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As described above, in the technical field of which higher integration has been desired in recent years,
for providing a semiconductor which is made highly integrated and higher in performance, there is much
need for improvement.



30 .Vessel for organonetallic conpound, but also the pipeline to the
reacti on vessel nust be also heated. Trinethyl alum num (TMA) has a vapor
pressure of approxinmately 1.3x[er EPO(4R8000B1) at room tenperature, and it
IS possible to transport TMA to a reaction vessel efficiently by flow ng a
gas such as H2, etc. into the TMA startln mat eri al sol ution.
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" Fig. 14s a schematic view showing a deposited filmfornmation device as an
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An electron donative material is one having free electrons existing in the substrate or having intention-
ally free electrons formed therein and, for example, may be a material having a surface where the chemical
reaction is promoted by exchange of electrons with the starting gas molecules adsorbed on the substrate
surface. For example, generally metals and semiconductors correspond to this. Those having thin oxide
films on metal or semiconductor surfaces are also included. This is because the chemical reaction occurs

45 by exchange of electrons between the subsirate and the adsorbed starting material molecules.

Specifically, there may be included semiconductors such as single crystalline silicon, polycrystalline
silicon, amorphous silicon, the binary system, ternary system or quarternary system lll-V group compound
semiconductors comprising combinations of Ga, In, Al as the group Il element and P, As, N as the group V
slement, metals, alloys and silicides thereof such as tungsten, molybdenum, tantalum, tungsten silicide,

50 titanium silicide, aluminum, aluminumsilicon, titaniumaluminum, titanium nitride, copper, aluminumsilicon-
copper, aluminumpalladium, titanium, molybdenum silicide, tantalum silicide, etc.

In contrast, as the material for forming the surface on which Al or Al-8i is not selectively deposited,
namely the non-electron donative material, silicon oxide by thermal oxidation, CVD, etc., glass such as
BSG, PSG, BPSG, efc. or oxide film, silicon nitride film by thermal CVD, plasma CVD, low pressure CVD,

s5 ECR-CVD, etc.

On the substrate with such a constitution, Al or Al-Si is deposited according to the following reaction in
the reaction system of the starting gas and Hz:

First, AI{CHsz). is formed in gas phase in a high frequency discharging plasma according fo the
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trénspbrted to the wafer with good efficiency, or the nolecul es such as
[err] which should be ordinarily discharged and [err] forned after Al
deposition reaction will flow rcERP425P99BIo the plasma. As a result, the
sel ective eXC|tat|on may be considered to be broken to cause unnecessary
reaction for deposition 15 reaction to occur, and therefore the
deposi ti RWT%F@“?% smal | and even no selectivity depending on the kind of
the subsf o imes effected. In the present invention,
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6+ EP O 425 090 Bl following reaction: [err] 5 [err] is transported onto
a wafer; and Al is deposited according to the subsequent reaction. Al so,
deposition of Al -Si alloy by adER 048609 Blerr], etc. is effected by
deconposition of [err] reaching the substrate surface by the surface
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bei P §UCtivity ARperqing qndhe olodof spRshae has @PpRarenes 14 and 15 are purged. In
Iead| ng I %71start| ng gas into the reactlon tube, the valve 28 is opened and
the valvV&P27 closed. The needl e val ve 29 is used for making the pressure on

the inl etpgigde, {% g ochiflite t?é’ﬂip&%ﬁ: %g éh@ SRS Shon. '&% oPgR ”9 of
the gepdLio Vel g s i SeOkbol/ ‘6-8 ;g% t. okl gt o
the pr apsHipe AR o Sadilrd AOGREEH s when
H2|s Roesem . Wl edecorrpose W|th ormatlono err yt e reaction
of [err] oreiiasning thhd'a vifef, AR oRbyih@ ciiahiBer@Ak 8banbd fo dirfABHiehiO Prebdlredid telgrse and
wafer is mounted in the conveying chamber 9. The conveying chamber 9 is evacuated to ca. 1x10™*Pa
50 (1x10~® Torr) by use of an evacuation equipment 10, and then the gate valve 8 is opened and the wafer is
mounted on the wafer holder 7.
In this Example, hydrogen gas is flowed through the pipelines 14 and 15. With the valve 28 being
closed and the valve 27 opened, the pipelines are internally sufficiently purged. Also, prior to Al deposition,
for purging internally the TMA bomb, with the valve 26 being closed, the valve 24 and the valve 25 opened,
56 the TMA bomb is internally purged. In purging the TMA bomb, the valve 27 is opened to effect evacuation
together with hydrogen carrier gas. After purging, introduction of carrier gas into the TMA bomb is once
stopped.



~on-the stainless steel Pipeline surface, etc. 45 Particul arly, before
filmformation, if the stainless steel. pipeline portion through which TMA
flows is treated with a baking trERO4@509%aB1| i berate adsorbed noi sture on

the stainless steel surface, the stainless steel surface will be activated
and t her eafter TMA nol ecules will be nore readily adsorbed thereon, whereby
deconposi ti ’°@F" ?PH’P%H‘EH“%“‘? RP?M 14t‘f'?€ 185‘3%‘!‘ eoaction, lube, iapd,the pressye in the
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The pl as

present ggvfhggepogﬁlonacomwaﬂ%ﬁ&v of 0 02 chB no AI WI II be deposited
at a subst rekfpbaiRSHd P4 @.78m0e from 180 to [err] On the other hand, at a
power ﬂenSIfMAﬁH’maDprés%urWi(ﬁ{d-} PO .skioeN ) C Wi Il be incorporated into the
deposi ted finbRvalatish réimy & APHIMAs EpBsitB@XYB shol@ MSTabl 1shoul d be desirably 0.03 to
0.06 W([err]. 15 The power density is a value of the power required for

pl asma generation divided by the plasma generation volune. Wen the plasma
power density is 0.03 to 0.06 W[err], Al will be selectively deposited
only em the electron donative surface at a substrate tenperature range from
180 to 350 * C. When deposition is effected under constant deposition
conditions of the whole pressure, the plasma 20 power, TMA transportation
anount, etc. other than the substrate tenperature, Al will be deposited at
a.deposition rate according to the surface controlling process along the
Arrherffus plot in the range from 180 to [err]. The Al or Al -Si film
deposited selectively is found to be an Al filmof high quality which is
continuous and flat and also has a resistivity substantially equal to the
bul k value of 2.7 [err] even if it may be a film25 of 40 nm (400 A or

