CVD (hereingfter-abbreviated
as PSG)/monocrystalline silicon.

sample 5-5 is a phosphorus and boron doped
oxidized film formed by normal pressure CVD
(hereinafter abbreviated as BSPG)/monocrystalline
silicon. |

Sampie 5-6 is.a nitrided film formed by plasma
CVD (hereinafter abbreviated as P-S:N)/monocrystalline
silicon.

Sample 5-7 is a thermally nitrided film -
(hereinafter abbreviated as T-SrN)/mopocrystailine
silicon. | _ _

Sample 5-8 is a nitrided film formed bf low
pressure CVD (hereinafter abbreviated as LP-

S:N) /monocrystalline silicon. -

Sample 5-9 is a nitrided film formed by ECR

1.5



15

10

15

20

25

20

25 - 41 - [err] 1

- 59 -

device (hereinafter abbreviated as ECR-
SiN)/monocrystalliné silicon.
Further,-by.combinations of the electron
donative first substrate surface materials and the
electron non~-donative second substrate surface
materials, Semples 5-11 - 5-179 shown in Table 3 were
prepared. As the first substratg sufface.material,
monocrystalline silicon (monoerystalline~5£);~
polycrystalline silicon (polycrystalline:§if;
amorphous silicon (amorphous Si), tungsten (W),
molybdenum (Mo), tantalum (Tﬁ), tungsten silicide
(Wsi), titanium silicide (TiSi); aluminum (A1),
aluminum silicon (Al-Si), titanium aluminum (A1-Ti),
titanium nitride (TiN), copper (Cu), aluminum silicon
copper (Al-Si-Cu), aluminum palladium (Al-Pd),
titanium (Ti), molybdenum silicide (Mo<Si), tantalum
silicide (Ta-Si) were.employed. These samples and_

Al O3 substrates, Sioé glass éﬁbstrates were placed in

2
the low pressure CVD device shown in Fig. 2, and Al
films were formed within the same badge. The film
forming conditions were a reaction tube pressure of

5 Torr,

0.3 Torr, a DMAH partial pressure of 3.0 x 10
a substrate temperature of 300 °C and a film formation
time of 10 minutes. |

Aé the result of film formation under such

conditions, concerning'all the samples applied with



- 42 - Jerr] - 43 - 1
Shortly speaking, A filnms of very good quality were obtained at a
tenperature range of 160 [err]C . to 450 [err]C, nore preferably 200
[err]C to 400 [err]C, optimally 270 [err]Cto 350 [err]C. 5 Exanple 2 .
First, the procedure of Al filmformation is as follows. By the '
evacuation unit 9, the reaction tLgx%&Zis evacuated internally to ca.

1 x 10[err] Torr. :

1 patterning from Sample 5-1 to 5-179, deposition of Al
film occurred only on the electron donative first
substrate surface film to embed completely the opening
with the depth of 7000 &. The film quality of the Al

5 f£ilm was found to be very good, exhibiting the same
properties as 6ne'brepared at a.substﬁate teﬁperature
of 300 °G_shoﬁh in'Experiméﬁfalméxémﬁié é;'wdh the
other'ﬁgﬁéfién the second-substrate surface whiéh is
electron non—dohétivé; no Al film was déboéiiéd attl

10 all, whereby complete selectivity ﬁas obtainéd. On

both the B1,0, substrate and the éioz glass substrate which

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

all.

Experimental example 11

15 By use df the lowtbféééﬁﬁé_CVﬂ”&;Qicé shown in
Fig. 2, Al film was formed on the substrate with the
constitution as described below.

On a thermally o#idiied £film ds'the electron
non—donativé_second substrate surface material, a

20 polyciystalline Si as the electron donative first
substrate surface material.was formed, patterning was
effected according to the photolithograppic steps as
shown in Example 1 to have the thermally oxidized film
surface partially expésed.l The film thickness of the

o5 DPolycrystalline silicon at this time was 2000 A,-wifh

the size of the thermally oxidized film exposed



Al filmcan be fornmed even if the vacuum degree in the 10 reaction tube 2

may be higher than 1 x 10[err] Torr. After washing of the S
waf er, the conveyi ng chanber 10 is rel eased to atnospheric pressure
and the + - Si wafer is nounted in the conveying chanber. The

conveyi ng chanber is evacuated to ca. 1 x 10[err] Torr, 15 then the gate
valve 13 is opened and the wafer is nmount ed on the wafer holder 3.
After nounting of the wafer holder 3, the gate valve 13 is closed, and
t he reaction chanmber 2 is evacuat ed 8 a vacuum degree of ca. 1 x 10
Torr. 20 In this Exanple, the first gas line is used for

DVAH. As the carrier gas for the DMAH line, Ar is enpl oyed. The second

gas line is use

th h th
second gas |} neP® F%é°n' nabﬁégsBpgnﬁPFhPﬁiPéegﬁiitgg LgELLSE Fgu%ade 2' 25

predeterm ned vgggg}gy £oRbi gL B4t NepgPERLRYAgkibHS of tnd' Q¥ebeRlaYal Ve

non-donative second -substrate surface materials (T-
SiOz, CVD—SiOz, BSG, PSG, BPSG, P-SiN, T-SiN, LP-SiN,

5 ECR-S:N) and the electron-donative first substrate
surface materials (polycrystalline Si, amorphous Si,
Al, W, Mo, Ta, WSi, TiSi, TesSi, Al-Si, Al-Ti, TiN, Cu,
Al-Si-Cu, Al-Pd, Ti, Mo-Si), Samples of 6-1 - 6-169
shown in Table 3 were prepared. Thése samples were

10 Dplaced in the low CVD device shown in Fig. 2, and al
film was formed within the same badge. The film
forming conditions were a reaction tube pressure of

=5 Torr,

0.3 Torr, a DMAH partial pressure of 3.0 x 10
a substrate temheraturemof 306 °C and.a film forming
15 time of lonminutes. As the fesult of film formation
under such conditions, in all the samples from 6-1 to
6-169, no Al film was deposited at all at the opening
having the electron non-donative second substrate
exposed, but Al of about 7000 X was deposited only on
oo the electron donative first substrate, whereby
complete selectivity was obtaihed. The film qualitf'
of the Al film deposited was found to be very good;
exhibiting the same properties as one prepared at a

substrate temperature of 300 ©c in Experimental

o5 ©xample 1.



- 44 - | is made approximately 1.5 Torr. Then, the wafer is heat ed

by current passage through the heater 4. After the wafer tenperature
has reached a predeternined tenperature, DMAH is introduced into the
reaction’'tube 5 through the DMAH Iine. The whole pressure is ca. 1.5
Torr, and the DVMAH partial pressure is made ca. 1.5 x 10[err] Torr.
When DMAH is introduced into the reaction tube 2, Al is deposited.
After a predeterm ned deposition ti ?'% has el apsed, feeding of DVMAH is
10 stopped. Next, heating of the heater S stopped to cool the
wafer. Feeding of H2 gas is stopped, and after evacuation internally
of the reaction tube, the wafer is transferred to the conveying
chanber, and only the conveyl ng chanber is made at m)spherl c 15
pressure before taking out ftewafgr—{Tgo f =1l m f or mati on
is as described above. EXpepi m:gta&; nglleed elsixzias) A filns
were formed according to t emetﬁoc.,', J,_qj,E},n;QIe,},Z Jp (i filns
obt ai ned, concerning 20 rejsistivitly, lcardbori.cantent |average Wring life,
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deposi tion.speed, hillock density, generation of spike and

refl ectance, the sanme results as in Exanple 1 were obt ai ned.

Exanmpl e 3' 25 This Exanple 3 perforns deposition according

- 45 - 1 to the sane procedure by use of MVAH err] as the starting

gas by setting the conditions as foll ows: whol e pressure: 1.5
Torr MVAH err] partial pressure: 5 x 10 Torr. 5

Experinmental exanple 3 Accor®® gy to the nmethod of the above
Exanpl e 3, films were formed by varying the substrate tenperature
wWithin a tenperature range from 160 [err]C to - 400 [err]C. As the

result, A thin film excellent in 10 flatness, denseness containing no
carbon inpurity were '
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deposited simlarly as in Experinental exanple 1. Exanpl e 4

This Exanple 4 is filmformation according to . the | ow pressure CVD
nmet hod. * 15 Experinental exanple 4 A nmonocrystalline silicon
substrate was pl aced in the | ow pressure CVD device shown in Fig. 2,
and Al filmwas formed within the sanme badge. The film formation
conditions were nade a reaction tube 20 pressure of 0.3 Torr, a DVAH
partial pressure of 3.0 X 10 Torr64 a-substrate tenperature of 300
[err]C, and a filmformation time of 10 m nutes. As the
‘result of filmformation under such conditions, an Al filmof 7000 A

was depositgd. The 25 filmquality was very good, exhibiting the sane
properties as one prepared at a substrate tenperature
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1 of 300 [err]C shown in Experinmental exanple 1. Experinental exanple

5 Sanpl es having Al films formed according to t he sane
nmet hod as in Exanple 1 were prepared. Wen 5 crystallinity of the Al film
deposited on the Si wafer . of the respective sanples, nanely under the
same film form ng conditions as in Exanple 1 by use of the X-ray
diffraction nethod and the reflective el ectron beam diffraction nethod,
it was found to be a 10 nonocrystallirfd A . : First, the
eval uati on net hods are descri bed. When the crystal direction
of the Si substrate Is (111) plane, from X-ray diffraction, as shown
I n Fig, 4, only the diffraction peak showing A (100) was 15
observed concerning Al. In reflective high speed el ectron beam
diffraction by use of an accel eration ‘vol'tage of 80 kV or 100 kV, as
shown in Fig. 5 a wonocrystal spot showing Al_(100) -was observed.
Fig. 5A is a diffrjcti ons ppit Pan] whene ¢ledtes qnsfaa ey 20 permitted
to enter Al (100) in th _[QO@ dl‘:—’reg % al1= Iﬁg.,ﬁfg;a Bifffraction
pattern when electron bpamie |d|o|s|b|d|d]b|d]|b .
O
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permtted to enter Al (100) in the direction of [011]. Thus, the A
filmon the Si (111) substrate was found to be a nonocrystal having
(100) plane. Wthin the 25 substrate tenperature range in Table 1,
particularly - 47 - t hose
deposited at a range from 250 [err]C to 330 [err]C were found to have
Al filnms deposited which were stably nonocrystalline.

