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PROCESS FOR FORMING DEPOSITED FILM BY
USE OF ALKYL ALUMINUM HYDRIDE AND PROCESS

FOR PREPARING SEMICONDUCTOR DEVICE

BACKGROUND OF THE INVENTION

Field of the Invention

-

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

Related Background Art

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

As the method for fOrmhng a film for

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

above, there bas been used in the prior art the
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sputtering method such as mag%etron sputtering, etc.

However, seléctive deéoeition and selective
growth can not be realized byithe sputtering method
which has been used in the pribr art. The sputtering
is the physical deposition meéhod based on flying of
sputtered particles in vacuum, the film thickness at
the stepped portion or the inéuléting film side wall
becomes extremely thin, leadiQQ to wire breaking in an
extreme case. Nonuniformity ok film thickness or wire
breaking has the drawbeck thatireliability of LSI is
narkedly lowered. _ |

On the other hand, sin&e the integration
degree of the integrated circu&t such as LSI, etc. is
increased, and fine formation Bf wiring or multi-layer
wiring has been particularly rgquired in recent yvears,
there is an increasing sev§r'e édenand not found up to
date for Al or Al-Si wiring of, the prior art. With
finer dimeénsional formation bygiﬁcreased integration
degree, the surface of LSI,'etk. is subject to
excessive unevenness due to oxidation, diffusion, thin
film deposgition, and etching, ktc. For example,
electrodes or wiring metal mus& be deposited on the
surface with a stepped differe;ce, of deposited in a
via-hole which is fine in diam;ter and deep. In 4
Mbit or 16 Mbit DRAM {dynamic ﬁAM), etc., the aspect

ratio (via-hole depth/via-hole dismeter) of via-hole
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in which a metal composed mai

ly of Al such as Al1~Si,

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

S+ S - I

hole diameter itself also bec&mes 1 pm or less.
Therefore, even for a viathI% with large aspect
ratio, the technique which ca% deposit an Al-Si
compound is required. i
Particularly, for'perfkrging sure electrical
connection to the device undeé insulating film such as

$i0,, etc., rather than film formation, Al-Si is
required to be deposited so as; to embed only the via-
hole of the device. In such cpse, a method of

depositing en Al alloy only on S8i or metal surface and

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

As the improved aputteLiug method, there has
been developed the bies sputtexring method in which a
bias is applied on a substrate and deposition is
performed so as to embed Al or. an Al-Si compound.only
in the via-hole by utilizing the sputter efching
action and the deposition action on the substrate

surface. However, since the bias voltage of some 100

V or higher is applied on the Fubstrate, deleterious
influence on the device occursibecause of charged

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

action and deposition action, %here is the problem
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that the deposition speed candot be essentially
impfoved. .

In order to solve theiproblems as described
above, various types of CVD (éhe@ical Vapor
Deposition) methods have beenfpraposed. In these
methods, chemical reaction of%thé starting gas in some
forb-is utilized. 1In plasma dVD or optical CVD,
decomposition of the starting:gaq occurs in gas phase,
and the active species'formedfthere further reacts on
the substrate to give rise to.fiIm formation. 1In
these CVD methods, surface co%erdge on unevenness on
the substrate surface_is good., ﬁowéver, carbon atons
contained in the starting géa'%oﬂecule are
incorporated into the film. Also, particularly in
plesma CVD, the problem remai&ed'that there was damage

i

by charged particles (so calldd plasma damage) as in

the case of the sputtering method.

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

at the stepped portion can be pvoided. Furthermore,

there are not caussed damages by dharged particles

which have been observed in thk case of the plasma cVD



(4]

10

20

25

05

or the sputtering method. Th% methods of such a kind
include, for example, the metﬁod seen in Journal of
Electrochemical Society, Vol. 131, p. 2175 (1984). In
this methqd triiscbutyl alumiéum (i—C4H9)3A1 (TIBA) is
used as orgenic aluminum gas end an Al film is formed
at a film formation temperaturie of 260 % end a
readction tube pressure of 0.5 &orr. The substrate
temperature is then maintaine% at about 450°C and 8134
is introduced to diffuse Si infthe Al film, thus
obtaining an Al-Si film. ' ‘

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

As another method, thefe can be mentioned the

method described in Japanese Jburnal of Applied

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

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

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

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

resistivity can be epitaxially. grown on a $i (100)
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wafer. Although the film obtdindd by this method has
good high quality, there are invdlved the problems
that control is difficult duefto:necessitv of heating
the gases and that apparatus ﬁor:effecting this methbd
is comﬁlicated. .

Japanese Laid-Open Patent Application No. 63~
33569 describes a method of fo%mfng a film by using no

TiCl but using in place thereof organic aluminum and

4’
heating it in the vicinity of ithe substrate.

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

In this case, it is clpaﬁly stated that the
step of removing the naturallygogidized film on the
substrate surface is necessarygbeﬁore introduction of
TIBA. Also, it is described that, since TIBA can be
used alone, no carrier gas is.;eqhired to be used, but
Ar gas may be also used as thegca?rier gas. Howevér,
the reaction of TIBA with anot?er gas (e.g. Hz) is not
contemplated at all, ané therezis:no description of
use of Hz as the carrier gas. EAléo. in addition to
TIBA, trimethyl eluminum (TMA) and- triethyl aluminum
(TEA) are mentioned, but there is no specific
deacriptidn of other organic métals. This is because,

since the chemical properties of organic metals
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.

génerally vary greéatly if theforganic substituent
attached to the metal element;varies 1i£t1e. it is
necessary to investigate individually by detailed
experimentation to determine ﬁhat organic metal should
be used. |

In the CVD method as described above, not only
there is an inconvenience thaé the naturally oxidized
film must be removed, but a1§q there is the drawback
that no surface smoothness caﬁ bq obtained. Also,
there is the restriction thatzheétinq of the‘gas is
necessary, and yet heating mu%t be done in the
vicinity of the substrate. Bésides, it must also be
experimentally determined at Qhaﬂ poximity to the
substrate heating must be done, shereby there is also
the problem that the place foé sétting the heater
cannot be necessarily freely théen.

In the pre-text of th% 214 5yﬁposium of
Electrochemical $Society, Branc@ of Japan (July 7,
1989), on page 75, there is a heéeription-of film
formation of Al according to'the double wall CVD
method. In this method, TIBA ﬁs used and the device

is designed so that the gas tehpérature of TBA can be

made higher than the aubstraté temperature. This

method may be also regarded as|a modification of the
above-mentioned Japenese Laid-open Patent Application

No. 63~33569. Also in this meithod, Al can be
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selectively grown only on a métal or semiconductor,
but not only the difference bétwéen the gas
temperature and the sgbstratefsuétace temperature can
be controlled with difficultyf bﬁt also there is the

drawback that the bomb and the pipeline must be

heated. Moreover, according tb this method, there are

involved such problems that n& ufiiform continuous film

can be formed, that flatness Qf ghe film is poor,
etc., unless the film is made khﬁck to some extent.

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

As described above, prﬁof art methods céannot
necessarily effect well selecthvé growth of'A1431, and
even if possible, there is a p}ob&em with respect to
flatness, resistance, purity, etc. of the A) film
formed, Also, there has been ?hvplved the broblem
that the f£ilm formation methodiis complicated and can
be controlled with difficulty..

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

final commercial success has nbt been achieved.
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SUMMARY OF THE _INVENTION

As described above, 1h the technical field or
semlconductors in which highet lntegratlon has been
desired in recent years, for prOV1ding 1nexpen51vely
semiconductor devices which ate made highly integrated
and higher in performances, tﬁer; have existed many
rooms to be improved.

An object of the presént:invention is to provide
a deposited filﬁ formation meého& which is, excellent
in controllability, requires éartlcularly no expensive
and complicated deposited f;lm formation device, is
extremely wide in general purpgosé¢ applicability, and
yet can form a metal £ilm of jua;ity, and a method for
producing a semiconductor devéceq

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

Another object of theiprésent invention is to
provide a method for preparini a:semiconductor device,
which can provide a highly inﬁegfated semiconductor
device of high performance atglow cost.

Anothexr object of the %resent invention is to

I
provide a deposited film formaﬁiqn method capable of

forming a metal film composed maxnly of Al of good quality

at high deposition rate with excellent Leproducibility

at low cost.
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Still another object o; the present invention
is to provide a method for preéaring a semiconductor
device, which can obtain a wir%ng of good quality at
high through-put and is high i& réliability.

Still another object o% the present invention
is to provide a deposited film%formation.method which
can obtain a metal film composé:d @ainly of Al of good
quality at high deposition raté aﬁd with excellent

selectivity, as well as a meth4d for preparing a

semiconductor device. ! .
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These objects are achéevéd in accordance with
the invention by providing a droéess for forming a
deposited film comprising the%stgps of:

(a) providing a subst{até having en electron
donative surface in e space fér formation of the
deposited film; ;

{b) introducing a gas ?f_an alkyl aluminum
hydride and hydrogen gas intozsafd space for formation

of deposited film; and

{¢) maintaining the tehpdrature_of said

_electron donative surface wit&in'the range of from the

decomposition temperature of s}ié alkyl aluminum
hydride to 450 °C to form en aﬁuﬂinum film on said
electron donative surfaece whil? farying the deposition
speed of sluminum. j .

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

{e) pfoviding a substrkté having an electron

donative surface in a space fo} fﬁrmatioa of the
deposited film;

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

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

electron donative surface withkn the range of from the
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decomposition temperature of éaié.alkyl aluminum
hydride to 450 °C to form en dluhinum-silicon film on
said electron donative surfacé wﬁile varying the
deposition speed of aluminum.g
In the present inven@io&, Al or Al-Si f£ilm is
formed by feeding a gas of aﬁ aikyl aluminum hydride,
oi-a gas of an alkyl aluminum hédride together with a
gas containing silicon. 1In Qddition, the deposition
rate of Al is shifted during%fiiﬁ formation,

3

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

on a substrate at high speedJ
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These objeéts are alsd achieved in accordance
with the invention by providing a process for forming
a deposited film comprising thHe steps of:

(a) providing a substrate having an electron
donative surface (A) and an electron non~donative
surface (B) in a space for foﬁmaﬁion of the deposited
film; ‘

(b) introducing a gas of en alkyl aluminum
hydride and hydrogen gas into said space for formation
of deposited film; and | '

{c) maintaining the teﬁpérature of said
electron donative surface (A) within the range of from
the decomposition temperature of ?aid alkyl aluminum
hydride to 450 °C to form an alufinum £ilm selectively
on said electron donative surfgc& (A) while varying
the deposition speed of aluminum. '

These objects are also_acﬁieved in accordance
with the invention by providinp a process for forming
a deposited film comprising the s}eps of: .

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

{(b) introducing a gas &f hn aikyl aluminum
hydride, @ gas containing sili¢on;and hydrogen gas

into said space for formation ¢f deposited film: and



o

(42

10

15

25

14

(c) maintaining the témpérature of said
electron donative surface (A)’wi%hin the range of from
the decomposition temperaturezof?said alkyl aluminum
hydride to 450 °C to form en dluthinum-silicon film
selectively on said electron éonétive surface (A)

while varying the deposition épeéd of aluminum.

In the present invent%om, by feeding a gas of
an alkyl aluminum hydride or a gas of en alkyl aluminum
hydride together with a gas cbntaining silicon onto
a substrate having an electrog d§native surface (a)
and a non-electron donative sprf?ce (B}, Al or Al-Si
film is form@d only on the election donative surface
(A), shifting the deposition rate of Al during f£ilm
formation, Accotdingly, a de;seiAl or Al-8i £ilm can
be formed at high speed only &n ihe electron donative

surface (A} on the substrate.
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BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

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

Figas. 6A and 6B are chérté showing the X-ray
diffraction pattern. ' | '

Fig. 7 is a chart showﬂng;the X-ray
diffraction pattern on the Al 4epésited Si (100}
substrate. . .

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

. Fig. 9 is a schematic vheq for illustration of
the principle of crystal grain %bs?rvation with the
scanning p~RHEED image. ' ;

Fig. 10 is a chart shdw?nﬁ the X-ray
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diffraction pattern on the Al heﬁosited $i (111)
substrate.

Figs. 11A - 11C are schematic views of the

scanning secondary electron imhage and the scanning u-

RHEED image of the Al film selgctively deposited on

Si(iil) substrate.

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

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

Figs. 14A - 14E are scﬂemétic views showing
one embodiment of formetion of a éource drain
electrode of gate insulation tgpeftransistor.

Figs. 15A - 15D are ilyusirations for

explaining the reaction mechanism.

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

cbject of the present invention.
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] : _
In the following, priot tp detailed

‘description, first, the procesé fbr forming a

deposited film by use of an ofﬁankc metal is outlined.

The decomposition reacéioﬁ of an organic
metal, and hence the thin film'deéosition reaction
will vary greatly depending onﬁthé kind of the metal
atom, the kind of the alkyl bodded to the metal atom,
the'means of causing the decoméos%tion reaction to
occur, the atmospheric gas, eté. .

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

~GCRs

CH;-Ga .
. \\caa

in thermal decomposition undergpeq radical cleavage

wherein Ga—CH3 bond is cleaved,?wﬁile triethyl
Lo '
gallium: ' i
’/’Czﬂs !

Csz‘Ga
. Calls

in thermal decomposition is decbmpbsed through 8-

elimination into: :

. _—Calls
C2Hs Ga\\\“

oHy - On the other hand, tkiekhyl aluminum

attached with the same ethyl grbup;
’/’02"5

Colis-4 2
\\‘CQHS
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in thermal decompeosition undeﬁgoés radical
decompogition in which Al-C,H. id cleaved. However,
tri—iso—butyl'aluminum_hav1ng 104H9 bonded therein:
——iCuly
iCaHa- AL

. \1Cl4|‘lgz

is subject to A-elimination.
Trimethyl aluminum (TMA)?comprising CH3 groups

and Al has a dimer structure at ﬂoom temperature:

Cli'am-.._ /ClH-h-l\ —CHs
AL :.«L’ A ™~
CHs—" ~CH3— Cis

1

and thermal decomposition is rhdﬁcal decomposition in
which Al~CH, group is cleaved, and at a temperature of
150 °C or lower, it reacts with étmospheric Hz to form
CH4, and forms finally Al. .

However, at a high temberhtﬁre of 300 °¢ or
higher, even if Hz may be presént'in the atmosphere,
CH3 group will withdraw H from. thb T™™A molecule, until
finelly Al-C compound is formed.

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

In essence, since evengangorganic meteal

comprising CH3 group which the siﬁplest alkyl group,
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CZHS group or ic4H9 group andgAljor Ga has a reaction
mode depending on the'kind of -the alkyl group, the
kind of the metal atom, the eéciéation decomposition
means, for deposition of a meéal_atom from an organic
metal on a desired subetrate, the decomposition
reaction must be strictly contwolled For example,
when Al is to be deposited fron triisobutyl aluminum:

iClH '
(TIBA: AL —iCdHe)
iCalie L

in the low presaure CVD ﬁethodgcémprising mainly
thermal reaction, unevenness o& @m order is formed on
the surface, whereby the surfage ﬁorphology is
inferior. Also, hillock generbtﬁon by heat treatment,
Si surface roughening through Si ﬁiffusion at the
interface between Al and Si ocpuf, and also migration
resistance is inferior,'whereb& i&.can be utilized for
ultra-LS1 process with difficuntv

For this reason, a method for controlling
precisely both the gas temperaturp and the substrate
temperature has been attempted. bowever, the device
is complicated, and the method:is.of the sheet
treatment type in which depoailtioin can be effected
only on one wafer by one deposstign process. Besides,
since the deposition speed is EOOEz/min at the

highest, the throughput necessary for bulk production

cannot be realized.
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Similerly, when TMA i$ e?ployed, Al deposition
has been attempted by use of élaéma or light, the
device élso becomes complioat%d due to use of plasma
or light, end also because of the sheet type device,
there remains room for improvémeﬁt for sufficient
improvement of throughput. ;

Dimethyl aluminum hydridé (DMAH) as the alkyl
aluminum hydride to be utilizéd jn the present
invention is a substance knowé aé alkyl metal, but if
could not be estimated at alliwhét Al thin film could
be deposited depending on whaé réaction mode, unless
deposited films are fofmed under:§11 the conditions.
For example, in an exemple of ‘deposition Al by optical
CVD from DMAH, the surface mo4phélogy is inferior, and
the resistivity value was greétet than the bulk value
(2.7 nohm-cm) as several uohmito’lo piohm.cm, thus
heing inferior in film qualitﬁ.

Now, referring to the drdwings, preferred
embodiments of the present in«ention are described in
more detail. '

In the present inventibnA for depositing an Al-
Si film of good quality as the electroconductive .
deposition film on a substraten the CVD method is
used. '

More specifically, by use of dimethyl aluminum

hydride (DMAH)
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Chemical formula: Cﬂahﬁ*‘

AL —H
cd/

or monomethyl aluminum hydridé (&MAHZ

; .

