1 DESCRI PTI ON COVPCSI TI ON AND METHOD FOR FORM NG AN ALUM NUM FI LM

TECHNI CAL FIELD 5 The present invention relates to a conposition for
formng an alum numfilmand a nmethod of form ng an alum num film More
specifically, it relates to a coating conposition for form ng an al um num
film which has excellent storage stability, and a nethod of form ng an

alumnumfilmeasily 10 at a | ow %]%[Clﬁ#ﬂcﬁ@ati ng techni que using the
conposition. BACKGROUND ART A netal alumnum material is widely used in the

el ectrode WOMBQPIGFION FNDH MBTHRDN GFORIAORMING AN | AdUNINWRARILMS and t he
reflection filmof an optical device since it has high conductivity and high
optical properties. An alum num film has been forned mainly by sputtering,
deposi t i on @icoeiteyl ealgtapor deposition (refer to JP-A 2000-86673 and

" Sem conductor Process for Beginners" witten by Kazuo Maeda 20 and

publ i shed by KogybheChpresieat Rupylendtiong rellgtes e a Z3mmrgditigioviever, as

t hese processes require expensive an | ar.ge i pnent _such s _a_vacuum
chanber and SX T a0of FuBLRSE S AR it B EFP S L Ay L 1 s
difficult toimppMprehasedord@ e, shzak s t_ataeéeat\bh%f@dn@dg’nm_ﬁrfl ally
25 di sadvant ageous. Further, sem conductor devices are becomng finer in

pattern or fspt ifcaming iage s layd mvde dilny wWidich dasplexegld@nitn ssiedigee Wien an
al um num fi 155 af Ln i con i qV| . i : tern or
an optical é%évlﬁclg%g‘églr?ghamggﬁgm égtg#‘éﬁé%gﬁﬁyaﬂgl@%%@%ﬁﬁna%%} nown 30

techni goe, a& defewtcosy e aprodutad tachhegherueihqltne rampdsilthomr step
coverage may becone short. Meanwhile, nethods of formng an alum numfilm
from a coating conposition which conprises an al um num conpound or a

conpl ex of PBFRAIRIMFEARY ex and al um num hydri de have 2

A metal aluminum material is widely used in the
electrode wiring of a semiconductor device typified by DRAM
15 and the reflection film of an optical device since it has
high conductivity and high optical properties. An aluminum
film has been formed mainly by sputtering, deposition or
chemical vapor deposition (refer to JP-A 2000-86673 and
“Semiconductor Process for Beginners” written by Kazuo Maeda
20 and published by Kogyo Chosakai Publishing, Inc., pp.
232-239). However, as these processes require expensive and
large equipment such as a vacuum chamber and a high-voltage
current apparatus, they are costly and it is difficult to
apply them to large-sized substrates, which is industrially
25 disadvantageous. Further, semiconductor devices are
becoming finer in pattern or optical devices are becoming
more complicated in shape. When an aluminum film is formed
in a semiconductor device having a fine pattern or an optical
device having a complicated shape by a conventionally known
30 technique, a defect may be produced in the formed aluminum
film, or step coverage may become short.
Meanwhile, methods of forming an aluminum film from
a coating composition which comprises an aluminum compound

or a complex of an amine complex and aluminum hydride have



recently been proposed (refer to JP-A 2002-338891 and JP-A 2006-237392).

Si nce these technol ogies do not require expensive equipnment, they have a
low filmform ng cost and a satisfactory step coverage even for a substrate
having a 5 trench with a high aspect ratjo. However, as these conpositions
are unsatisfactory in terns of long-term storage stability in sone cases,

further inproveneDy hasn haipodiasi (ete 1@ DrBChOBHRE- SEsgHE LANENILAN It is
an object of the present “i nvention which has been nade in view of the above
situation t20Q6023Ue92) codtinue Wwgwdiadlurwiagidprde mptarredwiiaum fil m

whi ch h N | ong- biljty.and hod of formi
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According t® ddei Pfesedty sveantdbradde ehlen foheaabaystrabberiviggadt ai ned
by a conposition for formng an alumnum film conprising a conplex
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follow ng f he "Conpr ex r ept esen e ow ng formul a
(2) being 49:6Lad® s8abiTi tAlHB solR d&dss ( FurtBerAl e N ERRBR2 Hedn (i n the
above formulas (1) and (2), R, R2 and R3 are each independently a hydrogen
atom alkyld%ﬁ +-cycl oal kyl group, al kenyl group, al kynyl group, aryl
group or aral kyl group.). Preferably, the above conposition for form ng an
30 alumnumfilmfurther conprises a titanium conpound. Secondly, the above
obj ect 16f tDESQLESERE ORVEHME | TNVENTEON ai ned by a nmet hod of form ng an

al um num {1 m GOMCl Sing 008 SEORR. Qo200 Fhhgt 1S, 30, RRIRGsLL T on for
made in view of the above situation to provide a coating
composition for forming an aluminum £ilm, which has excellent
long-term storage stability and a method of forming an
15 aluminum film easily at a low coat by applying the
composition.

According to the present invention, firstly, the above
object is attained by a composition for forming an aluminum
film, comprising a complex represented by the following

20 formula (1) and a complex represented by the following
formula (2), the molar ratio of the complex represented by
the following formula (1) and the complex represented by the
following formula (2) being 40:60 to 85:15:

AlH; NR'R’R? (1)

25 AlH;- (NR'RR?), (2)

(in the above formulas (1) and (2), R!', R® and R® are each
independently a hydrogen atom, alkyl group, cycloalkyl group,
alkenyl group, alkynyl group, aryl group or aralkyl group.) .

Preferably, the above composition for forming an

30 aluminum film further comprises a titanium compound.

Secondly, the above object of the present invention
is attained by a method of forming an aluminum film,
comprising the steps of:

applying the above composition for forming an aluminum



filmto a substrate to forma coating film and subjecting the coating film
to at |least one of a heat treatnent and an photoirradi ation treatnent.
Thirdly, the above object of the present invention is 5 attained by a

met hod of producing the above conposition for formng an alum numfilm
conprising the steps of: synthesizing the conplex represented by the above

forml a (1)f@¥mr€605iBQbE£EQ£H”t6|¥6EHUH‘B%QEEH% wﬁqﬂ;aanﬁydrohalogenic acid
, R2 and R3 d I0

salt of NR RRR3 (R are as define in the above fornulas (1)

and (2)) in an etbebjeotiratthe caattimpdridmute 8t Dasr drmwef, asheahesi zi ng
t he conpl ex_represented.by th bove_ .fornula, (2) by reacting lithium
ot oum by BFERETSRERSa9 KPP BREPOEEARASRAPR SEPREBE ke oRa (RL R2 and R3
are as defined 15Thirdle, ahoyadiedBbisctlos aikk phelsdrt ankxsitaear hen

solvent at a tenperature higher than 30C, and m xing these conplexes
t oget herS | AttAeneaupY In preided PRePEPBVELD| e ablovieheoppesantion feention is

attal ned bYFS‘rﬂ?Bﬁan"hH&\?ﬂH&' ?91&1*,‘9 _SRg\é?L 'ég. Eﬁgpg%'eg)'so%ffzor formng an
al um num fil'ny Corprising e step of: yn?ﬁe i Zi'ng~a conpléx m xture of
the conpl ex repreperhedibyng hehabowtplexmibprédenasd bhetBenpbexe
represented by the above formula (2) in a nolar ratio of 40:60 25 to 85:15
in a batch fapWetapyl) eBY¥t FRGCLLRE| dATRLUR ALHMLIRREr hYeridehwith a

hydr ohal ogeqpi L - .af 1p2 md 52 € i ikn the
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hydr ocarbonisotkensbate 2bormol 38C(1 BOatide (2 ) niticanpethdt aslusat aerein
denotes a COEE%@%? Co reh§ndLng a ogglex conpound when it contains a netal
atom BRI EF? BY¥F EC REEST 4

synthesizing the complex represented by the above
formula (2) by reacting lithium aluminum hydride with a
hydrohalogenic acid salt of NR'R’R® (R?, R and R® are as defined
15 1in the above formulas (1) and (2)) in a hydrocarbon solvent
at a temperature higher than 30°C; and
mixing these complexes together.
In the fourth place, the above object of the present
invention is attained by a method of producing the above
20 composition for forming an aluminum film, comprising the step
of:
synthesizing a complex mixture of the complex
represented by the above formula (1) and the complex
represented by the above formula (2) in a molar ratio of 40:60
25 to 85:15 in a batch manner by reacting lithium aluminum
hydride with a hydrohalogenic acid salt of NR'R’R®> (R', R® and
R*® are as defined in the above formulas (1) and (2)) in an
ether solvent at 5 to 20°C or a hydrocarbon solvent at 25
to 30°C.
30 The term “compound” as used herein denotes a concept
comprehending a complex compound when it contains a metal

atom.

BRIEF DESCRIPTION OF THE DRAWINGS



Fig. 1 is a'HNW chart of ALH3N(C2H5)3 synthesized in Synthesis Exanple
1; Fig. 2is a 'HNW chart of AIH3 (N(C2H5)3)2 synthesized in Synthesis
Exanple 2; and 5 Fig. 3 is a 1HHNWR chart of a m xture of ALH3N(C2H5)3 and
AIH3(N(C2FB)3)2 synt hesi zed in Synthesis Exanple 3. BEST MODE FOR CARRYI NG
OUT THE | NVENTI ON The conplex representel by the above fornula (1) and 10
the conplex represented by the above formula (2 are each a conmplex of a
conpound repr esenféd - by %ﬁeafcﬁ1WN@rﬁP4¥ﬁrﬁﬁzﬁl-33¥ §ﬂﬂﬂalﬁﬂpﬁ@ﬁﬁﬁfﬁﬂrde

NR R2R3 (3)ln(g?n%@%5qgog§a paulha (3), R, R2 and R3 are as defined in 15
the above formufas (1) and (2).) The al umi num hydride contained in these
conpl exes (comonFyg.calised ’Talmm Yhastao £ aipnui(Consi 51 pgthksdlzed num and
hydr ogen atons an nerg&ﬁﬁ resented by Al E3. The al kyl group

repr esent ed By l§n ove 20 formulas (1) and (2) is

preferabdy an alkyh gr@upshewmnﬁmk ch@rt2oeas BRD AL PERo £ SAGH, - 83 cOBLNY |
group, ethyl group, “propyl group, cyclopropyl group, butyl group pentyl
group, hexykndgRdlp; Mhepty) ;)gr sypthestigledgiouSyndedi sgExampleedy group,
undecyl group, dodecyl group, 2-nethyl butyl group or 25 2-ethyl hexyl group.
The cycl oal kyl group represented by R, R2 and R3 is preferably a

cycl oal kyl gegUPMD®E FOR3 dARRYZ NGADDON TEE0 TRVENITIONAS cycl ohexyl group. The
al kenyl group represented by Rl, R2 and R3 is 30 preferably an al kenyl group
having 2 to 10 cafBBnCamBeXsTRPIres@nted\iY divugbosq forgiiddp @) anst yl

O oo B S 0 Db RESREt D aufon B " SEE Al 21
phenyl et hyngl cotplex df a compound represented by the following formula
(3) and aluminum hydride.

NR'R°R’ (3)

(in the above formula (3), R, R? and R® are as defined in
15 the above formulas (1) and (2).)

The aluminum hydride contained in these complexes (commonly

called “alan”) is a compound consisting of aluminum and

hydrogen atoms and generally represented by AlH;.

The alkyl group represented by R, R®* and R® in the above

20 formulas (1) and (2) is preferably an alkyl group having 1
to 12 carbon atoms, such as methyl group, ethyl group, propyl
group, cyclopropyl group, butyl group, pentyl group, hexyl
group, heptyl group, octyl group, nonyl group, decyl group,
undecyl group, dodecyl greup, 2-methylbutyl group or

25 2-ethylhexyl group.

The cycloalkyl group represented by R', R® and R® is
preferably a cycloalkyl group having 3 to 12 carbon atoms
such as cyclohexyl group.

The alkenyl group represented by R}, R® and R® is

30 preferably an alkenyl group having 2 to 10 carbon atoms such
as vinyl group, allyl group or crotyl group.

The alkynyl group represented by R', R?® and R’ is
preferably an alkynyl group having 2 to 10 carbon atoms such
as ethynyl group or phenylethynyl group.



The aryl group represented by R, R2 and R3 is preferably an aryl group
having 6 to 12 carbon atons such as phenyl group. The aral kyl group
represented by R, R2 and R3 is preferably an aral kyl group having 7 to 13
carbon atons such 5 as benzyl group. Illustrative exanples of the conpound
represented by the above fornula (3) inelude ammonia, trinethylanine,
triethylam ne, dinethylethylamne, nethyldjethylamne, , tri-n- pro%)_/tl am ne,
tri-isopropyl am néheFF 1 FEQEPHSRARASHRSRLY R i - - PR\ anf Reeferably

triisobutyl gm Lt aud 1 NE. l5 25 | ]
tri-n-hexyl gﬂ Ar}g){l ? %ngcq%e%%??rﬁ %gj,éa{ltbrclﬁ} %Egﬁﬁy%%égfaﬂr?nyel Jroup-
trioctyl am ne, trThheaybhakiyhegrotpi bepzrekanted, by Ret hyt pheh\R’ansne,

di et hyl phenyl ami ne, .15 diisalutyl pheny] am ne,_ net hyl di phenyl am ne,

ot byl 8 phonbF S EERab LY SR A BROTRA AL B Feehy b i et A B SHEH ne,

di - n-propyl agi penz¢h 'gg@gpqpyl am ne, dicyclopropyl am ne, di-n-butylam ne,
u

dii sobutylam ne, di-t-butylam ne, nethylethylamne, methylbutylamnmne, 20
di - n- hexyl am ne, daliyetovhbkyEagkamples (Rf diltey ldemppiunghirepresgndedy bani ne,

di phenyl ani ne, dibenzyl ani ne, ,.wethyl phenyl anine, et hyl phenyl am ne,
sobut vl phemyEafPRce fRelHyRal Yl AACAS e Ry IS Y Tar e
met hyl ( phenylgehypybharene aipeehyl ephgnxiahly Niekayilee o 125 1miind ani ne,

et hyl am ne, n-propylam ne, isopropylam ne, cyclopropylam ne, n-butylam ne,
i sobut yl ani #&1-ntppgPylamine, ZrietlpPBopylamine: n- hexyl am ne,

enzyl o o S0YEABERIPHT PAPD P R HbaaE P EAA R 5 T tbove

formula (1) tatdttbatooantiax, r epiegsemeetiydputtheadioee fornula (2) contained
in the conposition for formng an alum numfilm of the present invention,
that is, th&ThabrBeENERTLRE2) FELcYFRebRsNeMise ol es M 1) of the conpl ex

representedtQX(tzhgthylhexyl)amine, trioctylamine, triphenylamine,
tribenzylamine, dimethylphenylamine, diethylphenylamine,

15 diisobutylphenylamine, methyldiphenylamine,
ethyldiphenylamine, isobutyldiphenylamine, dimethylamine,
diethylamine, di-n-propylamine, diisopropylamine,
dicyclopropylamine, di-n-butylamine, diisobutylamine,
di-t-butylamine, methylethylamine, methylbutylamine,

20 di-n-hexylamine, dicyclohexylamine, di(2-ethylhexyl)amine,
dioctylamine, diphenylamine, dibenzylamine,
methylphenylamine, ethylphenylamine, isobutylphenylamine,
methylallylamine, methylvinylamine,
methyl (phenylethynyl)amine, phenyl (phenylethynyl)amine,

25 methylamine, ethylamine, n-propylamine, isopropylamine,
cyclopropylamine, n-butylamine, isobutylamine,
t-butylamine, 2-methylbutylamine, n-hexylamine,
cyclohexylamine, 2-ethylhexylamine, octylamine,
phenylamine and benzylamine.