| ess. jccordingly, even by the heat treatnent of 450 *C for one hour, there
is no generation of hillock, and also there is generation at the contact
portion with Si.
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TMA has a great vapour . pressure of 1.3x103 Pa (10 torr) at room
tenperature, and can be easily transported in | arger anount as conpared

wi th TIBE (havi ng vapour pressuErR0425090B1tenperature of 1X10 30 Pa (0.1
torr)) of which selective CVD has been attenpted in the prior art, and
therefore easily deposited on.a Iarge nunber sheets of wafer, whereby the
sel ective Al CVD nethod can bq apglled easily to the ultra- LSI process. In
contrast, with the ConStItutId(h as‘ shown in Fig. 2 equipped with no eddy
preventive nmeans as in the pr @emp exanpl e, nanmely the constitution by use
of the reaction tube 2' havindg;gortion of straight tubular 35 shape and
a wafer arranged vertically tcﬁafw axis line, the gas streamw || be junped
up at the wafer 1, whereby th ue‘g,’<8ited nol ecul ar speci es cannot be
efficiently transpdrigd{to tﬂ@‘v\&fer orf theldeposition rate is as small as
1.0 to 2.0nm (10 tq 29 A)/m NS4 obabl y| becalise the. noljecul es such as [err]
whi C[b shoul d be nonmal I\ disdhargeld or ICHA fbrpedlaffelr Al deposition
reaction flow reveriseby jwithi feackdorf fule ' kojbreak the selective
excited state to gifvesrilse td esggaL/ repctli ons fol Al deposition
reaction, and al so |40 o-sglle beryll-hg—ep—thedchoi ce of substrate
has appeared. Exanpl €31 [The it bh % bcedute | s|as descri bed bel ow.
By mpans of the deyi c® ghow Llth&€ 45| reactidn tube 2 is
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|
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12. However, Al can b2 depogilt en 1 F |t K| wagulim degrge in the reaction
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waf er, the conveyi @ gngnbe 9 RENEQ | G ptJRS F1¢ $pressure and the Si
P .
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evacuated to ca. [dqrr] 50 e{ér]

ishg chanber 9 is

®ingt
nut
‘9. 00

dtuati on equi pnent
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r) \@/ uf
10, and then the gcteavalve 8 ¢S %n dj @n 1%3 its. mounted on the
waf er holder 7. In th«s _ Qr'ge«g abel % ﬁhrough t he
pi pelines 14 and 1§ =24 pei ng| &l @s he val ve 27
open&, the pi pel i res Yy Sujtici aqtlgy d‘= Al so, prior to Al
deposi tion, for;z,'pur fLher TRAWOED S -t val ve 26 being
closed, the val&e 2 < R5 wopenesl| 15% 'NA bonb i's
i nter naIIy pur ged. Brgl £h& [T&A bpab, T Ev 7.is opened to
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effegf evacuation t
i ntroduction of carfrrergastinio
425 090 B1 Hydrogern ggle s f]l okef
reaction tube, and |the pressufe i ,
predet erm ned val ugq by controldagggdagq«g ppent hg of
typi gal pressure ir this| Exanple i DPa (0. 7 Tq
heated by current passagé Thrbugh. he heaterl6. A
has reached a preddt & mjned tenperpturej a pfedet ¢
applied fromthe pl generjti on| powef sougce 4
wi t-hin the reaction 2. The geperat|on fequer the plasma is 13.56
MHz. 4After generati t he pl asnp, hy@irogefp gas t he piael ine 14 is

i ntroduced into theg vesse]l to |nitipate tyanspg ijon of TMVA

Si nul t aneously with atiop of transportafion ¢f TMJ, Al is deposi t ed.
After el apse of a er g npdedepo$i t ORre tine, ransportatl'On of TMA is
st opped, and al so t,ti(Zn Df t he aa ﬁ‘%l% d;oppe@ Currefit 10 passage
to tf& heater 6 is ed“anf he|wafef coolle Feedi g of HAydrogen gas
into the reaction t 22| i s stoppefl, ang afté¢r evgcuatifon internally of the
reaction tube 2, th er i s{conveyed fo the conjeyi ng chanber, and only
the conveying chanb rig opengd to|lthe atnospherejto tgke out the wafer.
The qytline of the Bpositlon ptocedlire i as descrilbed above.

i er pur gi ng,

t'bpped. 8 EP O
=4 and 15 into the
s adjusted to a

| ow | eak valve 11. A
_|Then, the wafer is
he wafer tenperature
m ned power is
nerate a pl asnma

""-:"'fb‘
=

e
O
R%S

=2

At a substrate temperature of 170 *C or lower, or at a plasma power of 0.02 Wicm? or lower, no

deposition occurs on both Si and SiO2 even by deposition for 2 hours.
85 During plasma power application of 0.18 W/cm3, deposition of the film occurs, but there is incorporation

of carbon therein.
At a substrate temperature of 370 *C or higher, the deposition rate is extremely reduced, whereby

carbon is incorporated into the deposited film.
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For the vessel of organonetallic conpound used in this Exanple, one
provided with two valves 24 for 15 inflow of the carrier gas and a val ve 25
for outflowis enployed. In the fERDIH 89 Bl he sanple preparation in this
Exanple is to be described. An Si substrate (Ntype 1 - [err]jcm is
thernal l'y OXIdI zed at a te erature of =rr according to the hy

conbust i %F s gi’ é?ﬁag S t d Me ”"s fx ?”PT"@P/t peraﬂﬁ%“ﬂis? rr{(g %kﬁess
is 700.0 refr t (?A dex ,
\gh&e d;ISI 2(9 M |v i s sn?m r o the %u%‘fgé%@g ;%5 %{Eﬁ ven | é fl)irm hlcﬁ)ﬁ\%% fdi/ ﬁ?}%t ' ng
vari ous 55 i rg fs

opened. reactlve

et ching lﬁ epo%i:&r unh& tl‘i‘et &hduﬁ Eoﬁ&%?&tﬁg t$n§‘;{eFa1ure 6fh@6 e@y 3§ba‘/¢ ad aO@Janh%BJJé( the
subst r at g o3 ©%108 Wehe, bbddfs, onfPAhES &ﬁ@ oS, Giindaf ddpBitioh oWl didh abdtiAkYSof

si zes #f dopodiorli® Hahtamed)fo%harr)r When thé) owér id-MBde] ddRstdnt AI0R3 0.8 0. 080W/CRE