Chemical formula: c@,,;ﬁ_ N

4 *%#,AE

L
as” alkyl aluminum hydride whiéh is an organic metal as
the starting geas containing aé léast one atom which
becomes the constituent of thé déposited film,
optionally a gas containing s% aﬂoms as . the étarting
gags and Hz as the reaction ga%. én Al-8i film is
formed by gas phase growth with & gas mixture of these
on a substrate, :

As the substrate applibable in the present

invention, e material having qledtron donative

property may be employed. |

The electron donative @aﬁerial is described in
detail below. ;

The electron donative Faﬂerial refers t¢ one
having free electrons existing;oﬁ free electrons

intentionally formed in the subst}ate, for example, a

- material having a surface on which the chemical

reaction is promoted through ghvehand -take of
electrons with the starting gab molecules attached on
the substrate surface. For_ex?mpae, generally metals

end semiconductors such as P t&pei N type and



10

15

20

intrinsic semiconductor etc. thﬁespond_to such
material. Those having very tbid oxidized film on the
metal or semicénduetor surfacesar? also included.

For, with such thin £ilm, the Ehehical reaction can
occur between the substrate anh t?e qttachéd starting

molecules.

.

Specifically, there map be included
semiconductors such as monocrystalllne silicon,
polycrystalline silicon, amorphous silicon, etc.,
binary system or ternary systeh ob quaternar{ system
11I-V compound semiconductors QOmbr;szng combinations
of Ga, In, Al as the group IIIfeI;ment and P, As, N as
the group V element, 6r 11-1IV %ombound semiconducters,
or metals themselves such as t%ngéten, molybdenunm,
tantalum, aluminum, titanium, %op?er, etc., or
silicides of the above metals éuoé as tungsten
silicide, molybdenum silicide,itaétalum silicide,
aluminum silicide, titanium si%ic%de, etc., further
matals containing either one o% tbe constituent of the
ebove metals such as aluminum éil@con, aluminum
titanium, aluminum copper, alu*inﬁm tantalum, aluminum
silicon copper, aluminum s;licdn titanium, aluminum
palladium, titanium nitride, eﬁc.;

On the substrate with Sucﬁ constitution, Al is
deposited only through simple ﬁheﬁmal reaction in the
reaction system of the startind gés and H3. For



[+ ]

10

15

20

25

23
!
example, the thermal reaction in the reaction system
I
between DMAH and H, may be baslically considered as

follows:

CH H CcH : '
027 A2 T la—2a2 L +4CHLt +H2 T

CHs” M~ CHs

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

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

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

substrate by gas phase growth with a gas mixture of
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The substrate applicaﬂle in the present
invention has a first eubstratk éurface material for
formation of the surface on w@icﬁ a metél is
deposited, and a second substrlaté surface material on
which no metal 1s.deposited. ?And, as the first
suﬁstrate surface material, a 'material having the
electron donative surface is ised.

In contrast, as the m4teﬁia1 for formihg the
surface on which pure Al or Al-Si is not dep&sited
selectively, namely the materﬂal for forming the
electron non-donative suffeceé convent ional insulating
materials, oxidized silicon f&rméd by thermal
oxidation, CVD, etc., glass oé oxidized film such as
BSG, PSG, BPSG, etc., thermaléy nitrided film, silicon
nitrided film by plésma CvD, iow pressure CVD, ECR-CVD
method, etc. :

Figa. 1A = 1D show ho# the pure Al or Al-Si
film according to the present:inﬁention is grown.

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

When DMAH,_optionally:together with 81236 as
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starting gas and a gas mixturefcontaining H2 as
reaction gas are fed onto the ?ubstrate 1 heated under
the fifst deposition condition; pure Al or Al-S1 is
precibitated on the substrate bo to form the
continuous film of pure Al or kl{Si as shown Fig. 1B.

Further deposition of ?1~Si is continuved under
the éecond deposition conditioh ﬁo obtain Al-Si film
as shown in Fig. 1D via the st!ete; of Fig. 1C.

As the result of analy%id according to Auger's
electron spectroscopy or photo@lactric spect;oscopy,
no entrainment of an impurity %udh as carbon or oxygen
is recognized in this fiim. .

The deposited film tmtis formed has a
resistivity of, for example, wWith a film thickness of
400 X, 2.7 - 3.0 (tohm-cm at,r%om.temperature which is
substantially equal to the bu%k ﬁesistivity of Al, and
becomes continuous and flat fﬁlm. Also, even with a
£film thickness of 1 um, its r#sigtance at room
temperature is approximately é.? - 3.0 yohm-cm and a
sufficiently dense film is foémed with a relatively
thicker film. The reflectancé in the visible
wavelength région is approximéteiy 80 %, and a thin

film with excellent surface flatness can be deposited.
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Ae described in detaii above, in the present
invention, in addition to theifinding of depositing
pure Al on an electpon_donatiée gurface (A) by main-
taining the electron donative;su:face at a temperature
between of the deéomposition'éemperature of an alkyl
aluminum hydride and 450 °C iﬁ & .gas mixture atmosphere
of a gas of an alkyl aluminum %ydride, particularly
an alkyi aluminum hydride cont?ining methyl group and
the hydrogen gas, or depositinjg Al-Si by use of the
above-mentioned gas mixture atho&phere in which a gas
containing S8i is further added; for effecting higher
through-put in formation of puke Al or Al-Si £ilm,
during the deposited film formhtion, shift from the
low deposition ratelto the higp dppositioﬁ rate is
effected., By doing so, higherithrough-put can be

accomplished without lowering kilm quality.
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Fig. 2 is a schematic viéw showing a
preferable deposition film forﬁiﬁg device for applying
the present invention.

Here, 1 is a substrate fdr forming an Al-Si
film. The substrate 1 is mouﬁted on & substrate
holder 3 provided internally éf the reaction tube 2
foé-forming a space for formation of a deposited film
which is substantially closed to Fig. 2. As the
material constituting the readtion tube 2, quartz is

. .

preferable, but it may be alsa mdde of a metal. 1In

this case, it is preferable to codol 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, @he.constitution is made
so that the substrate temperature can be controlled by
controlling fhé heat generatidn temperature of the
heater 4. |

The feeding systenm offgases is constituted as
described below.

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

The organic metal to be used in the present
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invention is liquid at room teLpe;ature, and is formed
into saturated vapor by pass1ng a carrier gas through
the liquid of the organic metah within the gasifier 6,
which is in turn introduced in}o the mixer §.
The evacuation is cons%ityted as described
below. g
- 7 is a gate valve, whibh;is opened when
performing evacuation of a lar;e volume such as during
evacuation internélly of the r%adtion tube 2 before
formation of the deposited filg. 8 is & sloé leak
valve, which is used when perf?rﬁing evacuetion of a
small volume such as in controhlﬁng the pressure
internally of the reaction tub% 2 during formation of
the deposited film. 9 is an eba@uation unit, which is
constituted of a pump for evacbaﬁion such as turbo
molecular pump, etc. | |
The conveying system oE the substrate 1 is

constituted as described beloﬁ. . |

| 10 is a substrate convkyﬂng chamber which can
house the substrate before and aéter formation of the
deposited film, which is evacugtéd by opening:the
valve 11. 12 is an evacuatioé uﬁit for evacuating the
conveying chamber, which is co%sﬁituted of a pump for
evacuation such as turbo mole%ulér punp, etc.

The valve 13 is opene& corily when the sﬁbstrate

1 is transferred between the ﬂeadtion chamber and the
i
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| As shown in Fig. 1, in:thg starting gas
gasifier 6 which is. the gas fo%ma%ion chamber for
forming the starting gas, the iiqhid DMAH maintained
at room temperature is bubblediwikh H, or Ar {or other
inert gas) as the carrier gas to form gaseous DMAH,
whicﬁ is transported to the miﬁer_s. The H2 gas as
the reaction gas is transporteé through another route
into the mixer §. The gases a%e Eontrolled in flow
rates s0 that the respective p&rtﬁal pressuré; may
become desired values. I

In the case of forming;a tilm by this device,
the first starting gas may be éf course MMAH,, but
DMAH with a vapor pressure eno@gh:to become 1 Torr at
room temperature is the most p}eférred. Also, DMAR
and MMAHZ may be used in a mix&urp.

As the second startingégag containing Si,
there can be used Sizﬂe, SiH4,fSi;H8, Si(CH3)4, 81C14,
SiHZCJ.2 and Siﬂscl. Of these ?ompounds,'81286 which
can be easily decomposed at thé 1Lw temperature of 200
- 300°C. The gases such as Siéﬂs;are diluted with H,
or Ar and transported toc the m?xer § through a system
other than the DMAH systém.

The deposited film for&e& at a substrate
temperature of 160 % to 450 oh by use of such

starting gas and reaction gas, with a thickness of for
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example 400 &, has a resietivi%y at room temperature
of 2.7 - 3.0 pohm-cm which is ?ub%tantially equal to

Al bulk resistivity, and is a bodtinuous and flat

~film. At this time, the presshre?during film

3 Torr

formation can be chosen within:thb range from 10
to 760 Torr. Also, even when %hé £ilm thickness
may be 1 pym, its resistivity i; ca. 2.7 - 3,0 pohm-cm;
and a sufficiently dense . £film §ad be formed also with
a relatively thicker film. Also, the reflectance in
the visible light wavelength rbg£0n is appro£imate1y
80 %, whereby a thin film excehlént in surface
flatness can be deposited. o

The substrate temperat?ré is desirably the
decomposition temperature of thefstarting gas
containing Al or higher, and 4?0 goc or lower as
described above, but specificaﬁlf the substrate
temperature of 200 to 450_00 i? fore desirable, and
when deposition is carried outiuéder this cbndition,
by making the DMAH partial pre%s@re 10™* t0 107? rorr,
the deposition speed becomes v?rﬁ great.as 100 &/min.

to 800 4/min., whereby sufficilent great deposition

_ speed corresponding to the coslt &s the Al-$i

deposition technique for ultr#eLﬂI can be obtained.
A more preferable sub%trdte‘temperature
condition is 270 °C to 350 °C, and the Al-Si film

deposited under this conditiod is also strongly
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orientatable and, even when su%jécted to the heat
treatment at 450 % for 1 hour} the Al-Si film on the
Si monocrystall:ne or Si polycbystalline substrate
becomes a good Al-Si film withbut generation of
hillock, spike as seen in the kilm forming method of
the prior art. Also, such Al Bi film is excellent in

electro—migration resistance.

In the device shown in.Fﬁg. 2, Al-Si can be
deposited on only one sheet ofisdbstrate in deposition
for one time. Although a depokiﬂion speed of ca. 800

i/min. cen be obtained, it is stfll insufficient for

performing deposition of a large number of sheets
. P

within a short time.

As the deposition film fdrming device for
improving this point, there ia tﬂe low pressure CVD
device which can deposit Al- sf by simultaneous
mounting of a large number of @hqets of wafer. Since
the Al-Si film formation accoﬂdiﬁg to the present
invention utilizes the surfacé réaction on the
electron donative suhstrate_sqrche, in the hot wall
type low pressure CVD method JheQein only the

substrate is heated, Al-Si compound containing 0.5 -

2.0 % of Si can be deposited on the substrate by use of

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

The reaction tube-preruée may be 0.05 to 760
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Torr, desirably 0.1 to 0.8 Toré, the substrate
temperature 160 °¢c to 450 °c, ?esﬁrablv 200 °C to 400
O¢, the DMAH partial pressure i x:10~5—fold to 1.3 x
10f3—f01d of the pressure in t?e ;eaction tube, the

si H. partial pressure 1 x lo—b-fﬁld to 1 x 1074

276 |
of the pressure in the reactioh tube, and under such

~-fold

codditions, Al-Si cen be well &epbsited on the
electron donative substrate. .

Fig. 3 is a schematic kll&stration showing a
deposited film forming device Lo ;hich such ﬁresent
invention is applicable. . :

§7 is a substrate for kofhation of Al-Si film.

50 is an outside reaction tub% m?de of quartz for
forming a space for formation &f deposited film
gubstantially closed.to the su?ro&nding, 61 an
innerside reaction tube made ok qpartz located for
separating the flow of gas witbid the outside reaction
tube 50, 54 a flange made of aémétal for opening and
closing of the opening of the Put%ide reaction tube
50, and the substrate 57 is loFaﬁed within the
substrate holding member 56 pr;vi?ed internally of the
innerside reaction tube 51. Tbe_substrate holding
member §6 should be preferablyim&de of quartz.

Also, in the present dkvi?e, the subsirate
temperature can be controlled ;yéthe heater portion

i :
59. The pressure internally of the reaction tube 50
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is constituted so as to be co&tréllable by the
evacuation system connected tﬂrodgh the gas evacuation
outlet 53.

The gas feeding systei is constituted to have

a first gas system, a second das system, a third gas

system and a mixer (none are 4hoﬂn in Fig. 3)

' sihilarly as the device shown by the symbols 5 and 6

in Fig. 2, and the starting géseé and the reaction gas
are introduced into the reactfonftube 50 through the
starting gas inlet 52, These!gaées react on‘the
surface of the substrate 57 dﬁridg passage internally
of the innerside reaction tubé 5i as shown by the
arrowhead 58 in Fig. 3 to dep%sit Al-Si on the
gubstrate surface. The gasesfaféer the reaction pass
through the gap #ormed between tﬁe innerside reaction
tube 61 and the outside réactﬂonitube 50, and
evacuated through the gas evaéua%ion outlet 53.

In taking out and in {heésubstrate, the flange
54 made of a metal is permittéd éo fall by an elevator
(not shown) together with theésu&strate holding member
56 and the substrate 57 to befmo@ed to a predetermined
position where the substrate is @ounted and detached.

By forming a deposited film under tﬁe |
conditions as described abovefbyfuse of such device,
Al-8i films of good quality cén ﬁe formed in all the

wafers within the device.
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When depos;tzng Al-Si by .use of the device shown

in Fig.

Torr pressure: 1.5 T

DMAH partial pressure:

2, as an example, undet

dhe conditions of:

or#

-4

@.5 x 10" Torr

-6

2.0 x 10 Torr

Si containing gas paxd

Substrate temperatureﬁ

an A1 i film can be deposxted
material surface.

the film is continuous and 1ts

iaj pressure:

{
ﬂeo °c - 450 °C,

od the electron donative

Even with alfﬂlm thickness of 400 A,

ré51stivity is 2,7 - 3.0

U com which substantially equpl to the -bulk value of Al.

When the substrate temperature

15 270 °C - 350 °C, the

deposition rate is 100 - 800 &/min., and for high speed

deposition, the depositiocn ratp ﬁs required to be made

larger.

containing gas 1s omitted.

y
In the case of deposinidg pure Al,

silicon

For realizing high spéed de9051tion it may be

conceivable to make the substnaté temperature higher and

DMAH partial pressure higher.

the substrate temperature 330

-2

pressure 10 to 10

0.5 Um/mxn. can be realized.

:P4r example, by making
s, and the DMAH partial

I :
-3 Torr, a heﬂosition rate of 0.2 to

Hodever if the deposition

rate is too large, the probabalidy becomes higher that

a surface inferior in surface

fldtness will be obtained.

For example, the probability decqmes higher that a pure

Al or Al-Si £ilm with a refleqtaqce of about 10 to 30 %

will be obtained, The reason

whﬁ a film inferior in

surface flatness is thus obtaineé may be considered
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to be due to the fact that surkac? migration of metal
atoms or molecules are great aE azhigh temperature,
whereby deposition proceeds only at spec;flc nuclei to
deteriorate surface flatness when becoming a film
thickness. Thus, the greatestire?sons is that, at the
initial stage of deposition, a:fihm with inferior
surface flatness is formed, whichfexerts deleterious

influences even afterwards,

In the present inventién,'as the means for shifting
: 1}

from iow deposition rate to hiéh éeposition rate during
deposited film formation, for éxa%ple, the method of
varying the substrate temperatéreiand the starting gas
partial pressure is used to préviée a method of obtaining
pure Al or Al-Si deposited filé o% high gquality and
excellent in flatness at substént#ally high deposition
rate. i %

By doing so, a depos;téd lem which has
substantially high deposiiton nate and is also flat
with high quality can be obtaidedd

In the deposited film ﬁorﬁation by the surface
chemical reaction according to thq present invention,
it appears that even a thin fihm becomes a continuous
and high quality film under the cdnduion of lower
deposition rate under lower Subthate temperature
and lower starting gas partial, prqssure, provided
that there is no contamination frqm the reaction tube.

According to the knowlehgqs by the present
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inventors, a deposited film of:pufe Al or Al-Si of good
quality can be formed under goéd belectivity at a sub-
strate temperature of 160 to 4%0 é’c. more preferably
270 to 350 °C.