30 The molar ratio of the complex represented by the above
formula (1) and the complex represented by the above formula
(2) contained in the composition for forming an aluminum film
of the present invention, that is, the ratio (M(1) :M(2))of
the number of moles M(1l) of the complex represented by the



6 above formula (1) and the nunber of noles M2) of the conplex

represented by the above formula (2) is 40:60 to 85:15, preferably 50:50 to
85: 15, nore preferably 70:30 to 85:15. The nolar ratio of the conplex
represented by the above 5 fornmula (1) and the conplex represented by the
above formula (2) can be calculated fromthe ratio of the peak area of a

peak {11 Dbl PoLicy 1YiogeR BLOMBnSan 38 5L A ALY PURC Y ds and ne

peak area of a pea conpou repréesen € "above
fornmul a (3) repreBeVBd by the aboplkexorapnasgredsbyot:se aleo\ss fig,nula (1)
and the conplex represented by the above fornula (2) contained in the

conpositionPFGﬁeFéP%VnéOaﬁoaP9¥§5n%ﬁfiWQﬁQﬂPﬁﬁﬁﬁﬁﬂh%MHﬁQ=3ﬂh@@nﬁﬁeﬁ5ean be

synt hesi zed in ac qggﬁﬁr Lth t t%%@§ ré?@% i t al.
J. Aner. Chem Sogﬁé, VO _%%5?0£295522 ,lﬁgg%%f tf?%égﬁjg§H%PY%J. Chem
Soc., p.53743rmulf681) andl $hke. cAtpbex] refpralsentkd Byethe Grone Foemulwol . 113,

p. 8133, 1991. For exaqgle, they can be synthesized by reacting Lithium
al umi num hyde? d6afi PR Gahyet dhaH ol Ch ittt e PEGpEERE Pépresent ed

by the abOVEeBRré@ﬁf‘iE@ed?& BXRAMRL 8 09En! doh@! QAR HMiof 2t (iR ARRAVE

hydr ohal ogenic acid salt include Thlofine atom bromne atom and 1 odi ne
atom out bdwhdehandéhehberk aereat ofma seak eftenridait etheoittheeabopsunfl t he

resent invention hav ound t hat en | i,t hium al ugj.n hydride is reacted
P hon o5 heaPERaenbEn: BYathg BRpventoamuh ddl Ira etk e Lo he | Shove
fornul ay4 3), the tRENBEHENek atdOrOf et el COPRIRX YRR e3emiaé RY )t Bagabove

formula (1) and the conplex represented by the above fornula (2) depends on
reacti on cbohdi coopiesdoppresemiey biavd e abover foromdat K3t chrtadnphex 30
represented, t he above torqy re Q&ﬁgnted by the

above fornuﬁ§%E§3cggﬁoﬁétfﬁgré%?féé%%ﬁﬁgﬁ{Q?H%gﬁghﬁﬁfﬁhﬁ rati o and that a
conposi ti onihoentebhl Agn de sFnteruPed i M Hevodrd@anee e dhleymexaelkent
storage described in J.K. Ruff et al., J. Amer. Chem. Soc., vol. 82,
15 ©p. 2141, 1960, G.W. Fraser et al, J. Chem. Soc., p. 3742,
1963, and J.L. Atwood et al., J. Amer. Chem. Soc., vol. 113,
p. 8133, 1991. For example, they can be synthesized by
reacting lithium aluminum hydride with a hydrohalogenic acid
salt of a compound represented by the above formula (3).
20 Examples of the halogen atom of the above hydrohalogenic acid
salt include chlorine atom, bromine atom and iodine atom,
out of which the chlorine atom is preferred.
The inventors of the present invention have found that
when lithium aluminum hydride is reacted with a
25 hydrohalogenic acid salt of a compound represented by the
above formula (3), the formation ratio of the complex
represented by the above formula (1) and the complex
represented by the above formula (2) depends on reaction
conditions adopted. They have further found that the complex
30 represented by the above formula (1) and the complex
represented by the above formula (2) can be thereby obtained
in any mixing ratio and that a composition for forming an

aluminum film having specifically excellent storage

stability can be obtained when the mixing ratio (molar ratio)



stability can be obtained when the mxing ratio (nolar ratio) 7 of these
conplexes is set to the above specific range. The present invention has
been acconplished based on this finding. To set the nolar ratio of the
conpl ex represented by 5 the above fornula (1) and the conpl ex represented
by the above fornula (2) to the above rhnge, the follow ng methods are

preferably e 0 <ne hod A> Th ex_.represent by the abgye fornul a
(1) Cand 1 hE o BABRE;C oo SR 1 B EReC B VRST o SHAG {5 arbe -0 The

synt hesi zed k@gﬁﬁ%HQQﬂbe1%ﬂdhﬁbx%@ehpgﬁbg% lléﬁ%BPQéé%a‘%dﬂeﬁﬂHe of the
conpl ex represented by the above formula and the conpl ex represented by

the above fé&indiag.(2) in a nolar ratio of 40 60 to 85:15 is synthesized in
a batch manner. %5 The bove t ho e _nmet hod
a

he abo
Gesort oo Tanee: 78 FoF ROl ™ Db i FHAHES cBRRIB TR sBallell kY, e

conpl ex g epepseBSfk bzzsrfnhea 20 ahaved ebipl ax(Fepreldin il edhd gpbesent ed by
the above formula (1) can be obtained by reactlngal|th|un1alun1nun1hydr|de

with a hydfenabrdgenee &ei dhsapbover eprgabl ha A9dlowhngr metherds agglt of a
conpound r2§2§§89%§gyb%P%H%X?99ve formula (3) in 25 an ether solvent at 0C
or

or | ower, I"i t hi um al um num hydri de and the

hydr ohal ogerimethetidAsal Thefcdniia esofppusdenepdase fihedabyvé formafiey 1) or nul a
(3) used in the reaction, the anount of the_  hydrohal ogenic aC|d salt of the
conpound reﬁP@séH@eSoﬂylﬁﬁer§9r§§89§eﬂoPNUF§e(§P°W§ foamerlabl (2)135% 0 3.5

aum oy bR oS ERe spaebehBefty A A BBt Y P Pl di et hy!
<method B> Atnlxture of the complex represented by the above
formula (1) and the complex represented by the above formula
(2) in a molar ratio of 40:60 to 85:15 is synthesized in a
batch manner.

15 The above method A and the above method B will be

described in detail hereinunder.

<method A>
- method of synthesizing the complex represented by the
20 above formula (1) -

The complex represented by the above formula (1) can
be obtained by reacting lithium aluminum hydride with a
hydrohalogenic acid salt, preferably a hydrochloric acid
salt of a compound represented by the above formula (3) in

25 an ether solvent at 0°C or lower,

As for the ratio of lithium aluminum hydride and the
hydrohalogenic acid salt of the compound represented by the
above formula (3) used in the reaction, the amount of the
hydrohalogenic acid salt of the compound represented by the

30 above formula (3) is preferably 1.0 to 3.5 moles, more
preferably 1l.1to2.2moles basedon 1 mole of lithiumaluminum
hydride.

Examples of the above ether solvent include diethyl

ether, dipropyl ether, dibutyl ether, ethylene glycol



et her, dipropyl ether, dibutyl ether, ethylene glycol 8 dinethyl ether,

et hyl ene glycol diethyl ether, ethylene glycol nethyl ethyl ether,

di et hyl ene gl ycol dinmethyl ether, diethylene glycol diethyl ether,

di et hyl ene glycol nmethyl ethyl ether, tetrahydrofuran, tetrahydropyran, 5
bi s(2- met hoxyet hyl ) et her, p-di oxane, ani’sole, 2 -nethylani sole, 3

- met hyl ani - anj ' - Yy nt o

3- et hyl phe‘fﬁ{lﬁ%hyﬁk %}Lyy’% ’phe%}%]le%neoglr%f#lol diz&‘z@ﬂ oé@g%f 5 o+ féh}é%l%ne

1, 4- di met haxwhsslzeaehyIhectarbefheef, diwetisyl seaiglyedlréieeahly extert 0 ensure
10 that the total weight of all the conponents except for the saolvent in

the reacti chadkeh PSed Bty ly ¢ then bSeF Mo g ittt Wahitgnt of the
sol ution. e | Hﬁﬁﬂ%ﬁg} b I t preferably -60 to
0C, nore p%?’éflaﬁﬁcf/ﬂ%o to -5C. iﬁe Qk ?%é%%%&]?mr% preferably 1 to 6

hours, BOr i €& -eretiioxyelt Hyd )2 toar s .p -kdieoxcaongp] eenispresent ed by the above
formula (1)  can_, he obtained by the ahove nethod in an, anpunt of naot |ess

than 90 nmATRERASNIITA | § -REENVIeRiERLR ok ROt Ry BALRAISn RIRNERL 1ot al of
the compl ex sEpnRAGHER DY, NMAMGHGBI A d hecPbidie soIP! ex

represented by tHhe above formula (2). The ‘conpl ex represented by the above

formul a (1)veatstaialed 2ase testrarbie labcured Mays bl nstEtotyrenhengr epar ati on  of

t he conposition H,r form ng gq}aluninun1len1of t he esegt 25 invention as
i 9to

a reaction sol ut "¢ GMPEBE9E oG Vet &S BPPESPAPLY SoH TRSHTURE The
i sol at g gn théﬂ“%fféo%!t@)i weeghessnt £01 bynd %W&é@réﬂ&@pt{ lHoxadhde

carried out by renoving the solvent after an ‘undissolved matter such as a
by- product saslvesrpvied theoeehéipnagelohionl heconesAs heahs W8k dfasad i f yi ng

L1, SO St RSB ot S1e P (@1 (1) ool umn chr ot oar aphy.

The reaction temperature can be 0°C or lower but
preferably -60 to 0°C, more preferably -30 to -5°C. The

15 reaction time is preferably 1 to 6 hours, more preferably
1 to 3 hours.

The complex represented by the above formula (1) can
be obtained by the above method in an amount of not less than
90 mole%, specifically not less than 95 mole% based on the

20 total of the complex represented by the above formula (1)
and the complex represented by the above formula (2).

The complex represented by the above formula (1)
obtained as described above may be used for the preparation
of the composition for forming an aluminum £ilm of the present

25 1invention as a reaction solution directly or after this is
isolated and purified. The isolation of the complex
represented by the above formula (1) can be carried out by
removing the solvent after an undissolved matter such as a
by-product is removed from the reaction solution. As means

30 of purifying the complex represented by the above formula
(1), column chromatography, distillation,

re-crystallization and extraction may be employed.

- method of synthesizing the complex represented by the



- nmethod of synthesizing the conplex represented by the 9 above fornmula (2)
The conpl ex represented by the above formula (2) can be preferentially
obtained by reacting lithiumalum num hydride with a hydrohal ogeni c acid
salt, preferably a 5 hydrochloric acid éalt of a compound represented by the
above fornula (3) in a hydrocarbon solvent at a tenperature higher than
30C. As for t ti i t,hiyum al um num hydri de and the hydrohal ogenic
acid salt of ?ﬁg %o%%gﬁkégréggesented by the 10 above fornula (3) used in
the reaction, thammadiiplefx repreydehekd bgethe abodestbimoiat te) campound
represented by the above fornula (3) is preferably 2.0 to 7.0 noles, nore
pref er abl y B2 Pi&ferentid bty RRGARFA P¥iorea e 109 t hi b @ udd WOEUBydri de. 15

The above i j i ydr ocar bon and
an aromat i % %%ﬁ% V@%ﬂ%}?aeg&%%ﬁtfga%{%\%ggﬁ g%%??%}%%i?o%ar bon

i ncl udes n-lpehtaotel o bopdndalte o fre kenpoendcyepobsenned by hkptaeye

cycl ohept ane and n-aoctane; and exappl es of the above aronmatic 20 hydrocarbon
i ncl ude benZ3ABILE dPleh® Y ?Fé‘ﬁg.gnﬁ%l‘é%ﬁrﬂt 8f CEMREERFVERINIIGH ef erabl y
set to ensyngn tywyicthe total weight of all the conponents except for the
solvent in the reaction solution becones 5 to 70 wt % based on the total

wei ght of the solAs ifor. th® Theipeatt 1l dhhiempelahimen cydbiddiaghkrtiidhan 30C

but f b 32 to 50C, f bly 35 to 40C. _Th ti ti [
pref ot ably AR IPRIHS 2T B2BFor bl FomPAGPEORGAFR Y (il ex
[ epr esent ecubid MR ARONE (9 Tl (B) 4R reMbhRmr &l G ald 1o ohias ned as

descri bed above. The conplex represented by the above formula (2) obtained
as descri béwwdsdeel oggnige agilidestll @fddief gomplpand represented by the

above formula (3) is preferably 2.0 to 7.0 moles, more
preferably 2.2 to 4.4 moles based on 1 mole of lithiumaluminum
hydride.

15 The above hydrocarbon solvent is selected from an
aliphatic hydrocarbon and an aromatic hydrocarbon.
Examples of the above aliphatic hydrocarbon include
n-pentane, cyclopentane, n-hexane, cyclohexane, n-heptane,
cycloheptane and n-octane; and examples of the above aromatic

20 hydrocarbon include benzene, toluene and xylene.

The amount of the solvent is preferably set to ensure
that the total weight of all the components except for the
solvent in the reaction solution becomes 5 to 70 wt% based
on the total weight of the solution.

25 The reaction temperature can be higher than 30°C but
preferably 32 to 50°C, more preferably 35 to 40°C. The
reaction time is preferably 0.5 to 4 hours, more preferably
1 to 2.5 hours.

