Iu ;[err] - 2 - indolinone in 280 m of 1N %F%%g%gﬁ‘%{’ 215%3_.-2

xyl i dene, B.P 100- ) sodi um hydr oxi de sol uti on of
102[err]/0.005 Torr; ° et hanol is refluxed for 2 hours. The
cl ear 2, 6 - dichloro - diphenyl amjne, B.P. 109- 65

solution is cdol ed and the ethanol is dis- 111[err]/0.003 Torr; 5
tilled off at a bath tenperature of 40[err] under 2, 6, 4" - .

trichl orodi phenyl am ne, B.P. 123- 11 Torr. The aqueous residue is
extracted 1 125[ @éndoe®=0FbrTdarmingniDelposdded Fafimebhdr Pandedeol ed to
5[err] by 2, 6 - Dichloro - diphenylam ne can al so be t he

addition of ice (about 50g)fogh&fredueing SemicopduydtordDayitel | ows:
70 cooling. 2 hydrochloric acid is then added

BACKGROUND OF THE INVENTION

5 Field of the Invention

The present invention relates to a process for

forming a deposited film and a process for producing a
semiconductor device. More particularly, the present
invention relates to a process for forming a tungsten

10 (W) deposited film preferably applicable in wiring a
semiconductor integrated circuit device or the like,
and a'process for producing a semiconductor device
using a method of selectively depositing a tungsten
film.

15 Related Background Art

Aluminum (Al) has been hitherto mainly used in
electrodes or wiring, in electronic devices or
integrated circuits which are comprised of
semiconductor. Here, Al has a number of advantages
20 such that it is inexpensive, has a high electrical

conductivity, and is capable of giving so a dense
oxide film on a surface that its inside can be
"-chemically protected and stabilizea or ; good adhesion
:to Si can be achieved.
Incidentally, particularly in recent years, it

25
has become required for the wiring to be made finer
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10 while stirring until the pH of the solution 2, 6 - Dichloro -

di phenyl am ne Is about 6. The precipitated acid is taken 15 g .
of 2, 6 - dichlor - acetanilide are up in 400 mM of ether, th
ether solution is di ssolved in 1502m- of bronobenzene. 5.5

separated and the aqueous solution is again g of calcinated potassium
carbonate and 0.5 extracted with 200 m of ether. The ether

g of copper powder are added. The m xture 75 15 sol utions
are washed w eRds¢onbepffopmeast in more muldipienleyeraxbdchusedoffapa t he
water formed _ conbined, dried over sodi um sul phate and bei ng

renoved by a WERCEPasSpdmgitdie depree of integration efndmtegmesddunder 11
Torr wi t hout heating. m xture is then cool ed and subjected to steam
After addi ng FetFYiESmS¥CGes &Sihe &tGncefience, dgpands| §6Fon. The resi due
Is extracted with tt.rat dﬁﬁihereal olution, [g - gz, 6 - di- 200
n of ether. CPRE¥CBFHEPBS oA MHTIRG pEQmeghar severer thap chloro - m
- toluidino) - enyl ], _- et i.c t hr.qugh ;éoé" flo" is a
registere& Trgggg' ac# & &%F&%ﬁ:ﬁﬁs%ﬁﬁ?.flﬂgfegg c 9;¥3FFF§§Fi5H Mar k)
and the resid [ e s r/petrole ether, it
nelts at the ae%?%%eg?r3%%%?5%f1?8YrE58$%§%?§g?dﬁ% Fe i:'Ig]{4835'149[err].
di ssol ved in gRemh 10k 1Q%nala2RYea% 1 pPgLassiyg, fydgexi de sol ution
and the sol u- 85 @? E%Aﬁsfﬁeg 598°rHBU I CbF tionis
refluxed for 3xhadtson, T fFRlsilonQNdeposition of thin films,

etching, etc. For example, electrodes or wiring

10 metals must be deposited without disconnection on the

surface having différences in level or must be

deposited -in via holes having a minute diameter and a

large depth. In the case of 4 Mbit or 16 Mbit DRAM

(dynamic RAM) ,etc., the aspect ratio (i.e., via hole

15 depth/via hole diameter) of a via hole in which metals

such as Al,etc. must be deposited is 1.0 or more, and

the diameter itself of a via hole is 1 um or less.

Hence, a technique is needed which enables deposition

of Al in a via holé having a large aspect ratio.

In particular, in order to achieve a sure

20
connection to a device located beneath an insulating
£film made of SiO2 or the like, the Al must be
deposited in the manner that via hbles 6n1y-of a
device can be filled up rather than a film is formed
o5 therein.

Then, because of a low melting point of Al



25 The foll owi ng conpounds are produced in IS then concentrated

to dryness at 40[err] under an anal ogous manner to Exanple 1

11 Torr. 10 ml of water are added to the [2 - (2, 6" -
dichloranilino) - 5 - chloro - rest die-which is then extracted with 100
m phenyl] - acetic acid, MP. 181-183[err] of ether. The ether
solution is renoved 90 from met hanol ;

and erxtracted with 20 ml of water. The 30 [2 - (2, 6" -

di chl orani | i m8)ich piferfg |low as 660 pha eqaknasshdenti™® ed to dryness
under acetic acid, MP. 256-158[err]; 11 Torr. The
residue is diekegirapigrRtion glstudies have bgen mgde org tunggt@foro - m -
toluidino) - 5 - vacuum The 2, 6 - dichl oro - di phenyl am ne 95

chl or ophenyl J{W) &%td Figing npteryab that substityifg Llas a yellow oil,
at 115[err]/0.001 TorJ. 156[ err].from et her/ pet.r.ol et her;

The yield is 43% of AR 8 H‘é%%?é‘ c‘;ﬁ .1'r°1“%1§‘9{ € Q(32't,ech"pg-l“Hi"cﬁlrrll oro - m-
tol ui di nﬁ% n;”f]‘rh:igsteett e & {&{;}Q&&O@%&W&s@é& M Qv%uiccei\d WE, is

met hoxyp -Sfacetic acid anal’ ogousl6y:
120 122161 11 44y BT USRS oue o 1 B Repl el 1
B.P. 117-120[{ rd{ Gt ri®¥d by reduction dd¥¥idn widdeldi wafich is
recrytallised from N - phenyl - 2, 3 - xylidene - B.P. 100
et her/ pet r ol elrgoriEo e satdm 166 [ €hid |substrate. 102[err]/0. 005 Torr;
For example, U.S. Patent No. 4,349,408
10 discloses a process comprising depositing on a silicon
substrate a polycrystalline silicon laver doped with
oxygen, subsequently depositing thereon a
polycrystalline silicon layer doped with phosphorus,
thereafter etching the polycrystalline silicon layer,
15 and depositing a tungsten film on the silicon
substrate uncovered by the etching.
European Patent Publication No. 216157(A2)
discloses a metal depositing process comprising thé

steps of (1) placing in a chamber a silicon substrate

having a silicon dioxide layer, provided with a hole,

20
(2) feeding a gaseous compound of a metal into the
chamber to substitute the silicon of the substrate
with the metal so that the metal is depééited to the
hole and (3) feeding hydrogen gas together with a

25 gaseous metal so that a metal is further deposited on

both the surfaces of the metal thus deposited and the



N - phenyl - 2, 6 - xylidene - B.P. 125[err]/0.001 Preparati on of
starting materials Torr; 105 The
necessary starting materials for Ex- N - (4" - chlorophenyl) - 2,
6 - xylidene, - anples 1-and- 2 may be produced, for ex-

B.P. 124[err]/0.01 Torr; anple, as foll ows: 2, 6
- dichloro - 4" - chlorodi phenyl am ne a) 2, 6-
dichloro - N - phenyl - m- B.P. 121[err]/0.01 Torr

toluidine 1 silicon dioxide film; wherein an etching ass is dieghl oro - N -
p- tolyl - m- tolui- 110 7 %1Of N- (2, 6 - dichloro - m- tolyl)-

di ne, - B. P. 13Ant35[the ]qltﬁwmrt e course of the sdwerhri@i lans ddiel are
heated for 2 hours at 6 - tricholoro - N - phenyl - m-

280[err]. Th&YAENH 9AS tig sacb‘ils‘é%‘}%otq FEFY out; Gtghdinge irg smch

5 .
iggaéﬁf[ gLH éO 005 el ri‘[l'éq%/theﬂﬁael;scon dzox:lrz]e )iaryae%t %danwbteh kezpqt:I ,C.)Hn of ord
benzene and the ene s t.ion is . 6 .- dichloro -

et hoxyphényl Sbc VHA8H 3 iietal dg presant, oo A 0B AASS bonat o

m - toluidineg ls(]?lacl TR _[Jérp B urther de\ﬁo:gjiied nd t%ﬁm“heq:[ ewat er.

The sol ution |s dr sodium's and

concentrated. gePtBited ledrdr - EAs:erpré;écn&h@ﬂ Itlrﬁ% b%b%%t&% as residue
is distilled whereupon 2, 6 - dichloro-

discloses the deposition of tungsten (W) .
In the processes disclosed in these
10 publications, however, WF6 is used as a starting
material, and the tungsten film is basically deposited
as a result of the reaction between WF. and Si.
Hence, making uniform the deposition of W on Si may
result in a great lowering of the rate of deposition,
15 and on the other hand making sure the rate of
deposition may bring about its deposition also on

Sio Thus, it has been often difficult to stably

2°
maintain the selectivity. Further it is afraid not to
avoid that the Si substrate is corroded because of the

materials used or the etching gas. Moreover, in some

20
instances, the rate of deposition is from 30 to 50
A/min at best and the film thickness has a limit of
from about 2,000 A to about 3,000 & for a stable
thickness. There is also an anxiety about the problem
o5 of contamination of an interface between the Si

_substrate and the tungsten film because of the



6 ; 1, 139, 332 roomtenperature
and the mxture is poured water, dried over sodium sul phate and con
onto ice. The crystals which separate are centrated under 11 Torr.

The residue is 65 filtered off -argl +ecrystallised from gl aci al
distilled. The 1 - (2, 6 - dichloro - m- acetic acid. The
2,6-dichloracetanilide nelts tolyl - 2 - indolinone boils at 128-130[err]/

5 at 180-181. The yield is 70% of the 0.001 Torr. The oil obtained which
crystal 1 preasewmetiftdfluorine. There is also pdendy sifameiony, nelts' at
129-132[ err]. The foll ow ng compounds are produced The
fol | owi ng corfssurimpraenayudedesmect of the uniformity of a

£ilm.
On the other hand, from the viewpoints of the
5 formation of wiring and the formation of electrodes, a
poor surface roughness of a tungsten thin film
obtained by a conventional film forming process has
brought about inconveniences of the alignment step for
a mask and a substrate and the etching step, in a

10 patterning step for the wiring.

More specifically, a tungsten film formed by
conventional sputtering and a tungsten film formed by
CVD have surfaces with irregularities ranging from
several'hundred to several thousand & to have a poor

15 surface morphology. This has often brought about the
following disadvantages:

1) Alignment signals are irregularly reflected on
the surface, so that the noise level becomes too high
to distinguish inherent alignﬁent signals.

20 2) In order to cover large surface
irregularities, a resist film must be made to have a
large thickness. This is contradictory to the demands
for fineness. |
3) The poorness in surface morphology brings
about local halation ascribable to the internal

25
reflection in a resist, causing the resist to remain.



ananQoust: anal ogousl y: 2', 6
dichloro - aceto - m - toluidide, 1- (2, 6 - dichlorophenyl) - 5 -

chloro - 2- 10 MP. 179-181[err] from glacial -acetic

i ndol i none, MP. 130-131 from -6 - 10

aci d/ wat er; et hanol /wat er ; aceto -
2', 3 - xylidide, MP. 175-177[err] 1 - (2, 6 - dichlorophenyl) - 2 -

i ndol i none, 75 from glacial acetic acid/ water;

M P. 126-427[eyr] froThenpbbanekss in surfaceametpheldyybmakezykidede, M P.
181[err] from 1 - (2, 6 - dichloro - m- tolyl) - 5 - chloro- 15
gl aci al acetiwadtsdrwgged; in accordance with théendvregoherities 162- 154
from Sone of these conpounds are known. et hyl

acet at e/ pet r otbgnrourger of wiring etChlE? skep- phenyl -2, 2, 6" -
trichlor- 1 - (2, 6 - dichloro - m- I% Ydrox - .80

aceto - m- tol ui di deNevertheless, be°2use &oFPﬁoﬁ% ting'point of, § of
2,6 - dichl . < net h | - 2, 2,
o O T OO OhRubgPren RETRAy 1305 bighi PR.r 4307 6l FRERECRFURRE™ i chiors |
aceto - m- tBbU?ﬂ'tQ o234 %Oeﬂgégymfant the’?ggky{a CQ'QHQﬁg%&tE?%YXEd for

1 hour. The |ne pulveri um nrum ch rk

TR R e
under an at nogpBgkfieflk Akt BOPBBterior step in a process of
manufacturing a semiconductor device. It has been
10 impossible to ignore this advantage.
As discussed above, in the technical field of
semiconductors that have been recéntly sought to be
more highly integrated, there is plenty of room for
improvement in order to inexpensively provide

15 semiconductor device having a high-integration and a high-

performance.