Accordingly, in the fiéstjdeposition step in the
present invention, namely the éep%sited film formation

step at low deposition rate, undet a total pressure of

3 -2

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

the substrate temperature is smit&bly chosen from 270 to

350 °C, preferably 270 to 300 ‘c and the DMAH partial

-5

pressure from 1.3 x 10 ° to 1. 3 x 10 3--fold, preferably

-5

1.3 x 107 to 1.3 x 1074 -fold_of;the total pressure.

In the second deposition step in the present invention,

namely the deposited film formatlen step at high deposi-

tion rate, under a total pressyre;of 10 -3

-2

Torr to 760 Torr,
preferably 5 x 10 to 5 Torr,:thé substrate temperature
is made 270 to 350 °C, preferably 300 to 350 °C, and

the DMAH partial pressure 1.3 * lb "3 to 1.3 x 107 -fold
of total pressure. :

For elevéting the subs%raie température, instead
of using only a heater, the su$st¥ate temperature may be
quickly elevated by irradiatioé of W lamp or Xe lamp on
the wafer surface. Heating by e iamp is effective for

quick elevation of the substra{e Eemperature.

Specifically, the DMAH;pa#tlal pressure is

suitably selected from the condition of 1.3 x 1074

to 1.3 x 10" 3-fold of the totai p#essure, 80 that a
. i
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deposited film may be formed at & higher deposition rate
than in the deposition rate inftﬁe first step as mentioned
above, For example, under theESahe total pressure, with
the substrate temperature bein; made constant, the

partial pressure of DMAH may b% iﬁcreased, or with

the DMAH partial pressure bein; c?nstant, tﬁe substrate
temperature may be elevated. Df course under the same
total pressure, both of the subst?ate temperature and

the partial pressure may be elkv{ted.

For example, it is prekefable to dep&éit a
continuous £film of 100 to 200 h Jithin the range of
a substrate temperature from Zbozto 300 °C in the
first deposition step under thé'ahove-mentioned.pressure
conditions, and then form the Eilﬁ at an increased
deposition rate of, for exampl?, ?.1 to 1 pm/min, by
increasing the substrate tempekathre to 300 to 350 °C.
The deposited film thus formedébe%omes a film of good
quality with surface migration beling inhibited.

By varying the depositﬁoé conditions as
described above, a cqntinuoﬁs,fflgt and high quality
£ilm of 100 to 260 A is formedfwﬂthin a deposition time
of 1 to.s minutes under the fi;sé deposition conditions;
while under the second depgsithonéconditions, since a
continuous and flat pure Al (o? él—Si) has been already
formed, a flat and high quality thin film cen be formed
even if pure Al (or Al-Si) may;begdeposited at a high

deposition rate of 0.1 to 1 Vmei%.
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A pure Al film or Al-sg film of 1um thickness
can be sufficiently formed by beposition for 1 to 5
minutes under the first condit%ons, and with the
deposition time for 1 to 3 minLtes under the second
conditions.

in the dewvice shown ianig. 2, pure Al or Al-Si
caﬁhée deposited only on one sbeet of substrate in
deposition at one time. |

The method according tb the present invention

[}

is also applicable to the redu%ed-pressure CVD device

for a number of sheets as show? in Fig. 3. Since

deposition according to the pf&sent invention employs

the surface reaction at the he%ted electron donative

substrate surface, according t; the hot wall type

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

is heated, an Al-Si containingio.s to 2.0 § of S8i can

be deposited at high speed by mddition of DMAH and H,,

and an 8i starting gas such as;Sizﬂs, etc., if necessary.
When a reduced pressurk CVD device is used, the

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

0.1 to 0.8 Torr. As the flISt deposition conditions,

the substrate temperature may be 270 to 350 °C, desirably

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

1.3 x 1073 to 1.3 x 10~ -5

-4

-fold,; desirably 1.3 x 10
to 1.3 x 10 of the reaction kube pressure, As the
second deposition conditions, khe substrate temperature

is made 270 to 350 °C, preferably 300 to 350 °C, and
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3

3 t0 1.3 x 1073,

the DMAH partial pressure 1.3 x 10~

4

preferably 1.3 x 10™7 to 1.3 xj 10" °-fold of the partial

pressure reaction tube. The S?2H6 partial pressure,

in both the first and the secobd deposition conditions,

7 4

may be within the range of 1 x;10- to 1 x 10" 7-fold of

the reaction tube pressure, whkreby Al-Si is deposited

at high speed on the electron Honative surface.

By forming a deposite4 £ilm under the

conditionas as described above?by use of such device,

1

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

‘'wafers within the device.
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According to the preseﬁt invention, in the
initial stage of deposition, agcontinuous and dense
pure Al or Al-Si is-formed,~an? therefore even pure
Al or Al-Si may be deposited thereafter at high speed
deposition condifions of 0.2 t% luym/min,, £ilm quality
such as surface flatness, etc.iwill not be deteriorated,
but ﬁure Al or Al-Si £ilm of hggh quality can be deposited
at a high speed practically efkectively.

Even if deposited at afhigh speed, tﬁg film obtained
is dense with little amount of'impurity such as carbon,
etc. contained, its resistance.is similar to'that'of
bulk, and also surface flatness is extremely high,

The deposited film, in spite of deposition at high

speed, has the specific featurés.as mentioned below:

(1) reduction of hillock, '

(2) improvement-of electIOmig%ation resistance,

{3) xeduction of'alloy pit at:the contact portion,

(4) dimprovement of surface flétness,

(5) improvement of resistanCezwithin via-hole and
contact resistance, |

(6) lowering the temperature &f heat treatment during
wiring step. j

Since Al-Si film of hiéb guality can .be deposited
at high speed, the thréugh-put;in the ultra-LSI process
is dramatically improved. In the low pressure CVD device
as shown in Fig. 3, Al-Si can @e deposited at the same

time on 100 to 200 sheets of 4tinch wafer, and the effect
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of high speed deposition contributes greatly to the
improvement of through-put. Ié ultra-LSI in the future,
the wafer to be used will be mdde to have & size of 6
or 8 inch. When the wafer sizé becomes as large as

6 inch or 8 inch, the low pres%ure CVD device as shown
in Fig. 3 can be practically applied with difficulty,
beéause the reaction tube diaméter becomes larger.
However, the sheet type CVD de?ice as shown in Fig. 2
are very advantageous in enlaréement of wafer{ because
the size of the device as a whéle will not change greatly
even if the wafer size'may becéme larger. However, in
Al-geposition according to theéCVD method of the prior
art, no high speed deposition éf 0.2 to 1y m/min. cannot
be realized, and therefore it %ould be employed with
difficulty even if a depositedifilm of high gquality

was formed. However, by use ok the deposition method
according to the present invenéion, AlfSi of high
guality can be deposited at hiéh speed of 0.2 to 1
Um/min., and particularly fheimeaning fulfilled by

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

put is very important.
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Figs. 4A - 4E show how: the Al or Al-Si film
according to the pregent 1nven&ion is selectively
grown in the via-hole.

Fig. 4A is an illustre?iOn showing
echematically the cross-sectiob of the substrate
beforae formation of the deposi;ed film according to
thé present invention. 90 is the substrate comprising
an electron doﬁative material,sand 91 a thin film
comprising en electron non—don#tive material.

When DMAH, optionally %ogether.with éizns as
starting gas and a gas mixture?containing Hz as
reaction gas asre fed onto the ;ubstrate 1 heated under
the first deposition condition; pure Al or Al-Si is
brecipifated on the substrate %O to form the
continuous film of pure Al or 51-51 as shown Fig. 4B.

When deposition of Al-éi is continued under
the second deposition conditiohs, via the state of
Fig. 4C, the film grows tq theflevel of the uppermost
portion of the thin film 91'asfshowﬁ in Fig. 4D.
Further, when grown under the Eame conditions, as
shown in Fig. 4E, the Al-Si fiﬁn can grow to 5000 X
substantially without growth ih the lateral direction.
This is the most characteristi& point of the deposited
film obtained by the preseat ihvention, and it will be
understood how a film of good éuality can be formed

under good selectivity.
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As the result of analy?is according to Auger's
electron épectroscopy or photo?lectric spectroscopy,
no entrainment of an impurity Euch as carbon or oxygen
is recognized in this film.

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

film with excellent surface flhtness can be deposited.
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As described in detailjabove,'in the present

invention, in addition to the finding that pure Al is

deposited selectively on an el?ctron donative surface (A)

by maintaining the electron do;ative surface (A) at a
temperature between the decompbsition temperature of an
alkyl aluminum hydride end 450§°c in a gas mixture
atmosphere of the alkyl aluminhm hydride gas and
hydrogen gas, or Al-8i is sele%tively deposited by

use of the above gas mixture i# wvhich a gas containing
Si is further added, for effec?ing higher th£6ugh-put
in formation of pure Al or Al-éi £ilm, the deposition
rate is shifted from a low dep&siiion rate to & high

deposition rate during the depésited film formation.

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

deterioration of £film quality.-
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When depositing Al-Si by use of the device shown

in Fig. 2, as an example, under th

fotal pressure: 1.5 Torr
DMAH partial pressure: 1.
Si containing gas partial
Substrate temperature: 16
an Al-Si film can be éelectively 4
electron donative material surface

[}
thickness of 400 A, the film is co
resistivity is 2.7 - 3.0 uf -¢m whi
144

P LIUAN Valus O AL, wnen tne

is 270 °C - 350 °C, the deposition

and for high gpeed deposition, the

required to be made larger.

e conditions of:

5 x 1074 Torr
pressure: 2.0 x 10" ° Torr
0 °C - 450 °C,

eposited only on the

. Even witq a film
ntinuous and its

khh substantially egqual
subctLrate temperature

rale is 100 - R00 A/min.,

deposition rate jis

For realizing high speed éeposition, it may be

concelvable to make the substrate

DMAN partial prescure highexr. Forx

the substrate temperature 330 °C,

2 3

preasure 10 < to 10 ° Torr, a dapd

0.5 ¥m/min. can be realized.
rate is too large, the probability

a surface inferior in surface flat

temperature higher and
example, by making
and the DMAH partial

sition xate of 0.2 to

Howdver, if the deposition

becomes higher that

ness will be obtained.

For example, the probability becomes higher that a pure

Al or Al-Gi £ilm with a refleotaad
will be obtained. The reason why

euriace £flatnees is thug obtained

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

may be& considexed

s P
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to be due to the fact that surfade migrétion of metal

atoms or molecules are great at a

high temperature,

whereby deposition proceeds only at specific nuclei to

deteriorate surface flatness when

becoming a £ilm

thickness. Thus, the greatest reLsons is that, at the

initial stage of deposition, a fillm with inferior

sufface flatness is formed, which

influences even afterwards.

in the present invention,

exerts deleterious

as the means for shifting

from low deposition rate to high gdeposition rate during

deposited film formation, for exaﬂhple, the method of

varying the substrate temperature

and the starting gas

partial pressure is used to-proviAe a method of obtaining

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

excellent in flatness at substantlally high deposition

rate.

By d&oing so, a deposited film which has

substantially high deposiiton ratl and is also flat

with high quality can be obtained.

In the deposited film for&aticn by the surface

chemical reaction according to the

it appears that even a thin film Y

present invention,

ecomes a continuous

and high quality film under the cqndition of lower

deposition rate under lower substr

and lower starting gas partial pre

ate temperature

ssure, provided

that there is no contamination from the reaction tube.

According to the knowledges by the present
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inventors, a deposited f£ilm of pu
guality can be formed under good
strate temperature of 160 to 450
270 to 350 °C.

Accordingly, in the first

re Al oxr Al-Si of good

selectivity at a sub-

°C, more preferably

deposition step in the

present invention, namely the deposited film formation

step at low deposition rate, undJr

-3

10 Torr to 760 Torr, preferably

the substrate temperature is suit

350 °C, preferably 270 to 300 °C,

S

pressure from 1.3 x 10"~ to 1.3 x

1.3 %x 107° to 1.3 x 10"4-£014 of
In the second deposition step in
namely the deposited film formati
tion rate, under a total pressure

2 to S5 Torx, th

preferably 5 x 10
is made 270 to 350 °C, preferably
the DMAH partial pressure 1.3 x 1

of total pressure.

a total pressure of

2

5 %10 ¢ Torr to S Torr,

ably chosen fiom 270 to

and the DMAH partial
1073-fo1d, preferably

the total pressure.

the present invention,

on step at high deposi-

of 10'3

e substrate temperature

300 to 350 °C, and
0°° to 1.3 x 10" >-fold

For elevating the substrate temperature, instead

of using only a heater, the subst

the wafer surface. Heating by a

quick elevation of the subatrate

rate temperature may be

 quickly elevated by irradiation of W lamp or Xe lamp on

lamp is effective for

temperature.

Specifically, the DMAH partial pressure is

suitably selected from the condit

3

to 1.3 x 10 “-fold of the total p

ion of 1.3 x 109

ressure, so that a

Torr to 760 Torr,
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deposited f£film may be formed at & higher deposition rate
than in the deposition rate in the first step as mentioned

above. For example, under the same total pressure, with

10

15

20

the substrate temperature being made constant,

the

partial pressure of DMAH may be increased, or with

the DMAH partial pressure being ¢onstant,

temperature may be elevated. Of
total pressure, both of the subst
the partial pressure may be eleve

For example, it is prefei

the substrate
course under the same
. xate temperature and
\ted.

rable to depésit a

continuous film of 100 to 200 A within the range of

a substrate temperature from 270
first deposition step under the 4
conditions, and then form the £il]
deposition rate of, for example,

increasing the substrate temperat

to 300 °C in the

bove-mentioned. pressure
m at an increased

0.1 to 1 uym/min, by

fure to 300 to 350 °C.

The deposited film thus formed becomes a film of good

quality with surface migration being inhibited.

By varying the depositioI conditions as

described above, a continuous, £

at and high quality

film of 100 to 200 A is formed within a deposition time

of 1 to 5 minutes under the first deposition conditions,

while under the second deposition conditions, since a

continuous and flat pure Al (or

formed, a £flat and high quality

1l-8i) has been already

hin film can be formed

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

deposgsition rate of 0.1 to 1 ¥m/mi

n.
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A Al £ilm of 1 ym thickness can be

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

In the device shown in Pi
can be deposited only on one shee
deposition at one time.
| The method according to t
is also applicable to the reduced
for a number of sheets as shown i
deposition according to the prese
the surface reaction at the heate
substrate surface, according to ¢t
reduced-pressure CVD method in wh
is heated, an Al-Si contéining 0.
be deposited at high speed by add
and an Si starting gas such as 8i

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

to 1.3 x 1074

of the reaction tube pressure,

for 1 to 5
s, and with the

8 under the second
g. 2, Al-Si

t of substrate in

he present invention
-pressure C&D dg&ice
n Fig. 3. Since Al-Si
nt invention employs

d electron donative

he hot wall type

ich only the substrate

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

VD device is used, the

5 to 760 Teorr, desirably

As the first deposition conditions,

270 to 350 °C, desirably

ial pressure may be

sirably 1.3 x 1072

As the

second deposition conditions, the substrate temperature

ie made 270 to 350 °C, preferably

300 to 350 °C, and
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the DMAH partial pressure 1.3 x 10

preferably 1.3 x 107 to 1.3 x 10

-5 3

to 1.3 x 10”7,

3—fold of the partial

pressure reaction tube, The 812H6 partial pressure,

in both the first and the second |deposition conditions,

may be within the range of 1 x 10

-7

to 1l x 107 3-fold of

the reaction tube pressure, whereby Al-Si is deposited

at ‘-high speed on the electron donative surface.
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-as shown in Fig. 3, Al-Si can be d

o1

According to the present

invention, in the

initial stage of déposition, a continuous and dense

Al-Si is formed, and therefore even Al-Si'may_be

deposited thereafter at high speed deposition

conditions of 0.2 to 1 _um/min., film quality such as

surface flatness, etc. will not be deteriorated,

buf"Al-Si film of high quality cé

n be deposited

at a high speed practically effectively.

Even if Al-Si film deposited at a high speed, the

film obtained is dense with little
such as carbon, etc. contained, it

to that of bulk, and also surface

amount of impurity
s resistance is similar

flatness is extremely high.

The deposited Al-Si film, in spité of deposition at high

speed, has the specific features as mentioned below:

(1)
(2)
{3)
(4)
(5)

reduction of hillock,

improvement of electromigrat:

improvement of resistance wit
contact resistance,
(6) lowering the temperature of Hh
wiring step.

Since Al-Si film of high ¢
at high Speed,'the through put in

is dramatically improved. In the

time on 100 to 200 sheets of 4 inc

on resistance,

reduction of alloy pit at the contact portion,

improvement of surface flatness,

hin visa-hole and

eat treatment during

juality can be deposited
the ultra-LSI process
low pressure CVD device
eposited_at the same

h wafer, and the effect
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of high speed deposition contributes greatly to the

improvement of throughdput.
the wafer to be used will be made

or 8 inch.