The complex represented by the above formula (2) can

30 Dbe preferentially obtained as described above.

The complex represented by the above formula (2)
obtained as described above may be directly used for the
preparation of the composition for forming an aluminum film

of the present invention as a reaction solution but



ﬁreparation of the conmposition for formng an alumnumfilm of the present

I nvention as a reaction solution but 10 preferably after it is purified. As
means of purification, colum chronatography, distillation,
recrystallization and extraction may be enployed. Qut of these,
purification by distillation is prefert@ because a high-purity conplex is
5 obtained. As for.disti|latjon conditions, }he conpl IS, preferably

i St 11 od aPrEtEeRbAREFET o LOPEG L868%ndh AR S BUGH E36°C 8 D00 Pa,
nore preferabhyimdt cBréREP8EREPHY, st 11056008 AR A RIRSINUrA tAiforP@nld 1, 500
Pa. In the nethod A, the conplex represented by the above 10 fornmula (1)

and t he conpikéxacgiossmayebebympheyeadovOutofulthese?) pustidiiced ion dyscri bed
above are preferably.dissolyed.in ol vent together w.th opti.onal,
2dd tives which anetioe IS ¥ celred PEAE 4 IR s eI or 1o

obtai n the obgapesd.i oasf o6rf@istnylanishusgbnan iochs), othkheoppesantis 15

invention. <method B> In the nmethod B, a mxture of the conplex represented
by the abov®reéemabdy( dishidleAeatorptenPeepresemd Iy th&0°%D #e

formula (2) ahov. refe I X ' rati
synthesizedp#%sgn%gtgﬁ:ﬁ%%ﬁbéf6§ﬁﬁ§¥%§ﬁﬂgéﬁ?éggré§gyg§té%?%@?%ﬁggufghction
bet ween | i blfii omtal GwicuBEmdy dr pde sandea ofy dnolal agemioc Faci d sal t,
preferably a hydrochloric acid salt of a conpound represented 25 by the
above fornul a (3)IPnthd ReHARA do| GBRt CATPLEX rSRKESPLEH BY & 822V6on

sol vent; @t %ﬁﬁh‘aﬁo@l) th@ec&ﬁﬁ‘f%% Q‘Sééinre%sceq{tr & g%‘ﬂe AR gB%hl%O' vent,

exanpl es of the ether solvent are t as thosé enunerate above which
may be used (20 sphaieedzes tdescadingideaboepr @se Mk Sty e saliored fiar mul a

(1) in the nethod A_ The unt ,of the, solvent .is pref tagl set taq ensure

{hat the toRaPSRdFgHt FOBFLRRF VAERCOREORBALSSARAETVBROHRLAB B5PVERES n & he

reaction as required and will be described hereinafter to obtain the
composition for forming an aluminum film of the present

15 invention.

<method B>

In the method B, a mixture of the complex represented

by the above formula (1) and the complex represented by the
20 above formula (2) in the above preferred mixing ratio (molar
ratio) is synthesized in a batch manner.

This can be realized by carrying a reaction between
lithium aluminum hydride and a hydrohalogenic acid salt,
preferably a hydrochloric acid salt of a compound represented

25 Dby the above formula (3) in an ether solvent at 5 to 20°C
or in a hydrocarbon solvent at 25 to 30°C.

When the reaction is carried out in an ether solvent,
examples of the ether solvent are the same as those enumerated
above which may be used to synthesize the complex represented

30 Dby the above formula (1) in the method A. The amount of the
solVent is preferably set to ensure that the total weight
of all the components except for the solvent in the reaction
solution becomes 5 to 70 wt% based on the total weight of

the solution. The reaction temperature is preferably 5 to



sol ution becones 5 to 70 wt % based on the total weight of the solution. The
reaction tenperature is preferably 5 to 11 20C. The reaction tine is
preferably 0.5 to 6 hours, nore preferably 1 to 3 hours. \Wen the reaction
is carried out in a hydrocarbon solvent exanpl es of the hydrocarbon
solvent are the same 5 as those enuner }ed above which nmay be used to

synt hesi Zeuﬁn(?@of ; Iee>£,er QR %segg_%g f %y S(eaé/ﬁffo.réﬂéloaG(g%% Erplhg t hod

A. The ano & S6AVERTH S prefe 0 ‘ensur e ot al

wei ght of abtetdEalsDPPONENLS BXCEPT for the solvent in the reaction
sol ution beconmes 5 to 70 wt % based . 10 on the total weight of the solution.
The reaction tenpEien Lﬁlaei%e%@@valtﬁyca@srwﬁm %@r%@?@%rb@@re is

p_referabl y %}fvér?ta' (an% éméfet edéabl@’[ I:tl)%ve orrru a(ﬁ% ntlrlge éhod B, a

m xt ure of e conplex r pr esen e conpl ex
repr esest ecadytlidee driumducatesd alprer v(}ﬁ)cmmﬁeoamétestd@ynthwam Xi ng
ratio in a batch panner by suitably selecting the saol vent and the _reaction

t enper at ur e*1% SRMPHEXIERRESF MRS PErhe RRRPRLOH1L] (@) p’cﬂ1 5PPE 0RO he

sol vent used i sHRAGRANYIE Yhd RRBHIRAR 11 p xteefg-gm}}"& JB%?SWE the
amount of the for ?corrp l ex 20 representled by the oveﬂf rmul a can be
i ncreased. tOmt tdle didierl hm@htasaft bélpbharcoypohenhs emd:earptltfcms trheele | ower

or the reaction tenperature i s made her, the anmount of the f d
ol ox. T oA RLERI iy N SR56H6Ts SPUHa CLoPCaReoDS Tt RdLet B3R T n ¢ he

met hod 1, %ﬁ“%ﬁé’rt?oﬁlt‘b@lfﬁg%ﬁxtﬂépééﬁ?ﬂ&@. yhd hee oM, formula (1) and

the conpl ex represented by above fornmula (2) synthesized in a batch
manner as memr@uw@rieéepa@ﬂm abl yo A &BYDHI vale neacsd;bnemmeoiﬁt her
with opti on

addi tives ich.are used as re d. a e 30 descri bed
ner of nal L erb TS GHAT (b CorbderLTn Tore (OTT o LA &I b AUOEEPm of 1 he
present inventionn the method B, a mixture of the complex represented
by the above formula (1) and the complex represented by the
15 above formula (2) can be synthesized in any mixing ratio in
a batch manner by suitably selecting the solvent and the
reaction temperature from the above range. For example, as
the polarity of the solvent used is made higher or the reaction
temperature is made lower, the amount of the formed complex
20 represented by the above formula (1) can be increased. On
the other hand, as the polarity of the solvent is made lower
or the reaction temperature is made higher, the amount of
the formed complex represented by the above formula (2) can
be increased.
25 In the method B, a mixture of the complex represented
by the above formula (1) and the complex represented by the
above formula (2) synthesized in a batch manner as described
above is preferably dissolved in a solvent together with
optional additives which are used as required and will be
30 described hereinafter to obtain the composition for forming

an aluminum film of the present invention.

<optional additives>

The composition for forming an aluminum film of the



<optional additives> The conposition for formng an alumnumfilmof the 12
present invention which contains the conplex represented by the above
formula (1) and the conpl ex represented by the above fornmula (2) in the
above m xing ratio may contain optional additives as required. The

addi tives include a titanium 5 conpound? Exanpl es of the titaniun1conpound

i ncl ude compounds. re resente béilthe follo ng f or £> S@gL

i oRa 4 AP RRE R LR e Eoh Sthith Raticadms LR roms Th 2 ¥de 10
group havi ngnd 4V re2mien flt)ogﬁd %Eeﬁbﬂk &%é}ﬁfécﬂgif @hé gpdeecar bon
atons, phenyl group or phenyl halide group.) (ORS) (5) (in the

formul a (5) formuils 4R) alkythgrahgremiaing rdedicdemaygconpahavppgidtned 10
b t | oal kyl i 1 12 t o henyl
o phonyl napesEiyPRusY aPatiRed”s B A0 ini Beini BALEYS Rt bEP BNy O

formul ais RRAm¥sind® O (R6 and R7 are the sanme or different and each an

al kyl group or alkyl halide group having 1 to 10 carbon atons, al koxyl 20
group having 1 tOEEQmDéﬁﬁoﬂfatbﬁstlbh@hym g@mngunéhenyﬂuﬁalc9@pgund§

ohencxy. o1 Ol kAP IRY. cB5 DR Rl oy i VD 100 0

formula (6) , R8 T$ (er*)yal kyl group having 1 to 10 carbon anpns or phenyl
group, Xis a halogen atom and é is an integer of 0t ). Ti(NR9)4 (7)
(in the forhilathe) foryula 44)al y|1@r%@pah]éylngrQUPooxoaéBY%ohallde

10 group having 1 to 10 carbon atoms, cycloalkyl group having
3 to 12 carbon atoms, phenyl group or phenyl halide group.)

Ti (OR®) 5Ly x (5)
(in the formula (5), R® is an alkyl group or alkyl halide
group having 1 to 10 carbon atoms, cycloalkyl group having
15 3 to 12 carbon atoms, phenyl group or phenyl halide group,

and L is a group represented by the following formula:

(R® and R’ are the same or different and each an alkyl group
or alkyl halide group having 1 to 10 carbon atoms, alkoxyl
20 group having 1 to 10 carbon atoms, phenyl group, phenyl halide
group, phenoxy group or alkylphenoxyl group having an alkyl
group with 1 to 10 carbon atoms)
and x is an integer of 0 to 3.)
Ti (OR?) y (X) 4oy (6)
25 (in the formula (6), R® is an alkyl group having 1 to 10 carbon
atoms or phenyl group, X is a halogen atom, and y is an integer
of 0 to 3.)
Ti (NR®), (7)
(in the formula (7), R® is an alkyl group having 1 to 10 carbon
30 atoms, alkoxyl group having 1 to 10 carbon atoms or phenyl

group.)




30 atons, al koxyl group having 1 to 10 carbon atons or phenyl group.) 1 13
Ti(C)(Y)4-n (8) (in the fornmula (8), Cp is a cycl opentadi enyl group, and Y
is a hal ogen atom alkyl group having 1 to 10 carbon atons or phenyl group,
and nis an integer of 1 to 4, wth the Broviso 5 that when there are nore
than one Y, they may be the sane or di f erent.) R4 in the above formula (4)

and R5 in the aboye éosnr}g (5) are each preferably a nEtE?; group, ethyl
group, n-propyl é?é B,n -Propyl group, n-butyl group, t-b | group, 10

cycl ohexyl ghraupher féfuhl&or@Netdy!iQrouyc1dpen tRidaierablgyoup ,maindyly group,
ethyl group, n-propyl group, i-propyl group,  n-butyl group, t-butyl group,
hexyl groupisc§chahkedgon Fremp abry brErsMp g R6 tand ORzagbon aiomse above

f | el wand i |
Lo (%) oA AR ELEEL iy RN o0V RN SOl 0P

et hoxyl grodpatnwheapeX¥regh@epmoirePtBpAXPheJyQUPheR- RH0XE| ther edme
t - but oxyl group, phenoxyl group, nethylphenoxyl group or trifluoronethyl
group, noreCpr BLEEgERRta) net hyl group, 20 ethyl group, i-propyl group,

t-butyl group, neﬁhgéyhggréﬁgbe.fqgﬁg%ﬁ éggg¥g?lg-gﬁq9%§%_Cg&pggrmhggutoxyl

group or trifluoro group he conpound represented by the

above formiba 44 ehedl puckef ¢ rdlahy anmeehpbxirdep ,t € tapl wreidhorgdeppy25
titani um n-propoxide, titani um n-non oxi de, titanium stearyl oxide,

titaniun1isSﬁPHprFdEF?PV@aHFGHPm;Baéb%VaegroPPbaﬁFGHFW%o@GFB%Lde, _
o R ¢ EYRRERL AR SRR S LSS AR
titani um f | aansey hgrodp , aedhyl tgmwupm n-propyl group, i-propyl group,
n-butyl group, t-butyl group, hexyl group, cyclohexyl group
or phenyl group.
R® and R’ of L in the above formula (5) are each
15 preferably a methyl group, ethyl group, n-propyl group,
i-propyl group, n-butyl group, t-butyl group, methoxyl group,
ethoxyl group, n-propoxyl group, i-propoxyl group, n-butoxyl
group, t-butoxyl group, phenoxyl group, methylphenoxyl group
or trifluoromethyl group, more preferably a methyl group,
20 ethyl group, i-propyl group, t-butyl group, methoxyl group,
ethoxyl group, i-propoxyl group, t-butoxyl group or
trifluoromethyl group.
Examples of the compound represented by the above
formula (4) include titanium methoxide, titanium ethoxide,
25 titanium-n-propoxide, titanium-n-nonyl oxide, titanium
stearyl oxide, titanium isopropoxide, titanium-n-butoxide,
titanium isobutoxide, titanium-t-butoxide, titanium
trimethylsiloxide, titanium-2-ethylhexoxide, titanium
methoxypropoxide, titanium phenoxide, titanium
30 methylphenoxide, titanium fluoromethoxide and titanium
chlorophenoxide.
Examples of the titanium compound represented by the
above formula (5) include

tetrakis(penta-2,4-diketo)titanium,



chl or ophenoxi de. Exanpl es of the titanium conpound represented by the above
formula (5) include tetrakis(penta-2,4-diketo)titanium 14

tetrakis(2, 2,6, 6-tetranethyl hepta-3,5-di keto)titanium

t et raki s(1- et hoxybut ane- 1, 3-di ket o) titaRium
tetrakis(1,1,1,5,5, 5-hexafl uoropenta-2, 4-di keto)titanium

(2, 2- di met hykhexri3 (2,81, ko) bk AR R, 15 R S(-BE Rl arike-ofitiala@itint ani um
di met hoxi de, bis(2,2,6,6-tetramethyl hepta-3, 5-di keto)titani um di methoxide,
bi s(I - et hoxykettraké sl 13ethioxydltiangnilu M- ddikedoh gXitdgium,

bis(1,1,1,5,5,5-hexafl yoropent a-2, 4-di.keto)titaniu i net.hoxi.de

(2, 2- di et h§Fﬁ5)?§-l§?t5\-’gi’I%égd;%t’?’t—ilﬁ?(& 1“8Fr?@te|¥%>ﬁ'8e?‘dllq‘edcoﬁl aniun,

bi s( pent a- 2,(4-, di-kemexhiylaekamdis-giReepotidanium, _
bis(2,2,6,6-tetranmet hyl hepta-3, 5-di keto)titanium di-i-propoxide,

bi s(| - ethoxpbet(RRELER -3~ di-Kdkero) tanpmiunddimegheopddede, 15

bis(1,1,1,5, 5, 5 hexafl.uagr ntas -di keto)tit.ani .di_- .- pr opoxi de and
,(2,2-dineth?ﬂﬁg%a§3?5§d? g?%ffﬁpg%ﬁﬁ tad%J%-gﬁoﬁéénﬁQ%QQ§4ﬁ1the above

formul a (6) dimephekedahl pig (Tekhybxgbotpne -at, Byld igeddn t itapriemy| group,
i -propyl group, n-butyl group 20 or t-butyl group. X is preferably a
chl ori ne at 8dmeEke¥pPes of the conpound represented by the above formula

(6) includeptri hgxyt it @ni i tri gt i.4yani : oride,
tri-n-propo?%%#?gﬁfgﬁ¥éﬁrgrP%g?%ﬁkg?b ?8F8p§X3ti gﬁ%ﬁﬁ?@hggﬁﬁﬁt,
tri-n- g oxdtimeanonddas dRl, arddee thyil hexhu3g¥ydiketio) mitEndninde,
triisostearo&ltitanLun1chLoride ginethoxyti§aniun1 di chl ori de,

di et hoxyt i t SAMGHPAKEAFor P48, (PEBE2R2pRoBRGEPY ShFaRTYMC AL of fRECPOX ide,
di -1 - propoxyt st anbug, sdiehl-ahedfy1 fHephalyt @xyliked ) ¢hedinGhlOr i de,

di-i-propoxide, bis(l-ethoxybutane-1,3-diketo)titanium
di-i-propoxide,

15 Dbis(1,1,1,5,5,5-hexafluoropenta-2,4-diketo)titanium
'di—i—propoxide and (2,2-dimethylhexa-3,5-diketo)titanium
di-i-propoxide.