The substréspécivelye thp @bppitisneats B.F @hendfie sLSstHate\taﬁp‘aratumsl 180he350 | @ Sy Vapregered bys our ce
at 6 levels, and for the respective 60 conbinations of them deposition is
carried @R ==bBebxp{-BkT)10 sheets of sanples according to the procedure as
descri bed above. The deposition conditions are as follows: Total pressure:
9x10 Pa (0.0o FepmsjanB@iue TMA partial pressure: 2.0x[err] Pa (1.5x[err]
Torr) The & &l agtmatianrenergsul ts of Al filns deposited are shown in Table 1. 35
40 45 50 65k 9 Bolznppn'gcopstant090 Bl 15 EP 0 425 090 Bl Shortly speaking, Al
i s deposi t ell "usybbptedemPe@yAdi t i ons of a substrate tenperature of [err] -
[err] andhaaqiyasienereigy fds 2 vAue®f H32eV-0. 06 W[err]. The Al filns deposited are
all fdnd to have a filmthickness of 40nm (400 A), being continuous and
flat, an(f""?"&q tivities S|mlar to the bulk as 2.7 - 3.0 [err]. And even if

at t he fi l i Ch hsessa0 ureaL in I':txam Ali vevS i os\‘{ c} l)‘\d&@he fgllowm con%ituo [err].
hﬁ% sihese ‘E
era

By Auger tﬁs%\e of C

g 1d'Ba |
i's det e fc p Agé ftﬁ ﬂf/:;.i( he E& Fhressifb! N 2
f||mt an "3TB &dgﬁ&‘lflat%“é i éfn10
| ower ed ('11@&340 @X&ﬁﬁn% jr ort ﬁiboﬁ\)l,& pantial H &b. ﬁ E‘rdlﬁé%'?f“rM\gR%u Aﬁvas

subst rat %esogfsra%m?wfhe eﬂiose{d%m co of i Sifildry 35 fh EaRpIE$.TB. pOVIer
WcnB, occurs only at the Si exposed portion, w thout deposition on[err]

(sel echi ekdmplgdd 10 deposition is maintained for 1 hour). Wien the plasma
power is nmade constant at 0.03, 0.045, 0.06 W([err], respectively, the
deposi ti on AcadrdingtoRhe wdnenprodedurs adimt Bxarhisle 1 CATIeSRRGH wasi carrihd Out-unflet thie] following
repr esentceditims. D. R = Do exp(-E kT) 15 Do = constant val ue

The deposition conditions were made a substrate temperature of 270 °C, a plasma generation power

35 density of 0.045 W/cm?®, a TMA partial pressure of 2.0x10™2 Pa (1.5x10™* Torr), with the reaction tube
pressure being varied from 1x10 to 4x10? Pa (0.1 to 3 Torr).

When the reaction tube pressure was ca. 7x10 to 2.0x10?Pa (0.5 to 1.5 Torr), Al was deposited only on
the Si exposed portion similarly as in Example 1 at a deposition rate of ca. 20.0 to 40.0 Pa (200 to 400A)-
/min. At a reaction tube pressure of ca. 4x10Pa (0.3 Torr) or less, no deposition occurred on both the Si

40 exposed portion and the SiO2 portion even by deposition for 2 hours. At a pressure of ca. 2.0x102Pa (1.5
Torr), deposition occurred only on the Si exposed portion, but the deposition rate was reduced to 10.0 to
20.0 nm (100 to 200 A)/min.

Example 4

According to the same procedure as in Example 1, Al films were formed on the substrates with the
constitutions as described below (Samples 5-1 to 5-179).

Preparation of Sample 5-1
50

On a single crystalline silicon as the first substrate surface material which was electron donative, a
thermally oxidized SiO2 film as the second substrate surface material which was non-electron donative was
formed, followed by patterning according to the photolithographic steps as shown in Example 1, to have the
single crystalline silicon surface partially exposed.

85 The film thickness of the thermally oxidized SiO2 film was found to be 700.0 nm (7000 A), and the size
of the exposed portion, namely the opening of the single crystalline silicon 3 um x 3 um. Thus, Sample 5-1
was prepared. (hereinafter such sample is represented as "thermally oxidized SiO2 (hereinafter abbreviated
as T-Si0z)/single crystalline silicon™).
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E = acti'vation energy k= Boltzmann's constant T = substrate tenperature.
The .activation energy Eis a.value of 1 - 2 eV. 20 Exanple 2 According to
t he same procedure as in Exanpl eERD 426 09®B1 deposi t ed under the foll ow ng
conditions. The deposition conditions were made a reaction tube pressure of
9x10 Pa (0 7 Torr) a substrate 25 tenperature of 270 C, a plasm

gener at iPARRaBYONSf Samples 51210 BATY 045 W [err], vmth the TMA partial pressure

bei ng varledfrom7x err] to 2.0x[err P err] to 1.5x err#Torr The
depesi t i oﬁa"P a??"f’ o i dpmed Gy ?f" fVC1GepiBefan
t f T
Gopost  ed esg@ 5' ?ﬁa;;@a sesax- e S %i’%i'i's‘?h%reé? 1S 0l FRRiAE: iyerks a0
as IS| ecry Il |con
Exanpl & 3 aeE’ ro%%'dJ %?méd bﬁﬁ&ﬁmgn greésurepévd’@{%?g\a{ad
was car r| I ons. osItion I ons

were made 51“ St § ww sorsﬁ d arax.d.zed Rl o Tl sl Bl 35
densify o %5aﬁélebﬁt%%h @G]_/%Iep&ﬁétdllﬁf sifitloRSSUr € 0 ‘P (BPa (1.5x[err]
Torr), wi d18-6" RACH | ififioli UiRR 10HnBS T Sashidi E\D wetneﬁbr%am.alaalgs tpOs:@;)&hasr] Pa
(0.1 to BCJag"rn),smaAhen the reaction tube pressure was ca. 7x1