6 inch oxr 8 inch, the low pressure

When the wafer size bpcomes as large

In ultra-LSI in the future,

to have a size of 6
as

Cvb device as shown

in Fig. 3 can bg practically applied with difficulty,

because the reaction tube diameter becomes larger.

However,

¥

the sheet type CVD device

as shown in Pig. 2

are very advantageous in enlargement of wafer( because

the size of the device as a whole

even if the wafer size may become

will not change greatly

larger. However, in

Al-deposition according to the CVD method of the prior

art, no high speed deposition of

be realized,

D.2 to 1lu m/min canhot

and therefore it coujd be employed with

difficulty even if a deposited film of high quality

was formed.

However, by use of the deposition method

according to the present invention, Al-Si of high

gquality can be deposited at high speed of 0.2 to 1

Hm/min., and particularly the meaning fulfilled by

the present invention in a sheet

type CVD device corres-

ponding to 6 inch or 8 inch demanéed for high through-

put is very important.
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~wafer is mounted in the conveying

Example 1

Pirst, the procedure for
as follows.
reaction tube 2 is internally evg

1078

Torr by the evacuation unit
can be also formed if the vacuum
redction tube 2 may be higher thal
After washing of Si wafer

chamber 10 is released fo atmosph

conveying chamber is evacuated to

By use. of the device shown in Fig.

Al film formation is

1, the
cuated to ca. 1 x
9. However, Al film

degree within the

8

n 1 x 10 ° Torr.

., the conveying

eric pressure and Si
1

chamber. The

ca. 1 x J.()"6 Torr,

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

mounted on the wafer holder 3.
After mounting of the waf

holder 3, the gate valve 13 is cl

reaction chamber 2 is evacuated t

8 Torr.

ca. 1 x 10"

In this Example, DMAH is
gas line. As the carrier gas of
employed.

By passing Hz-through th

The second gas line 1j

er on the wafer
osed, and the

0 a vacuum degree of

fed through the first

DMAH line H, is

2
used for HZ‘

second gas line, the

pressure within the reaction tube 2 is made a

predetermined value by contreollin
slow leak valve 8.

is approximately 1.5 Torr. Then,

by current passage through the heater 4.

g the opening of the

A typicel pressure in this Example

the wafer is heated

After the
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wafer temperature has reached a j
temperature, DMAH is introduced |

through the DMAH line. The total

Torr, and the DMAH partial pressure is made ca.

10 & Torr.
tube 2, Al is deposited.

The outline of the firsgt

degcribed above.

predetermined
into the reaction tube
| pressure is ca. 1.6

1.5 x

When DMAH is introduged into the reaction

deposition step is as

In the first deposition step, after the
1

formation of the continuocus Al f
200 &, high speed deposition is

deposition step. The condition

Im of about 100 to
ffected at the second

For the second

deposition step are made the tot4al pressure of ca. 1.5

Torr and the DMAH partial pressul

Torr.

e of ca. 1 x 10 2

After a predetermined dep¢sition time has

elapsed, feeding of DMAH is sto

the heater 4 is stopped to cool the wafer,

ed. Next, heating of

Feeding of

Hz gas is stopped, and after evaguation internally of

the reaction tube, the wafer is

conveying chamber, and only the

made atmospheric before taking oft the wafer.

outline of Al film formation is
Actually,

were prepared, the substrate tem

ransferred to the
ohvefing chamber is
The

s described above.

130 Sheets of iamples of Si wafer

eratures were set at

13 levels, and Al filme were deposited at the

respective temperatures each for

10 sheets according
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to the procedure as described abd

following conditions:

during the first deposition step
Total pressure: 1.5 Torz

DMAH partial pressure: |

during the second deposition step,

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

substrate temperature at 13 leve]

use of various evaluation methodé.

shown in Table 1.

've under the

3

.5 % 102 Torr

3

.5 %10 ¥ Torr

r varying the
\

8 were .evaluated by

The results are

Al was deposited on.the Si wafer within the

temperature range from 160 °C - ISO'C.

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

temperature in the first deposit

possibility that flatness of the

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

that, if the

on step is high, the

extremely thin Al

film deposited in the first depogition step is

slightly inferior is enhanced.
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Example 2

Following the same proced
to set the parameters as follows:
during the first deposition step,

Total pressure: 1.5 Torr

DMAH partial pressure: 1

Substrate temperature: 2
during the second deposition step

Total pressure: 1.5lTorr

DMAH partial preasure: 1

and the substrate temperature of

ure as in Example 1

5

.0 x 10 ° Torr

20°C or 300°C

.0 % 10~2 Torr

the second deposition

step was varied at several levels which were higher

" than that of the first deposition

Al film. And various evaluation

step to deposit the

results of the Al

film deposited are aﬁown in Table 2.

When the substrate temper

deposition step is 270 *C or 300

ature in the first

*C, there is no

difference in the results obtaindd.

Similarly as in Example 1

. when the substrate

temperature in the second step exceeds 300 °C, high

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

The difference from Example 1 is
high surface flatness having a re

% could be formed even when the o

that an Al film with
flectance of 80 to 95

ubgstrate temperature

in the second step was 330 °C, 350 °C by suppressing

the substrate temperature in the

first deposition step
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at 300 °C or lower.
Example 3

This Example carries out
of Ar in place of H2 es the carri
the same procedure as in Example
As the 1

second line, H2 is fed.

of Al film obtained by this Examp

on Si wafer at a temperature range of 160

similarly as in Table 1 in Example

Al deposition by use
er gas for DMAH in

1. From the gas

esult of evaluation
le, Al was deposited
‘C to 450 *C

1.

t
When the substrate temperiatures in the first

and second deposition steps excejd 300

deposition at 0.5 to 1.0 pm was

*C., high speed

ossible, but the

probability that surface reflectJnce becomes more or

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

flatness of the extremely thin Al

The reason may be
that, if the
on step is high,

film deposited in

the first deposition step is inferior.

Example 4

This Example 4 performs Al deposition by use

of Ar in place of H2 as the carriler gas for DMAH in

the same procedure as in Example

line fed H When the substrate

2°

first deposition step were 270 *C

was no difference in the results

2. The second gas
tenmperatures in the
and 300 *“C, there

obtained. The film

quality obtained is substantially the same as in Table
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" (T481), (8) aluminum (Al), (9) al
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Similarly as in Example 1
substrate temperature in the secd
*C, high speed deposition at 0.5

possible.

or 2, when the
nd step exceeds 300

to 1.0 um/min. was

The difference from Examples 1 and 3 is

that an Al film with high surface flatness having a

reflectance of 80 to 95 % could k
the substrate temperature in the
*C, 350 “‘C by suppressing the suh
the first deposition step at 300
Example 5

The Al film.was formed or
the following constitution by usi
device as shown in Fig..3.
substrate, the following 17 kind
on the Si wafer.

{1) polycrystalline silic
si), (2) amorphous silicon {(amorg
tungsten (W), (4) molybdenum (Mo}
(6} tungsten silicide (WSi), (7)
si), (10) titanium aluminum (Al-1
nitride (TiN)}, (12) copper (Cu},
copper (Al-8Si-Cu), (14)‘aluminum

(15) titanium (Ti), (16) molybded

e formed even when
second step was 330
strate temperature in

1

*C or lower.

the substrate having

ng low pressure CVD

That is, as the

thin films were used

;on {polycrystalline
bhous Si), (3)

. {(5) tantalum (Ta),
titanium gsilicide
uminum silicon (Al-
‘i), (11) titanium
(13) aluminum silicon

palladium (Al-Pd),

lum silicide (Mo-Si),

(17) tantalum silicide (Ta-Si) were employed.
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These samples were placed
CVD device shown in Fig. 3 and Al

within the same batch.

in the low pressure

films were formed

.The deposition'conditions at this time are as

follows:

during the first deposition step,

- Total pressure: 0.3 Torr
DMAH partial pressure: 3
Substrate temperatuie: 2

during the second deposition step

Total pressure: 0.3 TorJ

DMAH partial pressure:

Substrate temperature:

The film quality of the
such conditions is not different
substrate temperature in_the seca
330°C in Table 2 as described abd
déposition rate in the second dep
high as ca. 0.7 um/min. for all d
Exemple 6

According to the same prﬁ
2, Al film was deposited by the u

of DAMH as the starting gas. As

-6

x 10 Torr

70°C

~

x 1073

Torr

30°C

1l film formed under
from those at a

nd deposition of
ve, and also the

osition step was very

f the substrates.

cedure as in Example
se of HMAHZ in place

the substrate, the

same Si wafer as in Example 1 wad used.

The deposition conditiong at this time are as

follows:
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during the first deposition step,
Reaction tube pressure:
MMAH2 partial pressure:
Substrate temperature: 2

during the second deposition step
Reaction tube pressure:
MMAHZ partial pressure:
The film quality of depod

different from one at a substrate

second deposition step of 330°C i

1,5 Torr

s x 10—5

Torr
70°C

1.5 Torr

1 x 1073 Torr

ited Al was not
temperature in the

1

n Table 2.

Also, the deposition ratd of Al in the second

deposit;on step was ca. 0.7 pm/mﬁ
substantially different from the
Examplel7

First, the procedure for

as follows.

n. and not

case of using DMAH.

Al-si film formation is

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

reaction tube 2 is internally evdcusted to ca. 1 x

-8

10 Torr by the evacuation unit

can be also formed if the vacuum

reaction tube 2 may be higher than 1 x 10

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

conveying chamber is evacuated td

9. However, Al-Si film
degree within the

8 Torr.

. the conveying

eric pressure and Si

The
6

chamber.

ca. 1 x 10" ° Torr,

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

mounted on the wafer holder 3.
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After mounting of the wafEr on the wafer

holder 3, the gate valve 13 is cl

sed, and the

reaction chamber 2 is evacuated to a vacuum degree of

8

ca. 1 x 10 ° Torr.

In this Example, DMAH is fed through the first

gas line. As the carrier gas of ﬂMAﬂ line,

Ar is employed. The second gas line is used

for H2 and the third gas line for
By passing H, through the
pressure within the reacticon tube:

predetermined value by controlling

.Si2H6.

second gas Jine, the

2 is made a

the opening of the

slow leak valve 8. A typical presFure in this Examplef

is made approximately 1.5 Torr. T

heated by current passage through

hen, the wafer is

the heater 4. After

the wafer temperature has reached & predetermined

temperature, DMAH introduced into

the

reaction tube through the DMAH line.

The total pressure is ca. 1.5 Torr
DMAH partial pressure is made ca.

The S:le6 partial pressure is made
Siz}!6 and DMAH sre introduced into

2, Al-S4 is deposited.

, and the -

.5 x 1077 Torr.

7

2 x 10 * Torr. When

the reaction tube

The outline of the first deposition step is as

described above.

In the first deposition st?p. after fhe
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formation of the continuous Al-§i
200 X, high speed deposition is ¢

deposition step. The condition

film of about 100 to
ffected at the second

or the second

deposition step are made the total pressure of ca. 1.5

Torr and the DMAH partial pressui
Torr. After a predetermined depd
elapsed, feeding of DMAH and siH
heating of the heater 4 is stoppe
Feeding of H, gas is stopped, and
internally of the reaction tube,
traﬁsferred to the conveying chan
conveying chamber is made atmospl
out the wafer. The outline of Al

as described above.

e of ca. 1 x 10°°
sition time has
6 is stopped. Next,
d to cool the wafer.
after evacuation
the wafer i;

bef, and only the
eric before taking

film formation is

Actually, 130 Sheets of samples of Si wafer

were prepared, the substrate temp

eratures were set at

13 levels, and A1-Si films were deposited at the

respective temperatures each for
to the procedure as described abg
following conditions:
during the first deposition step,

Total pressure: 1.5 Torny
DMAH partial pressure: 1

812H6 partial pressure:

during the second deposition steg

10 sheets according

ve under the

.5 x 10”5 Torr

2.0 10—7 Terr
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Total pressure: 1.5 Toré
DMAH partial pressure: i
SiZHG partial pressure: !
The Al-Si films deposite&
substrate temperature at 13 level
use of varioﬁs evaluation methods

the same as those in Table 1.

0 x 1073 Tors

1.5 x 10-.5 Torr.

by varying the

s were evaluated by

. The results are

Al-8i was deposited on the Si wafer within the

 temperature range from 160°C - 4?O‘C.

i 3
When the substrate temperatures in the first

and second deposition steps exceed 300 °C, high speed

deposition at 0.5 to 1.0 um was possible, but the

probability that surface reflecta
less worse is slightly enbanced.

considered to be due to the fact

nce becomes more or
The reason may be

that, if the

temperature in the first deposition step is high,

flatness of the extremely thin Al

-84 film deposited in

the first deposition step is inferior.

Example 8

Following the same pro¢edure as in Exemple 7

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

Total pressure: 1.5 Tory
DMAH'partial pressure: |
Sizﬂe partial pressure:

"

Substrate temperature: 2

.0 % 1079 Torr

7

1.5 x 10° * Torr

70°*C or 300°C
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' Example 9

64

during the second deposition steq
Total pressure: 1.5 Tort
DMAH partial pressure: 1

512H6 partial pressure:

and the substrate temperature of
step was veried at 13 levels. Ad
eVéiuation results of the Al-S8i f
those in Table 2. '
When the substraté'temper
deposition step is 270 *C oxr 300
difference in the results obtaing

Similarly as in Example 1%

temperature in the second step eJ

The difference from Example 7 is
high surface flatness having a re
% could be formed even when the g

in the second step was were 330 ¢

Following the same proced
to set the parameters as follows:
during the first deposition step,

Total pressure: ]

DMAR partial pressure: 1

r

Substrate temperature: 2

3

.0 x 107 Torr

1.5 x 10°°

Torr
the second deposition
a result, var;ous

ilm are the same as

ature in the first
i
there is no

.c,
d.
,» when the substrate
ceeds 300 °C, high
/min. was possible.
that an Al1-8i film with
flectance of 80 to 95

ubstrate temperatures

C, 350 °cC.

ure as in Example 8

.5 Torr
.0 x 1073 Torr

10 °C
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-by'use of Ar in place or 32 as t

during the second deposition step,

Total pressure:

DMAH partial pressure:

Substrate temperature:
and the Sizﬁs partial pressure
to 0.2 fold of DMAH partlal pres

The 51 content (wt.%) of the Al~

1.5 Torr

ﬂ 0 x 10 -3 Torr

30

ts var:ed from 3 x 1¢°

ure to effect deposition.

si films were varied from

0.005% to 5% approximately in proportion to the 812H6 partial

pressure. As to resistivity, ca
wiring life, deposition speed, h
spike generation, the same resul
were obtained. However, in samp
content of 4 % or higher, deposi
the films which appeared to be S
surface morphologY,_therebv maki
% or lower. Samplés having a Si
4 ¥ exhibited a reflectance of 8§
similarly good as in example 8.'

Example 10

This Example 10 carries

DMAH in the same procedure as in

gas second line, Hz as the reaction gas is fed.

the result of evaluation. of A1~§

Example, Al-Si was deposited on

rbon confent, average
illock densiky and

ts as in Example 1
les having a Sd

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

D to 95 %, which was

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

i £ilm obtained by this

Si wafer at a temperature

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

when the subSurate temperatures in the first
and second deposition steps exceed 300 °C., high speed
depos;tlon at 0.5 to 1. o um was possible, but the
probabzlaty that surface;refleotanee becomes more or
less worse is slightly eehaﬁced. fhe Eeason may be
considered to be due to the fact that, if the
temperature in the firstfdep051tlog step.is high,
flatness of the extremeﬁy tﬁin AifSi £ilm deposited in
ﬁhe first deposition ste? ie infeeior. ‘

Exenple 11

This Example 11 performs Al-Si deposition by
use of Ar in place of H, as the cerrier gas for DMAH

in the same procedure as in:Bxamp;e 8. The second gas

' 1ine fed Hz. When the %ubstrate temperatures in the

first deposition step w%re.ézo 'Cfand'soo *C, there
eas no differenca.in thé reeulte obtained. The f£ilm
quality obtained is subétanﬁially;the:same.as in Table
2. ' |

Similarly as in Example 1 -OT 8 when the
substrate temperature in the second step exceeds 300
°c high speed deposition at 0.5 to 1.0 pm/min. was
p0331b1e. The difference from Examples 7 and 8 is
fhat an AI-Si £film withfhigh surface flatness having a
reflectance of 80 to 85 S could be formed even when

the substrate temperatures in the second step were 330
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.G, 350 °C

Example 12

This Example 12 performs A1-8i deposition by
use of Ar in place of Hz as the carrier gas for DMAH
in the sane procedure as-in Exemple 9. The second gas
line fed Hy- '

Deposition coﬂdi?ioﬁ was shown below.
dﬁring the first deposit?on step,-

. Total pressure: gl.é Torr

1

-9 Torr

DMAH partial p:e?su:e: 1.0 x 10
Substrate tempergture: 270 *C
during the second depositlon step,
Total pressurea: 1 & Torr
DMAH pertisl pressure: 1.0 x 10 ° Torr
Substrate temperétu:e: 33@ °C
and the Sizns partial pr?ssuie was varied from 3 X
1074 to 0.2 fold of DMAF partial pressure to effect deposition.
The Si content (wf %) oé the Al-$i £ilms were varied from
0.005 % to 5 % approximately in propo:tlon to the SijHg partial
pressure. Aas to re51st1v1ty, carbon qontent, average
wiring life, deposition speed, hiilock density and
spike generation, the séme fesults as in Example 1
were obtained. cheverj in - samples héving a Si
content of 4 ¥ or higheé, deposition was generated ina

the £ilms which appeared to be 8i to worsen slightly

surface morphology, the@ebY=mak1ng the reflectance 65
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% or lower. Seamples having a Si content of less than
4 % exhibited a reflectance of 80 to 95 %, which was
similarly good the same as in Example 8.