R® in the above formula (6) is preferably a methyl group,
ethyl group, n-propyl group, i-propyl group, n-butyl group

20 or t-butyl group. X is preferably a chlorine atom.

Examples of the compound represented by the above
formula (6) include trimethoxytitanium chloride,
triethoxytitanium chloride, tri-n-propoxytitanium chloride,
tri-i-propoxytitanium chloride, tri-n-butoxytitanium

25 chloride, tri-t-butoxytitanium chloride,
triisostearoyltitanium chloride, dimethoxytitanium
dichloride, diethoxytitanium dichloride,
di-n-propoxytitanium dichloride, di-i-propoxytitanium
dichloride, di-n-butoxytitanium dichloride,

30 di-t-butoxytitanium dichloride, diisostearoyltitanium
dichloride, methoxytitanium trichloride, ethoxytitanium
trichloride, n-propoxytitanium trichloride,
i-propoxytitanium trichloride, n-butoxytitanium

trichloride, t-butoxytitanium trichloride,



30 di-t-butoxytitaniumdichloride, diisostearoyltitanium dichloride,
nmet hoxytitaniumtrichloride, ethoxytitanium trichloride, n-propoxytitanium
trichloride, i-propoxytitaniumtrichloride, n-butoxytitanium trichloride,
t-butoxytitaniumtrichloride, 15 isostegaroyltitaniumtrichloride and
titanium tetrachloride. RO in the abové™fornmula (7) is preferably a nethyl

group, ethyk graupoyh tREQRY LIt QYRR 1L AR hndl @R ariiuRf OPOXY! group, 5
t - but oxyl group or phenyl group. Exanples of the compound represented by the

above formukara¢hlomekdede tetraki s(di methyl am no)titanium

tetraki s(diethyl ag.no)titaniu tejrakis(di-t-but am no)titanium 10

Lot aki ot i o BBl EE ol A e R B W h BT Bt um v
in the abovethohBitsud 8) -bFopial Srabb y ta ulthar §Psupt AMp AU ITIe g2bap, met hyl

group, ethyl group, t-butyl group or phenyl group. 15 Exanpl'es of fhe
conpounchb r eprbysaxyd Byoupeoxbohrenyflogmaiup.(8) i ncl ude

di | t adi titani ichlorid i | i L titani
i brom de, oyl opEHPLaTEHyPEI EoR GRIBPRERI CEPHSSSRERE: BYRRPRIRRRYA | t ani um
tribrom de, fo28udhCy ol opant adeeRpkabreEylimethiNiadilno) titanium,

di cycl opent adi enyl di et hyl titanium dicyclopentadienyldi-t-butyl titanium
dicyclopentééFéﬁéﬂﬁﬁénﬁthwﬂﬁ@nnghﬁéﬁaﬁﬂN@e and di cycl opent adi enyl et hyl

titani um chigrides .25, Taepaenlent, ah, thepliigni um compound in the
conposi tion r or ng an alumnumrtiimo e present lnvention I's
preferatd y setrarte (Bhah-propbegamineetipaefiemaling 0. 00001 to 0.1 noles,

much nore preferably Q. 00005 , i
tetrakis(diphenylamino) titanium.

Y in the above formula (8) is preferably a chlorine
atom, bromine atom, methyl group, ethyl group, t-butyl group
or phenyl group.

15 Examples of the compound represented by the above
formula (8) include dicyclopentadienyltitanium dichloride,
dicyclopentadienyltitanium dibromide,
cyclopentadienyltitanium trichloride,
cyclopentadienyltitanium tribromide,

20 dicyclopentadienyldimethyl titanium,
dicyclopentadienyldiethyl titanium,
dicyclopentadienyldi-t-butyl titanium,
dicyclopentadienylphenyl titanium chloride and
dicyclopentadienylmethyl titanium chloride.

25 The content of the titaniumn compound in the
composition for forming an aluminum film of the present
invention is preferably not more than 1 mole%, more
preferably 0.00001 to 0.1 mole%, much more preferably 0.00005
to 0.01 mole% based on the total of the complex represented

30 by the above formula (1), the complex represented by the above
formula (2) and the titanium compound. When the content of
the titanium compound falls within the above range, both high
embedding property and the stability of the composition can

be obtained.



to 0.01 nol e% based on the total of the conpl ex represented 30 by the above
formula (1) , the conplex represented by the above formula (2) and the
titani um conmpound. \Wen the content of the titanium conpound falls within

t he above range, both high enbedding property and the stability of the
conposition can be obtained. 16 <conpd8ition for formng an alum numfil np
The conposition for formng an alum num filmof the present invention
conprises the conplex represented by the 5 above formula (1) and the

conpl ex T epLesRLed aknl 8rAzayfiber BY A 10k Ehamabove mxing ratio
(rnolar ratio) and further optional additives which are used as the case may
be and is preferabhy pompasietias &osofarmnongcanpadiuminonm €adpr ofi npet hese
conmponents di ssolyed in a.solvent.,10 The sol vent used in the co sition
for form ngPERSSHF uRERT # PPk GFoT HESH rdise ORI HeRT ST B3 CPEul ar | y
limteddf pbodesseimasat 1€) comdl e rRpATSNRD Rt RV enef abea (1),
the conplex represented by the above formula (2) and optional additives

whi ch are ufedmadat H@)casethay absveemapdndogatiot (Meder wiatthalhéswl The

solvent is elgﬁted non1g h ﬁhgcarbon sobvent, an ethe% sol.vent and ot her
ol sor v ERrERbES opbiiolad, BRI RESORRT Skt SR, yRBACLICEne LEER, ndY
n-pentane, gy¥chapeAktapeeferi®ignprepueahaxane soluftepnar®mpotd téysH ohept ane,

n-octane, cyclooctane, decane, cyclodecane, dicyclopentadiene hydride,
benzene, toF@BRE1SiPPefiBesguEceORPOnenigedad ssodveghyidr éngshvedtene,

decanyclgnapht el e BafeRl aL8Rin P EgRG L iepThgke Elineeghent
di met hyl et heumiatfyEebhe of ywind pHeaidnt ieivieeitioet Ayl ane pgkycolilaeliyl et hyl
et her, diethylene glycol dinethyl ether, _diethylene glycol diethyl ether,
di et hyl ene 6p965pdn%¥ﬁqulssolves the complex represenged.by the above
formula (1), the complex represented by the above formula
(2) and optional additives which are used as the case may

15 Dbe and does not react with these. The solvent is selected
from a hydrocarbon solvent, an ether solvent and other polar
solvents.

Examples of the above hydrocarbon solvent include
n-pentane, cyclopentane, n-hexane, cyclohexane, n-heptane,

20 cycloheptane, n-octane, cyclooctane, decane, cyclodecane,
dicyclopentadiene hydride, benzene, toluene, xylene, durene,
indene, tetrahydronaphthalene, decahydronaphthalene and
squalane.

Examples of the above ether solvent include diethyl

25 ether, dipropyl ether, dibutyl ether, ethylene glycol
dimethyl ether, ethylene glycol diethyl ether, ethylene
glycol methyl ethyl ether, diethylene glycol dimethyl ether,
diethylene glycol diethyl ether, diethylene glycol methyl
ethyl ether, tetrahydrofuran, tetrahydropyran,

30 bis(2-methoxyethyl)ether, p-dioxane, anisole,
2-methylanisole, 3-methylanisole, 4-methylanisole, phentol,
2-methylphentol, 3-methylphentol, 4-methylphentol,

veratrol, 2-ethoxyanisole and 1,4-dimethoxybenzene.

The above polar solvents include methylene chloride



et hyl ether, tetrahydrofuran, tetrahydropyran, 30 bis(2-nethoxyethyl)ether,
p- di oxane, anisole, 2-nethylanisole, 3-nethylanisole, 4-nethylanisole,
phentol, 2-nethyl phentol, 3-nethylphentol, 4-nethylphentol, veratrol,
2- et hoxyani sol e and 1,4-dinethoxybenzen§ The above pol ar sol vents incl ude
met hyl ene chloride 17 and chl oroform hese sol vents may be used al one or

I n conbi nat | (lcs)gl P, nore. Qut of these, a hydrocarbon solvent or a
. 1 BE' )
m xed sol ve%lr?&] of @ (I)*ly rocarbon sol vent and an ether solvent is preferred

fromthe viewpoi Misesd ssdlvgnids tyyand dwed stladid iory iaf comieinabiennesl
conposition solution. Qut of these, n-pentane, cyclopentane, n-hexane,
cycl ohexanetWQ-Hept@f@; cycl oheptane, n-octane, benzene, tol uene or xylene

is 10 preferably 0 ' I
di propyl ether, d‘#ﬁ‘ﬁ?ﬁéﬁ%ﬁgr w@?&%ﬁgﬁgﬁs&?‘y%ﬁ%ﬁt ylad%t?%g%i Sﬁe\?ﬁffene

gl ycol et hyf sethydrcetardrgn tseilrv&mtdanﬁuaanetheasahyelnbpys qmr’efaam'rs@die,
2-met hyl ani sol e, .3 -nethylani sqle, . 4-ngethyl ani sol e, phentol, veratrol,

2- et hoxyanié‘f)‘?r% t_c}’re i@lei”ﬁllnd"ftr% of?%&ﬁi A& iénar bPErabrhl LikY %g t#e et her
solvent. Thenyhds ofodpesiOich i ghioR! ddt e rmoneiseneneept for the

sol vent of the conposition for forming an alumnumfilmof the present

i nventi on taychepentahe wel givex@ie of cyhbovenans i tnoneptande referred to as

"sol ids conteni hereinafter) is sui tabl% set. accordi n% io t he thickness of
g Tt fY

an al umi nurT¥FHARER-He® £ o TR 2 or R WAERSER kKh€ss®of the

al um nag figrafesrd ubBan £0HeMPdAde i 461 veant &ifd hsephof es@aidy, not
| ess t han wt % and 1ess than 5525 w% nore preferably 10 to 50 wt % Wen

t he t hi cknedx9pyl B&hgrundikiat ¥l efbies , nothybere Hate2odiamhyl et ki ds
content i s, ALET SIALLY, O3 LR AR M nyP! & RLET eLAPL Iy Qrd Pufin M %
tetrahydropyran, anisole, 2-methylanisole, 3-methylanisole,
4-methylanisole, phentol, veratrol, 2-ethoxyanisole or
15 1,4-dimethoxybenzene is preferably used as the ether
solvent.

The ratio of the total weight of all the components
except fof the solvent of the composition for forming an
aluminum film of the present invention to the total weight

20 of the composition (to be referred to as “solids content”
hereinafter) is suitably set according to the thickness of
an aluminum film to be formed. For example, when the
thickness of the aluminum film is less than 200 nm, the solids
content is preferably not less than 5 wt% and less than 55

25 wt%, more preferably 10 to 50 wt%. When the thickness of
the aluminum film is not less than 200 nm, the solids content
is preferably 55 to 90 wt%, more preferably 70 to 85 wt%.

The method of producing the composition for forming
an aluminum film of the present invention is not particularly

30 limited.

When the above method A is employed to set the mixing
ratio of the complex represented by the above formula (1)
and the complex represented by the above formula (2) to the

above range, a composition obtained by mixing together the



The net hod of producing the conposition for formng an alumnumfilmof the
present invention is not particularly 30 limted. Wen the above nethod A
is enployed to set the mxing ratio of the conplex represented by the above
formula (1) and the conplex representegdgby the above formula (2) to the
above range, a conposition obtained by mxing together the 18 conpl ex
represent edgq 182 phovadiidiibey (e A d kermaiml ex) JrRkPeesentrgd18y the
above formul a ?2) synthesized in a predetermned ratio in the presence of a
sol vent andrepneséngedaby ubldé sabbvediprodlat (8uchynshashygegr dduaet nmay be

directly 5 useg €s t he 59 asiti r%;;or form n(g%an umnumdfilm A
conposi t i onPbBTarnER BFi% lé&?-ﬂgt BTEPEPRE ToRpt ek SMepPEsERTRYLBY t he
above for mija rldi Huh $e HIRIEX subBPs 8SEHeD Eddte maore & oFaut ay(2)
synthesi zed in the presence of a solvent, nmxing it wth a reaction

sol uti of 10usedtage bheerowpapiekoanfiorefovinhggaanuadiespunedipmodudt such

as a by-product ma%.arlls Qe.Hsgdlaas.thf ﬁon ositiog I:Hr f8r rr?n% an al um num
film These“TOXUTTon r’r%/) PEiTsed” attBr2the” SBFveht “I's SubStFtut ed by a
desired sol veptessnt €duUbyethe Abbeendbimely, (2) canposhei eBmpR¥xbe obt ai ned

by isolating 15 both of the synthesized conpl ex represented by the above
formul a (1)TepBesaetednpYieshe cabevapfexmudpr é3&nf¥BtBgsiRed aBo%Bef or nul a
(2) and di | t [ ir vent . . lhe 0, ' npl oyed,
a sol uti onséjg%%%ﬂn(g% %@nar%?r%\’/%ﬁg’ arﬁgﬁ%g#sgglV/le%mpér?o%%cf@%%hg%gl?%ﬁ- pr oduct
from 20 thef té@cdHthar Monipliex Al dendlsiety an i sopipesd producar sheéhm ng an
alumnumdirectly or after the solvent of this solution is substituted by a
desired sol ¥2APY WEAIWE Ma¥I3L SO Be Usfshas ths IR as hetoBf el RBLRY vi ng a

m xt ure of e ol ex re f ( e conpl ex
25 represen%lgda%)l;gltﬁ'.L eﬁaﬁ%%g'fgl?{rguﬁ %ﬁ%ﬁ%%ﬁy a% ggﬁeﬂts%?\%%? S

renoved frosolvent eastsabpsittved by a desired solvent as required.