SUMMARY OF THE INVENTION

The present invention was made in view of the

above technical problenms.

20
A first object of the present invention is to
provide a process for forming a depositgd film, that
can form a tungsten film with a goﬁd'quélity as a
conductor in a good controllability.
95 A second object of the present invention is to

provide a process for forming a deposited film, that



residue is dissolved in 70 mM of ethyl acetate/ It is cooled and a |arge
quantity of ice and 25 ether 1:1. This solution is extracted with
water are added to the nelt which has solidi- . 25 10
of 2N potassium bi carbonate solution £figed- A black precipitate is forned
whi ch and 10 m of water, dried over sodiumsul- 1is filtered
off and dried at 80[err] under 11 90 phat e and concentrated under
11 Torr. The Torr. The 1 - (2, 6 - dichloro - m- tolyl)- N -
phenyl - 3, 2tan6formtai €hborandadehse- film whth aythicly thPcknesdol i none,
when purified 30 toluidide crystalises from, cycl ohexane, MP. by
chr omat ogr aphyithout ndamgge afuami ahbatrate. 117-118.

oxi de colum, nelts at 184-187; yield The follow ng conpounds are
produced 60% of tRethAEdrebiegt. of the presenpipyeRtign is to 2 -
chloro - N - - .¢chlorophenyl) - N_- (2,- 1 - (2,.6 -.dichjoro - m-
tolyl) - 5 - é£9ﬁ;8e a pg°§§¥5 fog f°ﬂ&&ﬁgo?pﬂ%ﬂ??§tédaﬁ%%%ni at mp

oxy - 2 - indglingne _. _ 130- 13 . et hanol /wat er;
8.1 g of 5r udeaH 8e?3§15 a 8?89I8?819§¥1%u%£§££A ;igg]lgg%znute via
chloro - N -p.phegyl - aceto - 2', 3'- tolyl) - 5 - hydroxy - 2 -

I ndol i none are xylidide, M P. 124-126[err] from cycl o-

di ssolved in 26.3 nm gf elhh$RdbBILBY6eXtHE BPOsent inved€XGRCis to
solution. 3.7 g of dimethyl sulphate are

provide a process for forming a deposited film, that

2 -

can form a deposited film having good properties as a
10 barrier metal.

A fifth object of the present invention is to
provide a process for forming a deposited film, that
can form a deposited film in which tungsten can be
readily formed into silicide.

15 A sixth object of the present inventicn is to
provide a process for forming a deposited film, that
can form a deposited film with good properties in a
good selectivity.
A seventh object of the present inventioﬂ is
20 to provide & process for producing a semiconductor
device which is characteristic of superior surface
flatness, migration resistance and so forth, using a
method of selectively forming a tuﬁgsteﬂ film.

Another object of the present invention other

than the above objects is to provide a process for

25
forming a deposited film, comprising the steps of;



40 2 - chloro - N- 2, 6 - dichlorphenyl) - N then added to the solution
and the whole is phenyl - acetam de, MP. 143-144[err]
refluxed for half an hour. After cooling, from met hanol ;
the reaction solution is extracted with éQQ 2 - chloro - aceto
- 2" 6" - xylidide, MP. m of ethyl acetate. The organi c phase is 105
94-96 from et hanol ; filtered, the filtrate is washed once
W th 45 2 - chloro - N - (p - chlorphenyl - 2', 6'- wat er and
once wth saturated(apodispdsing in a spdcyélﬂbﬁiefoﬂvﬁﬁxg 194- 106[ err] from
ethanol; chloride solution, dried over sodi um sul phate

(p - tolyl) -dépo2ited’ filmracdmhbstra'mehmmg\mh caleeintoat doha tuirder 11
Torr, to dry- m- toluidide, MP. 67-69 from ness. The
resi due i s pusurfaceby chromato- 110 ether/petroleun1ether

graphy on an al um nium oxide colum and, (p -

chl orophenyl -2, 2', 6b) 1M€W’é¢1nga¥‘?e$a¢<écﬁigﬁﬁ%llﬁ9%aﬁqwlmoﬁln
ether/petroleum m - toluidide, MP. 106-107

ether, itS5neldepesited.fibw 1%,,%|glas20@gmpr1smg an Orgaff#‘brﬂ‘e%%hyl
acetate/petroleun1 et her; of the theoretical.

nethoxypheny1°QmEP“§@ cqptai@#pgh§o$ungsten atom and 1;&x§(pydyﬁgen
toluidide, as a yell8w10|l 1 - (2, 6 - dichlorophenyl) - 5 - brono-
115 gas; an i ndol i none

{c) forming a tungsten film on said electron
donative surface.

10 Another object of the present invention is to
providé a process for forming a deposited film,
comprising the steps of;

(a) disposing in & space for forming a
deposited film a substrate ﬂaving an electron donative

15 surface (A) and an electron non-donative surface (B);

{b) introducing to said space for forming a
deposited film i) a gés comprising an organic metal
compound containing a tungsten atom and ii) a hydrégen
gas; and ‘

20 (c) selectively forming a tungsten film on

said electron donative surface (A).

Another object of the present igvention is to
provide a process for producing a éemicénductor
device, comprising the steps of;

fdrming on a semiconductor material a film

25
comprising an insulating material;



55 c) 1-(2,6-dichloro-mtolyl)-24-indolinone A solution of 11.2 g of
1- (2, 6 - di- 4 gof N - phenyl - 2, 2°, 6 - trichlor- ,
chl orophenyl) - 2 - indolinone in 700 m aceto - m- toluidide
and 4 g of alum nium of ethanol is added to a solution of 8 g of

chloride are well m xed together and heated potassium brom de and 2.08 g

of bromne in 120 for 2 hours at 160[err]. The nelt is cool ed
and 160 m of water. The m xture is vigorously poured onto
about 50 g of ice whilfgdrning & hol¥hakeaamd flihansbekhaltosatiagnd for 3 hours
at still warm The oil which separates is dis- Oferr]. The

al cohol is theemdcopduaited ofdterihl is uncoveredgl wad in 50 m of
chloroform the chloro- the insoluble precipitate is filtered off from
formsolution is washdd Miing 1 ssidotholet wd theamcondgcadueous sol ution
The latter 125
material to form part of electrical wiring;
5 ' wherein tungsten is selectively deposited in
said hole by the reaction'bétween i) a gas comprising
an organic metal compound containing a tungsten atom
and ii) a hydrogen gas to form said part of electrical
wiring.
10
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagrammatic illustration of an
example of an apparatus for forming a deposited film,
to which the present invention can be applied.

15 Figs. 2A to 2E are diagramitic cross-sections
to illustrate a process for forming selectively a
deposited film according to the present invention.
Fig. 3 is a diagrammatic illustration of |
another example of an apparatus for forming a
20 deposited film, to which the present invention can be
applied.

Figs. 4A to 4E are diagrammatic views to
illustrate a process for-producing-a-seﬁiconductor
device of the present invention.

25
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS




1, 139, 332 I's then taken up in nethylene chloride. The Preparation of
starting materials nmet hyl ene chloride solution is dried over The
starting materials for Exanples 3, sodi um sul phate and concentrat ed
to dryness 4 and 5 can be produced, fgrlgxgnple, as 65 under 11 Torr.
The residue consists of a follows: 5 mxture, 60% or which
iIs1l- (2, 6 - di- a) o- (a, a a- trifluoro - m- toluidino)-

chl orophenyl) - 5- bronmo - 2 - indolinone. benzyl al cohol This is

purified by repeatedl : | silica

gel col um? and, aft er!Y ﬁ%fﬁg%ferp??%%erﬁl rc%)fm't ee fr!g&g%eggft 8&1@

havi ng been i i § O : of sodi um
g C;Sxyé%%z‘.% ﬁ?&eﬁ@i’@ﬁ%% Ieﬂéé’?r dﬁée%ﬁ%%ﬂ B8

bor ohydride i'n et e eum ether, it
melts at 160g4d 1 &k anhydrous di gl yne. 188-190[ err].

The m xture is stirred for half an hour at room tenperature. A
solution of 14.8 The process of th&PMddne invention for g of N - (a,

a, a- trifluoro- m- tolyl)-
5 forming a deposited film is characterized in that a

tungsten film is formed on an electron donative
surface by the reaction between i) a gas comprising an
organic metal compound containing a tungsten atom and
ii) a hydrogen gas.

10 As for a preferred embodiment of thé process
of the present invention for forming a semiconductor
device is as follows:

The process of the present invention for
forming a semiconductor device is characterized in

15 that tungsten is selectively deposited on a
senmiconductor material surface uncovered at part of an
insulating film formed thereon, by the reaction
between i) é'gas comprising an organic metal compound
containing a tungsten atom and ii) a hydrogén gas to

form part of electrical wiring.

20
In the process of the present invention for
forming a deposited film, tungsten is deposited by a ,
simple thermal reaction in a reaction system
comprising i) a gas comprising an organic metal
25 compound containing tungsten (a starting material éas)

and ii) a hydrogen gas. More specifically, a mixed



[0 -(é, a, a- Trifluoro - m- toluidino)- anthranilic acid nethyl ester

in 40 M of 75 phenyl] - acetic acid anhydr ous
diglyne i s added dropw se. The : 15 9.5 g of a - cyano - N -
(a, a, a - tri- whol e is then heated figr 3 hours at 100[err],

fluoro - m- tolyl) - aceto - o - toluidide cooled and poured onto a
m xture of 300 g are dissolved in 100 mMl of ethanol and 90 mMl of ice and
30 m of concentrated hydro- of 1IN sodium hydroxide solution

The chlofic gd Gonrt i) rfdx“%:fé?{pl%,shﬂ@ist)i Mys & starting _
solution is refluxed overnight. It is cooled ®he oil which Separates is

extracted w atEiia20 gD Ly & atbdot i das/Aanifett oferegr] m of

et hyl acetate. The ethyl acet@ate under 11 Torr. The aqueous

al kal i ne sol wubsSdatie swhich vias leshted 2 Mhepateage W aisuitables extracted
with 50 M of ether, this carbonate solution and water, dried over

et her sol uti drenipersdpareatrenit akaveh ethiequ ddies desodipgsi tdgimphat e and
concentrated at 40[err] 85 phase is acidified with 2N hydrochloric acid.
under 11 For rtempErEtuRg R V?fsc%g)sgvi |anst) the pressure in the spaceuci d
solution is extracted wwth 50 m, a short Vigreux colum . The o - (a, a,

a- for forging frdeRdRl @hdl B iiSa&ey S0k takle
LU0 AU S0 LM A Y BB el St g on 15 i e
3(”)' phate and LAN6ENL ral@d YOMEE s ddou® f1 1d Sie/ Férafa ! Wh{dE YS! -
- to a deposited film. Thus, according to the process
10 of the present invention for forming a deposited film,
a low-resistivity, dense and flat tungsten film can be
selectively deposited on a substrate. In the process
of the present invention that employs the substrate
having an electron donative surface (A) and an
15 electron non-donative surface (B), the deposited film
can be formed with a very superior selectivity.
According to the process of the present
invention for producing a semiconductor device, it is
'possible to provide a superior semiconductor device in

which a low-resistivity, dense and flat tungsten film

20
is employed at its wiring part, electrode part and so
forth.
Preferred embodiments of tﬁe preéent invention
will be described below with reference to the
25 accompanying drawings. |

In the present invention, CVD {chemical wvapor



W t houf heating. The residue crystallises 30 from

et her/ petrol eum ether. After re- alerr]) 9.97 g of lithium

al umi nium hydride crystallisation from ether/petroleum ether, are
suspended in 100 mM of abs. ether and _ 925 [0 - (a, a, a -
trifluoro - m - toluidino)- the suspens]i nis cooled to 5[err] while
stirring. phenyl] - acetic acid nelts at 11-114[err]. A
solution of 36.8 g of N - (a, a, a - tri- The yield is
35% of the t I yl r.ani acid nmethyl 95
ester in 1&0 ﬁ%%r()%&at%?n) sferdglgsd)afdefp#sgva oh = BRI %5

EXAMPLE 4 dr qRitigRert 8 136 didv 01y @Ig&dr%ﬁmq&qerasaa Fanagesagend produced

in Exanple 3 atnosphere of nitrogen with external cooling. may al so be
produced as f didpdadited £ilm. The m xture is then stirred for 18
hours at A solution of 16.4 g of o- [a, a, a - tri- room tenperature
10 m- of water, 10 nl IrmfthE)@Hdaerto inventidmgl foxr exampllen WICH )%henyl -
15% sodlun1hydrOX|de sol ution and another acetic acid ethyl estér “in 225

m of 95%s5 3®hiichofisnare orgean ixddedadr dipviveed @st he s¢alraiolg and 67 m  of
2N sodi um hydroxide stirred m xture which has been cooled to solution is
refluxed for neFerd@ls gas pantainingrigt Jenst onesgitomedbedr SBINGS at room

ethanol is then & stiidad, ol WU Je W liopb S RIS, 2004 B

is used as a reaction gas. A tungsten film is formed
on a substrate by gaseous phase growth using a mixed
10 9as of these.