Al so, the Al films deposited on the Si (111)° 5 substrate with the
substrate surface having of f-angl es 0 0 0 0 0
differing by 1[err] 2[err], 3[err], 4,-5gre] fromthe Si (111) pl ane
were al so found to have Al (100) nonocrystals deposi ted stably,
particularly under the tenperature conditions of the substrate
tenperature ranging from 10 250 [err]Cto 330 [err]C, simlarly as in the
case when 1 Exampiet8d on the Si (111) substrate as described

This Example is the method of depositing
selectively Al by use of MMAHZ.

Experimental example 12

5 When deposition was caﬁried oﬁt according to
the same procedure as shown in Example 1 bj use of

MMAH, as the starting gas and setting the conditions

2

as follpws; ) |
whole pressure: 1.5.Torr

10 MMAH, partial pressure: 5 x 10™% Torr,
in the temperature range éf the substrate températﬁre
from 160 °C to 400 °C, an Al thin film containing no carbon
impurity and havihg excellent flatness, denseness and
selectivity with the substrate surface materials was

15 deposited similarly as in Exemple 1.

Experimental example 13
' According to the same method as in Example 5,

a sample having an Al film formed thereon was |

prepared. The crystallinity of the Al film
o9 Selectively deposited on Si at the same substrate
temperature as in Table 1 was evaluated by the x—fay
diffraction method and the scanning n-RHEED
microscope.
R The scanning p-RHEED microscope is the method
disclosed in Extended Abstracts_of the 21th COnferénce

25
on Solid State Devices and Materials (1989) p.217 and



above. When the crystal direction of the Si substrate S
(100) plane, from X-ray diffraction, as shown in 15 Fig. 6, only the

diffraction peak showing Al (111) was ‘observed concerning Al. In.
refl'ecti ve high speed el ectron beamdiffraction by use of an

accel eration vol tage of 80 kV or 100 kV, :a nonocrystal spot show ng
Al (111) was observed. Thus, the Al filmon the Si 20 (100) substrate was
found to be a nonocrystal having (1 plane. Wthin the substrate

t enper ature range in Table 1, particuUtarly those deposited at a range
from250 [err]Cto 330 [err]C were found to have Al filns deposi ted

which were stably monocrystalline. Also, 25 the Al films deposited on the
Y the subst Fat & Ffons TR o7 ApRHRY Fivrisn gy 20 ve- 1 0
(1989), L2075. According to the RHEED (Reflection
High Energy Electron Diffraction) method of prior art,
electron beam was permitted to be incident on the
5' sample surface at a shallow.angle of 2 - 3°, and the
crystallinity of the sample surface waé evaluated from
the diffraction pattern formed by the diffracted
electron beam. However, sincé the electron beam
diameter is large as 100 um to ‘several hundred um,
10 only average information on the sample surface could
| be obtained. In the'u-RHEED micfoscope, an electron
beam diffraction pattérn from a specific fine region
on the sample surface can- be observed by narrowing the
electron beam diameter of 0.1 um. Also, by scanning
15 the electron beam two-dimensionally on the sample '
surface, by use of any desired diffraction spot
intensity change on the diffraction pattern as the .
image'signal, two dimensional image (scanning u-RHEED
image) on the sample surface can be obtained. At this
20 time by observation of the scanning W-RHEED image by
use of different diffraction spots A and C on the
diffraction pattern as shown in Fig. 7, -even if thé
lattice planes in parallel to the saﬁple surface may
be aligned in (100), the'crystal grain boundaries
rofating withiﬁlthe plane can be visualized as

25
distinguished from each other. Here, the diffraction



[ err], 2[err], 3[err], 4[err], 5 err] fromthe Si (100) plane were al so
found to have Al (111) nonocrystals deposited stably, particul arly
under the tenperature conditions of the 5 substrate tenperature ranging
from250 [err]Cto 330 [err]C, simlarly as in the case when deposited -
on the Si (111) substrate as described above. Experi nment al
exanple 6 Crystallinities of _the Al films formed 10 according
to the nmethod of Exanple 2 were eval uated®® = Simlarly as in the case of
Exanple 5, particularly within the range of the substrate tenperature
from 250 [err]Cto 330 [err]C, Al (100) nonocrystal was formed on the

Si (111) substrgiey ns A &%aggf@&ryﬁéélo&n:w%%?iqlﬁn

)
subst.rat e. peri mental exanp ms%éfg fornmed on

Si substrate aGaErh Néhe plak® iNWHESROtheafFEWElGich pistddisnresult of

eval uation of crystallinities of the Al filns by the X- = 20 ray diffraction
nmet hod and t he dedueslan® thehsa@retal plamed efdrnud RareHE ffdgiddon net hod,

‘the follow ng results were obtai ned. When t he crystal
direction of tlddstroth¥HBeamt care crossed at right angle, while the

5 difffaction spot C is a diffraction spot not on the
line 1. As shown in Fig. 8, when the lattiqe plane in
parallel to the sample surface is, for example, (100),
but crystal grains x and_ymare:rotaging mutually
within the plane, in the_scanning g-RHEED image by use

10 of the diffraction spot A, both crystal grains x and y
are displayed as the regipn:with strong intensity. On
the other hand, in the scenning u-RHEED image by use
of the diffraction spot C, only the crystal grain x is
displayed as the region with strong intemnsity.

15 Therefore, by observation of the scanning n-RHEED
image by use of the diffraction spots A and C as shown
in Fig. 7, it can be disgriminated whether the crystal
in the region observed is a polycrystal including |
interplanar rotation or a monocrystal. In Extended

o0 Abstracts of the 21th Conference on Solid State
Devices and Materials (1989) p.217 and Japanese |
Journallof Applied Pbysics vol. 28, Nq.-11 {1989)
L2075, concerning Cu thin film, it hés been clarified
that, for example, even if the lattice plane in

25 'parallel to the sample surface may be {100}, therew

| exists a crystal-grain including interplanar rotation



surface is (111) plane, from X-ray diffraction, as 25 shown in Fig. 4,

only the diffraction peak shomﬁng Al (100) was observed concerning Al.
In reflective high - 49 - 1
speed el ectron beamdiffraction by use of an - accel eration voltage of
80 kV or 100 kV, as shown in Fig. 5, a nonocrystal spot show ng Al
(100) was observed. Thus, the Al filmon the Si (111) substrate 5 was
found to be a nonocryst al haV|ng (100) plgg Al so, the Al
films deposited on the Si (111) subsPTafe with the substrate surface
havi ng of f - angl es differing by 1[err], 2[err], 3[err], 4[err], 5[err]
fromthe Si (111) pl ane were also found to have Al (100) nonocrystals

10 deposi ted, fﬁﬁn{@égygﬂgbgar§ggagaagayggp deposited on the Si (111)

substrate as descri _
First, the Al film deposited selectively on

the Si exposed surface at the substrate temperature in
Table 1 was evaluated.

5 When the crystal direction on the Si éubstrate
surface is (111) plane, from X-ray diffraction,
concerning Al, as shown in Fig. 9, only the
diffraction peak showing Al (100) could be observed.
Next, crystallinity of the Al fiih deposited

10 selectively'was evaluated by use of a scanning p—-RHEED
microscope. As shown in Fig. 10; after the region
where Al had been selectively deposited was specified
by the scanning secondaryuelectron image showing the
surface form (Fig. 10A), by_usé of the diffraction

15 spot 200 (corresponding to the diffraction spot A in
Fig. 7) and the-diffrgction spot 620 (correépohding to
the diffraction spot C in Fig. 7) on the diffraction
pattern occurring when the electron beam was permitted
on the Al (100) plane from the [001] direction, the

20 scanning pu—-RHEED image (Fig. 10B) and Fig. 10C) was

observed. As shown schehatical;y in Fig. 10B and Fig.

10C, there is no change in lightness and darkness oh
the Al film seiectively deposited, and the Al
selectively deposited was confirmed to be an Al {(100)

25 monocrystal. .