2. OX[ er r ] Bangids-Dwhsa thermallyQitiifibd filN (hotEiFarterBBYBVidte ks Og: N)/sih]letsiﬂ&nSI ex posed
porti on S8amples-B wai$ nitrifledHa iGined By 1oV pRsshR DD (h@éinaftart abbrefiatébas LPGS:N)/single 40. O
Pa (260 t aystddd}iticohyi n. At a reaction tube pressure of ca. 4x10Pa (0.3
Torr) or Basply 59ovadepoisiied bim fooedr byeECR Wevimet therbitidteSabbiAliated xap EEOREBIN)BIngIE ON
and t he [ gystdliingsilicano Furbere acchrdingl épcmibingtions bicthe firsheubstete sitface nuategisiowhioh vaek ca.
2. Ox[ er r ] el¢ctrom donative)and thesesond isehstrale suriegeciaterial whichrvas inen-@lpctror danstivd, $amples on,

but the déphbsPtIvdphowatineTebles2 wergriepdred.oAs1ihe @irst sybstateOsurizee (Matepialt were erplgyed i n.
ExamfPe 4siogp ppyeigling siigon (singkecrystaiise §horavgiystaliingssilicon (pelyppystalling S-)Alamprphqu wer e
f or med onSicAR (%TPE?L\Séf @"Weﬂ K\Wl H\S'V %’I‘ MQ)¢ tanigem (8), éi’@%"é‘?“l sfiside PUSI i DBNpl es

5-1 to 5-¥ §‘ " §i), g "'E'ﬂa"é{“' “CW‘E‘EW"P‘?} §} l'i con
as the fifper ’F[grl'{f "\%)h‘f'@ %g

t her nal | ySigiee Hé‘“s%“??&s °§t“}" 1A 8¢ ES%%

whi crfswasw‘??wﬁp"s ior med, foll owed by patter ni ng
according t & G)glgj:zg '5?(103 § as shown in Exanple 1, to have the
si ngle crys é?d§ﬁéf W%an'l ally exposed. 55 The film

thi ckness oipgf g yte X1 -di zed @ filmwas found to be 700.0 nm
(700Q0A) , 18l Bl coReifRhs &S rRARRY pRGYid mnmr@a.i Yorh, ROMHRASH R he
singl e ef e Iph B0 »610H ¢4, a3 uBs%EtB]telﬁbeétu[ele Bdo-C h&’ﬁfllﬂﬁ&maﬁcﬁ tirtie bf YPRinutes.
prepared. (hereinafter such sanple is represented as "thernmally oxidized
[err] (hereinafter abbreviated as T-[err]/single crystalline silicon"). 11
EP 0 425 090 Bl Preparation of Sanples 5-2 to 5-179 Sanple 5-2 was an

oxi disged filmfornmed by normal pressure CVD (hereinafter abbreviated
as[err])- /single crystalline silicon;

50

55
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5 - Sanpl e 5-3 was a boron doped oxidized filmforned by normal pressure
CVD (herei nafter abbreviated as BSG/single crystalline silicon; Sanple 5-4
was a phosphorus doped oxi di zed fEPM4RSHPHEBT by nornmal pressure CVD
(hereinafter abbreviated as PSG/single crystalline silicon; Sanple 5-5 was
a phosphorus and boron doped oxidized filmfornmed by nornmal pressure CVD to

(herei nafter abbreviat¢d as| BSPG) /lsi njgl e} cr yst Ihe $ilijcon; Sanple 5-6
vvasanitrifiedfilmfhrgpdﬁl | BVDRF hép Bl @lbrevi ated as
| Balndd puJ5{ b W
L cO

']
[
P-S:N)/single crystalline s| i _ hesral [y nitrified
fi+m (perei nafter abbr¢uviatkd single dsil —Janple 5-8 was a
nitrifred filmforned )y'._LoN_p esqure QC/D hgreLnaftdermebbr@vi ated as
LP-S:N)/single 15 -ciystafkt i e~ qn%qmplet;-&:i alﬁtrifiedfilm
formed by ECR device (heFei h&t UK. X i)/ skngl e
crystalline silicon. Fgrthet et e f thhe first
substrgte surface matefi al Wai ¢ha ple ( [ Ly € Ard tf:ne second
substrate surface matefi &8 W ¢I5F7V nth g g&hatP e, &Sanples 5-11 -
5-179 shown in Table 2|were}] Bt ¢parled. | K| h¢ *Fi SubsPriat & surface
materi al were enpl oyed{26 stge—crys i i mme (sigrggle crystalline
Si), polycrystalline sylicop Ghckyptal ha 1 i rpHous, silicon
(anor pous Si), tungst ang\/\Tf vbilehti &nt 41 §(Taﬁ t ungst en
silicide (Wi ), titaniym silicidd](Til" MTN'Y .| algmi niunsilicon
(AI-Si), titaniumal um prom [AFTOL (fra € {.11N) = copper (Cu),
al um ni unsi | i concopper | (4| - bz 4 'ug gy (R} , titanium
(Ti), nolybdenumsilic dg(vﬁ';; i9, {, ! A ol R m-a% By use of
these anples and [err] subptrate, ,:Fr 25 wa& deposited
under deposition condifions}y Rg¢actjion tu 3B 9)@‘ 0 Pa (0.7 Torr)
TMA partial pressure: R.OX[EEZ 1 X134 T & medenerati on power
density: 0.045 W/err]|D&opiY Qb |[tdned i 3P h ] The filmformng
condi tjons are a reactjon thbelprdssure b 1( 0}{3 TYorr), a DVAH
partial pressure ofe4.Dxl Of3 Pa (13.Q x ferd] ‘Iorr?l, i sybstrate
t enper at ure of [err3§ apga fidmdqr i:'omtirm ok L& fiesiyt es. 35 40 45 50
) 2
56 12 EP 0 425 (90 B]%&;LE 105\5;?;13“._, ZE ;ﬁ 425 Ebpj?ﬂ
30 2 '
8
13
:.-3 il [ w0
O t=t] = -t —4 - Lonl Loel Lo -4 -t
171 BN RO B B0 BN BOW B B B
™ o o wy wo (7] (V] w wo [Ty
35 & a
]
a
- 40 %%m u": \.'a u'v J: u"a x:, w jw | w
]
&8
[
A =
“ 5{; QN ™ (L] = = E 'V)
1 7% - |lolwlolwmvajed|=miwmn U
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it
' 50 5o
55