Used as the substrate applicable in the
present invention is a material having electron
donative properties’fo form a surface on which
tungsten is deposited. 1In order to form a deposited

15 film with a very superior selectivity, it is possible
to use a substrate comprising a first substrate
surface material havihg electron donative properties
and a second substrate surface material having |
electron non—-donative properties.

20 This_“electron donative" will be
described below in detail.

The electron donative material refers to a -
material capable of constituting a substrafe in which
free electrons are present or free electrons have been

25 intentionally produced, and is exemplified by a

material having a surface that can accelerate chemical



11 . Torr and the aqueous solution which re- is concentrated at 40[err]
under 11 Torr. The mains is extracted with 40 ml of ether. The residue is
fracti onated by nmeans of a short et hereal phase is
separated, the aqueous phase Vigreux coig In this way, o - (a, a, a- is
cooled to O-5[err] by the addition of Ic and trifluoro - m - tol uidino)
- benzyl al cohol acidified to pH 6 with 2N hydrochloric acid. is obtained
as a yellowoil, B.P. 130-131[err]/ 110 The oil which separates out is

di ssol ved i n 000040 kOpEoanlBeokOLh QYR 8nCOIRALRSS BLGudln 400 M Of ether,

t he ethereal ution 1 s tal ne ous washed

with 20 m of gugkeratBdadsl %ﬁeogeart@n? ﬁ\gte§1a1Xdééd:hal)éculggnzw al cohol ,
B. P. sodi um sul phate concentrat ed

136-141[ err] / QaRBbedOkb; tHadeturiacEobE ﬂhéhQubsﬂﬁéﬁéng.sﬁbhaddlng o- (6 -

met hoxy - m- toluidino) - benzyl 115 : petrol eumether, [0
- (a, a, a - matériedoinciiudes,afovhekamplé) Pnetals83-p3e{per | from 55
tol uidine - phenyl] - acetic acid crystallises nmet hanol ; out, MP.

112- 114[ esr ] . semiconductors, n-type semicgndu@ﬁpra, and ipntrinsioc - 6 -
chloro - m- toluidino) benz¥l al cohol, MP. 100- EXAMPLE 5
101[err] fron?ﬁE@F@P@HﬁF@Fﬁer It also 1n°1“deslﬁﬁta#ﬂeaF€IIomﬁng conpound

may be prOducggmiéoﬁdggkors onzthe(%urface o% O& v2§92¥kin

oxide film is present. If it is such a thin film, the
chemical reaction can take place because of the

10 electron transfer between a substrate and starting
material gas molecules adhered to the substrate.

The electron donative material specifically
includes semiconductors such as monocrystalline
silicon, polycrystalline silicon and amorphous

15 silicon, binary, tertiary or quaternary type Group III-
V compound semiconductors comprising a combination of
a Group III element such as Ga, In or Al and a Group V
element such as P, As or N, or Group II-VI compouna
semiconductors, as well as metals themselves such as

20 tungsten, molybdenum, tantalum, aluminum, titanium,
copper, etc. It also includes silicides of the above
metals, as exemplified by tungsten silicide,
molybdenum silicide, tantalum silicide, aluminum
silicide, titanium silicide, etc. It may further

25 includes metals containing any one of the constituent

atoms of the above metals, as exemplified by aluminum



I n an;analogous manner to Exanple 4: al cohol, MP

141-142[err]; [0 - (6 - nmethoxy - m - toluidino)- 5 - nethoxy - 2 - :
(2", 6 - dichloranilino)- phenyl] - acetic acid MP. 105-170[err] (from
benzyl al cohol, MP.. 112-113[err] frog11§Fber).

cycl ohexane. aferr]) solution of 7 g of N-(a, a, a
(a, a, a - trifluoro- m- tolyl)-a ceto - o trichloro - m
-tolyl) -anthranilic acid nethyl toluidide in 60 m of dinethyl

sul phoxi dg iSgilicon, aluminum titanium, aluminum copper, aluminum
tantalum, aluminum silicon copper, aluminum silicon
titanium, aluminum palladium, titanium nitride, etc.
On the other hand, a material that forms a

5 surface on which no tungsten is selectively deposited,
i.e., an electron non-donative material includes usual
insulating materials, silicon oxides formed by thermal
oxidation, CVD, etc., glasses such as BSG
(borosilicate glass), PSG {(phosphosilicate glass),

10 BPSG {(borophosphosilicate glass), etc. or oxide films
thereof, thermal nitride films of silicon, and silicon
nitride films formed by plasma CVD, reduced pressure
CvD, ECR-CVD, etc.

On the substrate thus constituted, tungsten is

15 deposited by a simple thermal reaction in the reaction
system comprising the starting material gas and Hz.

For example, the thermal reaction in the reaction
system comprising W(CH3)6 and Hz is presumed to
basically proceed as followg:

W(CH

+ 4H, > W | + 6CH, T + H, 7

3le 2
Fig. 1 is a diagrammatic illustration of an

20

apparatus for forming a deposited film, to which the
present invention can be applied.
In Fig. 1, the numeral 1 denotes a substrate
25 for forming the tungsten film. As shown in Fig. 1,
the substrate 1 is placed on a substrate holder 3



ester in 60 mM of nethanol is added dropw se added within 10 mnutes to
a suspensi on of to 9 g of sodi um borohydride. The suspension
2.2 g of sodiumcyanide in 20 m of diinmethyl is then stirred for 2
hours at room tenperature sulphOX|de _t addition being made at 40[err]
refluxed for 3 hours. It is cooled, - whil@ stirring. The tenperature should
not diluted with 80 m of wat er and extracted exceed 40[err]
during the addition. The m xture with 300 M of

et hyl acetjat eprodh@ec@t hbidbSat PEAcSibhl €db&0p BhheUESrat 40[err], cooled
to 70 acetate solution 1is separated, dried over 10[err] and

diluted with 2(0bsfhnofialateclosbd spdbe fodi formihghat depodieedcentrat ed
under 11 solution extracted four tines with 150 m Torr. The residue
is fractional F§ldi st Abl edraterigihyhatcecnstitihesethg| regetiads sol utions
The o - ([err] - trifluoro - m- toluidino)- are then shaken with 200 m
of 6N hydro-tube 2, quartz is pegferrafecohbt b@Ylgla@ QQSNQQQ[erFIO 001
Torr. chloric acid and then will 30 m of water, The yield is

55% of thé t heetadicallhe reGFtéﬂnoﬁéPesﬁﬁPﬁﬁﬁsHFﬁﬁﬁF@b&ﬁdbéoﬁeéﬁ?ﬁated
at 40[ err n 11 Torr r 4 - Chloro
5L UNERE Aipetrare RIS B iachads, o6t For Sxampie: pa

om0} beggyl 2 o rhol ket Y 60 LRRE B, 1ol 0 1
Anal ogously “@ﬁbs??é@&nsgacgg thereon can be heated. The heater 4
"is so constituted that a heating temperature can be
10 controlled and thereby a substrate temperature can be
controlled.
A gas feeding system is constituted as
follows:
The numeral 5 denotes a gas mixing unit, in
15 which the starting material gas and the reaction gas
are mixed and from which the mixed gas is fed to the
inside of the reaction tube 2. The numeral 6 denctes
a starting material gas sublimation chamber, provided
in order to subliﬁate an organic metal to the stérting
20 material gas.

Since the organic metal used in the present
invention is solid at room temperature,_it is
sublimated by heating in the subliﬁation’chémbef 6,
formed to become a saturated vapor in company with a
carrier gas, and then led into the mixing unit 5. The

25
sublimation chamber may preferably be previously



(2',6; - dichloranilino) - benzoic acid in 250 [err] -cyano - N -(6 -

met hoxy - m- tolyl)- m od abs. tetrahydrofuran is added dropw se
aceto - o - toluidide. MP. 108-109[err] from20 at 5-15[err] to 8 g of
l'i thi um al um ni um hydri de cycl ohexang. _ in 50 m of abs.
tetrahydrofuran. The re- action mxture is stirred for half an hour
at d o- [N- ([err]-trifluoro- m- tolyl-)- 5(err] for 1 hour at
25[err] and for 3 hours under acetam do] - phenylacetic acid ethyl

refl ux wher ehpartedatco)- Foar ekxandlay 1@0°2N+ 10°C; and pipésggr the sodi um
hydr oxi de sol ution are carefully added A solution of 50 g of [err] -
cyano - N nixdngpuindd. SAfangy thddinepcAG@mitube et tahy fow-

([err]-trifluoro-mtolyl) -aceto, o- furan the organic solution is
renove fromexem@ilei.ddZ0 &30 18°Gf abs. ether and 375 ni t he
crystalline precipitate by fitration under of abs. ethanol is cooled to
0-5[err] while An ex Y GYsSHRr tife qorstdituted dp the@shed with

stirring and eéiluding noi sture Dry hydro- 30 tetrahydrofuran.
gen chl or§ de TP 1PHANGI¥&Yd i nto the sol ution The conbi ned

Caken up i ot hyl acSPR EURRehAFRRGHP SNOSEHoNRAVRe: WEHEBedes or 1],
o ogen <t Bpeike e PR BEAUELE: IR ¥ iBRo Wt e e e
as in the case when the'inside_of the reaction tube 2
is evacuated before the formation of a deposited film.
10 The numeral 8 denotes a slow-leak valve, which is
utilized when exhaust is carried out in a small volume
as in the case when the inside pressure of reaction
tube 2 is controlled at the time of the formation of a
deposited film. The numeral 9 denotes an exhaust unit
15 and comprises an exhaust pump, etc. such as a turbo-
molecular pump, etc.
A transport system for the substrate 1 is
constituted as follows.
The numeral 10 denotes a substrate transpprt
20 chamber capable of holding a substrate before the
depositéd film is formed and after the deposited film
has been formed, and is evacuated by opening a valve
11. The numeral 12 denotes an exhéust Qnit for
evacuating the transport chamber and comprises an
exhaust pump such as & turbo-molecular pump, etc.

25
A valve 13 is opened only when the substrate 1



sodi um chl ori de solution. Concentation of tenperature. The solution is
then left to 35 the organic phase yields 44.4 g of a dark st and
overnight at roomtenperature after brown oil which is
distilled. B.P. 195-200[err]/ whi ch it ff_gvaporated to dryness at a bath
0.003 Torr. MP. (recrystallised from ether/ tenperature of 40[err] under
11 torr. The petrol eum ether) 151-152[err]. Yield 31.5 g
residue is dissolved in 140 m of water, the (66%) .

solution i cawweratndfidrridd bdtwtfereitiy r@¥ddtion chamber and the

the whole is refluxed for 2 hours on a steam 40 b) [err]- Chloro
-N-([err]-tri fdneorsporitatdhanbden.s t hen cool ed, the ether phase is

m- tolyl) - aceto - toluidide renoved and the aqueous solution is again
solution of 23 g of o&Aq ehdwn tim fRigr d-, thet sabtldshatiton 2G@miberof6 et her .
The com m t ol ui di no) - benzyl al cohol in 70 m of bi ned et her
sol utions are i ikeptordy, o @xemple, 1876 wo dihedr ithe istardfimged for 1
hour under sul phate and evaporated at_40[err] under water 45 an

at nospher 6 of BFtETIFdn garhCan hqyProdugest. | FoFuexrampd e edi,dos A
fractionated hy col oured solution then concentrated at a means
of a Vigreux (Of afhermddent ges) serving aspg geradga: §68r dsof 40[err]

e e Lon 530k gt B WU S BPmstr ar o) -

phenyl acetic %ﬁf@h is then sent to the mixing unit 5. The H2
serving as the reaction gas is sent to the mixing unit

10 5 from another route. Gas flow rates are controlled
so as for each partial pressure to be at the desired
values.

Figs. 2A to 2E are diagrammatic illustrations
to show how a tungsten film grows when the present

15 invention is applied in the selective formation of a
tungsten film.