On the other hand, when the Si exposed plane



When the crystal direction of the Si substrate Is (100) plane, from
X-ray diffraction, as shown in Fig. 6, only the diffraction peak
showing Al (111) was 15 observed concerning Al. In reflective high speed
el ectron.beam di ffraction by use of an accel eration vol tage of 80 kV
or 100 kV, a nonocrystal spot show ng Al (111) was observed. Thus, the
Al filmon the Sit (100) substrate was found to be a nonocrystal having
20 (111) plane. Also, the Al filnms deposited on the Si (100) substrate
with-the substrate surface having off- = 70 angles differing by 1[err],
2[err],3[err], 4[err], 5[err] fromthe Si (100) plane were al so found
to have Al (111) ' nonocrystals deposited, simlarly as in the case when

25 deposited on the Si ;111) substrate as descri bed above.
- 50 - 1 is not linear but like via-hole; irrespectively of the

via-hole diameter, the Al selectively deposited was
found to be similarly Al (100) monocrystal. Those at
substrate temperatures ranging from 250 °C to 330 °c
5 were selectively deposited stébly, and the Al obtained
. was found to become monécrystal." ' _ .
Also, Al films deposited selectively on the Si
-{(111) substrate with the Si (111) plane being at off-
angles by 1°, 2°,-3°, 4°, 5° from the Si substrate
10 were alsb found to deposit Al (100) monocrystals under
the temperature conditions of the substrate
temperature ranging from 250 °c to 330 °c similarly as
deposited on the Si (111) substrate as described
above. | |
15 When the crystal direction of the Si substrate
surface is the (100) plane, from X-ray diffraction,
concerning Al, as shown in’Fig. 11, only the
diffraction peak showing Al (111) could be observed.
Fig. 12 shows the scanning secondary electron imagg
20 (Fig. iZA) and the scanning u-RHEED image (Figs. 12B
and 12C) when Al was selectively deposited on only the
Si exposed surface on a substrate having Si (100)
eiposed in a line by patferning of SIO2 in a line.
For the scanning p-RHEED imége. the 333 diffraction
o5 Spots (Fig. 12B) and 531 diffraction spots (Fig. 120)

were employed. The Al film seléctively deposited was



1 The Exanples 5 to 8 and the Experinental exanples 8 to 15 are
exanpl es when formng A filns sel ectively. Exanple 5 5

First, the procedure of Al filmformation according to this Exanple is
as f.ollows. By use of the device shown in Fig. 1, the reaction tube 2
S internally evacuated to ca. 1 x 10[err] Torr by the evacuation
unit 9. However, A filmcan be also 10 forned even if the vacuum degree
within the reaction tube 2 may be higher than 1 x 10[err] Torr.

After washing of the Si wafer treated so 6 40 ef fect selective
deposition, the conveyi ng chanber 10 I's rel eased to atnospheric -
pressure and the Si wafer I's nmounted in the conveying chanber. The
conveyi ng chanber is evacuated to ca. 1 x 10[err] Torr, then the

gate val ve 13 iconpirmed atol bécanchkr (131 howenacrystal. Thosewdtr hol der
3. After nmounting of the wafer on the wafgg 20 holgder 3, the
gate val ve 13 isuhstrate temperatures rerging frommid L it 33Rufed to a

vacuum degr ee of ca, 1 x 10[err] Torr..
. were found to be selectively deposited stably, and the

Al films obtained became monocrystals.

5 Also, Al films deposited seiectively on the Si
(100) substréte with the Si_(lOO) plane beigg.at off-
angles by 1°, 2°, 3°, 4°, 5° frqm.tpe Si substrate
surface were also found to deposit Al (111)
monocrystals under the.temperature,cohditions of the

10 sSubstrate temperature ranging from 250 9 to 330 %
similarly as deposited on the Si (111) substrate as

described above.

Experiméntal example ;4

Crystallinity of the Al film deposited
15 selectively according to the same method as shown in
Example 6 was evaluated. Similarly as in Experimental
example 8, at substrafe temﬁeratures ranging from 250
° to 330 9c, Al (100) monocrystals on the Si (111)

substrate and Al (111) monocrystals on Si (100)

20 substrate were ocbtained stably.
'§§perimental example 15 |
Crystallinity of the Al film deposited
selectively aécording to the same mefhdd as shown in
Example 7 was evaluated.
25 From the scanning W—-RHEED microscope

observation according to the same observation methbd



In this Exanple, DMAH is fed through the first gas line. As the

carrier gas of DMAH line, Herr] is 25 25

- 51 - | enployed. The second gas line is used for Herr]. By
passing H err] through the second gas |line, the pressure wi thin the
reaction tube 2 is made a predeterm ned val ue by controlling the
opening of the slowleak 5 valve 8. A typical pressure in this Exanple
‘I's made approximately 1.5 Torr. Then,,.the wafer is heated by

current passage through the heater 4. AfiQ? the wafer t enperature has
reached a predeterm ned tenperature, DVMAH is introduced into the

reaction tube through the 10 DMAH |ine. The whole pressure is ca. 1.5
Torr, and ;  hBeqeWRFiped 18 EXpRISMehtad @zﬁﬁp@é 13, SwheAOkgbr] Torr.

When DVMAH i s introduced into the reaction tube 2,
first substrate material is Si (111), in either case
when the second substrate material is T-Sioz, Sioz,
BSG, PSG; BPSG, P-SiN, T-SiN, LP-SiN or ECR-SiN, the
5 Al seledtively deposited on Si was found to be Al
(100). When the first substrate material is si (100),
in either case when the substrate.material is T—Sioz,

Sio BSG, PSG, BPSG, P-SiN, T-SiN, LP-SiN or ECR-SiN,

27
the Al film selectively deposited was found to be Al

10 (111). | o |

| . When the first material is TiN, in either case

when the second substrate material is'T-Sioz, $i0,,
BSG, PSG, BPSG, P-SiN, T-SiN, LP-SiN or ECR-SiN, the
Al film selectively deposited.on TiN was found to be

15 oriented in Al (111) from X-ray diffraction, and from
reflective high speed electron beam diffraction
pattern of the prior art by use of an electron beam of
an acceleration voltage of 80 kV o# 100 kv,
diffraction spots conéerned'with Al (111) were

20 strongly observed.

Comparative experiment

An Al film was formed on a monocrystalline
silicon under the following conditions.

. By passing Ar in place of HZ' Al was deposited

25



I's deposited. After a predeterm ned deposition tine has el apsed,
feeding of DMAH i s stopped. Next, 15 heating of the heater 4 is stopped
to cool the wafer. Feeding of Herr] gas is stopped, and after
evacuati on internally of the reaction tube, the wafer is

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

I s made at nospheric pressure before 20 taking out the wafer. The outline
of Al film formation is as descrihedzgbove. Experi nmental exanpl e
8 Si substrates (N type, 1 - 2 ohmcn) were subj ected to
thermal oxidation at a tenperature of 25 1000 [err]C according to the
hydr ogen conbustion system (Herr]: 4liters/IM Jerr]: 2 liters/IM.
- 52 - 1 by pyrolysisiofn BMARKnckhe atalD@ressurs)@tA tiuial time

‘was made 1.5 Torr, the DMAH partial pressure 1.5 x 10
4 Torr, and the substrate teﬁperature of 270 - 350 °cC.
When the Al film thus formed was evaluated,
5 about 2 % of carbon was found. to be contained at the
minimum.
. Resistivity became greater by 2-fold or more
than the case when hydrogen was emploved.
As -to reflectance, it was lowered to about 1/3
10 to 1/9 relative -the case when hydrcgen was employed.
.Similarly, wiring life was shorter by 1 to 2.
cipher, generatioﬁ probability of hillock became
greater by 2 cipher or more, and a large number of
spikes were found to be generated.
15 As to the deposition speed, it was lowered to
1/2 to 1/4. |
As described above, Al deposited only by
degomposition-of DMAH without use of H2 is inferior in
film qualitf, and was unsatisfactorf as the Al film
o9 for a semiconducto:,device.
Separately, withouf use of H,, DMAH was
decohposed by the optical CVD method to -deposit al.
As the result, same improveméntlsuch”as no containment
of carbon,'and the like was observed from the Al film
prepared as compared with the case when no light was

25
employed, but other_characteristics were not improved



the reflactive index 1,46. A photoresist was coated on the whole S

substrate, and a desired pattern was baked by an exposure machi ne. The
pattern was such 5 that various holes of 0.25 [err]mx 0.25 [err]m- 100
[err]m x 100 pm wer e opened. After devel opnent of the photoresist,

wi th the,photoresist as the mask, the subbing Sigerr] was et ched by
the reactive ion etching (RIE), etc. to have the substrate S

partially exposed. Thus, 130 sheets 10 of sanples having various sizes of -
Si 2 holes of 0.25 [err]mx 0.25 [err]m- 100 [err]mx 100 [err]m were
prepared, the substrate tenperature ®ds—set at 13 levels, and for

t he sanpl es each of 10 sheets at the respective tenperatures, Al filns

were sel ectively deposited 15 follow ng the procedure as described above

O X, it pr S hReh a5k BT 11, pee sei11 PHSRELGESTENG od.° O

S By Vel oy AR Lo e

shown in Table 2. As described above, the mechanism of Al
deposition according to the present invention may be

5 presently hypothesized as follows..

When DMAH reaches the electron ddna;ive
substrate, namely the substrate having electrons uﬁder
the state on which hydrogeﬁ atoms are attached (Fig.
13A) with the methyl groups directed toward the

10. substrate side, one electron of the substrate cut one
bond of ‘Al and methyl group'(Figs. 13B, 13C).