Exanple 13

The Al film was ?orméd on the 5ubstrate.having
the following constituti@n by using IQW pressure CVD
device in Fig. 8. That Es,'as the substrate, (1)
polyvcrystalline silicon (pOIYGrYStalllne si), (2)
amorphous silicon (amorphous si}, (3) tungsten (W),
{(4) molybdenum (Mo), (5) tantalum (;a), (6) ;ungsten
silicide (Wsi), (7) titapiug ‘silicide {Tisi), (8)
eluminum (Al), (9) aluminum silicem (Al-Si), (10)
titaniuvm alumiaum (Al—Tiﬁ, (11) titanium pitride
(TiN}, (12) copper (Cu), (13) aluminum s:lzcon copper
{A1-si-Cu), (14) aluninum palladiun (Al—Pd), {15)
titanium (Ti), (16) molyhdenum s:l;czde {Mo—S4i), (17)
tantalum silicide (Ta-Si) weres employed.

These samples wqre placed in the low pressure
éVD'device shown in Figj-a-gpd Al-8i £ilms were formed
within the same batch. : |

The deposition condltlons at this time are as-
follows:

éuring the first deposigion'étep,.



S

10

15

20

63

Total pressure: 0.3 Toir

&

DMAH partial pressure: 3 x 107" Torr

Si H. partial préssure; 1.0 x 1077 Torr
Substrate temper%tuxe: 270°C
during the second deposition step,

Total pressure: 0.3 Torr -

4 Torr

Sizﬁs partial préssgre: 3 x Ib-s Torr

Substrate temper%ture: 330°C

DMAE partial pre%sure: 1x 10

v

The £ilm qaality?of.the Al;si £ilm formed under
such conditions is not d&fférent f&om those at a
substrate temperature i% the second déposition of
330°C in Teble 2 as desc;ibed above, end also the
dep081tion rate in the égcond depqsition step was very
ﬁigh as ca. 0.7 pm/min.éforfall of the substrates.

Example 14

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

during the first deposition stép,.
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Reaction tube pressure: 1.5 Torr

MMAH, partial pﬁessﬁre: 5 x 1070

si H. partial pressure; 1.0 x 10 °

Substrate tempeiature: zid‘c.
during the second deposétiap step{

Reaction tube péesshre: 1.5 Torr

MMAH, partial péessafe: 1x 1073

Si,H, partial pﬁesSure: 1x 10'5 Torr

The film qual:ty of deposited ‘Al-Si was not

\

dszerent from one at a substrate temperature in the

second depeosition step of 330 C in Table 2.

Also, the depos;tlon rate of Al-Si in the
second deposition step Qas‘ca. O.Z.um/min. and not

substantially differentffrdm the éase:of using DMAH,

Exemple is

According to thé same procedure as in Exemple
8, Al-Si film was deposited by the usé of SiH, in
place of 312 6° As the?substrate; si;wafer was used.

The deposition éonﬂitions‘at %hié time are as

follows:
during the first deposi%ion step,

Reaction tube pressure: 1.5 Torr
i : ’ CoL

DMAH partial pressure: 1.0 x 10 5 Torr

$i,H, partial p%eésﬁre: 5.0 x 1077

Substrate'tempeéatuke: 270" c

during the secoand deposition step,

Torr

Torr

Torr

Torr
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Reaction tube préssure:' 1.8 Torr
DMAH partial preésure: 1= 10 -3 Torr

-5 Torr

SiZH6 partial pr;ssgre: 5 x lb
Substrate temper%tu:e: 33b'C:
The film qualitygof;deposited'Al-Si was not
different froﬁ cne at a Eubéfrafe Eemperature in the
second deposition step of 330 C 1# Table 2.
Also, the deposztzon rate of Al—S; in the
second deposition step w;s ca. 0.7 pm/min. and not
. : . .

substantially different ?rom the case of using SizHg.

Example 16 {

Samples having Al lems forned according to
the same method as in Example 1 were prepared. When
crystallinity of the Al film deposzted on the Si wafer
of the respective samples, namely under the same film
forming conditions as in Example 1 by use of the X-ray
diffraction method and the reflective electron bean
diffraction method, it was fOund go be as described
below. . ‘

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

monocrystal Spot showing Al (100) was observed. Fig.
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6A is a diffraction pat tern when electron beam is
permitted to eanter Al (;00) in the.EOQI] direction,
Fig. 6B a diffraction péttéin when eléctron beam is
permitted to enter Al (100) im the direction of [011].
Thus, the Al film on thé Si:(lll):subStrate was found
to pe a monocrystal havfng {10Q) plane. Wi?hin the
fi;st and second substréte femperaturé range in Table
1 those deposited at a range from 250 %% to 330 C
were found to have Al f;lms reproducably deposited
which were monocrvstallxne. .

Also, the Al fz;ms_ﬂeposiéed on the 8i (111)
substrate with the subsérate surface having off-angles
differing by 1°, 2°, 3°E 4%, s° from the Si (111)
élane were also found to ha7e Al élOO) monocrystals
deposited stably, partiéulaily under éhe temperature
conditions of the first® and second substrate
temperature ranglng from 250 S¢ to 336 c s;mzlarly
as in the case when depes;ted on the Si (111)
substrate as described abOVg.

When the crYstai diﬁection'of:the Si substrate
is (100) plane, from XF%HY diffraétio@. as shown in

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

 observed concerming Al. Im reflective high speed

electron beam diffraction by use of an acceleration
voltage of 80 kV or 100ékv,-a mOnocryétal spot showing

Al (111) was observed. ! Thus, the Al film on the Si
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{100) substrate was fouéd to be a monocrystal having
(111) plane. Within thé first and second substrate
temperature range in Table 1, those depos1ted at e
range from 250 °C to 33q c:were found to have AI
films deposited which wérelétably'mondcrystalline.

Also, the Al films deposited on the Si (100)
éuﬁstrate with the subsgraté'surface having off-angles
differing by 1°, 2°, 3°é 4°; 5° from the Si (100)
plane were also found té have Al (111} monocrystals
deposited stably, partiéularly under éhe.temﬁerature
conditions of the firstiandgseconq substrate
femperature ranging from 250 °C to 336 ¢, simileriy
as in the case when depésitéd on éhe Si (111}
substrate as describéd éboée.
Example 17 : .

Samples having Al films formed according to

the same method as in E#ampie 2 were prepared. When
crystallinity of the Aléfilm depoéiteé on the Si wafer
by use of the X-ray diféra&tion method and the
reflective electron héaé diffrac%ion method, it was
found to be as described below. |

When' the crystal d;rectlon of the Si substrate
is (111) plane, from X;ray diffraction, as shown in
Fig. 5, only the dszraction peak. showing Al (100) was
observed concerning Al.; In refleetzve high speed

électron beam diffraction by use of an acceleration
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voltage of 80 kV or 100 1§<V,.:as shown in Figs. 6A and 6B, a
monocrystal spot showing5A1 (100} was 6bserved Fig.
6A is a diffraction, pattern when electron bean is
pernitted to eater Al {100) in the [001] direction,
Fig. 6B =a diffraction patte:g when:electron bean is
permitted to enter Al'(lbO)_in thejdiréction of [611].
Th'«..zs', the Al £film on thef: Si'.-(lll) _subs:trate.v.was found
to be a2 monocrystal havigg fzoO) plane. Within the
second substrate tempera%ure rangefin fable 2, those
dep051ted at a range from 250 °c to 330 °C were found
to have Al filmas deposited which were monocrystalline.

Also, the Al films depos;ted on the 8i (111)
substrate with the subst:rate_ surface beving off-angles
differing by 1°, 2°, 3°,§ 4%, 5° from the Si (111)
plane were also found to have Al (100) monocrystals
deposited stably, particnlarly under the temperature
conditions of the secon& substrate temperature ranging
from 250 °¢ to 330 ¢, similarly as in the case when
deposited on the Si (111) substrate as described
above. : :
| When the crysta# diréction of the Si substrate
is (100) plane, from X—-nfay diffraction, as showa in
Fig. 7, only the diffraction peak showing Al (111) was
observed concerning Al.é In reflective high speed
electron beam diffractioin by use c;f an acceleration

Qoltage of 80 kV or 1oo§kv,:a monocrystal spot showing
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Al (111) wes observed. &hus, the Al film on the S8i
(100) substrate was found to be a monocrystal having
{111) plane. Within the;second substrate temperature
range in Table 2, those ?eposited ét q rapge from 250
°¢ to 330 °C were found ?o have Al films deposited
which were stably monocr%stélline;

' Also, the Al films deposited on the.Si {100)
substrate with the substrate surface hav;ng off—angles
ditfering by 1°, 2°, 3° 4 . 5° from the Si (100)
plane were also found to hawe Al (111) monocrystals
dep051ted stably, partiqularly under ghe temperature
conditions of the seconé substrate teﬁperatufe ranging
from 250 °: to 330 °c, sim;larly as in the case when
deposited on the Si (111) substrate as described

above.

Exanple 18

_ Crystallinity oé the Al film formed by the
method of Example 3 wasgexahined.: Siﬁilarly.és in the
case of Example 1, at a;sub;trate teméeratﬁre of the
first and second substréte in Table 2 fanging'from
250 C to 330°C, A1(100) monocrystal was deposited on
the si (111) substrate, and Al (111) monocrystal on
the S1 (100) substrats.

Example 19

Crystallinity oé the Al £ilm formed by the

method of Exsmple 4 was lexamined.. Similarly as in the
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case of Example 1, at a2 gubstrate temperature of the
first and second substra%e in Table 2 ranging from
270°C to 330°C, Al (1b0]§monocrysta1 was deposited on
the Si (111) substrate, ?nd Al (111) monocrystal on
fhe 8i {100} substrafe.i ‘

Example 20

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

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

be also formed if the vacuum degree wnthin the

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

chamber 10 is released éo atmospheric pressure and Si

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

-6 Torr,

conveying chamber is evécuated to ca.:l x 10
and then the gate valveéls is opened and the wafer is
mounted on the wafer hoider=3. '

After mounting 6! the wafér on the wafer
holder 3, the gate valve 13 is closed, and the
reaction chamber 2 is evacuated to a vacuum degree of
ca; 1 x10 -8 Torr. :

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

The second gas line is ﬁsed.for H,-
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By passing Ez th%ough the second gas line, the
ﬁressure within the reac?iqﬁ tube 2 is made a
predetermined vaiue-by centrolling the.opening of the
slow leak valve 8. A ty%icel preséureiin this Exaﬁple
is made approximately 1.? Torr. Then,;the wafer is
heated by current passag; through the hester 4. After
the wafer temperature has reached a predetermined
éemperature, DMAH is int%oduced into the reaction tube
through the DMAH.line. The total pressure is ca. 1.5

1

Torr, and the DMAH part;al pressure is made ¢ca. 1.5 =
4

10™% Torr. When DMAR is introduced into the reaction
tube 2, Al is deposited..

The outline of.t?e first deposition step is as
described above.

In the first deposztlon step, af er the
formation of the conxlnuous Al f£film of about 100 to
200 A, high speed depos;tion.is effected at the second

deposition step. The c&ndition for the second

deposztion step are made the total pressure of ca. 1.5

Torr and the DMAH pertial pressure of ca. 1 %

-3

i0 Torr. After a predeterm;ned deposition time has

elapsed, feeding of DMAH is.stopped. Next, heating of '
the heater 4 is stoppedfto cool the wafer. Feeding of

H, gas is stopped, and af er evacuation internally of

2
the reaction tube, the wafer is transferred to the

conveying chamber, and cnly the conveyzng chamber is
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mede atmospheric pressure before tekiné out the wafer.
The cutline of Al film fermetion is asfdescribed
above. f
| Si substrates (N type 1=~ 2 ohm cm) were
subjected to thermal ox;datzon at a temperature of
1000 °c according to the hydrogen ccmbustion system
QHZ. 4 liters/M, 02 2 11ters/M)

" The film thiokness was 7000 4 + 500 &, and the
refractive index 1. 46. A photoreszst was coeted on
the whole Si substrate, and a desired pattern was
baked by an exposure machlne. The pattern was such
that various holes of 0. 25 un x 0.25 nm - 100 um x 100
um were opened. After development of the resist, with
the photoresist as the mask the subblng SiO2
etched by the reactive %on etching {RIE), etc. to have
the Substrate Si part:tafzy exposed. Thus, 130 sheets
of samples bhaving various sizes of SiO holes of D.25
B x O 25 pnm - 100 pm x 100 m were prepared, the
substrate temperature was set at 13 levels, and for
the samples each of 10 sheets at the respect:ve
temperatures. A) films ﬁere_deposzted-following the
b:ocedure as described ébeve under the following

eonditions:

_ during the first deposition step,

Total pressure. 1 5 Torr

DMAH partial pressu;e. 1.6 x 10 Torr
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during the second deposztion step,
- Total pressure: 1 5 -Torx

DMAH partial preSSure: 1. 5:x 10“3 Torr
. The Al films depos;ted by varying the
snbstrate temperature at i3 1evels were evaluated by
use of various evaluat;op methodsﬂ The results are
shown in Table 3. ;

In the above sam%les, no Al wﬁs deposited on
sioz at a temperature ra?ge from #60'q'to 459'0, and
Al was deposited only oé the portion Qith cpening of
§i0, to have §i exposedé Aliso, when ipn of a1l
deposition was carried ;ut ia the?aboée tenperature
range contiauously, simélar_selecéivefdepositability
was maintained. ; | '

When the sghétréte temperéturés in the first
and second deposition steps exceed 300 °C, high speed
dep081t10n at 0.5 to 1 0 um, was poss:ble, but the
probability that surface reflectance becomes more ar
less worse as compared ﬁith the case Qf 300°C or lower
is slightly enhanced. - fhe :eason'may;be considered to
be due to the fact thaté if the témpeéature in the
first deposition step ié high, flétneés of the
extremely thin Al film deposzted in the first

deposition step iIs infer:or.

Example 21

Following the séme procedure és in Example 20
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to set the parameters as follows:
du:éing the first deposit:ion step,

Total pressure: 1 5 Torr

DMAH partial pressure. 1.5 x 10”° Torr

Substrate temper;ture: éz§°c or 300°C
duripg the second deposi%ioﬁ step,

' Total pressure: 51.5 Torr

DMAR partial preESuie: 1.0 x'16°3 Torr
and the substrate temperature of the second deposition
step was varied at several levels which were higher
than that of the first eroextlon step to deposit the
Al film. And various evfaluetion r.esul'ts of the Al
film deposited ere shown in Teble 4. '

When the subetra:fe 'tempera'tureé in the first
deposition step is 270 'c or 300 'c, there is no
dlfference in the results obtazned.