Fig. 2A is a diagrammatic illustration of a
cross-section of a substrate on which the tungsten
depositedﬁfilm has not been formed accoraing fo the

20 present invention. The numeral 90 denotes a substrate
comprising the electron donative material; and 91, a
thin film cémprising the electron non—-donative
material. - 2

When the mixed gas contgining W(CH3)6 as a

25 starting material gas and H2 as a reaction gas is fed

onto the substrate heated within a temperature range



ether 1:1. The organic phase is wasged with ethyl ester boils at

110-115[err]/0.001 Torr. 20 m of 2N potassium bi carbonate sol ution
Anal ogously was obtained [o - N- (6 - neth- and 20 m of water,
dried over sodium sul - oxy - m- tolyl g acetam do] - phenyl acetic

phate and concentatred in vacuo. A pale acid ethyl ester B.P.
130-135[err]/0.001 Torr. oil remains which crystallises from ether/
petorl eumether. The [err] - chloro - N EXAMPLE 6
55 ([err]r toff800r0 ormiestql Yuhgsaeat ds- selectivédy-pf&8cipithtaar onet hyl
-6 - chlor- tol ui di de obtained nelt at 83-85[err]. Anal og-

anilino) - pheuylofi abet subatrdte 90 except fousthewbBinbfalmefl[err] -
chloro - N - (6- A solution of 18.4 g of [err]- cyano -N - (3-
met hoxy - m -compyijingatbeaedectyon nopodghdtive matenbabnedngla- 6 -

chl orophenyl) - o - tolu- MP. 121-123[err] (from petrol eumether).
idine in 120 ﬁ?nbinﬁﬁﬁﬁnéF1Ws°feFPGﬁ§Gen is thus formed as ShOWﬂ in
solution and 120 m _of ethanol . is reflu c) [err] -

-Cyano - R - ¥i@rr#BtrifiPHgrothe ﬁB?lfé HSuFEe ?ﬁ%°56?ﬁn5“5? £he reaction

m- tolyl - aceto ol ui di de ol uti Qr3i educed t 40
[err] under ghould B at’ pressure oOf §SPHtF§ ?8@ t? Yeorrf he chl oro

- N- duced 8r€§§ rSressggguEfSQ(Eh §nd gy ‘preferably be 1.5 x 10

5 to 1.3 x 10 -3 times the pressure inside the above

reaction tube.

10 Upon successive deposition of tungsten under
the above conditions, the tungsten film grows to an
uppermost level of the thin film 91 as shown in Fig.
2D through the state as shown in Fig. 2C. Upon making
the film to grow further under the same conditions,

15 the tungsteh film can grow to a thickness of 5,000 &
without little growth in the lateral direction. This
is most characteristic point of the deposited £ilm
formed accofding to the present invention. Thus, it
will be readil} understood how a film with a éood

20 quality can be formed in a good selectivity according
to the process of the present invention for forming a
deposited film.

As as result of analyses méde bf Auger
electron spectroscopy or photoelectron spectroscopy,

25 no impurities such as carbon or oxygen are seen to be

included in the resulting film.



aqueous soltion is extracted with 10 m with 100 mM of water, dried over
sodi um et her. The aqueous-al kal i ne phase is then sul phate and the
solvent is distilled off under acidified at 5[err] with 2N
hydrochloris acid reduced pressure. Ihggresidue is distilled 65

and the oil which separates is taken up in wunder high vacuum The [err] -
cyano - N - with water, dried over sodium sul phate and ,
tiluidide boils at 122-126[err]/0.01 Torr and wi t hout heating, is
concentratied under reThe deanshieedr ¢dtal khasdfbrasdprasoheygsoadt her .

resistivity of from 8 to 10 uQ-.-cm at room temperature
when it is formed in a film thickness of 400 &4, and
gives a continuous and flat film. Even when in a film

5 thickness of 1 um, the film still has a resistivity of
from about 8 to 10 uQ:cm at room temperature. Thus, a
sufficiently dense film can be formed even when it is
a thick film. The film also has a reflectance of
about 80 % at a visible light wavelength region, and

10 thus a thin film with a superior surface flatness can
be deposited.

In the course of the formation of the
deposited film, the substrate temperature should be
controlled to be not'lower than the decomposition

15 temperature of the starting material gas containing
tungsten, and be not higher than 800°C. A substrate
temperature higher than 800°C may bring about the
possibility of the decomposition oflmethyl groups.
Stoted spocifically, the substraté temperature should

20 be in the range of from 300 to 500°C. When the
tungsten is deposited under this condition, the rate
of deposition is as very high as from 100 &/min to 200

4 3

i/min at a partial pressure of W(CH,), of 10 © to 10

Torr. Thus, a sufficiently high rate of deposition

25 can be achieved in a tungsten deposition technique for

super-LSis.



duced pressure. On addi ng petrol eum et her, After recrystallisation it
nelts at 58-59[err]. the [o- (3- trifluoronethyl - 6 - chlor-

The yield is 74% of the theoretical. anilino) - phenyl] - acetic acid
crystallises The foll ow ng conpounds-age ebt ai ned out. MP. 94-96[err];
yi el d 55% of the anal ogously: theoretical. -
cyano-4-chloro-N- (2,6 - di - chlorophenyl) - o - toluidine, MP

Preparation of Starting Materi al 113-115[err]; [err] -
Cyano - N1 (3 - trifTbersnbEhyate gemperature may more preferably
[err]-cyano-4-chl oro-N-(2, 6-xylyl)- chloro hen | )-o-tol ui di ne used
as start- betépuﬁbﬁn§8n99P0f1§I0m3§P9r5]t° 450° FBRERt8R i n Exanpl e
6 may be produced err% cyanq- 5- net hoxy- N-( 2, 6, di - as follows:

chl or ophenyl ) f41RofigPacd edNPPdfGQSP?Q[éPPFl ions canaye strongly

hi N-(3-tri.fl Th t
Lo e oPEiaakes BhgnPaRoR. NPT 0% SRiagLsan F8si8thheg, in

with hydrobroghe 8ids steps.

per f or med

In the apparatus as shown in Fig. 1, the
tungsten can be deposited on only one sheet of
substrate at one deposition. Thus, this apparatus,
although can achieve a rate of deposition of about 200

10 A/min, is not necessarily satisfactory as an apparatus
for carrying out deposition on a number of substrates
in a short time.

As a deposited film forming apparatus that can
improve this point, there is a reduced pressure CVD

15 apparatus capable of depositing tungsten on a number

of wafers simultaneously loaded in it. The deposition

of tungsten according to the present invention

utilizes a surface reaction that takes place on a

heated sﬁrface of an electron donative substrate.

20 Hence, it is possible to preferably deposit tungsten
by the use of W(CH3)6 and H2 if hot wall type reduced
pressure CVD is used.

The deposited film should beufoémed under
conditions of a reaction tube pressure of from 0.05 to

25 760 Torr, and preferably from 0.1 to 0.8 Torr, a

substrate temperature of from 300°C to 800°C, and



A solution of g of o-(3-triflouro-

nmet hyl - 6- chl orani | i no) - benzyl al cohol in c) 4-chloro-2-(2',6"-dichlor-
70 M of acetyl chloride is refluxed for 16 ani | i no) - benzyl brom de
hours under an atnosphere of nitrogen._Thg _ Hydrogen bromide is introduced
for 15 solution is then concentrated at about 40[err] m nut es
into a solution of 3.3 g of 4-chloro- under reduced pressure. The residue
[ 2-(2',6' -dichloranilino)-benzyl al cohol, taken up in 40

'S
m of benjengfdfeARfiP £A6m 3506800t504850°@f denzeneoMlich deas then stirred

centrated. The residue is taken up for half an hour 3f I'e bubling

ni trogen partial RH6sstrefoetheom 1he etiETeato st oS  through.
The benzene solution is washed washed with 2N sodi um carbonat e sol ution

w th 2N sodi urimes btinat pressuteée oinshde ctine reaction antbenat dindeatr i ed over
sodi um sul phate and centrated. The crystals forned are used

t he sol vent ishesepoenaditions, uheegstenucan be viiepaaitddirather quuri fi cati on.

Yield 92% pressure. The oil which remains is dis- _
tilled under ¥Wgreleetran @omalidvpepvhpptr@®tA. The fol | owi ng conmpounds are
produced Torr gl L L SIh ot Qamid 5 I {d s S 1on AQGOUS!Y:

an apparatus for forming a deposited film, that can
form the deposited film according to {he present
invention.

10 In Fig. 3, the numeral 57 denotes a substrate
on which a tungsten film is formed. The numeral 50
denotes an outer reaction tube made of guartz, that
forms a space for forming a deposited film,
substantially closed to its surroundings; and 51, an

15 inner reaction tube made of quartz, that is disposed
for the purpose of separating a gas flow inside the
outer reaction tube 50. The numeral 54 denotes a
flange made of a metal, that opens or shuts an opening
of the outer reaction tube 50. Thé substrate 57 is

disposed inside a substrate holding fixture 56

20
provided inside the innér reaction tube 51. The
substrate holding fixture 56 should be made of quartz.
This apparatus can control.the sﬁbstrate
temperature by means of a heater unit 59. The
o5 pressure inside the reaction tube 50 is so designed as

to be controllable by means of an exhaust system



néthyf—G-chIorophenyl)-o-toluidine

[err]-bronpo-N- (2,6, xyllyl)-o-tol uidine, can be crystallised from
petrol eum et her, M P. 107-109[err]; M P. 50-51[err]. The yield is
32% of the [err]-bronD-N-(2,6-dichlprgghgnyl)- t heoreti cal
o-toluidine, MP. 102-104[err]. he foll owm ng conpounds are

obt ai ned analogously: EXAVPLE 7

4-chl oro-2-(2", 6" -di chl oroanilino)- 0- (2, 6-di chl oro-mt ol ui di no) -

benzy chl gri c1:'::‘0r:tnectedl through a gas &Yﬁé@éf QRirfx a3 d

4-chl oro- 2 (2',6"-dinethylanrlino)- 2-[0- 2, 6- di chl oro- mt ol ui di no-) -
benzyl chlori de M P.1.iks- 48[ @ppdratus as stim&m’lri -RAPPivige aci d)

5- met hoxy-2-(2',6'-di chloranilino)- A solution of 3.1 g of

1- (2, 6- di chl cztarbibng yhatatrbal dgas M éed 8@ySidreradupricses a first
mtolyl)-3-nmethyl-2-indolinone in petrol eum et her.

35 M of ethooas %mldzwatem aNsecongngas feed system and a mixing

5 unit (all not shown in Fig. 3), and the starting
material gas is introduced into the reaction tube 50
through a gas feed line 52. The first gas feed
system, the mixing unit and the starting material gas
feed line 52 are each provided with a heating

10 mechanism. The starting material gas, when it passes
through the inside of the inner reaction tube 51 as
shown by arrows in Fig. 3, reacts on the surface of
the substrate 57, and thus tungsten is deposited on
the surface of the'substrate. The gas havihg been

15 used in the reaction is passed through the gap formed
between the inner reaction tube 51 and the outer
reaction tube 50, and exhausted from the gas exhaust
vent 53. |

When substrates areAtaken in and out, the

flange 54 made of a metal is brought down using an

20
elevator (not shown), together with the substrate
holding fixture 56 and the substrates 57 until the
flange is moved to a given position, where the
substrates are attached or detached.

25 Using such an apparatus, deposited films may

be formed under the conditions as previously



b) [err]-Cyano-N-(3-trifluoronethyl- The solution is then concentrated at
50[ err] 6-chl orophenyl)-o-tol uidine under 11 Torr, the residue
is dissolved in A suspension of 6 g of sodi um cyani de 200 m of
wat er and the aqueous solution is in 120,41_of dinmethyl sul phoxide is

heat ed extracted with 50 ml ether. The aqueous to 40[err]. Then a
solution of 33 g of [err]- solution is washed with a little water, dried
chl oro-N-(3-trifluoronethyl-6-chloro- 2N hydrochl oric acid. The oi

whi ch separ- qéssyihed; t b uthhtegood 1bngdtat £ 1ms hyith gosdes is

di ssolved in 100 m of ether, the ether sul phoxide is added while stirring,
during solgrabity scamshedsimthtanéousle fwatmed ah izl vthe watkrsi on t he
t enperature shoul d not over sodi um sul phate and concentrate under rise’
above 40[ err]inTHee mepareteg.stirred not 11 Torr. The residue is

crystallised from3 hours at 40%err% and then_diluted with 600
et her/ pet rol eum et her®8 pfegrriRed abaye; sthe filp qRtinedRY sth@ition is

t hen extrated tiog n1etherép§troleun1 0- ree times with

fr ther, the t
1000 1 ob etRFPoRRR Eet EORALAS & PERRGRFER EHIF aodttfhacte P L i e,
TP, SorP% ned R EntSaHcTp ophiRE. el bl diegladth golerl - The
theoretical . carhon, etc. in only a very small guantity, has a low
resistivity, and also has a high surface flatness.
Because of these properties, the present invention can
10 bring about remarkable effects as stated below.
(1) Decrease in resistivity:

Tungsten has the advantages that it hag a
melting point of as high as 3,410°C and is hardly
affected by heat treatment in a posterior step.

15 However, tungsten obtained by conventional methods has
a resistivity of as high as 18 to 30 Q.-cm when
obtained by sputtering, and about 10 puQ-cm when
obtained by CVD.

Emplonent of the deposition process;according

20 to the present invention makes it possible to obtain
tungsten having a low resistivity of from 8 to 9
uQ.-cm. In addition, the film can be regdily made to
have a large thickness. | ’

(2) Improvément in deposition rate:
In conventional methodé, the rate of

25
' deposition of tungsten ranges from 30 to 50 A/min. On



1,130,332 10 EXANPLE 8 The fol | owi ng

conpound is produced The foll owi ng conpounds are produced in
anal ogousl y: an anal ogous manner to Exanple 7

1- (2, 6-di chl or ophenyl ) - 3- et hyl - - 24 -
[err]-(2,6-dichloranilino)-hydratropic- 2-indolinone, MP 98-99[err]
fromacid, MP. 154-156[err] from et her/ et hyl acetate/petrol eum
et her. petrol eum et her; 2-[0-(2, 6-di chl oro-mtol uidino)-

c) 3-Ethylr 1- ¢Rebothell Gap@heRYployment of the deposition process
according to the present invention makes it possible
to obtain a deposition rate of 200 A/min at a maximum.