The reaction scheme at this time is as
follows:

(CH,),AlH + 2H + 2¢ = ZCH T + Al-H

3)2

15 Further, similar reactions will proceed for
the hydrogen atoms remaining on deposited Al having
free electrons (Fig. 13D). He:e, when hydrogen atoms
are deficient, hydrogen molecﬁles constituting the
reaction gas are decomposed on the substrate to suppy

20 hydrogen atoms. On the other hand, since there is no
electron on the electron non-donative surface, the
above-mentioned reacfion will not proceed and no Al

deposited.

Figs. 13A - 13D are illustrations for better

25
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- 53 - [err] 1 - 54 - [err]

- 75 -

understanding of the reacion mechanism, and the
pumbers of H, e and Al shown in Figs. 13A - 13D are
not necessarily coincident. .
| As described above, according to the present
invention, a low resistivity, dense and flat Al film
could be deposited on a substrate.
Also, depending on the kind of the substrate,

deposition can be effected selectlvely.



- 55 - In the above sanples, no Al was deposited on

SiJerr] at a tenperature range from 160 [err]Cto 450 [err]C, and Al
was deposited-only—en the_portion with opening of Sigerr] to have S
exposed. en deposition was 5 carried out in the above

terrperat ure m ,IL",’”WJHEUOUSI y for 2 hours, simlar selective
depositabili Exanpl e 6 First, the
procedure of Al filmforfmtion is 10 as?Borlows. By the evacuation unit
9, the reaction tube 2 is evacuated internally to ca. 1 x 10[err]
Torr. Al filmcan be formed even if the vacuum degree in the

reaction tul?e 2!%% [!E &ﬂﬁg tgban 1 x 10[err] Torr. . Af ter

washi ng of the veying 15 chanber 10 is released to

s eghr . Breseury 0 W eecens rokSalda WG OO EAERTIEN T
comprising the steps of:

(a) providing a substrate haéing an electron

5 donative surface (A) in a space fbr.forﬁafién of the
deposited film, _

(b} introducing a gas of an alkyl aluminum hydride
and hydrogen gas into said space for formation of
deposited film, and

10 (c) maintaining the tempéfafure of said electron
donative surface (A) within the range of from the
decomposition temperature of said alkyl aluminum

hydride to 450 °C. to form an aluminum f£ilm on said

electron donative surface (A) -

15
2. The processLaccording to Claim 1, wherein
said alkyl aluminum hydride is dimethyl aluminum
hydride.
20 3. The process according to Claim 1, wherein

said alkyl aluminum hydride is monomethyl aluminum

hydride.

. 4. The process according to Claim 1, wherein
25 said substrate is constituted of a material selected

from monocrystalline silicon, polycrystalline

This Sheet Has Been Replaced

LI




then the gate valve 13 is opened and the wafer is nount ed on the wafer

hol der 3. 20 After mounting of the wafer on the wafer hol der
3, the gate valve 13 is closed and the reaction chanmber 2 is evacuated
to a vacuum-degree-of—ca—1—x— 10{ err] Torr. ~In this
Exanpl e, the - | is used 25 for-DVAH. As the carrier gas for
the DVAH | ing "@Mﬁnﬂﬂmmm | . 56 - 1
enpl oyed. The ) «ne is used foggHEerr]. By passing
Herr] through the second gas line, the pressure within the reaction
tube 2 is nmade a predeterm ned value by controlling the opening of the
5 slowleak valve 8. A typical pressure in this Exanple I s made
approxi mat ey ls$1Joon. afideamorpbouvsf eilicon. heat ed by current passage

t hrough the heater 4. After t he wafer tenperature has reached a .

pr edet er m ned

5. The proceés according to Claim 1, wherein
said subsfrate is a III-V compound semiconductor
5 containing én elemenf.belonéing to the group I1III of
the periodic tablé énd an elemenf belonging_to the

group V of the periodic table.

6. The'process according to Claim 1, wherein
10 said substrate is a II-VI compound semiconductor
‘ containing an element belonging to the group II of the
periodic table and an elemenf belonging to the group

VI of the periodic table.

15 7. The process according to Claim 1, wherein
said substrate is a metal containing at least one
. element selected from tungsten, molybdenum, tantalum,

'aluminum, titanium and copper.

20 8. The process according to Claim 1, wherein

said substrate is a metal.

9. The process according to Claim 1, wherein

-said substrate is a semiconductor.

25
10. The process according to Claim 1, wherein

is Sheet Has Been Replaced

T




tenperature, DMAH is introduced into the reaction tube 10 through the
DVAH |ine. The whole pressure is ca. 1.5 Torr, and the DVAH parti al
pressure is made.ca. 1.5 x. . . _10[err] Torr. Wen DVAH is introduced into
the reaction tube 2, Al is deposited. After a predeterm ned.

deposition ti me“ﬂﬂﬂllﬂ'ﬁﬁﬂ” ding of DMMH is 15 stopped. Next,

heat i ng of the ed to cool the wafer. Feeding of H2
gas i s stopped, and "af ter* evacuation i nternal lLy. of. the reacti-on tube,
t he wafer is transferred to the conveying chanber B%nR nky the

conveyi ng chamber is made atnospheric 20ggressure b B the
waf er. The outline of Al filmformation is as de &
Experinmental exanple 9 Al filnms were for o the
met hod of Exanple 6. For the filns obtained, concernlng 25
resistivity,1 coshdd awpstnateadsrajdigideng |ife, deposi tion speed,
hill ock density, generation of spike

11. The process according to Claim 1, wherein

said aluminum film is monocrystalline;

12. A process for forming a deposited.film
comprising the steps of:
(a,.sébvidiﬁa a_substrate having an electron
donative surface (A) and an.éiedtron non-donative
10 Ssurfece (B) 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 of the
'deposited film, and
15 '(c) maintaining the temperature of said electron
donafive surface (A) within the range of from the
decomposition temperature of said alkyl aluminum

hydride to 450 °C to form an aluminum film selectively

on said electron donative surface (A).

20
13. The process according to Claim 12, wherein
said alkyl aluminum hydride is diméthyl ‘aluminum
hydride. | -

- -

25 14. The process according to Claim 12, wherein
said alkyl aluminum hydfide is monomethyl aluminum

hydride.



- 57 - 1 and reflectance, the sane results as in Experinental

exanpl e 8 were obt ai ned. Al so, selective depositability with
substrate was the same as in Experinental exanple 8. 5 Exanple 7
This Exanpl e_is_sel ective deposition of Al accordi ng to the | ow
pressure ,CVD net hod. - Experimental exanple 10 -~ - - ' By means of
the | ow pressﬂlﬂlmﬂmm own 10 in Fig. 2, A fi}0%mNefE8deR REGRAeON

t he substrate "lnmmﬂonstltutlons as descri be s 5-1
- 5- .$ *Preparation of Sanple 5-1 “mmmﬂm'm%
nDnocrystalllne silicon as the electron— ¥8 —donative fl

surface material, a thermally oxidized SiI2 filmas the electron
non-donati ve second substrate surface material was forned, and

D20 s 5 SR, B e B E0eLAoReSP b0

as shown in Exanple

said electron donative surface (A) is formed of a
material selected from monocrystalline silicon,
polycrystalline silicon and amorphous silicon, and

5 said electron non-donative surface (B) is formed of an

insuléting material.

16. The process according to Claim 12, wherein
said electron donative surface (A) is formed of a III-
10 V group compound semiconduchr containing an element
belonging to the group III of the periodic table and
an element belonging to the group V of the periodic
table, and said electron.non-donative surface (B) is
formed of an insulating material.
15 | |
17. The process according to Claim 12, wherein
said electron donative surface (A) is formed of a II-
VI group compound semiconductor containing an element
belonging to the group II of the periodic table and an
20 element belonging to the group VI of the periodic
table, and said electron non-donative surface (B) is

formed of an insulating material.

18. The process according to Claim 12, wherein
o5 Said electron donative surface (A) is formed of a

metal containing at least one element selected from



20 surface partially exposed. The filmthickness of the

thermal |y oxidi zed SiJerr] filmwas found to be 7000 A, with the size
of the _exposed portion of the nonocrystalline silicon, nanely

openi ng being 3 [errJmx 3 [err]m Thus, Sanple 5-1 was 25'brepared o
(Her.ei naft er m xpressed Thls Sheet Has Been Replace

- 58 - l“, umm' m'yﬂlﬁl zed Si Qerr] (herei nafter

as T-Si C][err]))"m)i‘floctrys*tals I me silicon" I‘ ﬁﬂﬂm
Sanpl es 5-2 -.5-179 Sanple 5-2 i's an OX|d|zed

5 normal pressure CVD (hereinafter abbre8@ated as
Sierr])/nonocrystalline silicon. : Sanple 5-3 is a boron doped
oxidized film formed by normal pressure CVD (hereinafter abbreviated

as BSG»/nDnocrystalllne silicon.
1 tungsten, molybdenum, tantalum, aluminum, titanium and

copper, and said electron non-donat;ve surface (B) is

formed of an insulating matgrigi.

5 19. The process according to Claim 12, wherein
said electron donative surface (A) is formed of a
metal and said electron non-donative surface (B) is

formed_of_an insulating material.