Similarly as 1n=Examp1e 20, wﬁen the substrate
temperature in the sacoéd sﬁep exqeede 300 °C, high
speed deposition at d.sfte 1.0 nméminé was possible.
The difference from zxaﬁple 20 is ‘that en Al film with
high surface flatness hawing a reflectance of 80 to 85
% could be formed even when the substrate temperature
in the second step was 330 ‘*C, 350 ~c-.:

Similarly as ingExample 20, Al was selectively
deposited only oa Si. ilso, evenjwheé Al was

deposited to 2um, the sélecfive depositability was
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méintained.
E#ample 22

This Example 22 éarfies Oni Al deposition by
use of Ar in place of Hz as the carrier gas for DMAH
in the same procedure as in Example 20. From the gas
second lirpe, Hz ig fed. '

' Similarly as in Table 3 of Exa:mple 20, no Al
was deposited on 5102 at a temperature range from
160 C to 450°C, and Al was deposited only on the
portion with opening of 8102 to have Si expo;od.
Also, when 2pm of Al deposition was carried out in the
above temperaxure range continuonsly, s;milar .
select;ve depositability was ma1nta;ned

When the substrate temperatures in the first

and second deposition steps exceed 300 “C, high speed

depos;tzon at 0.5 to 1. 0 pm was poss:ble, but the
probability that Surface reflectance becomes more or
1ess worse is slightly enhanced. Ihe reason may be
con31dered t0 be due to the fact that, if the
temperature in the first deposit:qn step is high.
flatness of the extremeiy thin Al’filﬁ deposited in
the first deposition stép io'infefiorﬁ

Example 23

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

the sane procedure as in Example 21. The second gas
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line fed Hz. When the svi;:bst_'r'ate témperatures in the
first deposition step were 270 °C and 300 °GC, there
was no difference in the! results obtained. The film
quality obtained is subsécant:i;ally the seme as in Table
4. :

Similarly as in :Example 20:' or 21, when the
S_ul‘;strate temperature iné thé second step exceeds 300
“C, high speed depositioch at 0.5 to 1. 0 na/min. was
possible. The difference from Examples 20 and 21 is
that an Al film with high surface flatness havzng a
reflectance of 80 to 95 x could be reproducibly formed

even when the substrate temperature in the second step

was 330 °*C, 350 °C.

Similexly as in Bxample 20 _and Example 21, Al was

select:x.vely deposited only on Si. Als}), even when Al was

deposned to 2um, the seslectlve depositability was
malnta_tned. :
In the above samples, no Al was deposited

on si0, at a temperature range from 160 C to 450°C,

2
and Al was deposited only on the portion with
opening of S:m2 €0 have 'ESi e_xposed. Also, when 2pm of

Al deposition was carried out in the above temperature

xiange continuously, simifla:; sele_cfive depositability

was nmaintained.

Exemple 24 E

By means of the 1ow pressure CVD device shown



10

5

20

. 83

in Fig. 3, Al films we;é fofmed'on-thegsubstrates with
the constitutions as des%ribed below (Samples 5-1 - &-
179).

Preparation of sgmpie 5-1

on a monocrysial?ine'silicon %s the electron
éonative first substrat% surface mateﬁial, a thermally
oxidized 810, £film as t%e electron non—donative second
substrate surface materfal was formedé and patterning
was effected according éo the phofoliéhographic steps
as shown in Example 20 éo have thé moﬁocrystélline
surface partially exﬁoséd.

The £ilm thickness of the thermally oxidized
810 film was found to be 7000 A,'Wlth the size of the
exposed portion of the monocrystalllne silicon, ramely
qpening being 3 um x 3 qm. Thus, Sample 5-1 wes
ﬁrepared. (Hereinafteré such sample ;s expressed as
fthermally oxidized Sioé'(ﬁéreinafter%abbreviated as T-
éioz)/monocrystalline silicbn“}.

Preparaticon of Samples §—-2 - 5-1?9

Sample 5~2 is an oxidized film formed by

' normal pressure CVD {hereinafter abbrev;ated as

Sioz}/monocrystalline szlicon

' Sample §-3 is a‘ boron doped oxidized film
formed by normal pressure.GVD-(herezngfter abbreviated
as BSG)/monocrystalline sxlicon.

Sample 54 is a: phosphorus doped oxidized film
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formed by normal pressur; ovD (hereinafter abbreviated
as PSG)/monocrystalline :sil.%:_con. |

Sample 5-5 is a %hoéphorué and boron doped
oxidized film formed by normal pressure CVD
thereinafter abbreviated as BSPG)/monocrystalline
silicon. E :
Sauple $-6 is a ;it#ided filnéfOrmed by plasma
QVD {hereinafter abbrevéated as P-S:N)/monocrystalline
éilicon. : ‘ : .
. Sample 5-7 is agthe;maliyénitgidéd film
{hereinaffer abbreviated as T—S:N}/moﬁocrystalline
éilicon.' ; '

Sample 5-8 is aénigridgd'film‘formed by low
pressure CVD (hereinaftér ébbreviated5as LP~
s: N) /monocrystalliine siIzcon.

Semple 5-8 is a nltrzded f11m formed by ECR
deV1ce {hereinafter abbrevzated as EGRP
SiN)/monocrystallzne silzcon. :

Further, by combinations of the electron
donative first substrate surface materlals and the
electron non-donative segon¢ substrate surface
ﬁaterials, Samples 54115— 5-179 shown%in Table 5 were
prepared. As the first%substrate suréace maferial,
honOCrystélline silicongtmoﬁocrystalline si),
polycrystalline 91licon (polycrystalllne 8i),

amorphous silicon (amorphous §i}), tungsten (W),
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molybdenum (Mo) . tantalum (Ta), tungsten silicide
(Wsi), titanium silicide (T;Si), alumlnum (Al),
alum;num silicon (A1-81), titanlum alum1num (A1-Ti),
ﬁitanium nitride (TiN), ;opper (Cu), aluminum silicon
copper (Al-Si-Cu), a1umi§um pallad;umf(a1—pd),
titanium (T1), molybdenn; silicide (Ma-sx),_tantalum :
silicide {(Ta-Si) were em%loégd- ghesé sanples were
placed in the low pressére CVD devicejshown in Fig. 3,
and Al films were formeé within the séme batch.

The deposition-éonditions'were as follows:
during the fifst deposiéion step,-

Total pressure: ' 0.3 Toxrr
: 6

DMAH partial pressure: 3 x 10 ° Torr
Substrate tempeﬁaturez. 210'05
@uring the second deposﬁtion stepé |
Total pressure:é 0.3 Toxrr '
DMAH partial pr%ssuge: 1‘x 16‘4 Torr

Substrate tempezature: 3éo'c.

As the result of film formation under such
conditions, concern;ng a11 the samples appl;ed with
patterning from Sample 5—1 to 5-179, ¢eposition of Al
£ilm occuxzed -only on iﬁe electron doéative firét
substrate surface £ilm éo eﬁbed complétely the opening
w1th the depth of 7000 A-

The film auality of the Al film formed is not

different from those at;a substrate temperature in the



10

15

20

386

second deposition of 330°C in Table 2 es described
above, and also the dépo;ition rate in the second
deposition step was.veryghigh as ca. 0.7 um/ﬁin. for
all of the substrates. ; -

Example 25

According to the same procedure as in Example
21: Al film was dep091ued by the use of MMAH, in
place of DMAH. As the spbstrate, si wafer obtained by
patterning the same Sioé thin film es ?hown in Exemple

20.

The deposition conditions at ﬁhis time are as

follaws .
dnrzng the first deposition step,
Reaction tube pgessure: 1.5 forr

MMAH, paertial pressure: § x 10-5 Torr,

2
Substrate tempeﬁatuie: 270°C -

durzng the second depcsztzon step,
Reaction tube pgessnre: 1.5 Torr .

MMAH partial péeséﬁre' i= 10—3

Torr
Similarly as in: Example 21, Al £ilm embeded
completely the SiOz opening with the depth of 7000 X
and the film gquality of deposited Al was not
d;fferent from one at a substrate temperatnre in the
second deposition step of 330 c in Table 4,
Also, the deposition rate of Al in the

second deposition step was ca. 0.Z nm/m;n. and not
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substaatially different from the case of using DMAH.
- In the above Sambles, no Al was deposited on

810 at a temperature range from 160 € to 450° C, and

2
Al was deposited only on the portlon with openzng of
S:.O2 to have Si exposed- Also, when Zum of Al

depos:tlon was carried out in the above temperature
range coptinunously, simllar selective depos;tabillty

was malntained.

Example 26

t

. First, the procedure for Al—Si £ilm formation is
és follows. By use of the dev:.ce shown in Fig. 1, the
reaction tube 2 is internally evacuated to ca.. 1 x

1078 Torr by the evacuagion unit 9. Bowever, Al1-Si fiim
can be also formed if tﬁe veannm degree within the

reaction tube 2 mey be higher then 1 x 10 5

Torr.

After washing of 81 wafer, the conveying
chamber 10 is released to atmpspheric pressure and Si
wafer is mounted in the conveying chamber. The
conveying chamber is evecuated to_ca.:z x 10°% Torr,
and then the gate valvefis is opened eﬁd the wafer is
mounted on the wafer hoider 3.

After mounting éf the wafer oﬁ the wafer
éolder 3, the gate valve 13 is cldsed; and the
reaction chember 2 is eéacueted to a eacunm degree of
ca. 1 x 10~% Torr. . -

In this Example, DMAH is fed through the firast
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gas iine. As the carriér ges of DMAH:line Ar is
employed. The second gss lzne is used for H and the
third gas line for 51236 '
; By pass:.ng.H2 tﬁrou@h the:secqnd gas line, the
pressure within the reaetion tube 2 is made a
predeterm:ned value by controlling the openlng of the
slow leak valve 8. A tgplcal pressure in this Example
is made approximately 1!5 Torr. fhen; the wafer is
heated by current passage thrOugh the heater 4. After
the wafer temperature has reached a predetermlned
temperature, DMAH is introduced 1nto the reaction tube
through the DMAH line. The total pressure is ca. 1.5
Torr, and the DMAH partial pressure zs made ca. 1.5 x
i0™% Torr. The si oY part1a1 pressure is made 2 x
iﬁ-z Torr. When DMAH and si Hs are 1utrodu¢ed into
éhe reaction tube 2,,A17$1 is deposited.

The outline of {he-first éepoéition step is as
described above. §' : o

In the first depos:tion step, . after the
formation of the continuous Al-Si film of about 100 to
200 A, high speed deposition is effected at the second
deposition step. The cendztaqn for the second '
deposition step are médé the fotai préssure of ca. 1.5
Torr, the DMAH partial pressure of ca. 1 x 10 -3 Torr

-5

and the Si H_. partial pressure of ca. 1 5§ x 10 Torr.

26

After a predetermined deposition time has elapsed,
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feeding of DMAH and Sign% is stopped. Next, heating
of the heater 4 is stopped to cool the wafer.. PFeeding

of H, gas is stoppeq, and after evacuatzon internally

2
of ‘the reaction tube, the wafer is transferred to the
conveying chamber, and only the conveying chamber is
made atmospheric oressure befOre taklng out the wafer.
The outline of Al film fbrmatlon is as described
above. 5
_ Si substrates (K type, 1 -2 ohm -cm) were
subjected to thermal oxldatzon at a temperatere of
1000 ¢ according to the bydrogen combust:on system
(Hz. 4 liters/M, 0,: 2 liters/M).'

The film thickness was 7000 & + §00 4, and the
refractive index 1. 46. A photoresist was coated on

the whole $1i substrate, and a desired pettern was

,baked by an exposure mach;ne. The pattern was such

that various holes of O. 25 e x 0.25 um - 100 pm x 100
pm were opened. After developnent of .the resist, with
the ph0toresist as the mask, the subbing Sio2 was
etched by the reactive ion etchzng {RIE), et¢. to have
the substrate Si partially exposed. Thus, 130 sheets
of samples having various szzes of 3102 holes of 0.26
tm x 0.25 pm — 100 pm x: 100 R were prepared, the
substraxe temperature was set at 13 1evels, and for

the sapples each of 10 sheets at the respective

temperatures, Al-Si films wers select}vely deposited
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following the procedure ;s described above under the
following conditions: |
during the first deposi{ion step,

| Total preseure:él.s.rorr ‘

DMAH partial préssure: 1.5 x 107° Torr

Si,H; partial pﬂeseﬁre: 2.0 # 10~ 7 Torr
dufing the second deposﬁtioﬁ step,

Total pressure:fl.s Torr

DMAH partial préssure: 1.0 x 10-3 Tozr

S1,H partial péessure- 1.5 e 10~5 Torr

The Al-Si films depoezted by varying the
substrate temperature at 13 levels were evaluated by
use of variocus evaluatiqn methods. r§e results were
the same as shown in Taéle 3.

In the above seéplee, no Al-Si was deposited
en 8102 at a temperaturé range from 1é0°c to 450°C,
and Al-Si was depositedfonlf on the portion with
opening of SiO2 to héveESi exposeﬁ.. élso, when 2um of
51—51 deposition was caéried out in the above
?emperature range coﬁfiénoﬁsly, similer selective
Gepositability was meintained. -

When the substrate temperatures in the first
and second deposition steps exgeed 300 *C. high speed
dep051t;on at 0.5 to 1. 0 pm was poss:ble, but the
probabillty that surface reflectance becomes more ar

lese worse is slightly enhanced The reason may be

H
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donsidered to be due to fhe"fact that.iif the
temperature in the flrst deposition step is kigh,
flatness of the extremely thin Al—Sl fllm deposited in

the first dep051tion step is 1nferior.

Example 27

Following the same procedure as in Example 26
to ‘set the parameters as;follows:
during the first deposition step, -

Total pressure: 1 & Torr '

DMAH partial pressure: 1. 0 x 10 =5 Torr

-7

SiH, partial pressure: 1.5 % 10~7 Torr

Substrate temperéturé: 220'0 or 300°C
during the second deposit;on step,

Total pressure: ;1.5 Tory

-3

pMaH partial p're’ssure: 1.0 x 10" > Torr

=5 porr

8i Hé partial pressure- 1.5 £ 10
and the substirate temperature of the second deposition

step was varied at 13 leyels. And various evaluation

Qqults of the Al-Si fil? depositeﬁ were the same as

in Table 4. :

When the substréte temperature in the Ffirst
éeposition step is 270 'C or 300 "C, ghere is no
difference in the results obtazned. :

Similarly as in Example 20. when the substrate
temperature in the second step exceeds 300 *C, high

speed deposition at 0.53;0 1.0 um[min{ was possible.

The difference from Example 20 is that an Al-Si f£ilm with
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high surface flatness ha#ing a2 reflectence of 80 to 95
% could be formed even when the substrate temperature

1n the second step was 330 °C, 350 'C

Similarly as in Example 20 Al Si was selectively

deposited only on Si. Also even when Al Si was
deposited to 2um, the_select;ve deposz;ab;laty was
maintained. : ' :

Example 28

Following the sa@e'ﬁroeednre as in Example 27

v

to set the paremeters as?foilows:

durzng the first deposition step,

Total pressure: 1.5 Torr
DMAH partial pre%sare= 1.0 x 1079 Torr
Substrate temperature- 270 ’d
dur;ng the second depositzon step., :
Total pressure: ;1.5 Torr
DMAH partial pre%sure: 1.0 x #Ohs Torr

Substrate temperature. 330 *C
and the Si Hﬁ partial pressure was varied from 3 x

o4

to 0.2 fold of DMAH partial pressure to effect
éeposition. The 8i content '

(we.%) of the Al-Si films were varied from 0.005 % to
5 % approximately in proportion to the Sizﬂs partial
pressure. As to resistiv1ty, carbon content, average
w1ring life, deposition speed, hlllock density and

spike generation, the sare results as in Example 1
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were obtained. However,%in samples having a Si
content of 4 % or higher; depositien was generated in
fhe films which appearedito be Si to worsen slightly
surface morphology.'ther;by making:the;reflectanoe 65
% or lower. Samples hav%ue a Si conteht of less than
4 % exhzb:ted a reflectance of 80 to 95 %, which was
similarly good as in example 27.

Similarliy as 1n Example 27, the selective
de9031tability based on the substra e surface matexrial

3

was confirmed at the whole region.

Exa@ple 29
This Example 29 performs Al—Sz deposltion by

use of Ar in place of HZ as the oarr:er gas for DMAH
in the seme procedure aé in Exemple zé. The second
gas line fed Hz : ;

Similarly the same results as 1n Tabhle 3 in
Example 20, no Al-Si was deposited on 3102 at a
temperature range from IGO'G to 450 c, and Al1-Si was
depos;ted only on the portion wzth openzng of s:.o2 to
have 81 exposed. Also.'uhen 2pm of Al-Si deposition
was carried out in the ebove tenperature range
continuously, similer selectzve dep051tab111ty was
mazntazned.

When thke substrete temperatures in the £irst

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

de9051t1on at 0.5 to 1. O pm/min. was p0351b1e, but the
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Qrobability that surfacé féflectaqce becomes more or
less worse is slightly énhaﬁced. The reason may be
considered to be due to the fact that, if the
temperature in the flrsé dep081t10n step is high,
flatness of the extremely thin Al-Si film deposited in

the first deposition step is inferlor.

Example 30 %

This Example 30 performs Al-Si deposition by
nse of Ar in placea of Bz as the carrler gas for DMAH
in the same procedure as in Example 22.. The second
gas line fed HZ‘ When the'substrate temperatures in
the first deposition stép were 270 “G'and 300 °C,
there was no dszerencelln the results obtained. The
£film quality obtained is substantlally the same as in
Table 4. :

Similarly as in§Exayp1e I-Qr éI, when the
substrate temperature ié the secogd siep exceeds 300
*C, high =peed depositién at 0.5 ﬁo 1;0 mm/min. was
possible. The differenée from Examples 26 and 27 is
that an Al=Si £ilm wzth high suxface flatness having a
reflectance of 80 to 95° % could be formed even when
the substrate temperatures in the’ second step were 330
°c and 350 °C. :

Similarly as in Examples 26 and 27, Al
éelectively deposited ogly on Si. A1§o, even when Al-

Si was deposited to ani'thg selectivé depositability
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was maintained.