It is also possible to simultaneously process

5 250 sheets of wafers when the apparatus as shown in

Fig. 3 is used.
{3) Fill-up of contact holes:

The present invention is basically
attributable to the surface reaction between an

10 organic metal compound containing a tungsten atom as
exemplified by W(CH3)6, and Hz, which occurs on an
electron donative substrate. According to the present
invention, by virtue of utilization of the surface
reaction between the organic metal compound and H2'

15 the inside of via holes (contact holes) can be
completely filled up with tungsten, and the tungsten
in the via holes can be made to have a resistivity_of
sufficiently as low as 10 pQ.cm.

(4) Improvement in sﬁrface flatness.(Improvement in

20 patterning performance for wiring):

The poorness in surface morphology of tungsten
films formed by conventional sputtering.or CVD as
previously discussed has the possiﬁilit§ of giving bad
influences on semiconductors and the fabrication of
semiconductors. The present invention, however, has

25
brought about an epock-making improvement in the



phenyl ] -butyric acid; 2-indol i none

[ 0- (2, 6-di chl

or ani | i no) phenyl ] - benzyl A solution of 5.6

1- (2, 6-di chl oro- acetic acid, MP. 132-133[err] from

phenyl)-2-indolinone in 10 m of abs.

et her/petro; eumeth

g of

er;

di methyl formanide is added to a suspensi“don of 1 g of sodium hydride in

m neral oil, Preparation of Starting Materials suspended in 30 m of
abs. dinmethyl form The indolinones used as starting nmateri al am de, the
addi tion bei nguiedecleRWHEA Rty of thePtamBkeehd 29dm,8adlecARnhoduced as
O-5[err]. The mxture is then stirred for 40 15 follows:

m nutes at 10p@iminaftecldhittie 2bdve @fiseldhghtages. a) N - phenyl -
2,2', 6' - trichloro- then stirred for 15 hours at roomtenpera-

propl ono- mt ol{Gi)dPeefect selectivity: ture. It is poured onto ice and
extracted A solution of 5 g of 2, 6 - dichloro- wth 200 m

of ether. The ether s8umdsdhen\fiiamsy formed bydcaaveskianaddCvD s
separated, washed with water, dried over 20 according to exanple
20 m of 5 soyrdresWFghare basicpddor atddibytabyhess the reaction

[err]-chl oropropionyl chloride is refluxed faoqr under 11 Torr. The residue

i's chronat o-

10

15

" donative properties, e.g., on SiQ

20

25

between WF6 and Si. Hence, making uniform the
deposition of W on Si may result in a great lowering
of the rate of depbsition, and on the other hand
making sure the rate of deposition may bring about its
deposition also on SiOz. Thus, in order to stably
maintain the selectivity, the fungsten film has a
limit in its thickness of from 2,000 &4 to 3,000 A.
However, employment qf the deposition process of the
present invention aé a selective deposition process
can achieve a perfect selectivity up to a thickness of
10,000 A. Tungsten is deposited only on the surface
having electron donative properties, e.g., on Si, and
is not deposited on the surface having electron noﬁ—
9

The present invention will be described below
by giving Examples.

Example 1

A tungsten film was formed.in thé following
way: Using the apparatus as shown in Fig. 1, the
inside of the reaction tube 2 was evacuated toc about

1 x 1078 Torr by means of the exhaust system 9.

1 a)

in



1 hou‘r while introducing nitrogen. It is graphed on 200 g of neutral

al um ni um then evaporated to dryness in vacuo at 40[err] oxi de.
The fractions 2-3, eluted with chloroform 1:1. The solution is
extracted 3-et hyl -1- (2, 6-di chl or ophenylg -2- wi th 2N potassi um
bi car bonate sol uti on and I ndoline. After crystalline twce, from

0 wat er, dried over sodi um sul phate and con- nmet hanol , the
conmpound nelts at 100-101[err]. centrated at. 40 under 11 Torr.

The resi due Hdwewed:e) daisurddgtert filan tdeaonead ifeaimed even if thes distilled
in a bulb tube. The N phenyl -

2,2',6" -tri chinggiole apf orlve meag uiah daibe 2 dlasl & Aokedi ddgesplodnyl ) - 3-
boils at 155-160[err]/0.001 Torrg Crystallised benzal - 2-i ndol i none from
et her/ pert ol eiggunthethan he xokpourkprr. 2.78 g of

1- (2, 6-di chl or ophenyl) - 2- the theoretical.

ethanol, 1.06 g of beFFeRieMyd®l amfer gfaspsleaned, the fFransRArdni ng

conpounds are prqoduced of piperidine are then added and the whol e
anal ogous$y: chamber 10 was releaseq Lo, SfmasphGris RI@sSURe 5@ r]. The

Lgﬁgtein? p at ed tlbr? \ﬁiicd@zf;ﬁﬁchlv?arso_i\ée{weeé} y:il.ri I\tlz_h(ez’t?:'_aqgs_port crﬂa)n(n%uerre. iTiuet hen

transport chember was evacuated to about 1 x 10 °
Torr. Thereafter, the gate valve 13 was opened and
then the wafer was fitted to the wafer holder 3.

10 ‘After the wafer was fitted to the wafer holder
3, the gate wvalve 13 was.shut, and then the inside of
the reaction tube 2 was evacuated until it had a
degree of vacuum of sbout 1 x 10”8 Torr.

In the present example, W(CHS)S was fed from

15 the first gas line. Hz was used as a carrier gas for
the W(CH3)6 line. The second gas line was used for
the feeding of H,. The whole of the first gas line,
the mixing unit and the reaction tube were heated fo
17040, and the sublimation chamber was heated"to

20 180°C.

H2 gas was flowed from the second gas line,
and the pressure in the reaction tube Ziwas made to
have a given value by controlling fhe opéning of the
slow—-leak valve 8. In the present example, the

25

pressure was made to be typically about 1.0 Torr.

Thereafter, the heater 4 was electrified to heat the



chl ordphenyl ) - propi onam de M P. the residue is purified by chromatography

on 123-125[err] from nethanol, and an al um ni um oxi de col um.
Crystallised 2- chl or o- N- phenyl - propl ono-2',6'- fromether, the
1- (2, 6-di chl orophenyl) - xylidide, MByq126-128[err] from

3- benzal - 2-indol i noen nelts at 135- nethanol . b) 1-(2,6 - dichloro-m
tolyl) - 3- e) 1 - (2, 6 - dichlorophenyl) - 3- 105 nethyl -2-indoline
benzyl - 2-i ndol i none A net hyl - 2-i ndol i ne

benzyl - 2-i pdolwagEe. A Af térirehofwadfe? temperhtlined rdadhed to a givwemwf the
1- (2, 6-di chl orophenyl)-3- chl oro- N-phenyl - propi ono-m-tolu

benzal - 2-i ndolﬁemmmnéﬂ(@bg)/e? wae led to the idrgiidke afd Qe 2 g of
alum niumchloride is dissolved in 100 mM of dioxa. 0.2 g of 5%

heated for 2 haactinn 1edierfion Thke ngas Jine famtW ((iylghar dhe are then
added and it is oi | which separates is dissolved in 100 m

normal pressurtotal (M;Q?%F%IW%M{))LO Torr, angt thehdt(CHlg et her
solution is washed with 3-benzyl - 2-i ndol i noneis fornmed. The 50 m of
2N pot assi &m Hanfih RRLSPLR ‘WS cogirgliied tpde about 1.0 x

1074, Upon feeding of W(CH;). in the reaction tube 2,
tungsten was deposited. After lapse of a given
deposition time, the feeding of W(CH3)6 was stopped.
Next, the heating of the heater 4 was stopped, and the

10 wafer was cooled. The feeding of H, gas was stopped
and the inside of the reaction tube was evacuated.
Thereafter, the wafer was transferred to the transport
chamber, and only the transport chamber was released
to atmospheric pressure. The wafer was then taken

15  out.

The foregoing is an outline of the procedure
for forming a tungsten film.

Next, preparation of a sample in the preseht
éxample is described.

20 An Si substrate (n—type; 1 to 2 Q-.-cm} was
subjected to thermal oxidation at a temperature of
1,000°C according to the hydrogen combustion method

(H,:

9" 3 1it/M; 02: 2 1it/M).

The film thickness of SiO2 thus formed was
25 7,000 A + 500 &4, and the refractive index was 1.46.
This Si substrate with an SiO2 film formed thereon was



and with 100 m of water, dried over sodium sul phate and
concentrated in vacuo at 40[err]. EXAMPLE 9 The
residue is chronat ographed on 500 g of
[err]-(2,6-dichloro-mtoluidino)-[err]= 2g neutral al um nium oxi de.
met hyl -hydratropic acid The fractions 3-7 eluted with benzene,
(2-[0o-(2, 6-dichloro-mtoluidino)- contain
1-(2,6-dichloro-mtolyl)-3- phenyl ] - 2- met hyl - propi oni ¢ aci d)
met hyl - 2-i ndebatedeonTh¢p wheleosurfacA wditut rophototeSigtof ahd
-(2,6-dichloro- bined and crystallised fromether, MP.
phenyl) -, 3, - ditiret dgsi2ednpeltiterncewas printed thereotiOugldfpern]. The yield
is 44% of the 15 m of ethanol and 10 m of 2N sodium
t heoretical . exposure machine. The pattempdusgfideasokhei oneis refl uxed for
48 hours. aa b5 | eactio
capable of making various holes of from 0.25 um x 0.25 um
5 to 100 pm x 100 pm in size. After the photoresist
was developed, the ground SiO2 was etched by reactive
iron etching(RIE), etc., making the photoresist to
serve as a mask. As a résult, the substrate Si was
partially uncovered. In this way, a sample having
10 holes in Si0, with various sizes of from 0.25 um x
0.25 um to 100 um x 100 um was prepared, on which a
tungsten film was deposited according to the
procedures as described above and under conditions of:
Total pressuré: 1.0 Torr
15 W(CHy), partial pressure: 1.0 x 10”4 Torr
Tungsten films were deposited with changes in
the substrate temperature, and were evaluated using

various evaluation methods. Results obtained are

shown in Table 1.

20

25



1,139, 332

cooled to roomtenperature and

be

aci d

in an anal ogous manner to Exanple

The filtrate

et her

10.
5

Preparation of starting naterials

11
et hyl

Is extracted wwth 30 ml of ether.
solution is separated and the aqueous phase

ester,
50 m of water are addcd. The crys tals

M P.

It

I's then
50-52[err],

can

saponi fied
—Whpch precipitate are filtered off.

The

is acidified with 2N

hydrochl oni ¢ aci d. The The esters u¥edlasistarting materials in
precipitated crystals are dissolved in chloro- Exanpl es 10 and 11 are

obt ai ned as foll ows: formether 1:1, the qrganic _phase
is washed With water,| dried[over sodi um sul phate and a)
[0-(2, 6-di clhloranilindi8@fiény| BOO°C | 350°C ; 450°C | 500°C |} 800°C
Resis-
tivity: - 8 - 10 8 -9 8 -9¢18 - 10 10
(1Q-cm)
5
Deposi-
tion
rate: 10-20 } 100-200}100-200/100-200; 100-200] <200
{A/min)
Surface
irregu-
larities: - 0-10 0-10 0-10 10-100 }10-200
{um Rmax)
10 . ]
As will be evident from Table 1, tungsten
films with a low resistivity, a flat film surface and
a practically usable deposition rate were obtainable
15 at a temperature range of from 300°C to 450°C. 1t was
also confirmed that tungsten was deposited only in
holes of $i0, and was not deposited on $i0,. In
addition, this selectivity was maintained even in
20

25




concentrated at 40[err] under 11 Torr. The acetic acid nethyl ester
residue crystallises fromether. The o-(2, 6- 100 mM of 2% et hereal :
di azonet hane sol u- dichloro-mtoluidino)-[err]-nmethyl hydra- tion
are slowy added dropwi se to a solution - tropic acid nelts,
after recrystallisation from of 10 g o? [0-(2, 6-dichloranilino)-

ether, at 187-192[err]. The yield is 20% of phenyl]-acetic acid (MP.
156-158[err]) in the theoretical. 150 m of abs.
ether. The sotohtefiubtis! @bposition cBrepadabuenfotr sthoturng material

to stand overnight at roomtenperature whereupon it is
concentrated to dryneBgaaple 2 The starting material used in Exanple 9

40[ err] under 11 Torr. The residue is dissolved i s produced as

fol | ows: In the presgntle@amplef Arhwes Thedegfie® solution is
extracted with 50 m of 1N potassium bi - a)