Alternatively, a composition may be obtained by isolating
15 Dboth of the synthesized complex represented by the above
formula (1) and the synthesized complex represented by the
above formula (2) and dissolving them in a desired solvent.
When the method B is employed, a solution obtained by
removing an undissolved product such as a by-product from
20 the reaction mixture may be used as the composition for
forming an aluminum directly or after the solvent of this
solution is substituted by a desired solvent. Alternatively,
a composition obtained by re-dissolving a mixture of the
complex represented by the above formula (1) and the complex
25 represented by the above formula (2) obtained after the
solvent is removed from the reaction mixture in a desired
solvent may be used as the composition for forming an aluminum
film.
When the composition for forming an aluminum film of
30 the present invention contains a titanium compound, it can
be prepared by adding a predetermined amount of the titanium
compound solution to a solution containing the complex
represented by the above formula (1) and the complex

represented by the above formula (2) produced as described



sol vent may be used as the conposition for formng an alum num film Wen
the conposition for formng an alumnumfilmof 30 the present invention
contains a titaniumconmpound, it can be prepared by adding a predeterm ned
amount of the titanium conpound sol utifg to a solution containing the
conplex represented by the above formuta (1) and the conplex represented

by th b 2 d d ' itation.
o' tempor S0 e T oSt B TR L1 (o w BrOUR | oo I ATaEI 578 10 160

The tenperature for titani um i's pr to 150C,
nor e pref erabtanivm taon@imd Teepte ferabiyi 0 ed 160 °addnbrerprstgurabey abl y
0.1 to 120 mnutes, nore preferably 0.2 to 60 mnutes. By 5 adding the
titani um cohpintd Urder Tt THMS FeBHdiad FrE addiGign ol ¢ PRRISTIBN can be

obt ai ned. <?TE£ hod J%o e Lete (e ,aﬂlo%eugir@lf!&faﬁo'l olbetBeEhod: phcbar m an
alumnumfilmof the present 10 invention conprises the steps of applying
t he conposiadding ftdre frartamgimacoaponndummflielrntbé dbeveresmditiowentaon to a

substrate so as;to forma coating filmand subjecting the coating filmto
at | east orfe 1%1?&%@°?+E%ﬁ?mﬁﬁgé9% %%taﬁ%%aoirradiation treatnment to
convert the coating filminto 15 an alumnumfilmon the substrate. The

mat eri al and shape of the above substrate are not particularly limted. The
mat eri al of<meétehedibst rbeening edrerabigingmm hEi dnels a heat treatment when the

heat treatnent i.5 enpl i.n.t he. st ep of, _canvert. the_coating 20 film
into an al um numﬁﬁ %%@dgﬁaﬁ FOING P AT f&ﬁgﬂ \CREi Eﬁet%e%%ré?i ng film
is to he foinmesht obl @shptidkss thd aiteepd kef Apgliyind itkee ashgsditpsdicul arly

limted, and the surface of the substrate on which the coating filmis to
be forned nfdr FOMMINT @0 gdewrdnui €A 18 pévehedpreseBhctnveBt IRANEP e of the

material Ofoblie sube! 1t 106! ¢ilh U A5R%ng "BIA S| AR S AT LA cs-
coating film to at least one of a heat treatment and an
photoirradiation treatment to convert the coating film into
15 an aluminum film on the substrate.

The material and shape of the above substrate are not
particularly limited. The material of the substrate
preferably withstands a heat treatment when the heat
treatment is employed in the step of converting the coating

20 film into an aluminum film. The shape of the substrate on
which the coating film is to be formed is block-1like,
plate-like or film-1like and not particularly limited, and
the surface of the substrate on which the coating film is
to be formed may be flat or uneven with a level difference.

25 Examples of the material of the substrate include glasses,
metals, plastics and ceramics. The glasses include quartz
glass, borosilicate glass, soda glass and lead glass. The
metals include gold, silver, copper, nickel, silicon,
aluminum, iron and stainless steel. The plastics include

30 polyimide and polyether sulfone.

The substrate to be used in the method of the present
invention may have a base film which is formed by applYing
a solution comprising an organic metal compound containing

at least one metal atom selected from the group consisting



gl ass, borosilicate glass, soda glass and | ead glass. The netals include
gol d, silver, copper, nickel, silicon, alumnum iron and stainless steel.
The plastics include 30 polyimde and pol yet her sul fone. The substrate to be
used in the nmethod of the present invepiion may have a base filmwhich is
formed by applying a solution conprising an organic netal conpound

cont ai ni ng oPItl?éﬁiuﬁ??p&?ié&i&&Oﬁﬁ&e£fﬁhfﬂuﬁrQﬁhtﬁ@ giAYpPieonsyrLhng 20
of titanium palladiumand alum num and heating it. V@en t he substrate has
t he above base substratenrhasnthel aboverpabel fiympnalheisubsfidme can be

furth [ . I ft b ' | d.5 taini
211 Cani um ETTR R GHCOT E A0 MRS RO (8 Be | EURF AR cOMBOHRAS havi ng an

am no group, (3-diHiPnes SOMHESESoRE didam dmetdl afbiipdgRaPOUNds having a
cycl opent adi enyl group and titani um conpounds haV|ng a halogen atom 10
Exanpl e$ ofconeatipbve arigibirluetatomoipolnde tohaniwinnglkopatieadi um at om

i ncl ude pal | adi um conpl exes avi ng a hal ogen atom agcetates of pall adi um
(3. di ket bne® LRI DIE B Uads | ST L 2B Bl Lo sOErUPal Padi SEESRA A compount

having a cofpmisbéLss Caf boNyan BiRHPE i Bali PR OSERbOENESONRAGXRE al5 oOf
pal | adi um Exanpl es of the above organic netal conpound containing an
al um num at @¥¢ } PRERERA BRI rgFPWP kX4 dest anaum ne ARPENRS | ha¥ingng

(3-di keton X f alum num excludi ng conpl exes of an am ne conpound
and aluninﬁﬁﬁggéﬁyﬁﬁggé. Speci fic exanples of the organic nmetal conpound

i ncl udeaot he ti tarExammloag aridshee raberat@tyabiy enets L heomyouh@ cont ai ned in
t he above conposjtion for formng an alum num filmas the or?anic net al
compound cOFRRFF MRS 3 i PahldfdudreBpinclude palladium complexes

having a halogen atom, acetates of palladium, B-diketone

complexes of palladium, complexes of palladium and a compound

having a conjugated carbonyl group, and phosphine complexes
15 of palladium.

Examples of the above organic metal compound
containing an aluminum atom include aluminum alkoxides,
aluminum alkylates and P-diketone complexes of aluminum,
excluding complexes of an amine compound and aluminum

20 hydride.

Specific examples of the organic metal compound
include the titanium compounds enumerated above which may
be contained in the above composition for forming an aluminum
film as the organic metal compound containing a titanium

25 atom.

Out of the organic metal compounds containing a
palladium atom, the palladium complexes having a halogen atom
include allyl palladium chloride,
dichlorobis (acetonitrile)palladium and

30 dichlorobis(benzonitrile)palladium; the acetates of
palladium include palladium acetate; the P-diketone
complexes of palladium include
pentane-2,4-dionatopalladium and hexafluoropentane

dionatopalladium; the complexes of palladium and a éompound



Qut of the organic netal conpounds containing a palladiumatom the

pal | adi um conpl exes having a hal ogen atom include allyl palladiumchloride,
di chl orobi s(acetonitrile)palladi umand 30

di chl orobi s(benzonitrile)palladium the_acetates of palladiuminclude

pal | adi um acetate; the (3-diketone con% exes of palladiuminclude

pent ane- 2, 4- di_ onat op adi ngp exaf l uoropent a di onat opal | adi um the
conpl exes o a%%ﬁ?a%i%%# %%ggééo a%ﬂ%ﬁy 1grﬂa9iﬁaggug8njugated car bonyl group

include bis{didepehtilenencatenenepph athgaimumandnihenhgh ﬁ@BFn@nec0ﬁplexes of
pal | adi um i ncl ude bis%l,z-bis(diphen Iphosphino)ethane?pal adium 5
bi s(tri phensPPAbeFES nef ppdl badiwnchnetide, bis(tri phenyl phosphi ne) pal | adi um

acetate, di te_ .. bi i i i .
dich|oro[1,€f%F§(%i%ﬁ%ﬁéi%%%@%ﬁ?%@%@?ﬁﬁﬁ2?%@?#%3?%%$5dlum,

t rans- dischllot bt 8{blhié lobepyi J ) | tatlonntie 10
trans-d:chIorobis%%r?ﬁ%ﬁ? Iphos?ﬁ?ﬁﬁ% al%glgiumbrl N ,
trans-dichI%&%6?%{???3$1P%?§P%h%%bﬁ? g?%b??aﬂ?ﬁﬁ?éﬁd diacetate

tetrakis(trgp@@gylﬁggﬁggﬁg§%ﬁﬁiﬁ@ by a Pimof the above organic neta
g a

conpounds cont al ni numatom the al um num al koxi des i ncl ude
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Out of the above organic metal compounds containing
an aluminum atom, the aluminum alkoxides include aluminum

15 ethoxide, aluminum isopropoxide, aluminum-n-butoxide,
aluminum-s-butoxide, aluminum-t-butoxide, aluminum
ethoxyethoxyethoxide and aluminum phenoxide; the aluminum
alkylates include aluminum acetate, aluminum acrylate,
aluminum methacrylate and aluminum cyclohexane butylate; and

20 the B-diketone complexes of aluminum include
pentane-2,4-diketoaluminum,
hexafluoropentane-2,4-diketoaluminum,
2,2,6,6-tetramethylheptane-3,5-diketoaluminum,
bis (ethoxybutane-1,3-diketo)aluminum s-butoxide,

25 (ethoxybutane-1,3-diketo)aluminum di-s-butoxide and
(ethoxybutane-1,3-diekto)aluminum diisopropoxide.

Out of these, titanium isopropoxide, aluminum
isopropoxide, bis(ethoxybutane-1,3-diketo)titanium
diisopropoxide, tetra(pentane-2,4-diketo)titanium,

30 pentane-2,4-diketopalladium,
hexafluoropentane-2,4-diketopalladium,
pentane-2,4-diketoaluminum or
hexafluoropentane-2,4-diketoaluminum is preferably used.

The solvent used in the solution of the organic metal



25 (et hoxybut ane-1, 3-di ket 0) al um num di - s- but oxi de and

(et hoxybut ane-1, 3-di ekt o) al um num di i sopropoxi de. Qut of these, titanium
| sopropoxi de, al um num i sopropoxi de, bis(ethoxybutane-I|, 3-diketo)titanium
di i sopropoxi de, tetra(pentane-2,4-diketo)titanium 30

pent ane- 2, 4- di ket opal | adi um hexaf | uor opént ane- 2, 4- di ket opal | adi um

t -2,4-di ket ogl um hexaf | t =2, 4-dik ' '
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conpound cophaididigh dlonlsQa%ti YN8 £ et Bdn fhR M58l BLd B Mk 1LBS nAMOYB
consisting of titanium palladiumand alumnumis not particularly limted
if it can dhet@antidvdagrigahivineddf itarpgodagsolne et vagenis wetadted from

an ether, an_ester .5 Vj a t her group, .a:-hydrocarbon. an_al cohol, an
et pabafishha?, M MR 18 fndule s s I 3ROERAR: MnOpLOR . o

i ncl ude =t et hatydg eirlledher Groxa e h?abysbambogl, y&lladigmslhy knedpestiet hyl ene
gl ycol diethfl et her, diethylene glycol dinethyl ether and 10 diethyl ene
gl ycol di etP9lastpelverkanpfed BixtWeeabboseeSter having an ether group

ncl ude et hyl ene gl yGol o TRNOTRLK o8 BEF2CEhAY Cae S VLS, SL ¥G oL, onOEL hyl
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et her acetate, prop MONOME ace propyT ené gl yco
monoet hyl edhexaneet atRybefe 2gagedbdxdihetRiyhosyneopasehylbnexanpked of the
above hydrocarbon_incl] ude tol uene, xylene,_  hexane, _.cycl ohexane oct ane,
decal in, teftaFhvl afbhetir edtethekengi edveplt AemarbshofthaEl 888 net hanol ,

et hanol; gandg; L 1€ $ ofndpe fi l @ A L o¢l ude
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propylene glycol monomethyl ether acetate, propylene glycol
monoethyl ether acetate and 2-acetoxy-1l-methoxypropane;

15 examples of the above hydrocarbon include toluene, xylene,
hexane, cyclohexane octane, decalin, tetralin and durene;
examples of the alcohol include methanol, ethanol and
propanol; and examples of the aprotic polar solvent include
N-methylpyrrolidone, N,N-dimethylformamide,

20 N,N-dimethylacetamide, hexamethyl phosphoamide and
y-butyrolactone.

The content of the organic metal compound in the

solution of the organic metal compound is preferably 0.1 to
10 wt%, more preferably 0.1 to 5 wt%. The solvent from which

25 water and oxygen have been removed is preferably used.

The solution of the organic metal compound is applied

to the substrate by a suitable technique such as spin coating,
roll coating, curtain coating, dip coating, spray coating
or droplet ejection. When the substrate has a trench

30 structure, the width of the opening of the trench is 300 nm
or less, and when the aspect ratio of the trench is 5 or more,
after the solution of the organic metal compound is applied
to the substrate, the substrate is kept at a lower pressure

than the ambient pressure during coating for a while, thereby



10 wt% nore preferably 0.1 to 5 wa. The solvent fromwhich 25 water and
oxygen have been renoved is preferably used. The solution of the organic
metal compound is applied to the substrate by a suitable technique such as
spin coating, roll coating, curtain coa%%hg, di p coating, spray coating or
dropl et ejection. Wien the substrate has trench 30 structure, the width of
t he opening of, the trench i.s; 300 nm_por l.ess, and when the aspect.ratio of
the trench iTsiEy HomosstiE b bRty S et T ghhi <o Mer ar cBpound
is applied twetihgigehst tabardite aubsbiale. | SSkedd abra W] £ DEEBEY €
than the anbi ent pressure during coating for a while, thereby 23 making it
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(to be referre second pressure” 'héerel nafrter) an t
pressures(t é defarafert tedas o fbrsf iprsds quress hiee'e iharfeieiaf herthattihe tine
of applying the solution of the organic nmetal conpound to the trenched
substrate. The RRBANDr&R IRV Gl WwrIianiy RreRl (RPePPRe @bl y 10

to 40 s of thg fﬂxreﬁ{cl‘fgcg%ﬂ)-(ﬂsicgat':eqr ?ﬁ@”@{e@on ed r?Lﬁégﬁ%‘fﬂ%@aﬁ time

of application 10 1s 1 5 Pa (normal pressure), pressure is
preferably 11 @b %0183 nord di®ferbbyPa0 hor#0 pr eifethbl fidsOpresdideto 4. 05

X 104 Pa. The tine during which the substrate .is kept at the second
pressure is [eferHR 18"’}%%‘?5 RIFES Y i Huttde @ Pr SRR ML AP seconds

to 1 mRgte. ; Aff ey Lo 1idiepgubsbipi® pekoRtcpl the SO PrEsswre and then

an inert gas is preferably used to return it to the first pressure, the
substrate | spsefrrably He GlubkstOUdm 7he&t knipsPep. mprespréferahlyperat i ons

o Teduct g, e BLERSHE S, JFSBLIO S heCleed i SRl AU LELLINDS, 11 10
the pressurgsiegtelad ie@d tecbhf presbupbessUpfefSrbEy el @bid/condseeonds to
5 mnutes, nore preferably 5 seconds to 1 mnute.
10 minutes, more preferably 10 seconds to 1 minute. After
15 the substrate is kept at the second pressure and then an inert
gas is preferably used to return it to the first pressure,
the substrate is sent to the subsequent heating step. A
series of operations for reducing the pressure, keeping the
reduced pressure and returning it to the first pressure may
20 Dbe repeated several times. The time during which the
pressure is returned to the first pressure is preferably 3
seconds to 5 minutes, more preferably 5 seconds to 1 minute.
The number of repetitions is 10 or less from the viewpoint
of film homogeneity and work efficiency, more preferably 5
25 or less from the viewpoint of work efficiency. The base
coating film formed as described above is then heated. The
heating temperature is preferably 30 to 350°C, more
preferably 40 to 300°C. The heating time is preferably 5
to 90 minutes, more preferably 10 to 60 minutes. The
30 atmosphere during this coating step and the heating step
preferably consists of an inert gas such as nitrogen, helium
or argon. These steps may be carried out in an atmosphere
containing a reducing gas such as hydrogen or an oxidizing

gas such as oxygen as required.