: Example 31 é

° This Example 31 ierforms Al—Sifdeposition by
use of Ar in place of 32 as the carrier gas for DMAH
in the same procedure as in Example 2sw The second
gas line fed Hz ' : |
’ Deposition condition was shown below.
during the first deposition step,.

Total .pressure: §1.5 Torr:
DMAH partial pre?sure: 1.0 xélo—s Torzr
Substrate temper%ture: 270 *C
during the second deposition step, :
- Total pressure: .1 5 Torr
DMAH partial pressure: 1.0 x 10 -3 Torr
Substrate tempeéatune: 330 ‘Q
end the sizﬁs pertiel péessnre wae‘vanied-from 3 x 10-4
éo 0.2 fold of DMAR paréial pressure eo effect deposition.
similarly as in Examplegzs .the si content (we %) of the Al-

Si films were varied from 0. 005 & to 5 L approximately in
proportion to the Sizﬁg partial preSSure. As to

rESJStzvitY, carbon content, average wiring life,
deposition speed, hillook denszty .and spike
generation, the same results as in Example 20 were
obtained. However, in samples having a Si content of

4 % or higher, deposition was generated in the films

which appeared to be Si: to worsen slightly surface
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morphology. thereby makigg the reflectance 65 % or
lower. Samples'having a%Si content of less than 4 %
exhibited & reflectance ;f 80 to 95 %, which was
similarly good the same és ih'Example 22.

Also, similarly as in Example 26, the
select1ve depositab;l;ty'based on the substrate
surface material was conflrmed at the whole region.

Example 32

By meens of the 1ow pressure CVD device shown
in Fig. 3, Al-S1 films were formed on the substrates with
;he constitutions as despribed below (Samples -1 -~ 5-
179) . '

Preparation of S%gg;e 5-1

On a monocrysiaﬁliné silicon &s the electron
donative first substraté surfece material, a thermally
oxidized Sioz £film as the electron non—donative second
substrate surface naterial was formed, and patterning
was effected according to the photol:thographic steps
as shown in Example 7 ta have the monocrystalline
surface partially exposed.

The f£ilm thickness of the thermally oxidized
$10, £1im was found to be 7000 X, with the size of the |
exposed portion of the monocrystalline silicon, nemely
opening being 3 nma x 3 gm, Thus,:Sample 5-1 was

prepared. (Hereinafter, such saméle is expressed as
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"thermally oxidized Siozf(hereinafter ebbreviated as T-
SzO )/monocrystalline silzcon“) :
Preparation. of s amplés 5-2 — 5-179

Sample §-2 is ani- oxidized £ilm formed by
eormal pressure CVD (her;inefter abbrévieted as
3102)/monccrysta111ne SLIZGon- :

’ Sample 5-3 is a boron doped ox:.dized £ilm
formed by normal pressure GVD {hereanafter abbreviated
as BSG) /monocrystalline silzcon.

_ Sample 5—4 13 a phosphorus doped ox:r.d.lzed £film
formed by normal pressure CvVb (hereznefter abbreviated
es PSG)/monocrystallineEsilicon. |

Sample 5-5 is aiphOSphorue and boron doped
oxidized film formed by norma.l pressure CVD
{hereinafter abbreviated as‘BSPG)/monecrystalline
silicon. j :

Szmple 5—-6 is a nztrided faln formed by plasma
CVD (hereinafter abbreviated as P—S N}/monocrystalline
§111con.

Sample §~7 is a: thermally nitrided £ilm
(hereinafter abbreviated es T-S: N}/monooryste111ne
e;lzcon. j .

Sample 5-8 is'afnitrided filmfformed by low
ﬁressure CVvD (hereinaftér aﬁbreviated;as LP-

s N) /monocrystalline silicon .
Sample 5-9 is a, nitrided fllm formed by ECR
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device (hereinafter abbrieviated -as ECR-
SiN) /monocrystalline s:.licon.
. Further, by, cOmbinatlons of the electron
donative first substrate surface materials and the
electron no n-donative second Substrate surface
materials, Samples 5-11 ; 5-179 Shownglﬁ Table 5 were
prepared. As the first ?ubétrate surface méterial,
monocrystalline silicon?(mqnocrysfalline 8i),
polycrystallﬁne siliconé(po;ycrystalline 81},
émorphous silicon (amor&houé §i}, tungsten (W),
molybdenum (Mo}, tanxalﬁm (Ta), tungsfen silicide
(WSl), titanium silicide (Tisi), aluminum (Al),
alumznum gilicon (Al—si). titanium alum:num (a1-T1i),
titanium nitride (Ii—N)f copper (Cu), aluminum silicon
copper (Al-Si-Cu), aluminum palladium (Al—Pd),
titaninm (T}, molybdennm silicide [Mb—Si), tantalum
silicide {Ta—-Si) were employed These sanmples were
placed in the low pressgre cvo device:shown in Fig. 3,
and Al-Si £ilms were foémed within thé same batch.

The deposition éonditions were as follows:
during the first deposiéion step;, .
: Total pressurezz 0.3 Torr

DMAH partial préssu;e: 3 x 1§—6 Torr

-7

Si HG partial pfessure- 1x io Torr

Substrate temperature- 270 C

during the second depositzon step,
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Total pressure: 'O.S_Toér
DMAR partial pressure: 1 x 1074 Torr

=6 porr

SiH, partial pr?ssufe: 3 x 10

Substrate temperature: 330°C

As the reéult oé film formation under such
conditzons. concerning all the samples applied with
patternlng from Sample 5—1 to 5-179, depos:taon of Al-
Sl film occurred only og the elesctron donative first
éubstrate surface £film éo eﬁbed cdmplétely the opening

t

W:th the depth of 7000 ;.

The film qualzty of the a1-Si f11m formed is not

different from those at a substrate tenoerature in the

second deposition of 330 C in Table 2 as described
above, and also the depos:t:on rate 1n the second
deposition step was veré high as ca. 9.2 am/min. for
all of the substrates. ; .

Example 33

According to the same procedure as in Example
27, Al-Si film was deposited by the use of MMAHZ in
place of DMAR. As the substrate, sS4 wafer obtained by
patterning the same sioz thin filn as:shown in Example
26. é :

The deposition éond;tions.at ihis time are as
;ollows= - l

6uring the first deposition step,
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Reaction tube pressnre:. 1.5 Torr

MMAHZ partial pr%ssure: 5§ x 10~ Torr
siZH6 partial prEesdre- 1:x 10”8 Torr
‘ Substrate temperature' 270'0;
dur;ng the second deposition step,
Reaction tube prgsSure. 1.5 Torr
MMAHa partial pr?ssure: 1 x 1073 Torr
SiZHS partial pr%ssﬁee' 1 x {o’s Torx

Similarly as in Example 27, Al-Si film embedded
completely the 8102 openlng with the depth of 7000 A
and the £ilm qualaty of depoezted Al—Si was not
dszerent from one at a substrate temperature in the
second deposition step of 330° G in Table 2.

Also, the deposxt:on'raxe of Al-S: in the
second deposition step was ca. 0. 1 nm/m;n and not
substantially different from the case of using DMAH.

Examole 34

According to the same procedure as in Example

21, Al-Si film was depoe:ted by the use of sm4 in

‘place of Si,H.. thegsubstrate, Si;wafer obtained

oy patterning the same %102 thin filmgas shown in
Example 1. g :

. The deposition conditione et th;s time are as
follows '

durzng the first deposition step,.
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Reaction tube ﬁreésure: '1.5?Torr
DMAH partial pﬁessure: 1x 107% Torr
Si,He partial éressure: 5 :1:;10"'7 Torr
Substrate température' 270'd

during the second dep031t10n step,

' Reaction tube p;essure. 1.5 Torr
DMAH partial pr;ssure: 1x 1@’3 Torr

$i,H, partial p";.-essur_e= 5 x "{10-" 5 torr

Substrate tempe;atube: 330° C ‘

Similarly as in: Example 21, Al—Si film embedded
completely the S:.O2 opening with the degth of 7000 X
and the film quality of; deposzted Al-Sz was not
different from one at a substrate temperature in the
secOnd deposition step of 330°C in Table 4.
. Also, the depos:tion rate of A1—51 in the
seaond deposition step was ca. 0.2 um/min. and not
substantially different from the case of using 812 6"

Examg;e 35 ;

According to the-Same methcd as in Example 20,
a sample having an Al f11m formed thereon was
ﬁrepared. The crystallihity of the Al-filﬁ
selectively deposited on Si at the same substrate
temperature as in Table 1 was evaluated by the X-ray
dszraction method and the scanning u—RHEED
m;croscope. | :

The scanning n-RHEED mlcroscope is the method

disclosed in Extended_Abstracts of thegzlth Conference



w

10

15

- 102

Qn Solid State Devices a;d Materials (1989) p.217 and
Japanese Journél of Appl%ediﬁhysics vol. 28, No. 11
(1989), L2075. According to the RHEED (Reflection
ﬁigh Energy Electron Diéfraction) method of prior art,
electron beam was permiéte&iéo be incident on the
sample s$urface at a shallow angle of 2 - 3°, and the
crystallinity of the sample surface was evaluated from
the diffraction pattern formed by the dszracted
electron bean. chever, since the electron beam
diameter is large as 10q Pm to seyera; hundred Hm,
only average infarmatip@ on the samplé surfece could
be cbtained. In the n-éHEEb micréscoée. an electron
geam diffraction patteré from a specific fine region
on the sample surface can be observed by narrowing the
electron beam diameter cf O 1 pm. Algo, by scanning
the electron bean two-dzmenszonally oﬁ the sample
surface, by use of any des;red dlffractlon spot
1ntensity change on the d;ffraction pattern as the
image signal, two dimen31onal image (scanning r-RHEED
image) on the sample surface can be ohta;ned. At this
tlme by observation of the scann;ng B~-RHEED image by
use of ¢gifferent diffraétion spots A and C on the
d1ffraction pattern as shown in Fig. 3, even if the
lattice planes in parallel to the’ sample surface may
he aligned in (100), the crystal gra1n boundaries

rotating within the plane Gan be visuglized as
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distinguished from each%othgr. Here, the diffraction
épot A is a diffractionzqut on the line (line 1)-
where the plane in whicﬂ the diff:éction pattern
éccurs and the sag;ttaléplane formed ﬁy the incident
electron bean are crosséd at right angle, while the
d1ffract1on spot C is a dszractlon spot not on the
line i. As shown in Fig. 9 when  the lattice plane in
parallel to the sample surface is, for example, (100),
but crystal grains x and Y are rotatzng mutually
withln the plane, in the scanning u—RHEED 1mage by use
of the diffraction spot; A, both crystal grains % and ¥
are displayed as the regicn wzth strogg intensity. On
ihe other hand, in the écanﬁing u—RHEéD image by use
of the diffraction spot: c, only the crystal grain x is

dlsplayed es the regzon with strong intensity

Thereforo, by obeervaeion of +he gaaﬂﬂﬁnc n—RHEEN
image by use of the diffract;on spots‘A and C as shown
in Fig. 8, it cen be discrimznated whether the crystal
in the region observed is a polycrystal including
1nterp1anar rotation. or a monocrys;al. In Extended
Abstracts of the 2ith canference on SOIzd State
Devices and Materials (1989) P- 217 and Japanese
Journal of Applied Physics vol. 28, No. 11 (1989)
LZOTs, concerning Cu thin film, it has been clarified
that, for example, even! 1f the lattlce plane in

parallel to the sample surface may. be {100}, there
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éxists a crystal grain inoluding inteéplanar rotation
in the {100} crystal gra:.ns '

First, the Al lem dep051ted selectlvely on
ihe Si exposed surface qt the subgtrate temperature in
Table 1 was evaluated. :

When the crystal dzrectlon on: the Si substrate

surface is (111) plane,gfrom X-ray diffraction,
concern:ng Al, as shown in Fig. 10, only the
dlffractzon peak show1ng AJ (100) cauld be observed.
Next crystalliinity of the Al £ilm depcs:ted
selectively was evaluated by use of a’ scanning n—RHEED'
mzcroscope. As shown 1n F;g. 11, after the reg:on
where Al had been selectlvely depos:ted was specified
by the scanning secondary eleotron 1mage showzng the
surface form (Fig. 11A); by use of thg diffraction
spot 200 (correspondingéto ihe diffraétion spot A in
Fig. 8) and the ditfraction spot 620 (correspcndlng to
the diffraction spot c in Fig. 8} on the diffraction
pattern occurring when Fhe electron bgam was permitted
bn tha Al (100) plane féom the [Ooi] éirection, the
scanning R-RHEED image (Fig. 11B and Fig. 11C) was
observed. As shown schematically in Fzg. 11B and Fig.
11C, there is no change in lzghtness and darkness on
the Al £ilm selectively denosited. and the Al
: selectively deposited wys confirmed tp be an Al (100)

honocrvstal.
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On the other hand, when the Si exposed plane
is not liinear but like v&arhole, 1rrespect1ve1y of the
via-hole diameter, the Al selectlvely depos;ted was

found to be similarly AJ., {100) monocrzstal. Those at

substrate temperatures fanging from 250 % to 330 OC

were selectively deposiéed stably, ané the Al obtained
was found to become monocrystal |
Also, Al films depos;ted selectively on the Si
(111) substrate with_thq si (111) plane being at off-
angles by 1°, 2°, 3%, 4?, 5° from?the?si substrate
were glso found to deposit a1’ (100) nonocrystals under
the temperature condzt;ons of the substrate
temperature ranging from 256 °c to 330 %% sinilarly as
deposited on the Si (111) substrate as described
above. i :
' When the crystal direction of ithe Si substrate
Surfece is the (100) plene, from X-ray diffraction,
éoncerning Al, as shown;in fig. lé, oﬁly the
diffraction pesk show1ng Al (111) could be observed.
FJQ. 13 shows the scanning secondary electron imgge
(Fig. 13A) and the scannlng n—RHEED 1mage {Figs. 13B
and 13C) when Al was selectively deposited on only the
s: exposed surface on a: substrate hav:ng si (100)
exposed in . a iine by patterning of s;o in a llne.
For the scanning u—RHEED image, the 333 diffraction

spots {Fig. 13B) and 53; diffractlon gpats (Fig. 13C)
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eere employed. The Al f&lm'selectively deposited was
confirmed to be an Al (111) monocrystal. Those at
substrate temperatures ranging frOm 250 °c to 330 %
were found to be selectively deposited stably, and the
Al films obtained became monocrystals.

Also, Al films dEposited selectively on the Si
(100) substrate with the si (100) plane being at off-
angles by 1°, 2°, 3°, 46, 5 from the Si substrate
surface were also found to deposit Al (111) v
monocrystals under the temperature conditions of the
substrate temperature renging from 256 % +o 330 %

eimilarly as deposited én the Si (1111 substrate as

| described above,

Example 36 :
Samples having Al filns formed according to

the same method as in Example 21 were' prepared. When
crystellinity of the Al:film selectively deposited on
the Si exposed surface ﬂy use of the érrey diffraction
method and the scanning u—RHEED microscqpe, it was
found to be as described belaw.

When the crystal direction of: the Si substrate .
is (111) plane, from x—ray diffraction, as shown in
Fig. 10, only the diffraction peak showing Al (100)
was observed. The Al film selectively deposited was

3

evaluated by use of the scanning W-RHEED microscope
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and it was found to be Al (100) monocrystal similarly
the same as in Example 20.

Also, the Al films deposited on the 81 (111)

. substrate with the substrate surface h371ng off-angles

differing by 1°, 29, 3°, 4°, 5° from the si (111)
plane were also found to have Al (100) monocrystals
dep031ted stably under gha_temperaturg conditions of
the first and éecond'suEStrate teﬁperéture ranging
from 250 °C to 330 °¢ similarly as in’ the case when
dep051ted on the Si (111} substrate as descrlbed
above.

When the crystal direction of the si substrate
is (100) plane, from xrray d;ffractxon, as shown in
Fig. 12, only the diffraction peak showing al {(ii3)
was observed concarn;ng:Al. Also;the:Al film
selectively deposited w%s e&aluatéd b} use of the
écanning B—REEED microséopé and i{ waé found to be Al
(100) monocrystal similarly ‘the same as in Example 20.
Within the second suhstrate temperature range in Table
4, those deposited at a: range from 270 °c to 330 °¢
were found to have Al films deposzted which were
stably monocrystalline. ; !