1- (2, 6- di chl oFepH&ay| pag, dndthe first gas linecuppdnfer theufeediagd
waster, dried over met hyl - 2-i ndol i none

sodi um sulspha®é Eﬁ@ﬂgbacentrated at 40[err] A sol ution of 5.6
g of 1-(2,6-dichloro- under, 11 Torr.. The residue crystallises
phenyl ) - 2-i ndol i none TNP93t§§6w§§7F§PPF}tedfFSﬁPE@ﬁBQIB@tFB eBfP€t her. The

[0-(2,6- procedure as in Example 1 and under conditions of:

Total pressure: 1.0 Torr
W(CH;), partial pressure: 1.0 x 10™% Torr
10 Tungsten film thus deposited showed good

results like those in Example 1.
The selective~deposition characteristics on
the substrate were also as good as in Example 1.
Example 3
15 Using the reduced pressure CVD apparatus as
shown in Fig. 3, a tungsten film was formed on a
substrate having the constitution as described below.
First, on a monocrystalline silicon or the.
ﬁlike serving as a first subsirate surface material
20 having electron donative properties, an oxide film or
the like serving as a second substrate surface
material having electron non—-donative p;operties was
formed; Next, patterning was carried oﬁt by the |
photolithographic step as shown in Example 1 so that
25 the monocrystalline silicon surface was partially

uncovered.



in 10 mM of abs. dinmethyl formam de is added .

di chl orani I i no- phenyl]-acetic acid nethyl to a suspension of .
2.1 g of sodium hydride- ester nelts at 101-102[err]. The yield is 72%
mneral oil (1:) in 30 M of abs. dinethgh - of the theoretical.

formam de, the addition being nade drop- w se at O-5[err] under an

at nosphere of nitro- b) [0-(2,6-dichloranilino)-phenyl]- gen.
The whole is stirred for 40 m nutes acetic acid ethyl ester at
10[ err] whereupon 7 gHefremaheyfiiladiode the secoAdssubsipatef shergcef
[0-(2,6-dichlor- are added dropwi se. The m xture is then

ani | i no) - phenybfreaxdetli hagicied fiidml GRGE cknest oft 7,000 Ror Thehawes at room
tenperature water and 40 m of 2N sodi um hydroxide after which it is
pour ed onto cwhdlkdd thee monoginysiterd linecsdlddonoos| the] 1ike whasof di et hyl

It is extracted with 200 ml of ether 5 tines. sul phate are added while
stirring, thepegitdally uncoveredihd .ét-hethexhepdet badra sdapi aéd3aHs washed

tion being cooled in an ice bath. It is_stirred wth 100 m of water,
dried over® so#i gnbm. In ftHis) weyyr §2BP19518FcFRPWANESLAENWERSt her 20

sul phte and concentrated ynder 1 rr. m of 2N sodi um_ hydr oxude -
solgtion and prepare%. (%n the %oIQOWing, a sampgg thus formed is

referred to as "BPSG by normal pressure

CVD/monocrystalline silicon).

10 BPSG by normal pressure CVD/monocrystalline silicon
PSG by normal pressure CVD/monocrystalline silicon
SiN by plasma CVD/monocrystalline silicon
SiN by plasma CVD/polycrystalline silicon
S$i0 by plasma CVD/polvcrystalline silicon

15 SiO by piasma CVvD/monocrystalline silicon
BPSG by normal pressure CVD/Al
BPSG by normal pressure CVD/W
BPSG by normal pressure CVD/polycrystalline silicog
PSG by normal préssure CVD/Al ‘

20 PSG by normal pressure CVD/W

PSG by normal pressure CVD/polycrystalline silicon

These samples, and also an A1203 substrate and

an Si0, glass substrate, were put in the reduced

2
25 pressure CVD apparatus as shown in Fig. 3, and

tungsten films were formed thereon in the same batch.



The reéidue Is crystallised fromether, The 10 mM of diethyl sul phate

are added. The 1- (2, 6-di chl orophenyl) -3, 3-di net hyl - reaction

m xture is then stirred for 15 hours 2-indolinone nelts at
128-130[err]. The at room tenperature. 3phe crystals which
yield is 67% of the theoretical. : precipitate are filtered off,
wel | washed with wat er and dissolved in 100 m of ether. The
EXAMPLE 10 ether solution is extracted with 30 m of
[0-(2, 6- dlphlBﬁQﬁBlWé@e)fphmwd:hnder conditicmisebf dr redcaien sabeum

sul phate and con- acetic acid centrated at 40[err]
under reducedppesssiecofTie 3 Aoswl, UEI@HON:)% pacftipd- p2e6sdrehbdr o-
[0-(2, 6- dlchloranlllno% phenyl ] -acetic
ani | i no) - phenl.P- xcali ¢ dowra .met Ispbsdgede tepperethye oft 860CFyendl |ises
from ether/ in 20 mM of nmethanol and 5 m of 2N I's 15% of

the thereotical £ilm form96ﬁ§§sWéﬁﬁbpéaﬂﬁbﬂéﬂét§§lution i s refluxed
for 15 hours. It is concentrated to dryness in vacuo, diluted with 70 m

of water &nd As pyxxpspg t 9F Fﬁ@ 5&&@b$§r§6FGPPoﬁaF§1§9tPHEted with
20 m [[erangéb6sgé L%% @kﬁb%s) Qhen %%&m was deposited

only on the first substrate surface having electron
donative properties and thus the hole was filled up,
in respect of every sample to which the pattérning had

10 been applied. The tungsten film exhibited the same
gquality as the one shown in Example 1, formed at a
substrate temperature of 350°C, and was found very
good. On the other hand, nce tungsten film was
deposited at all on the second substrate surface

15 having electron non—donative properties. Thus, a

perfect selectivity was obtained. Tungsten film was

not deposited at all also on the electron non-

donative, A1203 substrate and SiO2 glass substrate;

Example 4

20 An Si substrate having subjected to thermal
oxidation was made ready for use, and polycrystalline
silicon was deposited on its whole surface by
conventional reduced pressure CVD.' Thi§
polycrystalline éilicon was selectively removed by

25 conventional photolithography.

On the above sample, tungsten was deposited



of ether. The aqueous solution is acidified ' acid wth 2N
hydrochloric acid, the oil which 1.2 g of [0-(2,6-dichloranilino)-
separates is extracted with ether and the phenyl ] -acetic acid benxyl
ester are dis- ether solution is washedgzg th water, dried solved in 50
m of ethanol and, after the over sodium sul phate and concentrated, wth-
addition of 0.2 g of 5% palladiumcharcoal, out heating, under 11 Torr.
The [o0-(2, 6- the solution is hydrogenated at room

di chl oroani | i nsinphehygl Eppaebitasaasdshpahalin F1gtehpeaaturd1agdtbow
pressure. The hydro- I|ises fromether/petroleumether, MP 156-
generati on i stbhenpheeepabredutes/ éandothe. s@he céb8itiohs @akeimield is 75%
of the theoretical. catalyst is filtered off and the filtrate is
concentrat ed Esadgpyreds at room tenperature EXAVPLE 11

under 11 Torr. The residue is crystallised
[[err]-(2,6-dichl or anThenGpPeRdiier] fada: thus fermedt hed/ bher 8RBEM et her

M P. 156- .
5 properties as in Example 1, and tungsten was deposited

only on the polycrystalline silicon, i.e., a electron
donative substrate. Namely, no tungsten was deposited
on SiOz. This samble was heat-treated in an N2
R atmosphere of 900°C to carry out formation of tungsten
10 into a silicide (formation of an alloy of Si and W).
As a result, tungsten silicide having superior
oxidation characteristics and a low resistance, having
a resistivity of 30 uQ-cm was cobtained.
Example §

15 Using the reduced pressure CVD apparatus as
shown in Fig. 3 as in Example 3, tungsten film was
formed on a substrate having the constitution as
described below.

first, on the surface of a monoéfystalline
20 silicon serving as a first substrate surface material
having electron donative properties, phosphorus of
1029 cn™ 3 was selectively diffused. Next, a thermal
oxidation 3102 film was formed thefeon tb serve as a
second substrate surface material having electron non-

25 donative properties, and patterning was carried out by

the general photolithographic step so that the



12 1,139, 332 158[err].. The yield is 67%

of the theoretical. 10 mM of water, dried over sodium sul phate and, when .
cold, is concentrated to dryness Preparation of starting nateria
under 11 Torr. The [o - (2, 6 - dichlor- 36% The benzyl ester used as
starting material anilino) - phenyl] - acetic acid crystallises I n
Exanple 12 is produced as foll ows: from ether/petroleum ether, MP.
156- 158[err]. The yield is 45% of
the theorefi calonocr¥sted ride?.si fodt EUrFad WadOpartiany ] - acetic

acid benzyl ester EXAMPLE 14 A sol ution of

2.96 g of [0 ungcdvered.dichlor- [0 - (2, 6 - dichloranilino) - phenyl] -
acetic 70
Here the film of the thermal oxidation SiO2
film had a film thickness of 8,000 &. The area at
5 which the monocrystalline silicon was partially
uncovered, i.e., the hole had a size of 0.8 unm x 0.8 pm
In this way, samples were prepared.
These samples were put in the reduced pressure
'*5 CVD apparatus as shown in Fig. 3, and tungsten films
10 were formed on the plural samples in the same batch.
Films were formed under conditions of a reaction tube
pressﬁre of 0.3 Torr, a W(CHS)6 partial pressure of

1.0 x 107°

Torr, a substrate temperature of 350°C and
a film formation time of 50 minutes.

15 As a result of the film formation carried out
under such conditions, tungsten film was deposited
only on the silicon substrate surface having electron
donative properties and thus the hole with a depth:of

8,000 & was coﬁpletely filled up, in respect of every

sample to which the patterning had been applied. The

20
tungsten film exhibited the same quality as the one
shown in Example 1, formed at a substrate temperature
of 350°C, and was found very good.. On éhe other hand,
no tungsten film was deposited at all on the oxide

25 film surface having electron non-donative properties.

Thus, a perfect selectivity was obtained.



anilino) - phenyl] - acetic acid, 1.2 g of . acid, sodiumsalt.
abs, benzyl alcohol and 3 g of dinethyl form A solution of 186 g of 1 -
(2, 6 - di- 10 amde dineopentyl acetal in 40 nml of chlorophenyl) - 2
- indolinone in 660 nl of nethylenesghLoride is stirred for 55 hours
et hanol and 660 m of 2N sodi um hydr oxi de under an at nosphere of
ni trogen. The solution is refluxed for 4 hours. The solu- 75
nmet hyl ene chloride is then distilled off under tion is then cooled and
left to stjand for Thé2cbakbct rébeskastdUBetfieéh! thedphbspheBus4 hours
at 0-5[err]. The crystals which form 15 ml of ethyl acetate, the solution
is extracted dafgukebt area off taedsiddtyat ahlii skd tungsvahner. Wwith
wat er and dried over sodium sul phate. The sodium salt of _Lo - (2, 6 -
di chl or - dépeosdtkdt fdAm wasogoedtiratddtbobdr fnessiak 1€nr| knodp -
phenyl] - acetic agid nmebts at 283- 80 40[err] under 11 Torr. The
resi due i s ch¥odflt o- L2:285[-er SERCPhA PPARJOEs89V90 af Xt Be0PRedrwabcal
graphed on 60 g of neutral alumniumoxide, 20 Eluted wth
et her / pet r5ol cBRPVidefedinyagdepth of 8,000 &, gkhe\pppe¢t ratio;wggijons 2
and 3 contain,pure [Q,- (2, :6-. ..The_sodiumsalt of . [5 -.chloro - 2 - (2,
& % OO0 ohi 4P arPA 1Bp Feginaviy Betpe’ TeRlebeR 3P nareR 8P%ni 1 no) -
phenyl] - aceLli il Q- S 1€ he,viekd:hs,,30% 0f the
t heoreti cal . gi&ﬁ?&dqghgfgﬁgﬁgl§°tg§§§aﬁgﬁg ?ﬁ.kg% %glPé 6%5 _

In other words, the insides of via holes were

filled with tungsten unless any barrier metal or the
10 like were provided in the via holes, and a good
contact resistance and a good in-hole resistance could
be obtained.
The corrosion of via hole bottoms, i.e., Si
surfaces, and cpntaminafion due to fluorine, which
i5 were seen in the case éf CVD using WFG' were nbt seen
at all.
Example 6
According to the same procedures as in Example

1 and under conditions of:

20 Total pressure: 1.0 Torr
Substrate temperature: 400°C
W(CH,) partial pressure: 1.0 x 1Q_4 Torr,
SiZH6 was fed into the reaction tube“thfough a third

gas line so as to give a partial pressure of 1 x 10_5

25 Torr, and the apparatus was so designed that Si was

mixed during the reaction between W(CH3)6 and H2.