13



"As the fesult of fil1mfornmation under such conditions, concer ni ng all the
sanpl es applied with patterning from Sanples 5-1 to 5-179, deposition of Al

filmoccurred only on the first BRIO4250630Bturface whi ch was 55

el ectron

donative to enbed conpletely the opening with a depth of 800.0 nm (7000 A).
The filmaquality of Al filmexhibited the sane properties as one deposited

under the sane conditions as shown

bot h good

resistivity and refl gctan eﬂJQn [ be ] ad 1 lesfy | m was deposited at
all on the second suljstPatfexguis pEe| Wi é%tron donating. Al so,
on-{err] substrate arfd Feqrd |glape 14 0oBll substrate which
was ndn-el ectron dondtivel ng Allfilm at bl |. Exanple 5 5
On an Si wafer having a=pyri ofs Bi» &9 neng of an Si2 film Al
was deposited under thgéfdﬁFoqugqcqu' i er was prepared
according to the sang pEogedure hs |1 It s, } after deposition of
Al unger the deposit iloR—cdraii-ons—tdi tly deposited under
t he deposition condi tli ons |(;2)l SThE d&hd i@k (1) were as
follows: 10 react ijonzt ybg |t ghrpgt atfin T fforr) TMA parti al
pressure: 2.0x[err] (1.5x[é?rﬂ“ﬁdf? “Dl e iloff power density: 0.045
W(err] substrate tenperetmn .ai,’T Ot T ggpgs) ti on conditions
when she substrate te'r’rﬂrat-:u'j <\ égrf[e'«"_;r;r @I I¢dq &g deposition 15
conditions (la), and [tH8sq when {he lsul Uefmkrlaguf e 250 * C the
deposition condition (fa). e flepgsi t}i hdi §i ons (P) were as follows:
reaction tube tenpergtUr &PXIEN ] & @. g t & pressure:
2..0x[err] Pa (1.5x][erj ‘l’drfc) ®] 50 r Torr) 20 pl asma
generdtion power den iiy‘&'; 0L0K e, Y ¢ rature: [err] or
[err] The deposittonﬁconditio s _Wwhe essure was 2. 0x[err]
Pa (1.5x[err] Tor§), he qubs &af @t e called the
deposi tion conditgons| (8a)| =k = bressure 2. 0x[err]
Pa (1.5xI 0-4 Tor8) agnd™t Heds|ids{nhat t he deposition
condifions (2b), 25 |thosd whbn {he b 2.0x[err] (1.5 x
10-3 Torr) and the subsirgte | ejrped psition conditions
(2c), and those whBen D Al Pa (1.5x[err] Torr)
and the substrat e ten [ [l ions (2d).
Accorgling to the eigh anic) bnditions (l1la), (1
b) and the deposition 1174 Heposited to 700.0
nm (7000 A). 30 | 1 @'t ed only on the S
exposed portion. All rﬁéc ar to the bulk as
2.7 to 3.0[err]. |In Brampte; T ht ure was [err] or
hi ghes, the refl ectancen sodpbel iser kanpl e when
deposition was effectedzs baepiue ) condi tions (1la) or
(1b), the reflectanceg was |jgool a$ 84 ce fl atness being
al so very good. Al so,{wrepdeposit] ~ the deposition
condi tions (2d), the [debgSlitipn fate s ca. 0.7 to 1.0
[err]®m n. Exanple 6 |[B8fodi td pn |as g to the sane
procedure as in Exanpligd uSdpeS i he
ogiel P | [
s/8d L=
vkt
| I =1 -
& &3
. =
50

As the result of film formation under such conditions, concerning all the samples applied with patterning
from Samples 5-1 to 5-179, deposition of Al film occurred only on the first substrate surface which was

55

electron donative to embed completely the opening with a depth of 800.0 nm (7000 A). The film quality of

Al film exhibited the same properties as one deposited under the same conditions as shown in Example 1,
having both good resistivity and reflectance. On the other hand, no Al film was deposited at all on the
second substrate surface which was non-electron donating. Also, on Al2Os; substrate and SiO2 glass
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40 conditions: reaction tube pressure:9x10 Pa (0.7 Torr) TMA parti al
pressure 2.0x[err] (1.5 x [err] Torr) -plasma generati on power density:
0.045 W] err] substrate tenperat (8P 425090]|B145 In transporting TMA to
the reaction tube, [err] gas contai ni ng[err] was transported into the
reaction tube fromthe pipeline ( %, 9 Deposition was carried
out by vEHPslaEiRgvicEWas non-gl %{‘Id°b?"é%§ f"é"'\‘}"’fﬁﬁeﬁ ﬁ?&’[‘ﬁra'l'] to 2.0x[err]
(1.5x[erE’Lama§ 1.5x[err] Torr). An Al-Si filmcontaining Si having the sane

properti SAl under the sanme substrate terrperature the TMA partial

gﬁ?;sgae ; t%?l aanl %%PPhagﬁ Q& Bfoé? %}i)p(&? ttérmn (ﬁ CAP Asdde ;éljl tFrIﬁOEd
50 pr oporiie % rrinegﬁi.%u;.ﬁm o), eﬁwir &33 ot
under thg, g he or ganomet al |c vesse used I n

Exanpl e 1 ithe agpgyﬁoq%&,d%,gsl”m%hyastf&,gwg nfl ow val ve 24 and the outflow 55

val ve 1¢5 Ofredchit 618 tdmpdratutaBx10 Py (disRnpf the organonetal Iic vessel equi pped
W th a bypasm paaibMPesais @loki0rPa (1BxidTe TRf)esent i nventors, and al so by use of
t he devi ce piamépdheration\powét dbdty: diosg wreee from the carrier gas valve 25

mount ed on stfseate tegpaaniet 220! -icooressse| to the connector 33 at the upper
portion of Théaepositiat candibans rvhemttelesubsiatoCEmprrdtied wad @20c 1€ overd ealied the vepasitione
exper irsrednditions (1), Bncbthgsle avhén thesubsteater terepbratuné 250 TH0the dapesitith cénditionsg@a). n 15 EP
0 425 090 Bhe Japositon tondilionsd@pess asdafloom| y on the Si exposed surface. Further,
i n Exanpl e rdactiontebetiemperaiwrar 1008 (@ETANi t y was nai ntai ned was approxi mately
one hour, DMA raiakprssureR@IiOraPa (1 BEOT* |'F?Ef) when sel ectivity was mai ntai ned was
el ongat ed 1952@H8UPad1 IS Tohat s, due to the reduced dead zone in the
pi-pel iZhes, PiEPRgRNGratign p?mdﬁ'iﬂ%eﬁﬂ%@”cﬂ‘ecorrposed not conpl etel y were reduced,