The nunber of repetitions is 10 or less fromthe viewpoint of film
honogeneity and work efficiency, nore preferably 5 25 or less fromthe
vi ewpoi nt of work efficiency. The base coating filmforned as descri bed
above is then heated. The heating tenperature is preferably 30 to 350C,
nore preferably 40 to 300C. The heatlnﬁ time is preferably 5 to 90

m nutes, nore prefera 0 to 6 nut at nospher e_durli this
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coating,s spegecegahi NgaProdroptettd £HhPTyi ORe NB¥oLE-8ECEriBeappl y the
above-descri bed conposition for fornlng an alumnumfilmto the above
substrate. COEPPA&tEOAIIOroASTHANGh aBnadHBinNE fil& teoMsEsiakdie for formi ng
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according to sl ze e su or exanple, when spin
coating i swapdsﬁmanpfgsrtﬂ?mrmﬂ@@si willamintimef i émol sitgpreant tichevegpi nner
may be set to 300 to 500 rpm nore specifically 500 to 2,000 rpm Wen
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applie o renove a | ow i ng pol nt conponent suc e solve
cont ai ned |mstbsedoﬂpoappﬂgnthercbmpwsmglan althes memwo lfutlimnaftferttehe above
coating ste a heat trgatnent carried out. As for th

t enper at ur egBhHHFFnEaMh EnhS8H BPf ¥QP 5ecoraPRgrPy- t”ﬂ@r?yf@eﬁﬁgiﬁaﬁhiyng poi nt
(steam preggyre) of obberpal.vemieh Nt ks esubbers08PRSE!  2BnERYshethat ed

ambient pressure may be changed as described above after the
15 solution of the organic metal compound is applied.

To remove a low-boiling point component such as the
solvent contained in the composition for forming an aluminum
film after the above coating step, a heat treatment may be
carried out. As for the heating temperature and time which

20 differ according to the type and boiling point (steam
pressure) of the solvent in use, the composition may be heated
at 100 to 350°C for 5 to 90 minutes. At this point, the
solvent may be removed at a low temperature while the whole
system is placed under reduced pressure. As for the heat

25 treatment conditions under reduced pressure, the composition
is preferably heated at 100 to 250°C for 10 to 60 minutes.

Then, the coating film formed as described above is
subjected to at least one of a heat treatment and an
photoirradiation treatment so as to convert it into an

30 aluminum film. Thus, the aluminum film is formed on the
substrate.

The temperature of the above heat treatment is
preferably 60°C or higher, more preferably 70 to 600°C, much
more preferably 100 to 400°C. The heating time is preferably



at 100 to 350C for 5 to 90 mnutes. At this point, the solvent may be
renoved at a low tenperature while the whole systemis placed under reduced
pressure. As for the heat 25 treatnent conditions under reduced pressure,
the conposition is preferably heated at 100 to 250C for 10 to 60 m nutes.
Then, the coating filmforned as descri B&d above is subjected to at |east

one of a heat tre%t)ﬁ[irent 313% an EhOt oi rradi at%on tieat nment. so.,as.to convert
it into an >S0°AFRTRUR AL RHEES - t ARTEI RAST HThAP 1Y nh %9 £Or BEBUSRSt he
substrate. Jhent ﬁgpgr?ggr‘fgrgglghgoa%vgohﬁghutt(ega}t ment is preferably 60C or
hi gher, nore preferably 70 to 600C, nmuch nore preferably 100 to 400C. The

heating tine is pFe¢elbilly XBIr@D usechids tbelabowenphesoinvadiptaébarably 1
to 90 m nut Se rmcp nor e frefeéagcéTE 10 to 60 'nutesd Tge I.iﬁ}‘k;:L sour ce used
for the aboVe®BhBEBFr +AFATORS (et ReAE LA Y 8MPe dIFPSRT A YRe 2Py | anp,
deuteri uyn | aiBcha®gli Sicdtar 8¢ 4 hBhte §hs Y 2agas, A¥%oh asRler AEE@Bohaser,
carbon di oxi de | aser and rare gas hal ogen exciner |aser. Exanples of the

mercury | anpiphéfadeaser andirassuges nit kegsn lexgi maw Lageni-ghEpaepd ape
mercury lan’BFu@gr{rpelrecﬁ.lr%{(}%p O%ﬁ%guggs Lisoqy—rprl%(%%% q{e%r(:%]u%{}%eialm' thOf the

rare gas 1 nc e argon, ana Xxeno es o e rare gas

hal ogen used Highheredne meadictrgasahpl ogeramplesRf theefareejaydas¥ar, Xed,
XeBr, KrF, KrCl, ArF and ArCl. The output of the |ight source is preferably
10 to 5, 008" tie Adeehpiraret iy ofobhe o arHE8sWNIHS@FSIogngkRYBECRhe 15

light sour 9§ﬂ§1§<é?f8n .pahkbﬁg'lgfs'cyf 't;n@' ief Blféts Héfc%ﬁéﬁlaﬂs%dlfxq fH gﬂgvem Use
of laser lig I's particularly pret erred~from e viewpoint o he quality
of the fornmedralgas hahobehnexcTher diamsphercd ude ¥oFcKddile, Xla®re EORLI Nng Sstep
and the heatin? steB/the hot oi rradi ation step are carried out is 20
preferably BRCEnef¥ a?ﬁgsgﬁg}e or a reducing atnosphere. The

The output of the 1light source is preferably 10 to 5,000
W, more preferably 100 to 1,000 W. The wavelength of the

15 1light source is not particularly limited but preferably 170
to 600 nm. Use of laser light is particularly preferred from
the viewpoint of the quality of the formed aluminum film.

The atmosphere in which the above coating step and the
heating step/the photoirradiation step are carried out is

20 preferablyan inert atmosphere or a reducing atmosphere. The
inert atmosphere can be realized by using an inert gas such
as nitrogen, helium or argon. The reducing atmosphere can
be realized by using a reducing gas such as hydrogen or both
of a reducing gas and the above inert gas.

25 Only ocne of the above heat treatment and
photoirradiation treatment may be carried out, or both of
them may be carried out. When both of them are carried out,
the order is not limited, and the heat treatment and the
photoirradiation treatment may be carried out simultaneously.

30 Out of these, it is preferred to carry out only the heat
treatment or both of the heat treatment and the

photoirradiation treatment.

Examples



i nert atnosphere can be realized by using an inert gas such as nitrogen,
hel i um or argon. The reducing atnosphere can be realized by using a
reduci ng gas such as hydrogen or both of a reducing gas and the above inert
gas. 25 only one of the above heat treatent and photoirradiation treatnent
may be carried out, or both of them may be carried out. Wien both of them

are carried out, thegﬁgﬁggﬁggbgggm#hggtgge gggvgg%dh%%;fh&%g%%pnt and the

photoi rradi ation frea e carried out “Sinultaneously. Qut of
these, it idlpuetentedthe paesgneutineenyiidme heat treatnment or both of the

heat treatnment and_the phaqtoirradiation treatnent. Exanples 26 The
fol | owi ng exanpl eBlare ' iQlilPed NG OPEFER&PIE| YE5E ISR 49k OPtedBrit dvent i on.

ALl the fol hg%egeapseabggpérwﬁlgegré@glt@ ot il Avfld. @;%tlr Qgen yapspher e
unl ess stated ot herw se. | the used 5 solvents were de ydrateg by neans
of Ml ecul aso$vents Wér¢ afeHymrat eshbyaméais JofaMd léeadnat debys bifbdlaofng a

nitrogen gas_.in vance. The structures d mxi rati o.of the synthesized
Conp oxes wBPAoBnEERER By nbarid e aaiaked 500 DUSHARDE BLOKEIEM G598 0Spl 1
K. K. at roopnt gapgnhakure and a resolution of 500 MHz using deuterated
benzene as a solvent. In the follow ng exanples, required amunts in

Exanpl es were obt haedtbyctupeat angd whzingl rahingoby ttkesynthesdmsides on t he
foll owi ng sca as re

N o) SPE 1825 ke bkt IR RERTR ot @A s do PR BaBler

three- negkedibbpsk ROKt &l thirdgmar RGELAtGr&tdid Baresd1 4890l of BoappiRg funnel
for addi ng powders, a suction plug 3 -way cock 20 connected to a nitrogen

gas stream HAdNg geussrstegpbengene as a solvent.
In the following examples, required amounts in

Examples were obtained by repeating the following Synthesis
Examples on the following scales as required.

15
Synthesis Example 1 (synthesis of AlH;'N(C.Hs);)

3.80 g of lithium aluminum hydride was fed to a 200-ml
three-necked flask containing a magnetic stir bar. A 100-ml
dropping funnel for adding powders, a suction plug 3-way cock

20 connected to a nitrogen gas stream and a glass stopper were
connected to the three connection ports of the three-necked
flask, respectively. 13.10 g of a hydrochloric acid salt
of triethylamine was fed to the dropping funnel for adding
powders,. and then the three-necked flask was sealed up in

25 nitrogen through the suction plug three-way cock.

100 ml of diethyl ether was added to the above
three-necked flask by means of a glass syringe, and the whole
vessel was kept at 0°C in an iced bath. After the
hydrochloric acid salt of triethylamine was gradually

30 dropped into the three-necked flask over 10 minutes under
agitation at 1,000 rpm with the magnetic stirrer, it was kept
at 0°C and further stirred for another 2 hours.

After the temperature of the whole vessel was returned

to room temperature, the reaction mixture was pressure fed



connected to the three connection ports of the three-necked fl ask,
respectively. 13.10 g of a hydrochloric acid salt of triethylamne was fed
to the dropping funnel for adding powders,. and then the three-necked fl ask
was sealed up in 25 nitrogen through t g suction plug three-way cock. 100
m of diethyl ether was added to the ab8ve three-necked flask by neans of a

gl ass syrin%ﬁgrQBQIEQgegggbggfgﬁgﬁﬁ%ﬁmggsgggtb tuggngnaan iced bath. After

the hydroc Ic acl rrethyl amne s gradual ly 30 dropped into

the three-npekedetiraskuoveethPlansutabeupdaggedgupatvi@h absbro@e® rpm w th
the magnetic stirrer, it was kept at OC and further stirred for another 2
hours. AftefCEReNt aBePHPEREe AL AthdicPanessePhagdarepeeiséd atoth8om

L emper at Ur CenhNgnkeact Lanefl 1 UFcaBs DEEBSUESLedePRy1and oo [ nto

anot her vessel by using a polytet or oet ne tube plu up with
absorbert £blten (mbrufhentiredtbpnwhithapamdese)Phaviagopaecoppnding he end
and filtered with a polgtetrafluoroethylene menbrane 5 filter énanufactured
by What man f&_M$LAEVPAQO ah WpenThg fdilaxaiter vaF peredvedhbyf fl $PArBlwas

received byegqgg®Qnpl cvBE9PaBk; t ¥PRabhaske 2t TRIPSLI Gasthhit PRhtWASHRUL into
the flask after filtration, and a suction plug three-way cock was attached

to the fl asklagh Fhtersficltovatpdug ahdew-smyttoukplmg cthneecvay tock vacuum
punp through a t o.renmove t spl vent under reduced pressure while it
was stirred”a?t %EggFéﬁﬁm??hFﬁﬁePﬁﬁaﬁetic stirrer. After the renoval of the
sol venty,g the _res"ﬂl‘a!fsV@égt{bﬂl_tﬁI@? Yhide 2w P! ¥bEK I R4S USEREEBYLENESMRITDr ane
filter 15 having an opening dianeter of O. m ( manuf act ured by What man

Inc.) to obvafnus smytbfoughachrapdc cemeva s ept veénguinder yedncedi s
achromatic bransperehy|daul desmeast e Bho HNEen EntofagROLEET= that

stirrer. After the removal of the solvent, the residue was

filtered with a polytetrafluoroethylene membrane filter

15 having an opening diameter of 0.1 um (manufactured by Whatman

Inc.) to obtain 5.90 g of an achromatic transparent liquid.

When this achromatic transparent liquid was measured by

'H-NMR, it was confirmed that this was AlH;'N(C.Hs); (yield

of 45 %).

20 The measured 'H-NMR chart is shown in Fig. 1.

<'H-NMR spectral data>
1.06 ppm*1.08 ppm-1.10 ppm, 9H, tr (triplet)
2.65 ppm'2.70 ppm*2.77 ppm-2.82 ppm, 6H, dd (double
25 doublet)
3.2 to 3.5 ppm, 3H, s (b) (singlet-broad)

Synthesis Example 2 (synthesis of AlH;* (N(CyHs)s)2)
3.80 g of 1lithium aluminum hydride was fed to a 200-ml
30 three-necked flask containing a magnetic stirbar. A 100-ml
dropping funnel for adding powders, a suction plug 3-way cock
connected to a nitrogen gas stream and a glass stopper were
connected to the three connection ports of the three-necked

flask, respectively. 28.80 g of a hydrochloric acid salt



20 The neasured 'H- NWR chart is shown in Fig. 1. <1H NWR spectral data>

1. 06 ppnil. 08 ppnl. 10 ppm 9H, tr (triplet) 2.65 ppnR.70 ppnR.77 ppnR2. 82 ppm
6H, dd (double 25 doublet) 3.2 to 3.5 ppm 3H, s (b) (singlet broad)

Synt hesis Exanple 2 (synthesis of A H3(N(C2Hs)3)2) 3.80 g of lithium

al um num hydride was fed to a 200- m 3(2& hree- necked flask containing a
magnetic stir_bar. A 100-m drop funnel for adding powders, a suction
plug 3-way EKTiHHBAENS ¥ r#ﬁtdr geehhga%r@wbagn%wan%lgﬁ%sa@dmer wer e

connected t r qﬂ{%{;t ‘pae%

respectivel 33(5,,5215 %% ea%cf nyr och r%e?: %’fﬁﬁd&gaﬁlqsgg tri e%%q?%m ne was
fed to the ditpmaen fumnmlgli arhedsliatgl omp opiies st heeel-waencodle. three necked
flask was sealed up in_ nitrogen through_the suction pl uq_1 t hr ee- vvay cock.