It can also be obtai ned, however, as at 296[err] on recrystallisation

fromwater. 25 follows: 6 mM of thionyl chloride are added drop-
EXAMPLE 16 wise to 40 mM of abs. benzyl alcohol, the [0 - (2, 6 -
di chl oranilino) - phenyl]-acetic adgy tion being nade dropw se at
-10[err] while acid, potassiumsalt. stirring well and

I ntroduci ng nitrogen. After 20 M of 8% ethanolic potassium hydr 90

30 5 mnutes at -10, a solution of 2.96 g oxide solution are added to a
of [ arhe (depdsitdhl ol BK aHud Rt eri nRldeRidls] conpoked Of [0 -
(2, 6 - dichloranilino) - phenyl]- acetic acid in 10 nm of abs.
al cohol acetiocf &Sid (trurigstedn ofi Hdidw) .i.elhe asolalloy of WS eaxided )
dropwi se. The reaction mxture tion is boiled for 10 mnutes with active
is then stirreahd drad® ragssivitomt dkpl-en. cThecagsisfiividived and

concentrated under 11 95 35 ture whereupon it is poured onto ice.

Torr.  On addiafy highar than jheeesi taiqbtained)in Rxemwleedar s i s

sol ution of

extracted with 10Q._of [o - (2,.6 - dichloranilino) - phenyl]-.
ether. The eﬁt}?erw%ktwéo&tfq‘é‘“%ﬁ%cﬁ loves ct%’lﬁ%}"%ﬁ‘ﬂfﬁpﬁqay out

300- 330[ err]

pt assi.um_ bi.car banat e \Lﬁuthng

. ] m_ of
deconpositionf11m§Méi§@ﬁ%QﬁFé§ﬁé%éﬁ§§?s(ﬁQQﬁf%ﬁﬁﬁpﬁﬁ)iQanq?

10

15

20

25

MOS transistors was obtained.

Example 7

In the same manner as in Example 5, prepared
waé a sample with a hole of 0.8 um x 0.8 um made in an
8102 film and at which Si surface was uncovered.

Subsequently, tungsten was deposited to a
thickness of 10004 on the above sample according to
the same procedures as in Exemple 1 and under

conditions of:

Total pressure: 1.0 Torr
Substrate temperature: 400°C
W(CHz) partial pressure: 1.0 x 10~ % Torr

As a result, like Example 1, tﬁngsten was
deposited only at the hole in a good film quality.
Thereafter, on the whole surface of the above sample,
Al - 0.5 % S8i - 1 % Cu were deposited bg conventional
sputtering method. As to patterniﬁg, it’was
unnecessary to etch tungsten which is a barrier metal.

The patterning was finished in the step of etching

the Al-Si-Cu. Tungsten deposited in a thickness of

benzyl

The

m - of
M P.



40 phéte and the ether solution is evaporated WHAT WE CLAIM | S: -

100 to dryness at 40[err] under 11 Torr. The residue . 1. Substituted.
phenyl acetic acids of the i s chromat ographed on 90 g of neutral alum
general fornula I i ni um oxi de. El yted with ether/petrol eum

ether 1. 1, the fractions 1 and 2 contain the 45 pure [0 - (2, 6 -

di chloranilino) - phenyl]- - acetic acid benzyl ester. The yield is 48%
[err] of the theoretical. EXAMPLE 13 [0-(2, 6 -

di chl or ani l1i no) ; 0phedywé11 pleyed aSBole asi 8 diffusidnSPaptien, 0fn8. 5 g of
[0 - (2,6 - dichlor- anilino) - phenyl] - acetic acid nmethyl ester

(M P. 1017102[@au§9din04®eﬂk everb&gadhtingel narrowajuind Rign ob £ Dabeut
(" Dovex™ is a 6? Igi?regg Si was also seen to be precipitated out,
and a good contact resistance was also obtained.
5 Example 8
As an example for forming source and drain
electfodes'of a gate insulating type transistor,
formation of an electrode in a contact hole on a
source and .a drain was carried out using the film
10 forming process of the present invention. This is
described with reference to Fig. 4.
First, on a p-type silicon wafer 501, a thick
field oxide film and a thin thermal oxide film 502
were formed by use of the usual selective_oxidation
15 process, etc. to the wafér 501 (Fig. 4A);
Subsequently, using SiH4 gas as a starting material
gas, a polycrystalline silicon layer was formed by
heat CVD method, and a polycrystalline silicon gaté
electrode 504 was formed by lithography method. At
20 the same time, phosphorus was self-aligningly injected
using the thick field oxide film and gate electrode
504 as a mask to form an impurity—diffused region 505
of 1 x 108 cn™3 (Fig. 4B). Next, a'silicon oxide
film 508 was formed by heat CVD method (Fig. 4C). A
contact hole 509 with a size of 0.5 um x 0.5 um was

25
formed by lithography method (Fig. 4D). The substrate



55 Tr ade Mark), 1 ion exchanger (OH form 20-50 nesh) are stirred

for 15 hours in a round flask at 50[err] and then filtered. The
wherein residue is suspended in 20 mM of water and Rl err]
represents a | ow al kyl or al koxy radical 40105 t he suspension is
acidified at 5 with 1N a hal ogen atomup to the atom c nunber 60
hydrochloric acid. 30 mM of ether are added, 35 or the trifluoronethyl
group, t he whole is shaken and the ether solution is Rlerr] and
separ at ed.; Thenashebtaohetli aasi moweahed whéhappétatis &ecshoRfr eaent
hydrogen, a | ow al kyl [err]

Fig. 1 to form a tungsten film.
Here, the subétrate temperature was set to be
350°C. Using W(CH3)6 as a starting material gas and

5 H2 as a carrier gas, a tungsten film was fdrmed under

conditions of a W(CH,). partial pressure of 1.0 x 1074
Torr and a total pressure of 1 Torr.

.After £he formation of the tungsten film was
completed, the transistor was taken out of the film

10 forming apparatus and observed, to confirm that a
tungsten film 510 was deposited only on the phosphorus-
diffused Si 505 in the contact hole 509, and was not
deposited on the oxide film 508 (Fig. 4E). The
surface of the tungsten filﬁ 510 was very flat.

15 Characteristics of the resulting transistor was
examined to reveal that very good characteristics were
exhibited.

It was alsc possible to form a thin tungstén
film only on the bottom of the ecntact hole 509 and

20 thereafter form on thé thin tungsten film an Al film
as an electrode material. It was still also possible

to use the tungsten film as a barrier metal.

25



1,139,532 or al koxy radial or a haligen atom up prises. reactind while.
heating a conpound to the atom c nunber 35, of the genera
formula I1

Rlerr] represents hydrogen, a |ow al kyl or Thip 2 lace
hal ogen atomuo to the atom ¢ numbgr 35 of the tri II
[err] group, Rlerr] and R err] each represent ow

radi cal or a benzyl radical,

al kyl

1

10

15

20

25

CLAIMS:

1. A process for forming a deposited film,
comprising the steps of;

(a) disposing in a space fof forming a
deposited film a substrate having an electron donative
surface;

(b} introducing to said space for forming a
deposited film i) a gas comprising an organic metal
compound containing a tungsten atom and ii) a hydrogen
gas; and

(c) forming a tungsten film on said electron

donative surface.

2. A process for forming a deposited film
according to Claim 1, wherein said organic metal

compound containing a tungsten atom is W(CH3)6.

3. A process for forming a deposited film

according to Claim 1, wherein said electron donative

surface comprises a semiconductor.

4. A process for forming a deposited film,
comprising the steps of; ' ’

(a) disposing in a space for forming a'
deposited film & substrate having an electron donative

surface (A) and an electron non-donative surface (B);

R



and their salts wth organic or |norgan|c bases

[0-(2,6-Dichloro-mtol uidino)- phenyl ] -acetic aci d'hlsSl&etHasBeenRe laced
[2-(2',6"-Dichloroanilino)-b5- chlorophenyl] ac

[2-(2',6"-Di chl oro-mtol uidino)- _4o-wwmunmew]

Rlerr], Rerr] and R err] have 5-chl orophenyl ] -acetic aC|

the neanings given in claiml, with an alkali

[2-(2',6"-Di chl oro-mtol uidino)- nmet al hydroxi de or an al kal i ne
earth net al {15) nin tocguwhingy | o atd spadal.for forming a
hydroxi de or an al kali netal carbonate and, 6.

[ 0- ( 6- Met hoxydereditpdi fiblm i) a gas compy 5 iR i 8T OTIFHG &A%Y t he acid
fromthe phenyl ] -acetic acid. al kal i ne
earth or aH«ﬂ?mﬁﬁﬂ%ﬁ coptabping Rdtungsten atom gnd ii) a hydrogen
[2-(2',6"'-Dichl oroanj!ino-5- 19. Process as clai med im
claim18, in988; ﬁﬁ%nnphenyl] acetic acid. whi ch the

reaction is perforned

[o-([err]2Trifluoro- gl E?e‘gﬁ)svely forming tPantd*ngsaﬁﬁfbo{fsl“frecfrhanol
aqueous n- sgid e%Fé¥$§?4é?n§¥f$é é¥¥éke (a). but anol,

et hyl ene gl yco
5. A process for forming a deposited film -
according to Claim 4, wherein said organic metal

10 compound containing a tungsten atom is W(CHs)6

6. A process for forming a deposited film
according to Claim 4, wherein said electron donative

surface (A) comprises a semiconductor.

15
7. A process for forming a deposited film
according to Claim 4, wherein said electron non-
donative surface (B) comprises an insulator.
20 8. A process for producing a semiconductor

device, comprising the steps of;
forming on a semiconductor.ﬁaterial a film
comprising an insulating material;
forming a hole in said film so that said
25 semiconductor material is uncovered;.and

filling up said hole with a conductive

LR O A \lll



9#( ;trlflouronethyl 6- chl or o- anmi dé as sof vents— — -
i#1 no) - phenyl ] -acetic acid. 2Ohis $HeQCRASBecRRephlcqd M -

_;5cla|n118 or 10. 2-[o-(2,6-Dichloro-m 19,
fFn which the reaction is perfornmed at a3 - toluidin I ”HH’“ oni c

aci d. tenperature at or just below the

11. 2-[o0-(2,6-Dichloranilino)- - tenperature of the

sol vent . phenyl ] - propi oni ¢ aci d.

21. Progessmavertibd poofoch pardf of sdbctrical wiring?.
2-[0-(2,6-Dichloro-m stitued phenyl acetic acid of the

gener al toluherngp-ﬁnagykpanSyseéegcﬁﬂelv deposited fiprmula |, as

defined in claim17 and their

[ 0- @ 6- Exch?@iénhpﬂﬁopypﬁéﬁyFFﬂCt1°n betwegal%t ﬁngﬂslﬁﬁpgﬁhﬁénand organi c
bases, which %err ] - ben I-acetlc ac

conpri ses r%ﬁc??ﬁ@nlﬁhWF aﬂe&PPR CEBﬁﬁBBﬁHQ a tungsten at?ﬁ

2-[0-(2,6-Dochl eper | given in
cinim 5 RBRuLaing) byfERgen §aﬁettﬁyf°5woﬁ%ﬁ pdfeobE o1 95T B T er e
Rerr], R[e&rLinR[errr] Rlerr] and R err] have ‘aC|d.

t he neai ngs 6|veﬁ I n cIa|n117 whi thin an 15.
[0-(2,6-Dichloranilino)- phenyl] al kali nmetal hydroxide or an

al kaline earth _
8. A process for producing a semiconductor ..

. device according toc Claim 8, wherein said organic

10 metal compound containing a tungsten atom is W(Cﬁs)ﬁ.

. 10. A process for producing a semiconductor
device, in which regions between an insulating material
on a semiconductor material are contacted with tungsten

15 deposited by thermal reaction.

20

25
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écetiE aci d. ' nmetal hydroxide, and, if desired,

| i berating 16. Substituted phenylacetic acids of the the ..
acid fromthe alkaline earth or al kali general forrmula I clainmed
inclaiml, where- netal salt obtained 45 - in Rerr] and R err]
represents a nmethyl or ethyl 22. Process as clained in claim?2l, in

radi cal . ABSTRACT whi ch the reaction is
performed i n aqueous 17.” Substituted phenyl acetic acids of the

et hanol , agueBROCESEHERH FORMAYGe PEPOSITEDYEIEMaRNDOPROCESS gi ven in claim
1, wherein  EOR BBPBHGIIN% S@MI\‘ﬁ&NﬂDUCTR[ReIDrE]VICR[ err] and Rlerr] have the
nmeani gs gi venTTT 3 ; o5 a3 claim1, and
in which the reaction is perforned at a R[err] Rlerr] and Rlerr], have the
meani ngs Qi vemiompriziks Rl estems af ai ned in cI aim?21 or 22, and their

salts with inorganic and organic tenperature of the sol vent. bases.
24. Process for the pri@udisprsing jhenyspaces for fegwingoe the production
of a sub- acetic acid of the general fornula I, defined

stituted &enﬁ%’@cﬁ*@dacﬁ Hlmpra tﬁ\‘@ﬁ;‘é‘?ﬁﬁ% |having ﬁ%le&l%tf%d’%%’zﬁ ts
t her eof , whi chsucrofrgce‘

“({b) introducihg to the space for forming a
deposited film i) a gas comprising an organic metal
compound containing a tungsten atom and ii) a hydrogen

10 gas; and |
{(c) forming a tungsten film on the electron

donative surface.