\(/:\Q(ra];tell:)%/utlh ”?SH@%F"“}F’%@'EP' wlr iy mai na’al ned for %g §_2 -';'Erorr),r\ﬁe
sel ecti v& b@‘f(“& OHE{)? re% th b?pt ) ‘}t%ﬁ;z Qh' pﬂ)m ted
2b)
e 5%%5 sg%:' R @r i
P 2t
Pr OVi Si Off Qi Tnﬁsrs?ur G e rt.s aﬂm e g 3r?ted a

fl ow havingg mg%iﬁ&%b‘ﬁﬂéaﬁ\bﬁ LtidRS &ihe’ @s:tvoweonhmod‘shea) «’w §nd| thJ‘&‘est'?tl%n lRéhdition
obt ai nedges W) EAi R weid \YposRudltb ROV.0 it @odo§. P! asma caused by generation of
CONVeg§ i ON D5 1H6lEdhdMbrs) AINGS HeposHed Briflbit thb SLixbYsead PEHIEGH AINING Sdriidsinie redievaiss t i On
state cagimi® t®Meaulkes. 2.0 SOULEmM. IH BanpRRhdhcthé @épodifiont thapdidtie wasi 300 *C or
ar r angenmigkier, afie roffbCtafidelwab detbridratedl, SuUb GVitiis Exantplegvhei dépositidniwas bffacted sttBpdpentiy td-i g.
1 was al #e depositienadhyition® (1e) or {b), t6d raflectanch. wad gomeitds @4 95 %ewithcduiface fibthésmbeing
deposi t i alsp Yeoy gode: (=0 whien depoéitian| wasettactedurder the Hepositiqpicomiitiohd (2d)atheidapnsitionrate
si | i cisslewdd ve®igrdat 4sa. GNhtod.Oaungminst r at e, whi ch net hod conprises: introducing
trimethyl alum niumstarting gas, hydrogen gas, and optionally disilane,
into a rExapledn 20 tube and generating a high frequency plasma at a
pressure of between 7x10 and 2.0x[err] Pa (0.5 and 1.5 Torr) and at a
plasma pow&epﬁlﬂﬂt was, °‘1‘”I’Pdt?\’éa?°3ﬁ’§'6 t?) "t?ssams Riccpd e &y PRMPIRH; Eneroing defaing
conf i AdSARFEeNEN a zone o re ctlon t ube spaced from said substrate;
causi ng th w towards said substrate, which
substrate @p 2 '° % ce portion and is at an el evated

Y ra i0 w I'dfnSI

o

t enper at ur rabf);r % subst anti al I y 25 preventing reverse
flow gf saify hre § ﬁl@éf?ﬁ AQ&B i@trp?a%acbﬂaﬁ IH GRS Lr@ d into Yid fRBRiort Bbe
deposiT _abiftl it anad 3 by 6o

5 i IRlg! i whd1 dabri L Hs partRf pfaSsute rry on
sai d el eghlign ¢ Q%To*-#ﬁ‘ (581 '3@091 54965118/ An AL-Si film containing Si havmg the same properties

as Al under the same substrate temperature, the TMA partial pressure, the plasma generation power as in
Example 1 could be deposited only on the exposed portion of Si. The Si amount in the deposited film was
- 50 proportional to the SizHg pressure, and varied from 0.25 % 10 2.5 % under the above conditions.

Example 7

The organometallic vessel used in Example 1 is provided with only the inflow valve 24 and the outflow

55 valve 25 of the carrier gas. By use of the organometallic vesse!l equipped with a bypass valve according to
the present inventors, and also by use of the device in Fig. 1 with the distance from the carrier gas valve 25
mounted on the organometallic vessel to the connector 33 at the upper portion of the reactor being made
approximately 50 cm or less, the same experiment as in Example 1 was carried out. The same Al film as in
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of -said substrate.-2. A nethod as clainmed in claim1l wherein said product

gases flow towards said substrate through a 30 portion of said reaction
tube which is of expandi ng crosEP 0425 08hBar ea, by which neans reverse flow
i s substantially prevented. 3. A nethod as claimed in either of clains 1 or

2 wherein said product gases are caused to flgv t% sa d s rate at
an ang|Teble 3 wap denqejted anly P'bth? Rieexeespq sy - fh8 2a7 %al észg%& fl ow
is 35 ma‘“‘%’}?dg%’@n%z&pf%"l %\'7%‘}’1' '"t f’;um agtzene :1 :E § V'm &E Raaof the
pr ecedi i d
substrjf‘ °F'§sﬂﬁ°°'8‘??§° ot aftefe Y5l reﬁuce r a g e cu?boés,e talllne srql i con,
pol yér cons j?ﬁr}eve%g(ﬂgvp Kbt 'r*de é)far erfsﬁmg%%glectlwe%m&ﬂ% cdnagal al um
tungst e(gte 1&, sru 1d b $o We% sHpigd] UM al um nium silicon,
tita |d"51 é%d %} (?eacﬁ'o‘ﬂmrmay@ﬁ%rg Saighi t5de! sh&R R INGIBIROR |

al “m ”'uH'ﬁgpfi‘ gﬁﬁe%n f' ASMer T whIEH ¥ RSy with tHeClaid? 1 bekidl Sdntbid) 8ifbw Gaviig. 5. A
met NQd @pbreRt d 1BiafV8 Yo ma%-&ﬁnetch@baémfﬁdlmreﬁt AvéTBo fbivaite the phiermalcansdast r at e

has a Wrbeﬁ ortioh lof Bonts it dr\eady Will fodsue wiD Bitfitump adngeda selectivé dapoeitianf stdtdiean be

f ol | owi ghehingdic? bburdeSthe bébination[dBthe klaktéd\arrajemisit@nthe xibsieatelds shown inl Bigciandititeh

bor on  OformdRSEARIBiG.USwas Giso Harempipgsadt us for perform ng the nmethod of claiml,
whi ch apparatus conprises: a reaction tube (2;2'); nounting neans (7;7")
for wouctaimeag a substrate (1) in said reaction tube (2;2"); 50 gas
supply nmeans (34) for supplying trinmethyl alumniumstarting gas, hydrogen
gas, antl épheétmdak bafectivesiih depssitiandorsdepesitior sfcatyminiun Alim, @8%"3 iy 6'h°"f?eans