Also, the Al fiims deposited on the Si (100)
éubstrate with the subsératé surface paving off-angles
differing by 1°, 2°, 3°j; 4%, §° from the Si (100)

plane were also found té have Al (111} monocrystals
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deposited under the temperature conditions of the

second substrate temperéture ranging from 270 °¢ to

330 °C, similarly as in5the case when deposited on the
$i (111) substrate as descrzbed above.

Example 37

L Crystallinity of ths Al film select;vely
depos;ted by the method. of Example 22 was examined.
S;nilarly as in the case of Example 20 at a substrate
temperature of the first and second substrate in Table
2 ranging from 250°C to 330'0 AI(IOO) monocrystal was
deposited on the Si (11;) substrate, end Al (111)
monocrystal on the Si (éoc).substeatei
ﬁxamgle 38 g 3

Crystallinity of the Al f£film selectlvely
depos:ted by the method of Example 23 was examined.
SJmilarly as in the case of Example 1 at a substrate
temperature of the second substrate in Table 2 ranging
from 270°C to 330°C, Al=(100) monocrystal wes
deposited on the Si (111) substrate, and Al (111)
monocrystal on the Si (100) substrate.

Exa@g;e 39 g
: Crystallinity of the Al film deposited

selectzvely according to the same method as shown in

Example 24 was evaluated.

From the scanning p—RHEED microscope

observatzon accordlng to the same observatlon method
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as described in Example 35, when the fzrst substrate
material is Si (111), in either case when the second
substrate material 13 T-S;Oz, 8102, BSG, PsSG@, BPSG, P-
SiN, T-8iN, LP-SiN or ECR—SIR the Al select:.vely
deposited on 8i was found to be Al (100) When the
first substrate meterial is Si {100), in either case
when the substrate material is T—Szoz, s:toz, BSG, PSG,
BPSG, P-SiN, T-SiN, LP-S£N or ECR-8iN, the Al film
selectively deposzted.was found to be Al (111)

When the first méaterial is T:.H_, in either case

when the second substrate material is ﬁ-sioz, §i0,,

BSG, PSG, BPSG, P-SiN, T-SiN, LP~-SiN or ECR-SiN, the

il film selectively depesited was fouﬁd to be oriented
in Al (111) from X—ray d:‘.ffraction, and from
reflective high speed eIectron beam dszractlon
pattern of the prior arg by use of an:electron beam of
an acceleration voltage of 80 XV or 10;0 kv,
éi:fraction spots coﬁceéned with Al (lel were
etrongly observed. - : ..

Examgge 40

As an example for forming source-dre.in
electrodes of gate :T.nsuIation type trensistor,
electrode formation witéin the co@tec€ hole on the
source—drain was carrie& out by use of the £ilm

formation method aCCOrding.tp the preéent invention.

This is described by referring to Fig. 14.
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First, on a p-type silzcon wafer 501, by use
of conveational select:ve omzdatzon method, et¢. a
thick field ox:dzzed f1gm and a thin thermally
oxidized film 502 were éorméd on the ﬁater 501 (Fig.
144). L -
L Next, with the use of 81H4 gas as the starting
gas a polycrystalline sillcon layer was formed by the
thermal CVD method, a polycrystalline sil;con gate
electrode 504 was formeﬁ, and also with the thick
field oxidized £ilm and ithe gate electrode 504 as the
mask, phosphorus was ioé injected self—matchingly to
form an impurity diffused région §05 of 1 x 1018 cm 3
iPig. 14B}. . :
. Next, an oxidized silicon film 508 was formed
by use of the thermal CVD mathod (Fig. 14C).

By use of the 1ithographic method. a contact

'hole 609 with a size of 0 5 um x 0 5 um was formed

(Fig. 14D}. :

By transferringEthe'substéatefthus obtained to
?he device shown in Figé 1, Al fiim wés formed.
. At this time, tée substrate témperature was
made 270 °C, and DMAH was employed as ' the starting
gas, Hy as the carrier gas to carry out formation of

Al £ilm.

After completion of'forma#ian:of Al film, the

transistor was taken out from the film forming device
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and observed. As the result, it was found that al
£3ilm 510 was deposited ouly on the Si 505 wherein
phosphorus was dszused.ln the contact hole 509, and
not deposited on the oxid;zed £ilm 508 (Fig. 14E).
Further, the surface of the ‘Al lem 510 was very flat.
Whgn the characteristics of the trans:stor obtained
were examined, extremelg good charactgrlstics were
exhibited. Do

Separately, acci:digg to the éame steps, the
éubstrate was made N tyée and the'impﬁrity was changed

from phosphorus to boraé to prepere P channel MoS.

Comparative example

aAn Al film was forméd on a moﬁocrystalline
silzcon under the folloning cond;tions.

By passing Ar in place of Hz, Al was deposited
Ey pyrolysis of DMAH. yhe total p;essure at this time
was made 1.5 Torr, tﬁe éMAH'partiai pééssure 1.5 =
10—4 Torr, and the subsérate temperatﬁre of 270 - 350
o. -

When the Al film thiis formed was evaluated,
about 2 % of carbon waséfound to be céntained at the
@inimum-' i

Resistivity becéme greatef by:z—fold or more
than the case when hydrogen was employed.

' As to reflectance, it was 1owered to about 1/3

to 1/9 relative the case when hydrogen wes employed.
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Similarly, wiiiég life éae shorter by 1 to 2
eipher, generation probébility 6f hiliock becane
greater by 2 cipher or more, and a 1arge number of
spikes were found to be generated

As to the deposition speed, if was lowered to
i/2 to 1/4. ; ;
As described above, Al depos;ted only by

decompos;tion of DMAH w:thoux use of Hz is 1nferior in

lem quality, and was unsatisfectOry as the Al £ilm

. for a semiconductor dev:ce.

Separately, witgout use of Eaé DMAH was
éecomposed by the opticél cvD method éo dEposif Al.
As'the result, some impéovement sﬁch es no containment
ef carbon, and the 1ike§was:obser?ed from as the Al
film prepared &s compared with the caee when no light
was employed, but other: characterzstics were not
1mpr0ved 80 much, and the A; film Was - still
unsatisfactOry as the AI film for a semxconductor
@evice. :
As described abgve,’ the mechenism of Al
deposition according togthe_éreseet iévention may be
ﬁresenfly hypothesized és follows.

When DMAH reaches the electron donative
substrate, namely the substrate haviug electrons under

the state on which hydrogen ‘atoms’ are :attached (Fig.

15A) with the methyl groups directed toward the
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éubstrate side, one eleétron of the substrate cuts one
bond of Al and a methyl ?roﬁp (Pigs. 158B and 15C).
The reactioh-sc&eme;at this time is as
follows: ?
' (CH,) ,AlH + 2H + 26 2(:34?1 + A1-H

.t Further, similaf reéotioné will proceed for
the hydrogen atoms remalnlng on depos;ted Al having
free electrons (Fig. 15D). flere, when hydrogen atoms
#re deficient, hydrogen;molecules_con#tituting the
feaction gas are decompésed'an the substrate to supply
hydrogen atoms. On theiothér hand, since there is no

electron on the electron nonrdonatlve surface, the
above-mentioned reaction will not proceed and no Al
deposited. j

Figs. 15A - 15D-are 111ustrations for better
understanding of the reaolon.mechanisn, and the
nnmbers of H, e and Al shown in Figs.: 1SA —~ 15D are
fot necessarily coincident.. '

In the case of an AI—Si film, 81 atomns are
1ncorporated into Al during the process of the
reaction as described above. -

As described ab?ve, acdordingjto the present
invention, a low resistévity. dense aéd £lat Al or Al-
Si film could be deposiéed on a substrate at high
fpeed. ’ j

Also, excellént?seléptive'depésition could be

effected. f
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Table 1
Substrate temperature
during lst and 2nd .
deposition
Evaluation \ | 1s0c¢ | 1s0t | 200c | 250C | 270€ | seet | 330C | 380T | 370T | 400C | 430T | 40T | 470T
item ~ Several %
Carbon Not de- i< >
osited Lower than contained
content P detection limit
Resistivity - 2.7 ~3.3 uQca <
Reflectance- - 80~35% 70~80%6 - 70% 609 |
Average & >1€ >
wiring life
1 X10% ~10* hrs 1 xX10* ~10% hrs
Deposition several A / 500~2000A/min | 0.2~0.5 un/ min 0.5~1.0 #o/min 1.5 um/min
speed <—min o1e »| € »| < >e—>
| 5 5
Hillock 0'~10%/Cm 0~10/Cm 0 ~10% cm?
density & >|<€ >|& >
Spike
generation 0~10% ~0% 0 ~30%
& i >€ O\ i >

bLL
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1 Note: No deposition occurs at substrate temperature of
150°C.

Average wiring life is time to wire breaking

when current is passed at a_ current density of 1 x 106 A/cm2
5 through a cross-sectional area of 1 pmz at 250°C.
Spike generation ratio is destruction probability
at the junction portion of 0.15 pm depth.
%
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20
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Table 2
Substrate temperature
during second
deposition '
valuation o o .
item . 270.°C*] 300°C*| 330°C 350 ¢ 370°C 400°C 430°C 450°C 470°C
Carbon < : : >
everal %
content 3g¥g gt ghognnm it contained
. P - N !
Resistivity < g re
2.7T ~3.3 uQecn a
- 7))
Reflectance 80~9596 10% 6036 1 : i
< >le—>|& >
Average & > je— “
wiring life | A 4
1 %10 ~10* hrs 1 x10% ~10° hrs
Deposition 0.2~0.5 ue/min 0.5~1.0 p#a/min 1000A /min
speed <€ > 1€ > |&—>
Hillock 0 ~10 /cn? | 0 ~104 /em®
density < 3¢ - >
Spike
generation ~09% 0 ~30%
< < i >
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Table 3

Substrate temperature
during 1lst and 2nd

deposition .
'L‘Eﬁw 150°c | 160°c | 200°c | 250°c | 270°C | 300°c | 330°c | 3s0°c | 370°c | 400°c | 430°C | 450 °c | 4r0°¢

Carbon Hor £ ) ' ~Severgl f‘l
deposit-" : Lower than ~ ' containe
content ed : detectianalimitq -
] >
Resistivity { : 2.7 ~3.3 nQcn
80~95% 70~80% . 70% 60% 1

Reflectance L

\y
n
o

Average - . ' —

wiring life [S > g >
i 1X10° ~10¢ hrs | 1x10% ~10° hrs
° L ] K
1A i ‘mi -} 0.5~1. . AT
Deposition Several Big S00~2000A/min | 0.240.5 sea/min .| 0.5~1.0 pa/min 1-Sus/min
speed _ A3 2le 3 G . > - > >
; 2 M 2 .- p 2
Hillock 0~10* /cm 0~10 /cm 0 ~104/cm
density < e 1< >
Spike . ] )
generation 0 ~10% ~09% 0 ~30916
A ' o) al -
J Z _ i >

Lit
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Table 4

Substrate temperature
during second

deposition .
Evalvation (| 270°c*| 300°c*| 330°c | sse’c | s70°c | 400°c | 430°c | 4s0°c | aocc
Cazg:?ent Lower than ' : . Several 3
detection 1imit| . contained
Resistivit —>
e Y . 2.1 ~3.3 uQeca . '
Reflectance 80~95% 10% S 6096 § s .
-t
Average HF— . N o
wiring life . 0 [ - [
1 xX10° ~10* hrs 1 X102 ~10° hrs
Deposition 0.2~0.5 um/min 0.5~1.0' #m/min 1oooA/gin
speed I
2 a 2
Hillock 0 ~10 /cm , 0~10%¢cm .
density o -
Spike ' . .
generation . . ~0% . 0 ~30% .
, | T

* In case where the first deposition was
effected at substrate temperature of 270°C
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Table

01

Mono-

Poly~-

crystsa%lfne cry %tialline A'}wrg Iiwus W Mo Ta KSi TiSi | AL
T-5i02 5-1 5-11 '§-21 | 6-31 | 5-41 | s-51 | s-61 | 5-71 | 5-81
5102 5-2 5-12 '5-92 | 5-32 | s-42 | 5-52 | §-62 | §-72 | §-82
BSG -3 5-13 5-23 | 5-33 | 5-43 | 5-53 | 5-63 | 5-73 | §-83
PSG 5-4 5-14 5-24 | §-34 | 5-44 | 5-54 | 5-64 | §-74 | 5-84
BPSG 5-5 5-15 5-25 | 5-35 | 5-45 | 5-65 | 5-65 | 5-75 | 6-85
P-SiN 5-6 5-16 5-26 | 5-36 | 5-46 | 5-56 | 5-66 | 5-76 | 5-86
T-SiN 5-7 §-17 | 627 | §-37 | 5-47 | 6-67 | 5-67 | 5-17 | §-87
LP-SiN 5-§ | 5-18 5-26 | 5-38 | 5-48 | 6-58 | 5-68 | 5-78 | 5-88
ECR-SiN 5-9 5-19 6-29. '| §-39 | §-49 | 5-59 | 5-69.| §-79 | 5-8

(Note) Numefal indicates Sample No.

- 6Ll -
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Table 5 (Continued)

01

Cu

AL

ALPd

AQSI| ALTI| Ti-N Sicte Ti | Mo-Si | Ta-si
T-510, 5-91 | 5-101| §-111] 5-121| 6-131| §-141{ 5-151{ §-161| 5-171
510, §-92 | 5-102| §-112| s-i22| §-132| 5-142| 5-152| 5-162 | §-172
BSG 5-93 | 5-103 | 5-113| 5-123 | 5-133| 5-143 | 5-153 | 5-163] 6-173
PSG §5-9¢ | 5-104 | 5-114 | 5-124 | §-134 | 5-144| 5-154 | §-164 | 5-174
BPSG 5-95 | 5-105 | 6-115| 5-125 | 6-135 | 5-145 |- 5-155 | 5-165 | 5-175
P-SIN 5-96 | 5-106 | 5-116| 5-126 5-136| 5-146 | 5-156 | 5-166 | 5-176
T-SiN 5-97 | §-107 | 5<117| 5-127| 5-137| '5-147 | §-157 | s5-167| s-177
LP-SiN 5-98 | 5-108 | 5-118 | 6-128 | 6-138 | 5-148 | 5-158 | 5-168 | 5-178
BCR-SiN 5-99 | 5-109 | §-118| 6-129| 5-139 | 5-149 | 5-159 | 5-169

5-179

= 0cL -
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1. A process for forming a deposited film comprising
the steps of: |

(a) providing a substrate having an electron
donative surface in a space for formation of the
deposited film,

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

(¢) maintaining the temperature of said electron
dbnative surface within the range of from the

decomposition temperature of said alkyl aluminum

LR

hydride to 450°C. td"form an aluminum film on said
electron donat#%é surface while varying the deposition

speed of aluminﬁm:

2. A procéss according to Claim 1, wherein step (b)
comprises introducing a gas of an élkyl aluminum
hydride, a gas containing silicon and hydrogen gas
into said space for formation of deposited £film, and

in step (c) an aluminum-silicon film is formed.

his Sheet Has Been Replaced
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3. The process according to Claim 1 or 2, wherein
said alkyl aluminum hydride is dimethyl aluminum

hydride.

4. The process according to any preceding claim,

wherein said alkyl aluminum hydride is monomethyl

aluminum hydride.

5. The process according to any preceding claim,
wherein the deposition speed of alﬁminum is varied by
setting the temperature of the eiectron donative
surface loﬁ at an initial stage and then varying the

temperature to a high temperature.

6. The process according to any preceding claim,
wherein the deﬁositioh speed of aluminum is varied by
varying the partial pressure of the alkyl aluminum

hydride.

7. A process according to any preceding claim,
wherein step (a) comprises providing a substrate
having an electron donative surface (A) and an
electron non-donative surface (B) in a space for

formation of the deposited film.

8. A process for preparing a semiconductor device,

" This Sheet Has Been Replaced

(T




10

15

20

25

(A, =
1S SHEET H

- 123 - H

which comprises:

arranging in a space for formation of a deposited
film a semiconductor substrate having an insulating
film with an opening provided on the main surface
thereof;

introducing a gas of an alkyl aluminum hydride and
hydrogen gas into said space;

maintaining the temperature of said semiconductor

substrate within the range from the decomposition

temperature of said alkyl aluminum hydride to 450°C;

and .
depositing a metal composed mainly of aluminum

selectively in said opening while varying the

deposition rate.

9. A process for preparing a semiconductor according
to Claim 8, vherein a gas of an alkyl aluminum
hydride, a gas containing silicon and hydrogen gas are
introduced into said space; and a metal comprising of

aluminum and containing silicon is deposited.

10. A process for deposition of aluminum optionally
with silicon by means of a gas of an organic aluminum

hydride, hydrogen and optionally silicon, in which the

-rate of aluminum deposition is varied.

-
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