10 - 20. The process according to Claim 12, wherein
said electron donative surface (A) is formed of a
semiconductor and said electron non-donative surface

(B) is formed of an insulating méteriai.

15 21. The process according to Claim 12, wherein
said electron donative surface (A) is formed of
silicide and said electron hon—donative surface (B) is .

formed of an insulating material.

22. A process for forming a deposited film,

20
which comprises depositing aluminum on a substrate
according to the chémical vapor deposition method
utilizing a gas of an alkyl aluminum'hydride and hydrogen
gas.

25,

23. ‘A process for forming a deposited film,



10 Sample 5-4 is a phosphorus doped oxidized film - formed by

nor mal pressure CVD (herei nafter abbreviated as. PSGD/nDnocrystalllne
silicon. Sanple 5-5 is a phosphorus and boron lm

oxi di zed fllnL-orned—by~nUrnﬁI pressure CvD 15 (héT |ated as
BSPG) / monocrystal | in E&ﬁ“\ trided
filmforhed bﬂ!‘nﬁ “‘““‘\n (here| nafter abbreV| at

P- S: N)/ nonocr sl licon. Sample 5-7 is a thernmally
nitrided film (here| nafter abbrevi at ednas T-S: N)/ nonocrystal line
silicon. Sanple 5-8 is a nitrided filmformed by | ow

pressure CVD (hereinafter abbreviated as LP- 25 S:N)/nonocrystalline

silicon. 4 yhich cHHBYfsel bdfedtiVdly HbdsiltTnl0 TR iRantCR
according to the chemical vapor deposition method
utilizing a gas of’an alkyl aluminum _hydridé and hydrogen
gas on a substrate having an inéulating_ surface and an

5 electroconductive surface.

24. A process for forming a film of aluminium on
a substrate by chemical vapour deposition, which comprises
i a reacting monoalkyl hydride or a di‘alicyl hydride of

/ : |
alumlni_.um with hydrogen to form the film.
10 :
25. A process according to claim 24, wherein the
film is wiring of a semiconductor integrated circuit.
15
- 20

25



- 59 - 1 device (hereinafter abbreviated as ECR

Si N)/ nonocrystalline silicon. Furt her, by.conbinations of the
el ectron donative first substrate surface materials.and: the "“5'—

el ectron non-donative second, substrate surface: rrat erl aI S hes 5-11
- 5-179 shown in Table 3 were prepared. :As thérh e surface
mat eri al , nonocrystalline silicon (nmonocrystall

pol ycrystalline silicon (polycrystalline Si), 10 a

(anor phous Si), "tungsten (W, nmol_y num (M), tantal um (Ta) tungst en
silicide (Wsi ), titaniumsilicide 1Si), alumnum (Al), al um num

silicon (Al-Si), titanium alum numﬁﬁgﬁa%.r - titaniumnitride (TiN),

copper (Cu), alumnumsilicon | -Si-Cu), alum num pal |l adi um’
(A-Pd), 1 SréCESS"TOR PO lgﬂl: | ehde guse )OF t3 UkR,umMT
silicide (Ta- Sl'ls) wer% eér%-l %VR TheB¥DREDR ]% es andr:( [err str%t elgUM
Siderr] glass substral garowsess pfcm:eﬂarming an #ie fidm p!fem CVD devi ce

shown in Fig. 2, and Al 20 films were formed within the sane badge The
film quality according to the CVD method utilizing the

reaction between alkyl aluminum hydride and hydrogen,
5 which is an excellent deposited film formation process

also capable of selective déposition of al. -

10

15
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form ng conditions were a reaction tube pressure of 0.3 Torr, a DVAH

partial pressure of 3.0 x 10[err] Torr, a substrate tenperature of
300[err]C and a filmformation ‘time of 10 m nutes. 25 As the
result, of filmformation under such conditions, concerning all the
sanples applied with - 60 - 1
patterning from Sanple 5-1 to 5-179, dep05|t|on of AL filmoccurred
only on the electron donative first substrate surface filmto enbed
conpl etely the opening with the depth of 7000 Ammﬁﬁeathdmx

the A 5 filmwas found to be very good, exhibiting

properties as one prepared at a substrate-tenperature grr] C
shown in Experinmental exanple 8. On the ot her han on
second-substrate surface which is el ectron non- donatlve, no Al film
was deposited at 10 all, whereby conplete selectivity was obtained. On

FIG. 1

v“

[« X0

1




both the [err] substrate and the SiJerr] glass substrate which - are

el ectron non-donative, no Al filmwas deposited at all.

Experi mental exanple 11 15 By use of the | ow pressure CVD device
shown in Fig. 2, Al filmwas forned on the substrate with the
constitution as described bel ow On a thermally oxidized film -
as the el ectron non-donative second substrate surfa material, a 20
polycrystalline Si as the el ectron donative first nReplhag e
material was fornmed, patterning was ef fected accor 7 iwkﬁ

phot ol i t hographi c steps as shown in Exanple 1 to h - 1y
oxi di zed film surface partially exposed. The filmthickness of the
25 polycrystalline silicon at this tinme was 2000 A, with the size of
the thermally oxidized fil mexposed

- 61 -

FIG. 2

50

59‘\\ ’é
: |
|
I
|
I
|
I
|
|
|
!

L )
i

574

(RN 5 o
53

-, ——
' ; : :

.

T oo

- )
54




1 portion, nanely opening being 3 [errmx 3 [err]m Such sample is

called 6-1. By conbinations of the electron non-donati ve second
substrate surface materials (T- SiJerr], CSi-Jerr], BSG PSG
BPSG P-SiN:-T-SiN LP-SIiN, 5 ECR SN and the ef %%ron donatlve first

substrate surface mat erl als (polycrystalli ne
Al, W M, Ta, Wai, TitSi, TaSi, Al-Si, A-Ti, TN, ,I
Al -Pd, Ti, M-Si), Sanples of 6-1 - 6-169 sho Were

prepared. These sanples were 10 placed in the | ow CVD device shown in

Fig. 2, and Al filmwas formed within the sane badge. The film
formng conditions were a reaction tube pressure of 0.3 Torr, a DVAH
partial pressure of 3.0 x 10[err] Torr, a substrate tenmperature of 300

Cand a filmforming 15 tinme of 10 mnutes. As the result of film

formation under -such conditions, | e sanpl es f
6-169, no Al filmwas deposited at all peni ng
el ectron non-donati-v ond uhstrate exposed, but A
was deposited only ﬂé ctron ive first subs
conpl ete selectivit bbt The I]I FrrOuatTty -
| o2 | 4
FIG. 3B g -
22277777
| 50

| T 92—
e (
FIG. 3C | G

630 | 4 T
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of the Al filmdeposited was found to be very good, exhibiting the
sane properties as one prepared at a substrate tenperature of 300
[err]Cin Experinmental 25 exanple 1. -1%wsmxﬁ%s
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1 Exanple 8 This Exanple is the nethod of depositing
sel ectively Al by use of MMAH err]. ' Experinental exanple 12 5
When deposition was carried out according to the ~sane procedure as

shOyvn in Exanple 1 by use of MVAH[ err] as theﬂ{%&gﬁé&f{&%«a&ﬁ& aad setting
the conditions as follows: mhole orr 10
MVAH err] partial pressure: 5 x 10[err] Torr, . “E;Mm.‘ﬁl re range
of the substrate tenperature from160 [err]C t an Al thin
fil mcontaining no carbon i mpurity and having excellent fl at ness,
denseness and selectivity with the substrate surface materials was 15
deposited simlarly as in Exanple 1. Experinental exanple 13

According to the sane nethod as in Exanple 5, a sanpl e having an A
filmfornmed thereon was prepared. The crystallinity of the Al film 20
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

FIG. 8

/{cavsm X ] /{CRYSTAL Y
100)
X y X y
SCANNING ¢ -REED SCANNING 1 -REED
INAGE BY USE OF IMAGE BY USE OF

DIFFRACTION SPOT A - DIFFRACTION SPOT C



m cr oscope. The scanning [é€rr]-RHEED m croscope is the nethod
25 disclosed in Extended Abstracts of the 21th Conference on Solid
State Devices and Materials (1989) p.217 and

- 67 - 1 Japanese Journal of Applied Physics vol. 28, No. 11

(1989), L2075. According to the RHEED (Refl ection ngh Ener gy Electron
D ffraction) nethod of prior art, el ectron bea heeptdas BeentRepla

incident on the 5 sanple surface at a shallom/angle” and

t he crystallinity of the sanple surface was eval t he
diffraction pattern formed by the diffracted el ectron beam However,
since the el ectron beam dianeter is large as 100 [err]mto several

hundred [err]m 10 only average information on the sanple surface could
be obtained. In the [err]-RHEED m croscope, an el ectron

FIG. 9
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beam di ffraction pattern froma specific fine region on the sanple
surface can be observed by narrow ng the el ectron beam di aneter of 0.1 ...
[err]m Also, by scanning 15 the el ectron beam two-di nensionally on the

sanpl e’ surface, by use of any desired diffraction spot ™~ =~ “intensity
change on the diffraction pattern as the | Mg EhiSehedd &ihs Beki\Repfitddensi onal

| mge (scanni ng p- RHEED I mge) on the sanple s bt ai ned.
At this 20 tinme by observation of the scanning p- R&wﬂm3grlﬁ use
of different diffraction spots A and C on the: Ui tern as
shown in Fig. 7, even if the | attice planes in parallel to the sanple
surface may be aligned in (100), the crystal grain boundaries 25
rotating within the plane can be visualized as di stingui shed from each
other. Here, the diffraction : - 68 -

| spot Ais a diffraction spot on the Iine (line 1)