100 i of hexane WP Hdded PE*pRE WRBRIEET el Mtk POV s of a
gl ass sykin rFéTQ? ol

Af ter thgJ h;!/%raoé}ﬁ%c}}r Ptgeat aci ?alaq'{l%osgtr}} 'an%'%lri}t\?{\/aeg@gr ulsﬁ%/lté(:j)ropped
into the thtee- wtmﬂlcecb}fdmk e st mrﬁﬁ‘és urderragibteathymrathllodid® rpm
wi th the magnet tirrer while this tenperatu 0|t skept at
55C and fur IO KT GF (01 SHBARITE AR O A (o fdf the
whol e Vesse'tﬂ@asefr?é&{é@(hats% 696l 1 EnehAldY %nd(e'ieaéﬁéﬁi:heﬂ é?'%.xif LU(Q) Was
pressure fed and collected into another vessel by uSing a

pol ytetrafl mwuhylmmagb@tplcwgzem@pwm&ﬁ elbmrtl@emeraxsmﬁowaame(msor bent

ol yC ot P31 i BEEnSFBRC MorbRaRBs TIT URF 1k A pBAP ROt 2SS of 0.1 m

(manufactured by AthairmBRe | t¥mperatherd dlft £Ré eﬂmﬂ% 7868k ekl H Y et 1 BHEATL
eggpl ant-type flask, a magnetic stir bar was put into the 20 flask after

filtration, QQNIQ@“SG@mP@ﬁaQPﬁQ t Bheergagtteekmixture was pressure fed
and collected into another vessel by using a

polytetrafluoroethylene tube plugged up with absorbent

15 cotton (absorbent cotton of Japanese Pharmacopoeia) at the
end and filtered with a polytetrafluoroethylene membrane
filter having an opening diameter of 0.1 um (manufactured
by Whatman Inc.). The filtrate was received by a 300-ml
eggplant-type flask, a magnetic stir bar was put into the

20 flask after filtration, and a suction plug three-way cock
was attached to the flask.

This suction plug three-way cock was connected to a
vacuum pump through a trap to remove the solvent under reduced
pressure while it was stirred at 300 rpm with the magnetic

25 stirrer. After the removal of the solvent, the residue was
distilled under a reduced pressure of 8 Pa by heating at 40°C
to collect a fraction having a temperature of 38°C or higher.
This fraction was filtered with a polytetrafluoroethylene
membrane filter having an opening diameter of 0.1 um

30 (manufactured by Whatman Inc.) to obtain 4.17 g of an
achromatic transparent liquid. When this achromatic
transparent liquid was measured by 'H-NMR, it was confirmed
that this was AlHs;- (N(CyHs)s), (yield of 18 %).

The measured 'H-NMR chart is shown in Fig. 2.



was attached to the flask. This suction plug three-way cock was connected to
a vacuum punp through a trap to renove the solvent under reduced pressure
while it was stirred at 300 rpmwi th the nagnetic 25 stirrer. After the
removal of the solvent, the residue was_ distilled under a reduced pressure
of 8 Pa by heating at 40C to collect a2Praction havi ng a tenperature of 38C

or higher. Thi raction flltered with a pol ytetrafl uoroethyl ene
menbr ane fi Ft'é ﬁ%%v??ﬁf%ﬁ?ﬁai% dianeter of 0.1 m 30 (manufactured by

What man Inc.) to gbgai Bpft- @789 madw 9 AR &3¢, tg@nﬁ)@{\gpétj i quid. Wen
this achromatic transparent urd was asured b It was confirmed

that this was AlI-B(N@QZHB)B)% (gpma’IZdB@f P -Q.. 41[hppneaSQHedddl—H&NRbdlaart is
shown in Fi 5 % gz <''"H NMR spectral data> 0.86 ppnD.88 ppnD. 90 ppm 18H,
tr (tripl etg 2! %3 pm 2. 36 ppn2.39 ppm2.41 ppm 12H, dd (double doublet) 5

3.0 to 55 ppm 34, gstéby. $81f>§lal eﬁnbrga% Sxa&hgiés-ﬁf@ame 3 (batch
synthesis (1) of a mxture N(C2H5) 3 and ALIH3 (N(C2H5) 3) 2) 3.80 ¢
of Iithiun1a|uninun1hydride was fed to a 200-m 10 three-necked fl ask

ini 0- d f I f wd ,
o Suct on_ pPYl CACaay B e A T B E R bR AL S B PRt B Ol ass

st opper werg cgqn@eghadAug3{ne<ghgpgzqonnect|on ports of the three-necked
fl ask, respectlvely 17.80.g of a h drochlorlc acid salt 15 of trlethylanlne

was fed to the dr%p?)?rﬂgoffu%%hl’%ra Sdetes vagnted Heén

t hr ee- ke s 14 QORM t SUGH _phug
t hr ee- agg cggﬁéé1§8$ﬁ§d§$g%?§f#@tthﬁgPPﬁas aé%hépgggfﬁgggbogzh@Phﬁge-necked

flask by nednsppfing fyrassl §ypriatysngapdwikes , 20 stiepenap lue ofwayheownkol e
system was Sgﬁnégtegcéoeglnltgg%en gas stream and a glass stopper were
connected to the three connection ports of the three-necked
flask, respectively. 17.80 g of a hydrochloric acid salt
15 of triethylamine was fed to the dropping funnel for adding
powders, and then the three-necked flask was sealed up in
nitrogen through the suction plug three-way cock.
100 ml of diethyl ether was added to the above
three-necked flask by means of a glass syringe, and the
20 temperature of the whole system was set to 10°C. After the
hydrochloric acid salt of triethylamine was gradually
dropped into the three-necked flask over 10 minutes under
agitation at 1,000 rpm with the magnetic stirrer while this
temperature was kept, it was further stirred at 10°C for
25 another 2 hours.
After the temperature of the whole vessel was returned
to room temperature, the reaction mixture was pressure fed
and collected into another vessel by using a
polytetrafluoroethylene tube plugged up with absorbent
30 cotton (absorbent cotton of Japanese Pharmacopoeia) at the
end and filtered with a polytetrafluoroethylene membrane
filter having an opening diameter of 0.1 pum (manufactured
by Whatman Inc.). The filtrate was received by a 300-ml

eggplant-like flask, a magnetic stir bar was put into the



hydrochloric acid salt of triethylam ne was gradually dropped into the

t hree-necked flask over 10 m nutes under agitation at 1,000 rpmwth the
magnetic stirrer while this tenperature was kept, it was further stirred at
10C for 25 another 2 hours. After the tenperature of the whole vessel was
returned to roomtenperature, the reactlidon m xture was pressure fed and
collected into another vessel by using a pol ytetrafl uoroethyl ene tube

pl ugged up VilEaskaleseredt 1tIetdont oantabs sugsione pllugn thregap@yesock

Phar macopoei a). at_.th nd and fd.ltered with a polytetrafl uoroethyl ene
menbrane fi] e?tﬁgﬁﬁﬁdegﬁ %EghﬁﬁﬁﬁﬁTaneter of 0.1 m (manufactured by

What man I nc.). Thehfikl buateona@mgceh\r@@-wzac&aﬁ- Whs eogpleatled ithe o | ask, a
magnetic stir bar was put into the 30 flask after filtration, and a suction

pl ug t hr ee- KRFUEBRUMRAS TRUGEChEFAPT- @ HEMPVEsKIe FRILYeREMNRT Friyass ee- way

cock wasg co t vacu p 0 t : v vent

under ré%ucgg%%g%pféggg}g agiwg%i%ggﬁégét#g?% éﬁﬁgaéﬁfgﬁggﬁ?ﬁb?%g§%£gnetic
stirrer. Affserree .renpvalr the thencallveft thehsolesnhtyecasedidiemwad with a
pol yt etrafl ugroet hyl ene_nmenbrane filter havigaggn openi ng diameter of 0. 1

m ( manuf act diddepFiWitiar POy trtie idposiostdyisng Fremhy aten riohdis

t e By . ¥ athi g
by vk, e dnigEen SReALHe A TaTe B8R TR, o it FEBOEEEP L e h Y iRl o )
andAl H3 ( N( C2id5)3}2 ¢t aimg 17 igoobfaBirdmeatl iar t neatsipeient alidudid .66 % .
Th "H- NVR chart i h i Fig. 3... 15 <1H NWR tral data>
154 opb. S4BT AR BOREOTRCaA, (LA L BLe B B A ppne. 94
ppm 7. 2H, dg_g@Rubl e waouhet dred i3 -thiPMi@Hd WadPh SikkeR i oad)

AlH3 N (C.Hs) 3 and AlH; (N(CyHs)3)» (mixing ratio of 80:20 (molar
ratio)) (yield of 66 %).
The measured 'H-NMR chart is shown in Fig. 3.
15 <'H-NMR spectral data>
1.24 ppm*1.29 ppm'1.34 ppm, 10.8H, tr (triplet)
2.84 ppm'2.87 ppm*2.91 ppm*2.94 ppm, 7.2H, dd (double
doublet)
3.3 to 3.9 ppm, 3H, s (b) (singlet-broad)
20
Preparation Example 1 (preparation of a solution containing
a titanium compound)
0.11 gof cyclopentadienyltitanium trichloride was fed
to a 30-ml glass vessel and 4-methylanisole was added to this
25 tomake the total amount 25.00 g. After the resultingmixture
was fully stirred, it was left at room temperature for 4 hours
and filtered with a polytetrafluoroethylene membrane filter
having an opening diameter of 0.1 um (manufactured by Whatman
Inc.) to obtain a solution containing 20 umol/g of

30 cyclopentadienyltitanium trichloride.

Preparation Example 2 (preparation of a composition for
forming a base film)

0.30 g of bis(penta-2,4-diketo)titanium (IV)



20 Preparation Exanple 1 (preparation of a solution containing a titanium
conpound) 0.11g of cyclopentadienyltitaniumtrichloride was fed to a 30-ni
gl ass vessel and 4-nethyl ani sole was added to this 25 to nake the total
anount 25.00 g. After the resulting mxture was fully stirred, it was |eft
at roomtenperature for 4 hours and filPlered with a pol ytetrafluoroethyl ene

menbrane filter having an gening di aneter  of O. m_ ( manuf act ured by
What man |n@1)15p@r@@paqlﬁieaag |6kt B r?chﬁFﬁﬁhilﬁédQGeFrBV/léméPOéG1tan1um

cycl opent adigr¥ trclgariou® bigi- gntll o1iade. VFérs%@a_Lr atalnqw Exanpl e 2 (preparation of
a conposition for formng a base film 30

bi s( pent a- 2 24-adiekery)-tli-methenyPr ?pade wms:ﬂﬁ#ﬂb@ﬂ(ﬁh&ﬂﬁt&ﬂﬂﬂlmg tetrakis
(di met hyl am no) titani re f d to a 20- | ass ssel and
et oy 1 MatHoey EPoihe thectaftt chdufnat e s PSR and Bl trace ¢ ne
total an@unmaEBf@pl;gstAﬁéﬂ tlrtewamtelﬂteaérm tathbersthré gdr 2 howas .| eft at
roomtenperature for 2 hours. The mixture was filtered with a

polytetraflGbﬁo@ﬂﬁywéﬁeWaﬁeﬁbﬂéﬁ§eﬁ|Mﬂéb-ﬁaﬂQ%yQﬁﬁHﬂﬁ%HQQPQﬁhﬁkﬁQﬁ of 0.1 m
(rrxanufacturedglgér/I V\hatfgg n@%’to obtain a _composition f N form ng a base
film 10 coffpdrative & 108; 8BaPREPIR G LS Fo St i%d H% forning an
al um num fi l[(Fanfaetiuekdanyswhetmas aaded t® bt rg a0t ohAbdSNECHD)Xdr
obtained in the above Synthesis Exanple 1 to obtain the total 15 anount of
16.00 g of &O¥BHHGI 8nbEsKt &ildfng 50 wtt of AIH3 N (C2H5) 3. 15 ml of the
above s)? dution was collected, and 0.81 m of the solution containing 20

nmol/g o cyclopentadienyltitaniun1trich|oride prepared in the above
Comparative Example 1

<preparation of a composition for forming an aluminum film>
4-methylanisole was added to 8.00 g of AlH;'N(C,Hs)
obtained in the above Synthesis Example 1 to obtain the total
15 amount of 16.00 g of a solution containing 50 wt% of AlH;*
N (C2Hs) 3.
15 ml of the above solution was collected, and 0.81
ml of the solution containing 20 umol/g of
cyclopentadienyltitanium trichloride prepared in the above
20 Preparation Example 1 was added to this under agitation at
room temperature and further stirred for another 1 minute

to prepare a composition for forming an aluminum film.