(12,11) f &-Sidimouiarisvigt: sihich methed aomPUFSFeact i on tube d whi ch i's
cooper at i ve iolfodupingfimetays 3'"@'0'{5'?3@9’"%&?% hr( n F‘i?r 'y ' n

sai d2& eacfubgnd eanerafing. ahigh freﬁuq"%P' b?o % 5
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sai d reactj "?Q?btge (”2 o a ev e ed St hﬁ)cg%u’qsggt hﬁ‘f)s ehy ﬁfj
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1, the ji memxth&nassaé.rﬁsé inViin 1WadrelPdaldlt FHocRBICha¥RSTOR BRI Rt abtraBNBroRALY , bt
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about 2 ths&ntuaTﬁ?erehﬁd due to the reduced dead zone in the pipelines,
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t he i desal A méNnddi=8miak@dlirteilie dfrelbims dion@avhérain said &oddcbgagestarmauseﬁheﬂwohwdq ution
of the re\saidsabsirhtovat an engiaitto te noeeahdo thersudave Lihdreed) byhwhichemeans ireversetiew it i on
st at @ can shustadtllepraventedl sui t ably without being limted to the above

Exanpl es. For exanple, as shown in Fig. 3, even if the reaction tube may
have a 4t raingihnd as glimed fregnis o ofithecarqopdingsclaims yhiegpin spid epptran donativg fyacgPodion o ger
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conponent ametphevs eslicone [tungstena Malybgienume tantalum;” tyagstan siligide, fsaninm, siicide, o 'g}j
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obt ai ned. ; Onb' he %' i h &g Wb FIP L hodiedbi?
subst ra?e tf\igm‘gﬂﬁ rﬁe hrc rg one cﬁct Q zrﬂé‘gnerfaﬂ bQ Alz s)"énﬁ chﬁﬁ;eomde

ext rerrel y wuth orus
6. An apparatus for performing the method of claim 1, which apparatus comprises:
a reaction tube (2;2');
mounting means (7;7') for mounting a substrate (1) in said reaction tube {2:2);
50 gas supply means (34) for supplying trimethyl aluminium starting gas, hydrogen gas, and optionally
disilane, to said reaction tube;
gas evacuation means (12,11) for evacuating gases from said reaction tube (2;2°), and which is
cooperative with said gas supply means (34) for maintaining pressure in said reaction tube {2;2") in the
range 7x10 to 2.0x102 Pa (0.5 to 1.5 Torr); energising means (3,4) co-operative with said reaction tube
55 (2;2"), for generating a high frequency plasma in a confined zone (32) of said reaction tube (2;2"), which
zone (32) shall be spaced from the substrate (1) when mounted on said mounting means (7;7'), which
energising means (3,4) is operable to produce plasma at a power density in the range 0.03 to 0.06
W/cm3; and
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means (7;7') for mounting a substrate (1) in said reaction tube (2;2"); 50
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evacuat i AR PVEMe% 1) for evacuating gases .from said reaction tube (2;
2'), aghd,which is .cooperati w th gsaid gas. supply nmeans (3 or
et & R PR o Sl b DO bR e
2. [erriub t€ - Pov Pj’f orr),; energising neans’ ?%Z co-operative with
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a confgl NgehefBiEs bidmdd Mfany @Ae:%f krioRHrdcb @Rl LidtRE whetein sald eldthtbit Bonafid Surfade porfida! | be
spaced f 5Ol d1Bstaténs bf SHeCor () Mg MiERHAK SShaR eryddiifle FMELA belbr/SRARS sificon,”" ) -
whi ch engh@proiud GiidBRARRgsten; Molyb&enBRE lARA, tRgMrOSHER, FaRanEildite, SallmaNIEHh,

dengi ty amihibe siidshg titafiuM Zaldntnidtn, Oftaniiht Ritide, 2ddPpek SaluminiGi silicéh?EopB&) albihinium *
C L pdiadidm, titahiul Sradlybagnuiresitic”le,(tialdnd Silidteat | Ng t he substrate (1) to an

el evated tenperature of 180 to [err]; which apparatus is characterised in

t hat : 5saA dnethed @b icametiUib@any éle of sheofredelding edimsossteinusald substratehitas G rb®lesteont | ONn
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6. An apparatus for performing the method of claim 1, which apparatus comprises:

a reaction tube (2;2');
mounting means (7;7') for mounting a substrate (1) in said reaction tube (2;2');
50 gas supply means (34) for supplying trimethy! aluminium starting gas, hydrogen gas, and optionally
disilane, to said reaction tube;
gas evacuation means (12,11) for evacuating gases from said reaction tube (2;2'), and which is
cooperative with said gas supply means (34) for maintaining pressure in said reaction tube (2;2") in the
range 7x10 to 2.0x102 Pa (0.5 to 1.5 Torr); energising means (3,4) co-operative with said reaction tube
85 (2;2"), for generating a high frequency plasma in a confined zone (32) of said reaction tube (2;2'), which
2one (32) shall be spaced from the substrate (1) when mounted on said mounting means (7;7'), which
energising means (3,4) is operable to produce plasma at a power density in the range 0.03 to 0.06
W/cm?; and :
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niunmsilizium Titanalum nium Titannitri d, Kupfer, Al um' ni unsi | i zi unkupfer,
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Ni cht - El ek8endmevesknitichen vehindedemirf.i | chenber ei ch hat, der aus ei nem der

fol genden Materialien ist: SiQ2, Al20k, SiN, nmt Bor oder Phosphor

doti ert és Wirfahren paghxdingm dor vaberaghenden Anenpriché.twebeirrlgr Elekivonendonator-Gbesfidobanbe-
Ansprdich 1reichsiee Sulsiiats @us pinent dprgfelgensien Mefedlien ist Finkristallinpe Siliziey loolykristollidisr e