Si02 AL sio; Al

| y L/
FIG 104 a7
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FIG. 108
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where the plane in which the diffraction pattern occurs and the

sagittal plane fornmed by the incident el ectron beam are crossed at

ri ght *angle, while the 5 diffraction spot Cis a diffraction spot not on

t he line 1. As shown in Fig. 8 when the lattice_plane in

parallel to the sanple surface is, for exanple, (100), but Crystal

grains x and y are rotating nutually w thin the pT@nﬁmammsEQER ?
i@ the

p- RHEED i nage by use 10 of the diffraction spot A, bo
and y are displayed as the region with strong |nte ﬂ

other hand, in the scanning u-RHEED i nage by use of t

spot C, only the crystal grain x is di spl ayed as the reglon wth
strong intensity. 15 Therefore, by observation of the scanning

[ err] - RHEED i mge by use of the diffraction spots A and C as shown
in Fig. 7, it can be discrimnated whether the crystal in the region
observed is a polycrystal including interplanar rotation or a
monocrystal. In Extended 20 Abstracts Silne 21t Conf gjgace on Solid

State Devi ces an ri 1989) p. R17 and apanes: Jour nal of
Appl i ed Physics vol. 89) 2 =T TH

Cu thin film
it has been clarifie

FIG. 12B

| ]:30;Lm

FIG. 12C




that, for exanple,
surface may be {100},
i nterplanar rotation
the {100} crystal grains.
sel ectively on the S
Tabte 1 was evaluated. 5
substrate surface is (
concerning A, as shown in
Al (100) coul d be observed.

t here

even if the lattice plane in
exists a crystal

First
exposed surface a
When t he
111) plane, from
Fig. 9, only the
Next ,

25 parallel to the sanple
grain including
69 -
he A fil mdeposited
meNmmaaUMeln
|on on the Si
i on, :

1in

dlffrac I on peak

showi ng

crystallinity of the Al film

deposited 10 selectively was evaluated by use’of a scanning [err]-RHEED

m croscope. As shown in Fig. 10, after the region where Al had been
sel ectively deposited was specified
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by'the scgnni ms@m&qﬁmtroéa magh show p ACEMEHTf }SormfG_
(Firg. 10A)|, by use of the diffraction |5 spot F‘H’sp@ﬁ n:gt?(f’“—_[j%"_'_"
di f fracti di3 Sgerripfion rpaged % g pagsd and- { he di f '&H‘% ----- to pagzd.c.

(correspor{dl Opirh®)  : pagedie.di fof paged i.em. spot C g wing( ovrPaE ip fRagE rUn

pattern odeyiprd q%gg(j‘lg__gl RGHdg8 . beam-vas .p=r%41!5§aa Paéﬁdt%héoﬁﬂﬂg OG)
pl ane from I}S% éaog-j_o th 20 scann|ng [err]-RHEED i nﬁ@N
10B) and % #66) wa"é’ge ------ RAELer“Ab shown| SDATEROECRECRIPY..Fi.g.... 105
and Fig. —10C—there T35 o change tn |ight ME8ssand dar Kness on The
Al filmselegtively dep®RACGRES FQR tROGRMING DEPQSIITRI iRidIMy BYe M$H t ed was
confirmed to be an Al (100) wﬁg&n&ocg USN}I%UM HYDRIDE On the other -
hand, when the Si exposed pl ' = =
70 - S not | i near but |ike via-hole, |rrespect|vely of |t E?LACEMENT SHEET
BACKGROUND OF THE INVENTION 25 NOV 1996
5 Field of the invention

This invention relates to a process for
forming a deposited film, particularly a process for
forming an Al deposited film which can be preferably
applied to electrodes or'wiring of a semiconductor

10 integrated circuit device, etc.

Related background art

In the prior art, in electronic devices or
integrated circuits by use of semiconductors, for
electrodes and wiring, aluminum (Al) has been

15 brimarily used. Al haé many advantages such that it
is inexpensive and high in electroconductivity, that
it can be also inteunally_chemically protectéd because
a denSe oxidized film can be formed on the surface,
and that it has good adhesion to Si, etc. |

20 As the method for forming Al film for

electrodes and wiring of Al or Al alloy as mentioned
above, there has been used in the prior art the
sputtering method such as. magnetron sputtering, etc.

However, since the sputtering is generally the

physical deposition method based on flving of

25
sputtered particles in vacuum, the film thickness at



via-hol e dianeter, the A selectively deposited was found to be
simlarly A (100) nonocrystal. Those at . substrate tenperatures
‘ranging from250 [err]C to 330 [err]C 5 were selectively deposited
stably, and the Al obtained was fougcnj to becone nonocrystal.

Also, Al filns deposited selectively on e Si (111) substrate with
the Si (111) plane being at off- angles by 1, 2[err] 3[err] 4[err],
5 fromthe Si s ééﬁéée}? OFdﬁiﬂvé‘l gﬁa%btg.]:gﬁp %.

nonocrystal s un erature condr'trons of t%e su stra

t enper at ure rangi ng %wlc‘)m 250[err] Cto 330 Csimlarly as dep05| ted on
the Si (111) substrate as descri bed above. 15 When t he
crystal directigpsokathecof TRELBtsAL.6sURE surface is the (100) plane, from
~X-ray diffraction, concerning Al, as shown in Fig. 11, only the

di ffraction peak showing Al (111) could be observed. Fig. 12 shows the
scanni ng secondary eAeptocessnfor f&fmiddiapn AR AHilamcd i lgosl gualicy
[err]-RHEED i nage (Figs. 12B and 12C) when Al was sel ectively

deposi ted on onkgcohding toSithepE¥Bd marhicd cubil iz inds thet erntinn Si

(100) exposed in a line b patterning of Sigerr] in a line.
between alkyl aluminum hydvride and ydrogen, which is

an excellent deposited film formation process also

capable of selective deposition of Al.

REPLACEMENT SHEET

25 NOV 1996

FIGURES 13A TO 13D

This Sheet Has Been Replaced
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For the scanning p-RHEED i mage, the 333 diffraction 25 spots (Fig. 12B)
and 531 diffraction spots (Fig. 120 - were enployed. The Al film

sel ectively deposited was _ - 71 -
confirmed to be an Al (111).rmnocrystql1 _Those at substrate
tenperatures ranging from250 [err]C to™330[err]C were found to be
sel ectively deposited stably, and the Al filnms obtai ned becane
nonocrystals. 5 Al so, Al filns deposited selectively on the S
(100) substrate with the Si (100) plane being at off- IS
[err], . 2[err],3[err],4, 5[err] fromthe Si substrate 'ﬁﬂgﬂ‘ﬁ!@irﬁgﬁgr
al so found to deposit A (111) nonocrystal s under thg fenperature

conditions of the 10 substrate tenperature ranging fron] 2b02[%NGVCI998 330
[err]C simlarly as deposited on the Si (111) substrptp as

descri bed above.
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Expefinental exanpl e 14
15

evaluated. Simlarly as in Experinenta

tenperatures ranging from 250
nmonocrystals on the Si (111)
(100)
Crystallinity of the Al
sanme nmethod as shown in
scanning [err]-RHEED m croscope
observati on net hod

descri bed in Experinenta

59\

selectively according to the sane nethod as shown in

20 substrate were obtai ned stably.
filmdeposited
Exanpl e 7 was eval uat ed.

exanpl e 13, when the

FIG. 2

Crystallinity of the Al filmdeposited
Exanpl e 6 was
exanple 8, at substrate
to 330 [err] C ~A—100)—
& and Al (111)] RERDAGEMENTI SHEET $i
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A 'S 0 -
sel ectivel y faqcosei t he
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first substrate material is Si (111), in either case
substrate material is T-SiJerr], Si(err],
T-SiN, LP-SiNor ECR-SiN, the 5 A selectlvely d dﬁ§iﬂéﬂ%ﬂﬁ'SHEﬁhs f ound
to be A (100). When the first subs%rate mat

either case when the substrate material
PSG BPSG P-SiN, T-SiN, LP-Si N or ECR-
deposited was found to be Al 10 (111).

is TiN, in either case when t he second substrate naterlal is
BSG PSG BPSG P-Si N

T-SiJerr], Sigerr],

s T-SIigq
Si N,

eri

tih

21

AR5 NOY b ol

when the s

dthe firstl n

econd

Si N,

in
, BSG
vel y
at eri al

CR-SI N

t he AI f|In1seIect|ver deposited on Ti N mas found to be 15 oriented
tive hlghgipeed

in Al (111) from X-ray diffraction, a
el ectron beamdiffraction patter
el ectron beam of n aceelseration
diffraction spots rneg?

h A (111) wele

of

20 strq

refl ec

80 kV d

ngly o served

nonocrystal |l i ne silicon under th
By passing Ar in place of Herr], Al

Conpar ati ve experi nent Aaa

FIG. 3B

Al TiTmwas forned on a 90
foll owi ng conditions.
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25 - 73 -