15
20 -
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4 .

formula I, defined in claim1, and their salts prises reacting, while
heating, a conpound wth inorganic and organi c bases, which com of the
general formula I11. 14 '

13, 13332 31, in which
the reaction is perforned at T ' SRR

or just below the boiling tenperature of the This Sheet Has Been Repia
sol vent .

et as craimea inany one ot s | I
30 to 32 in which A represents an acetyl

radi cal

FIG. 1
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34. Process for the production of a sub-
stituted phcnylacetic acid of the general
formula | defined in claiml1, and the salts

t hereof , which conprises reacting, while heat-

I ng, a conpound of the general formula IV wherein Rerr],
Rlerr], Rerr], Rerr] and R err] have the nmeani ngs given in
claim1l. and R, represents a |l ow al kyl or aral kyl

[err] 5 radical, particularly the benzyl radical, and

A represents hydrogen or a carboxylic acyl radi cal of at nost 4 carbon
at ons, with an al kali neg roxi de, an Lpe

earth nmetal hydroxide, an al kali metal{ car- 91

FIG. 2A

] +«9_o

FIG. 2B 5 I

+—90

| | 9(2
FIG. 2C ?_‘/////V//// T
| 90

e . /////}// '91
FIG. 2E r% !
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bonate or bicarbonate.or with a basic ion exchange, or, .ir R is an

ar akyl radical, splitting it off by hydrogenolysis with cata-
lytically activated hydrogen and if desired | i berating the acid
fromthe al kaline earth or wherein R err], Rerr], Rerr], Rerr],
Rlerr] and R err] have al kali metal salt obtained. t he
meani ngs given in claiml1, and A has 25. Process as
claimted in claim24 in the nmeaning given in claim 24, with an

which A represents an acetyl radical. al kali metal hydrixide in an
aqueous sol - 26. Process as clainmed in claim?24 or vent
and, if desired, liberating the acid from 25, in which the
reaction is perforned in the alkali netal salt obtained. 20

t he presence of aqueous nethanol, aquegus 35. Process as clained in claim
24, in et hanol , aqueouyﬁg tanok ethyl ene glycol whi ch

t he sol vent conpri ses et hanol . r di methyl formam de.

met hanol , n-butanol, ethylene glycol or di- 27.

Process as clainmed in any one of clai | formam de. 24 to 26,

in which the hydrolysos is per- as claied in claim 34 or
35, 25 fomed at or N | Sggint of in which
the reaction i$ perfornmed at or

Ul
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the sol vent. bel ow the boiling tenperatutre of

t he sol vent. 28. Process as clained in claim
24, in 37. Process as clained in any one of . whi ¢

t he hydrogenol ysis i s perforned under claims 34 to 36, in which the

al kali met al _ normal pressure, at roomtenperature to

sodi um hydr oxi de or 30 50[err]C in the presence of

pal | adi um charcoal potassi um hydroxi de. i n al cohol .

38. Process for the production of a sub- 29. Process
as clainmed in any one of stituted phenylacetic acid of the g ral

clains 24 to 28, in which R 1is benzyl formula I, defined i aim 17,
and the radi cal . ‘/,—-ﬂi—salts
t hereof , whicg conpdcﬁﬁfirea2$}49 fof mula , Process

for the production heat f-ag—a—€onpound of tﬁé~geneLel fornul a

stituted phenylacetic acid of the eneral |V, given in claim 4, wherein
Rlerr], Rerr], Rerr] formula | as defined ikn cl ai m
17, and the Rlerr], Rerr] and R e n

salts thereof, which conprises reacting, while claim 17 an®(q represents
a carboxylic acyl heating, a cornpound of the general

formula radical of at nbst 4 carbon atons, with an [11
given in claim?24, wherein Rlerr], Rerr], Rerr] 80kali netalggpdroxide in

an aqueous | ow _ R[err] R[err] an R[err] havg t he
meani__'ngs given in ﬁ[)(Z"uol 55()' vel |f de d sal 'atl ng

? § Z‘ )
505 505
504 508

FIG. 4C i__/cr T\_?
| 505

509 509 508
FIG 4p TN
I

505 505

510 510
509 509 08

FIG. 4E $ {
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: : . 4 o3
claim17, Rerr] represents a |low alkyl radical the acid fron1thé“%?%% [
netal salt obtained This Sheet Has Been Replatgd A r epresents a carboxylic acyl

*radi cal of 39. Process claim38, in
i  which the | ow al kanol is
4

at nost 4 carbon atons,
et hanol , net hanol 5 metal hydroxide, or an alkaline

earth netal or n-butanol. hydr oxi de and, if desired,

| i berating the acid 40. Process as claigged in claim 38 or 39 fromthe
al kaline earth or alkali ﬂHHéE $YR rorMIntigERdsteee®ativon i s perforened
at or 1 ng AR @é’éé’se OR_PRODUCING SEMICONDUCTOR DEVICE j ust
bel ow t he boiling ature of _thne 31. Process
as C|aiﬁEdlinA§§¥§pé¥loﬁ FHE DISTLOSURE _ whi ch the reaction
i s perforned aqueous —4I. Process for the production of a salt

et hanol , aqueous net hgNQjrdesidferusorning & deposidEid §id® phenyl acetic
acid of a but anol as sol vent.~ gener al

firnula I, defidigshides | @ianshepdf32. Process as clained in claim30 or

whi ch conprises converting a free acid of ]
(a) disposing in a space for forming a

S deposited film a substrate having an electron donative

surface;
(b) introducing to thé space for forming a

deposited film i} a gas comprising an organic metal

compound containing a tungsten atom and ii) a hydrogen

10 gas; and

(c) forming a tungsten film on the electron

donative surface.

FIGURE 1
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1, 139, 332 the general fornmula I, defined in claim 1 47.

Medi canent containing at | east one into a salt with an

i norganic or organic of the general fornula |, defined

base. inclaiml or_ap addition salt with an organic
42. Process for the production of a salt “or inorganic base together with
a pharma- a substituted phenylacetic acid of the general
ceutically acceptable, inert carrier. formula | defined in
claim17, which com 48. Medi canent containing at |east one prises
converting a free acid of the general conpound of the general fornula I,

defi ned formula |, defined in claim17, into a salt in claim1l7 or an

addition salt with an
FIG. 1
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Wi th an inorganic or organic acid. organic or inorganic base together with

a- 40 43. Process for the production of new pharnmaceutically
acceptable, inert carrier. substituted phenyl-acetic acids of the
general 49. Sun-tan creamor |otion congﬁ%ning at formula I, defrined in
claim1l1, and salt there- |east one conpouhd of the general formula

of, substantially as hereinbefore described 1|, defined in claiml, or an
addition salt with with reference to and as
illustrated in Ex- an organic or inorganic base. anple 1 or 4.

50. Sun-tan creamor |otion containing 44. Process for the
producti on of new sub- at | east one_conpound of the g ormul a
stituted phenyl acetic acids of the genheral |, defined]i m_. 17 or an
additional salt or defyned infclaiml, a i'th an
organi c or inorgamﬁ;ﬂé; n2?€3 t her eof , subs y as

her ei nbef ore ) di canmept s suo.tant|all n- 50
cribed with reference to as illustratkd in bef ore desc}fi with
reference to and as any one of Example 2,3, &n to 16.
illustrated in the foregoing presciptions a) 45,
Conmpounds of the general fornula I, and b). defined in
claim 1 and salts thereof, sub- 52. Sun tan cream substantially as

her ei n-

FIG. 2B (, 7 ”
|
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91
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This is the replacement sheet
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stantially as hereinbefore described wth before described with

reference to and as 25 reference to and as illustrated in
Exanpl e illustrated in the foregoing presciptions ¢c) 1 or 4.

and d). 46. Conpounds of the general fornula I, defined in claim
1 and salts thereof, sub- "WP. THOWSON & CO.

stantially in claiml and salts thereof, sub- 12, Church Street,
reference to and as illustrated in Exanples Li ver pool, 1.

2,3 and 5 to 16. Chartered Patent Agents.
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ERRATA SPECI FI CATI ON No. 1,139,332 Page 1,
| tne 49, for "bolous"” read "bolus" Page 3, line 85, for "of " read

Page 5, line 31, for "256" read "156" Page 5 |ines 61, 63, 104, 106,
"xylidene" read "xylidine" Page 5, |line, 117, for "Dichloroacetanilide"

read "Di chl oracetanili de"
read "di chl oracetanilide"
occurrence) Page 7,
"chol orophenyl " read

FIG. 4A

FIG. 4B

Y
[
PN
™~

Page 5, line 119, for "dichloroacetanilide"
Page 6,
line 38, after

"chl or ophenyl "

line 40, after "-N-" insert "("
"-[" insert "N (" Page 9,
502
.r____\\‘_ 2 ’
i
\ N
{
501
504 502

"—1,%\{{’5)

505 505

i ne 15,



Page 10, line 89, for "indoline" read "indol- U4

i none" Page 11, line 42, for "d|ch1oroanr““ -
Page 11, line 42, for "dichloroanilino" read "dlchlor H
line 44 and 45, for "dichloroanilino" e ?
"di'chl orani | i no" Page 13, line 5, for "of" nead_Tb i
for "benyl" read "benzyl" Page 14, line 72, [for "24 _ . _“_i
39 § R R U ruped {

i !

L or oy Ty E

Claims T e e

1. A process for forming a tungsten deposited film
comprlslng°

(a) providing a substrate having an electron
donative surface in a space for formation of the
deposited film wherein the substrate having the
electron donative surface belongs to the group
consisting of metallic materials, p-type
semiconductors, i-type semiconductors and n-type
semiconductors, and such materials having on
their surface a very thin oxide film that
permits electron transfer between the substrate
and starting material gas molecules adhered to
the substrate;
(b) introducing into the space for formation of
the deposited film hydrogen, and gaseous W(CH;),
that thermally reacts with hydrogen to form
metallic tungsten; and
(c) maintaining the electron donative surface at
a temperature at which tungsten film is
deposited on the electron donative surface, said
temperature being not lower than the
decomposition temperature of W(CH,); and not
higher than 800°C.

2. The process of claim 1, wherein the substrate is of
single crystal silicon.

3. The process of claim 1, wherein the substrate is of
polycrystalline or amorphous silicon.

4. The process of claim 1, wherein the substrate is a
III-V or II-VI compound semiconductor or a metal
silicide.

5. The process of any preceding claim, wherein step (a)
comprises providing a substrate having electron
donative surface portions and electron non-donative
surface portions, wherein the electron non-donative
surface portions comprises a silicon oxide or other
oxidized film, glass or a nitride film produced
thermally, by plasma CVD or by reduced pressure CVD
or ECR-CVD.

6. The process of claim 5, wherein the electron non-
donative surface covers the substrate and is formed
with contact holes at which the electron donative
surface appears, said holes becoming filled with
selectively deposited tungsten.
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10.

11.

12.

13.

14.

15.

40

The process of claim 6, wherein the size of the
contact holes is 0.25um x 0.25um to 100um x 100um.

The process of any preceding claim, wherein the
tungsten is deposited using hot wall type reduced
pressure CVD.

The process of any preceding claim, wherein the
pressure in the deposited film formation space is 0.1
to 0.8 Torr.

The process of any preceding claim, wherein W(CH;), is
present at a pressure of 1.5x107° to 1.3x10"* of the
pressure within the film deposition space.

The process of any preceding claim, wherein the
substrate temperature is 350-450°C.

The process of any preceding claim, wherein there is
present gaseous Si,H, and the resulting film contains
silicon.

The process of claim 12 when not referring to claim
9, wherein the total pressure in the film formation
space is 1.0 Torr, the substrate temperature is 400°C,
the W(CH,), partial pressure is 1.0x10™* Torr and the
Si,H; partial pressure is 1 x 10 Torr.

The process of claim 1, wherein the substrate is of
silicon which has been subjected to thermal oxidation
and has selective areas of polycrystalline silicon on
its surface, tungsten is deposited selectively on the
polycrystalline silicon as electron donative surface,
and the substrate is heat treated in a nitrogen
atmosphere at 900°C to form tungsten silicide.

A process for making a semiconductor integrated
circuit device which includes the step of forming
wiring of tungsten by means of the process claimed in
any of claims 1-14.

% ¢ L M S *
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PROCESS FOR FORMING DEPOSITED FILM LACEMENT SHEET
AND PROCESS FOR PRODUCING SEMICONDUCTOR DEVICE

ABSTRACT OF THE DISCLOSURE

A process for forming a deposited film
comprises the sfeps of;

(a) disposing in a space for forming a
deposited film a substrate having an electron donative
surface;

(b) introducing to the space for forming a
deposited film i) a gas comprising an organic metal
compound containing a tungsten atom and ii) a hydrogen
gas; and

(c} forming a tungsten film on the electron

donative surface.

Fig.