(2: 2'): BSifiziuy, apeReesctiligime Welfs é\f'P' gén, Tanjal, Wolframsiligid (Titensiizic iAweniniuey, Alymi-at s
(1) in der"'F@sa'EH"oﬁ wpfpipium.pTitannitsid, ey AupiRiuSHiFiyrekypfern Gminumpgliadivipg TAgm Unr en
von Tri rret V%ﬂﬂﬁﬁ'ﬁz'ﬁr Trelaiddyangsnat er i al gas, Wasserstoff- gas und

gegeben an in die Rea t|on

(12 19) % %’Egg%gaﬂ" rrfrrﬁ';%g?ﬁﬂm?% o ihaiin oy Lo

gich. h
die mt de’;,h rse 3
der Reakti onsr re n dem Bererch von 7 x 10 bis 2,0 x 1 02 Pa (0,5

bis 1,5 GTO{-]érit 6Jr§\ Iun s%héh'rénQ nachﬁ pﬁgﬂﬁ'%ﬁ& Qiﬁé E%Ltqgébﬂgas(uﬁrfa ) die mt
der Rgakti gRsk oﬁsr o Zusamrenw r um ei n e- quenz-Plasma in
ei ner begr gligstigings6 G @qrzurﬁeafls&.barbﬁreﬁ Bhtrdtd (1) iR 'dbr ﬁddmﬁﬁs?cﬁw@fb-) wobei
di e Zone (@abkuittidiriciingen! $)tzruﬁ\t2ufuiaaen Qb frﬂeﬂﬁlal%ﬁinﬂmﬂ&%ngéﬁﬁﬁﬁalg’%ﬂ WEkSSrstofr-
Bef est i gunges@hdgdgetineritdlis Diéilan Th die REkRRérbIGE;, 55 wobel die
Anr egungs eGaxEvakubtiohgbintichiunden @2, ’DK?lznﬁrﬁ!iEvakur&dﬁfmnS(BﬁerPrfo%SdéﬁRm{lon&Bﬁre 2; 2", und
Lei staangsddre hiitalet GasclzafihiBrichtuad) (4P Lustnidhaibsitbt, mOfan \Dhekth ®&F Reak@idnsrshve q2; 2')
in dem Bereich von 7 x 10 bis 2,0 x 102 Pa (0,5 bis 1,5 Torr) aufrecht zu erhalten;
Anregungseinrichtungen (3, 4), die mit der Reaktionsréhre (2; 2') zusammenwirken, um ein Hochfre-
quenz-Plasma in einer begrenzten Zone (32) der ReaktionsrShre (2; 2') zu erzeugen, wobei die Zone
(32) von dem Substrat (1) entfernt sein wird, wenn auf der Befestigungseinrichtung (7; 7') befestigt,
5 wobei die Anregungseinrichtung (3, 4) arbeitet, indem sie Plasma bei einer Leistungsdichte in dem
Bereich von 0,03 bis 0,06 W/cm?® erzeugt; und
Heizeinrichtungen (6) zum Heizen des Substrats (1) auf eine erhhte Temperatur von 180 bis 350°C;
wobei das Geréit dadurch gekennzeichnet ist, daB die Reaktionsr8hre (2) einen konisch erweiterten
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quel conqu ﬁiﬁed’é QS'H%“S Eé'@‘éﬁ SHfub &st dg bune qeéﬂﬁﬁeslsé'd‘?"fess Fife Aafo:
corrporte P p &liGHM dqpp AYoS dU RorR oYy ‘ft‘?ﬂ?ff"g'g'ed el ectrons qui est de |'une
des mat bbr %E rg Vr%rr\]étt?e oeSve I%[pro'é%a% selon are d%)é q Ig %plgér%l C%E?P% ggea\s/groﬁul a

bor e our ne " 0n’ 8

re end cat o t de
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un moyen (12, 11) d'évacuation de gaz destiné 4 évacuer des gaz dudit tube (2 ; 2") de réaction, et
50 coopérant avec ledit moyen (34) d'alimentation en gaz pour maintenir dans ledit tube (2 ; 2" de
réaction une pression dans la plage de 7x10 & 2,0x102 Pa (0,5 2 1,5 torr) ; des moyens d'excitation (3,
4) coopérant avec ledit tube (2 ; 2') de réaction pour générer un plasma 3 haute fréquence dans une
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350°C;
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' un nDyen (34) d' alinmentation en gaz destind & fournir un gaz de depart
constitud de trinmethylalu- minium.de |'hydr ogbn |m\3“l\‘ u k
optionnel | enent, du disilane, audiR 0 #2590k rdac§ ﬂmﬁm

d'evacuation de gaz destine A evacuer des gaz du bé (3; §

réacti on, F dran avec | edi t nD e d al |nentat|on en gaz
pour mai nten| are f; g : nce.que 'T't %?h%u caslycon

pl age de 7X ?‘ uﬁ@ ::m:%‘:?c % rdf’ it ":°{ raagg ?"t'&‘f"i ’Bwegra
4) coop-ra rf?c\é% muﬁ%g H n%h % m nt a|n3| ORSH nt%%l &
hatt e J I eqQUkfsio le”\ FJI g)Va zo'he%J dit %:1 conf| é
reaction, Iaque e zone atre’ espac ? F o

est nont @, Sifparbif idn ngwaﬁhlcfagon g dand RquBP RER UBe (é)eogq’é%tlén Qﬂ))ﬁfrﬁbs dé §ome4) étant
Brf

d' excit at i adnigRbitabszeRal, son arfg%Wvés@HQrﬁ@taﬂQHﬁo uire un plasma a une
densite de pui ssance dans |a plage de 0,03 a 0,08 WcnB; et un noyen

chauf fiant (6) destine a chauffer |le substrat (1) & une tenperature el evee
de 180 a 350 * C, 18 EP 0 425 090 B1 C L M S *
| oquel appareil est caract6ris6 en ce quo ledit tube (2) de rdaction est

d' une construction 6vasde, |a section transversal e augnentant dans |a
direction dudit noyen (7 ; r) de nontage et/ou ledit noyen (7') de nontage
est ade&nc4 pour naintenir ledit substrat (1) sous un angle auquel la
normale a |la surface du substrat (1) est inclinde par rapport a |'axe

d' 6coul enent, enp~chant ainsi sensiblenment une 6 iinversion d

"coul enment des produits gazeux en retour dans |adite zone (32) 0O ledit

pl asma est confin6. 7. Appareil solon |a revendication 6, dans |oquel ledit
tube 2) de r6action en forme de cornet, 6tant conique ou trapezordal, son
angl e d' evasenent 6tant de 10 a 20. 10 20 25 30 35 40 45 50 55 19
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