1 by pyrolysis of

DVAH. The total pressure at this time . was nmade 1.5 Torr, the DVAH
partial pressure 1.5 x 10 Torr, and the substrqt pfl 270
- 350 [err]C. When t he Al filmthus fornmdﬁgggggggﬁigggé 5
about 2 % of carbon was found to be cont#ifed at the m ni mum
Resistivity became greater by 2-fold or nore t hap 1 héizﬂﬁy\ﬂﬂﬁn
hydr ogen was enpl oyed. As to reflectance was | owered]th
about 1/3 10 to 1/9 relative the case ydr ggen mes enpl oyed.
Simlarly, wiring life was shorter by 1t ci pher,_.generation
probability of hillock becane gr eat *2 cipher or nore, and a | arge
nunber of spi kes were found to be generated
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=
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i5 As to the deposition speed, it was |lowered to 1/2 to 1/ 4.
~ As described above, A deposited only by deconposi ti DVAH_wi t hout

use of Herr] is inferior in filmaquality, and was nmpj_ﬁdamﬁr
Sapa-atel-y SHE.E%

the Al film 20 for a seniconductor device. y
wi t hout use of Herr], DVAH was dec8nposed by the ofti C?éSCVD met th
(ﬂﬂv% t

to deposit Al. As the result, sane inprovenent suchfa

of carbon, and the |like was observed fromthe A film 2% iprepared as

conpared with the case when no |ight was
characteristics were not inproved

Ffﬁl oyed, Bbut ot her
- 74 - 1 so much, and the Al filmwas sti'll" Unsatisfactory as t he

Al filmfor a sem conductor device,
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As descri bed above, the nechani smof Al deposition according to the
present invention may be 5 presently hypothesized as follows.

When DVAH reaches the el ectron donative substrate, nanel

substrate having el ectrons under thg state on VA are
attached (Fig. 13A) with the methyl “groups diréct,

substrate side, one electron of the substrate cut ong and
met hyl group (Figs. 13B, 130C). The reacti pn25 NOVe? tihi

time is as fol | ows: [err] #+.2H + 2 }> 2CH err] [ ] +
Al-H 15 Further, simlar reactions will prec€ed 1or t he

hydr ogen atons renai ni ng on deposited Al having free elect+ens

13D). Here, when hydrogen atons are deficient, hydrogen nol ecul es
constituting the reacti on gas are deconposed on the substrate to suppy
20 hydrogen atons. On the other hand, since there is no el ectron on

t he el ectron non-donative surface, the above-nentioned reaction wl|l
not proceed and no Al deposi t ed. Figs. 13A - 13D are

illustrations for better

FIG. 8

CRYSTAL X CRYSTAL Y
> 5

100) -
X y X y
SCANNING 1 -REED SCANNING 1 -REED
IMAGE BY USE OF IMAGE BY USE OF
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L]

25 - 75 - 1 under st andi ng of

the reaci on mechani sm and the numbers of H, e and Al shown in Figs.
13A - 13D are not necessarily coincident. As—deSTY | bed
above, according to the present 5 invention, a | mhﬁngngﬁTﬁﬁﬁEﬁe se and
flat Al film coul d be deposited or d substrafe: SO,
dependi ng on the kind of the substrate, depogi tli on_c ffiedt ed
sel ectively. 10 35 ﬁa\lbﬁ‘?e
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15 20 25 VWhat we claimis: 1. A
process for formng a deposited film conprising the steps of:
(a) providing a substrate having an el ectron donative

surface (A) in a space for formation of the depos- , i ted

film (b) introducing a gas ®f~ the mWw-
dride and hydrogen gas into said space for fornm REPLAGEM tfon of
deposited film and '

25 NOV 1996

FIG. 10A

FIG. 108

IBO,U-m

FIG. 70C
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¥

(c) maintaining the tenperature of said el ectron dona- tive
surface (A) within the range of fromthe .de- conposition
tenperature of said al kyl al um num hydni depfscedfRTesHEES- |t o
forman alum numfilmon sai d el ectron jdgn A) .
2. The process according to claim1, wher®in said 1 num
hydride is dinmethyl alum num hydri de. 3. cg¢ondi ng
to claim1, wherein said al kyl al um num hyqrijde i s nmononet iyl

al um num hy- dride. 4. The prdcess according to
claim1l, wherein said substrate is formed o i ted
from nono- crystalline silicon, polycrystalline silicon and anor-
phous silicon. - 5. The process according to claim1, wherein

sai d substrate is a I11-V conpound sem conduct or cont ai n-

ing an element belonging to the group I15i0¢ the pgri- i02 odic table
and an el enent bel ongi ot gy oup V of t peri odi c table.

6. The process accor#jyo $2A1 wher @t substrate is a
[1-VI conpound seni condUTt or tain- bnt bel onging to
the group Il of the periodic ta {bel onging to
the group VI of the periodic taf TP% process
according to claim1l1, wherein said el a

containing at | east one el enent se- ingst en,

heS

nmol ybdenum tantalum al umi - num tit 2«4 gﬁg

8. The process according to claiml1l, wherleln &5 %thte is a
nmet al . 9. The process according to claim1l, wherein said
substrat'e is a sem conduct or. 10. The proceaibﬁpcording to
claim1l, wherein said substrate is silicide. 11. 'The
process according to claim1l, wherein said alumnumfilmis
nonocrystal |l i ne. 12. A process for formng a deposited film
conpri sing the steps of:

IBOp.m

FIG. 12C

3pem

FIG. 12B §V

3pm



1

- 77 - (a) providing a substrate having an el ectron donative

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

al um num hydri de and hydrogen gas into.said space for_ fornmtio f

the deposited film and (c) maintai nl:'rﬂ:] the tenp E{-@ l—_ﬁgi\ﬁa‘o‘\ﬁEHI ctron
dona- tive surface (A) within the range of fro Eﬁt B

conposition tenperature of said al kyl al um num ydride to 4 [ rry] C.

to forman alumi numfilm sel ec- tively on said bl kct2®NOo

surface (A). 13. The process according to claim 12, {wherein_sai al kyl
al um num hydride is dinethyl alum num hydride. 14) process accotdi ng
to claim 12, wher ai il yl al unmi num hydride is{mono rum
hy- dride. 18. pr s' according to claim 12, wherein said

el ectron donative surface (A) is formed of a materi selected from
nonocrystalline SI|J‘I COrY polycrystalline silicon am)rphous HI l'icon,

and said el ectr ative surface (B) is f etof—armrsutarimg

mat eri al . g froc s according to claim12, erein said electron
donati ve surface ( fO el ofHa | H - VHgr ou conppund seni conduct or

cont ai ni ng an ongryt o TITE group | O tNe perrodic tanl € and
an el ement bel ongi 53 to the g?oup V of th€ per#odl c table, and said

el ectron non-donative surface (B) is fornmed of an insulating material.

17. The process accor |ng to Ia| m 12, _wherein said el ectron donative
surface (A is fo é gr oup c(mpound sem conduct or contai ning an
el ement bel ongi n II m t e berl odic table and an el ement

" bel onging to the group Vi of t be” perl Qghc tabke, and said el ectron

non-donative surface (B) is fF nre.d | ngg_l ating material . 18. The
process according to claim ;[,‘ZH ﬁi'eqtron donative surface (A
is formed of a netal con- tg{knin ~a 4east ¢l enent sel ected from
tungsten, nolybdenum tant al‘um 'mHn’ A tdr}i um and _cop- _per. and said
el ectron non-donative sur flacess .(\H) -rs H,,,
iHi H_ iH: H
e e ie;j e
cHaf
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formef of an insulating material. | 19.] Hh&sseritions pasebi dlfcmg)dg@‘; x:,l aijm 12,

“wher e| @ Dasbriptien bpaged n. “dotmpaged -suir-flace. (A Glajinor medagsd 4. tetpagsd .
sai d_pandime) nopagdands. ). vepagéa§.ate |(B) | H Donwing(Df: paged DSt Papet.. _rmt erial.
20. Thg l:l% RESS: eacgggrdrngo b&heg!. 2 Mi12, wHerdisttagai d pesel.lr. e pdgeiRlI.VE
surf af ?‘ 46t A seni cond —dadt or and said el ec}ég G&)n donati ve
surfa:@ ds ’f d-of %Haqeﬂsui ‘at]i ng mﬁmad)l: REGRIPT'. pvdl cigg7
accor mmmmm ctTomdonatre—stiae e ;“ fo f or med
- f is formed of an
IOLSE: lalt ICIngen'gPd Sﬂ Brgicss fo‘g?O%gdggg]glos\ﬁteedsyfq%%%é%ggprUcess accor di ng
to daim12, g‘?ﬂf“ said electron donative surface (A is forned of a

a) providing a substrate having an electron donative _ :
surface (A) in a space for formation of the depos- REPLAGEMENT SHEET
ited film, '

(b) introducing a gas of the an alky! aluminum hy- 26 JUN 1997
dride and hydrogen gas into said space for forma-
tion of deposxted 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 aluminum film on H“l“”“l“ I“" "III “ |“|
said electron donative surface (A). o c L M s

2. The process according to claim 1, wherein said

alkyl aluminum hydride is dimethy! aluminum hydride.

. 3. The process acccrdmg to claim 1, wherein said
alkyl aluminum hydride is monomethyl aluminum hy-
dride.

4. The process according to claim 1, wherein said
substrate is formed of a material selected from mono-
crystalline silicon, polycrystalline silicon and amor-
phous silicon.

S. The process according to claim 1, wherein said
substrate is a II[~V compound semiconductor contain-
ing an element belonging to the group III of the peri-
odic table and an element belonging to the group V of
the periodic table.

6. The process according to claim 1, wherein said
substrate is a II-VI compound semiconductor contain-
ing an element belonging to the group II of the periodic
table and an element belongmg to the group VI of the
periodic table.

7. The process according to claim 1, wherein said
substrate is a metal containing at least one element se-
lected from tungsten, molybdcnum, tantalum, alumi-
num, titanium and copper.

8. The process according to claim 1, wherein said
substrate is a metal. '
. 9. The process according to claim 1, wherein said _
substrate is a semiconductor. | This Sheet Has Been R

e e e Hllllﬂ Wi~

11. The process according to claim 1, wherem said
aluminum film is monocrystalline.

12. A process for formmg a deposited film comprising
the steps of:



. material selected frommonocrystalline silicon, pol ycrystalline
silicon and am)rﬁ)hous silicon, and 5 said electron non-donative surface

(B) is for’nﬁ wu”muu uI ating material . 16. The process
according to} m said el ectron donative surface (A) is
formed of a I11- ‘'10" VEgrdup corrpognd sem conductor containing an el ement
bel onging to the group Il of the périodic table and an el enent

bel onging to the group V of the periodic tabl e, and said el ectron
non-donative sur@@?o&@mg% substraf@ﬁi‘ﬁﬁgoin SRcirbaWoiakivg Material. 15

17.  The process aee X @rearL ,nwﬁ%ﬂg JBive surazg! d el ectron
nd
ar? &

donati ve surface onp
sem conduct or c @g on of thF 03{58‘?] d%h qr REPLACEMENT t SHEET
periodic table ‘3W° GmgePeg?én‘P B’él% “F’nEY Aggp VI rof—tte—
peri odi c t ableed hydrogsnogas| i8¢0 seid sRAcS Gﬁei?mﬂ@% ace AB) 'és

The proqegs 201 cW'&f‘?PJ t

formed of an insulthe idegosised film, and |
d ai m 12, wher ei(q) maintaining the temperature of said electron dona-

tive surface (A) within the range of from the de- 3
composition temperature of said ‘alkyl aluminum
hydride to 450° C. to form an aluminum film selec-
tively on said electron donative surface (A).

13. The process according to claim 12, wherein said
alkyl aluminum hydride is dimethyl aluminum hydride.

14. The process accordxng to claim 12, wherein said
alkyl a.lummum hydride is monomethy! aluminum hy-
dride.

15. The process according to claim 12, wherein said
electron donative surface (A) is formed of a material
selected from monocrystalline silicon, polycrystalline
silicon and amorphous silicon, and said electron non-
donative surface (B) is formed of an insulating material.

16. The process according to claim 12, wherein said
electron donative surface (A) is formed of a III-V
group compound semiconductor containing an element
belonging to the group III of the periodic table and an
element belonging to the group V of the periodic table,
and said electron non-donative surface (B) is formed of
an insulating material.

17. The process accordmg to claim 12, wherem said
electron donative surface (A) is formed of a II-VI
group compound semiconductor containing an element

_belonging to the group II of the periodic table and an -
element belonging to the group VI of the penodic table,
and said electron non-donative surface (B) is formed of
an insulating material.

18. The process according to claim 12, wherem said = ThisSpe,
‘electron donative surface (A) is formed of a metal con- / /Il/l// /II // ///I N Re placed
taining at least one clement selected from tungsten, /I/ /II/
molybdenum, tantalum, aluminum, titanium and ¢0p-
per, and said electron non-donative surface (B) is
formed of an insulating material. s

19. The process according to claim 12, whcrcm said
electron donative surface (A) is formed of a metal and
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-25 said electron donative surface (A) is forned of a
at | east one el enent selected from

metal contai ni ng

- 80 - Jmungﬂu’mmmumfenum tantalum al um num titani um and
copper, and o donative surface (B) is .~ forned of an

i nsul ating material - "
wher ei n sai d el ectron donative 33Tface (A) is forned of

and said el ect rganl.dne n-donati ve surface (B) is formed off gn T nsul ati ng
material.  10; eTon norhdonitve sh is 0 i m 13, e
sai d el ectron d¥wulating macdrale (A) is @regrqujo'gq‘gsmeg" st don %@o‘?%r@w

sai d el ectron nor2Qiclie pYSces8'albd6fding to claim 12, wherein said

* 19, The process accordi ng tro
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electron donative surface (A) i

: A) is formed of a semicon-
;Iuctor and sa.xd electron non-donative surfac:m (;Bc)mi;
ormed of an insulating material.

21. The process aceordin i
g to claim 12, wherein said
| elgctron donative surt‘ac;c (A) is formed of silicide and
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(a) providing a substrate having an electron donative
surface (A) in a space for formation of the depos-
ited film,

(b) introducing a gas of the anealky! aluminum hy-
dride and hydrogen gas into said space for forma-
tion of dcposued 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 aluminum film on
said electron donative surface (A).

2. The process according to claim 1, wherein said
alkyl aluminum hydride is dimethyl aluminum hydride.

3. The process accotdmg to claim 1, wherein said
alkyl aluminum hydride is monomethy! aluminum hy-
dride.

4. The process accordmg to claim 1, wherein said
substrate is formed of a material selected from mono-
crystalline silicon, polycrystalline silicon and amor-

‘phous silicon.

S. The _process according to claim 1, wherein said
substrate is a III-V compound semiconductor contain-
ing an element belonging to the group III of the peri-
odic table and an element belonging to the group V of
the periodic table.

6. The process according to claim 1, wherein said
substrate is 4 II-VI compound semiconductor contain-
ing an element belonging to the group II of the periodic

process
ace (A) is
(B)

or formng a

conprlses
vapor
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table and an element belongmg to the group VI of the

periodic table.

7. The process according to claim 1, wherein said
substrate is a metal containing at least one element se-
lected from tungsten, molybdenum, tantalum, alumi-
num, titanium and copper.

8. The process according to claim 1, wherein said
substrate is a metal.

. 9. The process according to claim 1, wherein said
substrate is a semiconductor. ,

10. The process according to claim 1, wherein said
substrate is silicide. .

11. The process according to claim 1, wherein said
aluminum film is monocrystalline.

12. A process for forming a deposited film comprising
the steps of: -



utilizing a gas of an alkyl alumi num hydriﬂ!’"’r"ﬂ" ﬂmmw gas on a
substrate having an insulating surface and7Z8A¢ "8l il nducti ve surface.
24. A process for formng a filmof alum niumon a substrate by
chem cal vapour deposition, which conpgrjses a reacting nonoal kyl
hydride or a dial kyl hydride of al OhiTni um wi th hydrogen to far he
film 10 25. A process according to claim24,RE NT -
filmis wiring of a sem conductor integrated circuit. 15 20
25 ' (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, REPLACEMENT SHEET
(b) introducing a gas of an alkyl aluminum hydride 0
and hydrogen gas into said space for formation of | S SEP 1998

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 aluminum film selec-
tively on said electron donative surface (A).

13. The process according to claim 12, wherein said

alkyl aluminum hydride is dimethyl aluminum hydride.

14. The process according to claim 12, wherein said
alkyl aluminum hydride is monomethyl aluminum hy-
dride. :

'15. The process according to claim 12, wherein said
electron donative surface (A) is formed of a material
selected from monocrystalline silicon, polycrystalline
silicon and amorphous silicon, and said electron non-
donative surface (B) is formed of an insulating material.

16. The process according to claim 12, wherein said
electron donative surface (A) is formed of 2 II-V
group compound semiconductor containing an element
belonging to the group III of the periodic table and an
element belonging to the group V of the periodic table,
and said electron non-donative surface (B) is formed of
an insulating material.

17. The process according to claim 12, wherein said
electron donative surface (A) is formed of a II-VI
group compound semiconductor containing an element

_belonging to the group II of the periodic table and an -
element belonging to the group VI of the periodic table,
and said electron non-donative surface (B) is formed of
an insulating material.

18. The process according to claim 12, wherein said
“electron donative surface (A) is formed of a metal con-
taining at least one element selected from tungsten,
molybdenum, tantalum, aluminum, titanium and cop-
- per, and said electron non-donative surface (B) is
formed of an insulating material. '
19. The process according to claim 12, wherein said
electron donative surface (A) is formed of a metal and
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::md electron non-donative surface (B) is formed of an
insulating material.

20. The process according to claim 12, wherein said
electron donative surface (A) is formed of a semicon-
ductor and said electron non-doaative surface (B) is

~ formed of an insulating material.

21. The process according to claim 12, wherein said -
electron donative surface (A) is formed of silicide and
said electron non-donative surface (B) is formcd of an
msulatmg material.
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ABSTRACT :

PROCESS FOR FORMING Dﬁggg%ggD FILM BY USE OF ALKYL ALUMINUM

A process for forming an Al film of good
quality according to thé CVD method utilizing the
reaction between alkyl aluminum hy'dride and hydrogen,
which is an excellent deposited film. formation process

also capable of selective deposition' of Al. -

Figure. 13A to 13D ' REPLACEMENT SHEET

-~ e

05 SEP 1998