<formation and evaluation of aluminum film>
25 A silicon substrate was set on a spin coater, 1 ml of
the composition for forming a base film prepared in the above
-Preparation Example 2 was dropped on the silicon substrate,
and the silicon substrate was spunat 3,000 rpm for 10 seconds.
This substrate was placed on a hot plate set at 150°C and
30 heated for 25 minutes to form a base film on the silicon
substrate.
Then, this substrate having the base film was set on
the spin coater again, 4 ml of the composition for forming

an aluminum film prepared above was dropped on the substrate,



20 Preparation Exanple 1 was added to this under agitation at room
tenperature and further stirred for another 1 mnute to prepare a
conposition for formng an alumnumfilm <formation and eval uati on of
alumnumfilne 25 A silicon substrate was set on a spin coater, 1 m of the
conposition for formng a base filmprepdred in the above Preparation
Exanpl e 2 was dropped on the silicon substrate, and the silicon substrate
was spun at aBd, theosylwh Fafre WrssSPoWdat 8TAi E0B Y rlft semendsi-acEhisn a hot

Gi T con supebparationds RERREA bRCe 72 I LHER PALSLERE PPIRLOLRRET on-

the spin coghereagaem, wfherﬂ iefwdsheueconpediddtmyd der2Foratsg 3@nialuesnum fil m
prepared above was _dropped _on the substrate, 32 and the substrate was spun
at 800 rpm FBF %r%%%%rfd% thenpubsiypser Upe GRECFRAWE R & 1180BAKRTIpI at e

for 10 g ”Uﬁééallgﬁe&ﬁégét e wﬁ\‘&%@ ihe V@éci“é%é‘@{r Edtﬂ?Z?Q‘fwf @5 530

m nut es, e surface o strate was vered with a aving 5
netal li c | usbservéfienat heakSEA: spbutedmaof AtLI;g; s Ismemasat omse3 ved, a peak

attributed af Al2p was seen at _73.5 eV, eby it was_found that this film
was an al un? Eﬁ??gl nt TRE ?P’Fﬁ‘titFh%kn%gésaﬁal‘ﬂe%i‘?t?n of LHR{BUR; Einlfer e

measured by the XppPeg!)Rbhiachde $Orﬁ<? %né@@ yégrtﬁisR@%@{n we@ePhi |11 ps

El ectronics N V., the reflectance havi ng a wavel ength of 540 nm of
this fil m wasagezsdrizy the Xli@eyt4MRD ilsq:)mem’oﬁhoiaynaterlym‘eri—notfaﬁbya&h gh

Techno and sp i fic.resistance of .t il mwas
rreasur E]Elcgig %%%(ﬁéﬁ gﬁ%{@cm% r %& Elg L@S?‘Bgr ation.
15 The neasarm%[mteﬂ bS48 %mS@P\MhllsanﬁR'v%slmeég‘é%lea%*Q'Pleoil sigpage
stability> About 5 of the conposition for formng an alum num film

prepared abspectasphetometencH Bitaabldliesl Teichino2oidest GPHRPEahaohng a
capacity of %8 tﬁlle s-lgéecsleflvé %lesf%@ta%'c%e ¥ the film was measured by the

RT-80/RG-80 probe resistivity meter of Napson Corporation.

15 The measurement results are shown in Table 1.

<evaluation of storage stability>
About 5 ml of the composition for forming an aluminum
film prepared above was fed to each of two glass vial
20 containers having a capacity of 10 ml. These vial containers
were kept at room temperature in a nitrogen atmosphere. The
appearance of one of the vial containers was checked after
30 days, the appearance of the other vial container was
checked after 60 days, and an attempt was made to form an
25 aluminum film on a substrate in the same manner as above.
After 30 days, a film could be formed and was evaluated. The
results are shown in Table 3. It was confirmed from the ESCA
spectrum that the formed film was an aluminum film. However,
after 60 days, the content of the vial container formed a

30 Dblack precipitate, and a film could not be formed.

Example 1
<preparation of composition for forming an aluminum film>

6.50 g (49.6 mmol) of AlH; N(C,Hs)s synthesized in the



were kept at roomtenperature in a nitrogen atnosphere. The appearance of
one of the vial containers was checked after 30 days, the appearance of the
ot her vial container was checked after 60 days, and an attenpt was nmade to
forman 25 alumnumfilmon a substrate;hn the same manner as above. After
30 days, a filmcould be forned and was eval uated. The results are shown in

Tabl e 3. eCoUhtREEds! EOBRbAE ESCAs 30881 EUMLNA! rirhe) ! QETad (| m vas

an alum num ' m wever e“content o he vi al “cont ai ner
formed a 3(0Nbd:;ar5k3p{ eynphtatiesdaid tehe abmveosdmltheslbeziamprmi 2 wraepl e 1

ol of  ATPBONECITED Sy Dviadtk, @ it esh=tapob v ey HERER: STk aRBPe 1 and

2.88 g (12. :ﬂpﬁm@i&h(ﬁ mAlgidt i(NeE2H2E3) 2ZosyH e Zesl td peheuabgvaiReat hesi s
Exarrple 2 were fed to a 100-m flask and stirred at a revolution of 1,000

rpmwti a hﬁgﬂéhﬁ@ stirrer for 5 nminutes to be fully nixed 5 together

8.00 f th bt I d. 4 I
was added to thisttoahE RPEISSE SR s ndRor e Eb P on ' ©
cont ai ni ng 5ﬂdm4ﬁ1@fhmamx§une w@é A4 &AM €3Hon Bs and élstlﬁN(;EéHEa;Baaz (m xi ng

ratio of 80:20 10 (nolar ratio)). 15 m of the above sol ution was
col | ect ed, %‘i‘i@ubtﬂ 16 08f9 Phed SSLntiiom esRtaiRiRg %Wﬁﬁl@% sopixture

cyc! opent AL ETULAL APOLMTL | EPhat 95y FSREnSdhielhg abets o ghecat | on

furtherlosti (metlatoraghoi her 1 mnute to prepare a conposi t| on for formng
an alumnumfilm <fornmation and eval at| on of alumnumfilmand eval uation

of storage stabi I}Fffglﬁ)fAW%l%mYﬁun?? W39 r retlontedsudRer &t Bland
evaluated pf Lpe.§ang,fBLDEH één’chrcff?HBaE@t LMSl%agﬁl e 1 except that

cyclopentadienyltitanium trichloride prepared in the above
Preparation Example 1 was added to this under agitation at
15 room temperature and further stirred for another 1 minute

to prepare a composition for forming an aluminum film.

<formation and evaluation of aluminum film and evaluation
of storage stability>
20 An aluminum film was formed on a substrate and evaluated
in the same manner as in Comparative Example 1 except that
the composition for forming an aluminum film prepared above
was used. The evaluation of storage stability was carried
out as well. The evaluation results are shown in Tables 1
25 and 2.
It was confirmed from the ESCA spectrum that the formed

films were all aluminum films.

Examples 2 to 5 and Comparative Examples 2 to 4

30 Compositions for forming an aluminum film were
prepared in the same manner as in Example 1 except that the
mixing ratio of AlH;*N(C,Hs); and AlH;- (N(C,Hs)3). mixed
together in the <preparation of composition for forming an

aluminum film> in the above Example 1 was changed as shown



the conposition for formng an alum numfil mprepared above was used. The
eval uation of storage stability was carried out as well. The eval uation
results are shown in Tables 1 25 and 2. It was confirnmed fromthe ESCA
spectrumthat the formed filns were aI% alumnumfilns. Exanples 2 to 5 and
Conparative Exanples 2 to 4 30 Conposit bns for form ng an alum num film

were prep .0t he r i le 1 e h 1 Xi ng
oo of A Tt et R i Poa i tEGCER ¢ (haefard (e
<pr epar at i oin afhec eapesmbhadrf 8§ Fro0dmithrant i & EXamplef Ll 2%diévd headove
Exanpl e 1 was changed as shown 34 in Table 1 and used to form an al um num

filmon a stbst TceevRAUARdOTaRE FhRGS &Fahi IddnpaPg FIETERENBIE asand
evaluate ife;jThe zﬁéa'e%tlh%f%i% 0398 ﬁ&%bghngzm;@iébﬂ Quy 25  well.

The eval uation results are shown I'n es 1 an was confirmed from
t he ESCA spectra Ithatast benf drmed frhon rhewesen apeat namthian £henBoriadpar ati ve
Exanple 5 A conposition for_formng an alumnumfilmwas 10 prepared in the

same mannerfHENF We¥Re Jbbval EHHBAR a1 4BS - Exanpl e 1 except that

Al H3(N(C2H5) 3) 2 was used in place of Al1H3-N(C2H5)3 in the <preparation of
conposition for formng an alumnumfiln> in the above Conparative Exanple
1 and used Campdoatniem Bkampheindfil mon a substrate in the same manner 15 as

in Conparative Exgnple 1 and eval uate it. The eval uation . .of storage

Srabi |1ty vas car B GETBRE S oL FRITHRS (R AT e E T B S hown i n
Tabl es1d aghepatdaWas €oafsdmedndioen the ESGhsPesdventéhphrhbevior med
films were all” alumnumfilnms. 20 Exanple 6 A conposition for formng an

al um num f iExamwke pr eparet that AlH;* (N(CyHs);). was used in place of
AlH,°N(C;Hg) 3 in the <preparation of composition for forming
an aluminum film> in the above Comparative Example 1 and used
to form an aluminum film on a substrate in the same manner
15 as in Comparative Example 1 and evaluate it. The evaluation
of storage stability was carried out as well. The evaluation
results are shown in Tables 1 and 2.
It was confirmed from the ESCA spectrum that the formed
films were all aluminum films.
20
Example 6
A composition for forming an aluminum film was prepared
in the same manner as in the above Comparative Example 1 except
that the mixture of AlH; N (C,Hs)s and AlH;- (N(C.Hs)3)2 (mixing
25 ratio of 8:2 (molar ratio)) synthesized in a batch manner
in the above Synthesis Example 3 was used in place of AlH;-
N(C,Hs)3; in the <preparation of composition for forming an
aluminum film> in Comparative Example 1 and used to form an
aluminum film on a substrate in the same manner as in
30 Comparative Example 1 and evaluate it. The evaluation of
storage stability was carried out as well. The evaluation
results are shown in Tables 1 and 2.
It was confirmed from the ESCA spectrum that the formed

films were all aluminum films.



in the sane manner as in the above Conparative Exanple 1 except that the

m xture of ALH3N(C2H5) 3 and AIH3(N(C2H5)3)2 (m xing 25 ratio of 8:2 (nolar
ratio)) synthesized in a batch manner in the above Synthesis Exanple 3 was
used in place of ALH3- N(C2H5)3 in 3gshe <preparation of conposition for
formng an alumnumfilne in Conparative Exanple 1 and used to form an
alumnumfilmon a substrate in the sane manner as in 30 Conparative Exanple
1 and evaluate it. The evaluation of storage stability was carried out as

wel | . The evaluation res s_are shown in Tables and 2. 1t was confirmed
fromthe ESEA spectrufh thht tlhe orﬂiad fil vere|all| al gminpmfilns. 35 U
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>4 NOO Idu4-1 t 41 Nco COCONOco M(N Q r-1 co COc
CON3 Nm4-4rtr, 4-1 GYi 4-1 Oa r~NUS5 /YNO C~ 4-4
NMLn (Nr-i -rl wU.~Xri ri HHHri HHri H ~rt a-) H
ONJJ 4-4f5 Utocoof 0O COO0OL HNcorn COco-H4-J NON ~
d MMIl'LTd d d M 04U Heg~4 N 'bU o MJJ COMNO
N(NUWNOGCOco DO cor- WwwOD 34 Nmr-1 4) 4-4
The symbols in the column of aluminum complex of Table
1 denote the following substances.
mono-adduct: AlH,°N(C,Hs) 3
bis-adduct: AlH;- (N(CyHs)3) 2
5
Effect of the Invention
According to the present invention, there are provided
a composition for forming an aluminum £film, having excellent
long-term storage stability, which is industrially
10 advantageous, and a simple method of forming an aluminum film

by applying the composition. The method of forming an
aluminum film of the present invention is easily applied to

a large-sized substrate and contributes to cost reduction.



Q N NN LnOOInIDIDNOONHInNnCVWV4"' NLnIn uU
0O0o000OO0O0OO0OOOO4 ".. r-1 O-Hr-1 ONMv Ln 'DN
OyaO00000O0O0OOOHP mZUri CON\DVI d M
U NMd Ifl N r- NMd tolOF -11 UWWWWWUUUU
synbols in the colum of alum num conpl @8 of Table 1 denote t fol |l ow ng
subst ances. nono-adduct: ALH3N(C2H5)3 bi s -adduct : Al1H3 N (CH5) 3) 2
5 Effect of the Invention Accordi ng t&AINS present invention, there are
provided a conposition for formng an alum numfilm having excell ent

| ong-term storage stability, which is industrially 10 advant ageous, and a
sinpl e nethed of Aafdigiss e lﬂﬁirnimrﬂiﬂlfbnbéll@ﬁﬁhﬁﬁlfﬂ]lnhﬁc@ﬁ@&@%iihigon- The
met hod of formng_an alumnumfilmof the present invention Is easily

appl i ed to 2aCPHEP4EXsrepyesapseraby &R EoAdeWBugedordudast(ednd idon.

5 complex represented by the following formula (2), the molar

=X B

-4 F K
o] CO O1
-1 (NHO

WWU 37 Th
he

(

ratio of the complex represented by the following formula
(1) and the complex represented by the following formula (2)
being 40:60 to 85:15:
AlH; NR'R’R’ (1)
10 AlH;" (NR'R’R?), (2)
(in the above formulas (1) and (2), R}, R® and R’ are each
independently a hydrogen atom, alkyl group, cycloalkyl group,
alkenyl group, alkynyl group, aryl group or aralkyl group.).

15 2. The composition for forming an aluminum £ilm according
toclaim 1l, wherein the molar ratio of the complex represented
by the above formula (1) and the complex represented by the
above formula (2) is 70:30 to 85:15.

20 3. The composition for forming an aluminum £ilm according

to claim 1 which further comprises a titanium compound.

4. The composition for forming an aluminum film according
to claim 2 which further comprises a titanium compound.
25
5. A method of forming an aluminum film, comprising the
steps of:
applying the composition for forming an aluminum film
of any one of claims 1 to 4 to a substrate to form a coating
30 film; and
subjecting the coating film to at least one of a heat

treatment and a photoirradiation treatment.

6. The method of forming an aluminum film according to



38 CLAIMS 1. A conposition for formng an alumnumfilm conprising a
conpl ex represented by the following formula (1) and a 5 conpl ex
represented by the following formula (2), the nolar ratio of the conplex
represented by the following formula (1) and the conplex represented by the
following formula (2) being 40:60 to 83915: AIH3NRIR2R3 (1) 10 AlH3

(NR RRR3) 2 (2) (in the above formulas (1) and (2), Rl, R2 and R3 are each

i ndependent lcyadmhysdr odpenredno mhealskpls tgadugp i scypiit@dlned hyr applyaikenyl
group, al kynyl aroup, aryl group or_aral kyl. group.). .15 2. The _conposition
Por Por m g CEmeedmREE P | FPEEERT R HE=S o itk MO AR PRSARar ratio
of the COWD'm%X:a'leEbﬁﬁ@ﬁh@dcoﬁt’aiﬁﬁngb@t’elé@é@l&rﬁe bl sANG el1 kR & B Of
represented by the above formula (2) is 70:30 to 85:15. 20 3. The

conposi ti onther greuE senEd s&ling edmtfiitemiadoordiligdium and mlumdiwh furt her

conpris a titani c 0 4. e.c oSt tl faor for an glium num
film ac?ordi(r?éﬁpgli?iga?ﬁgjéj%%%x F&hqﬁgre%cr?(;eﬁ%%)&sggeaa ?‘fegrﬁgﬁ&cloarrﬁg&nd. 25
5. A nethodagl toenicegpiexarepresenfticdnbyc e iabiowe tiamsteps)of, appl yi ng

the conposition for formng an alumnumfilm of any one of clains 1 to 4 to
a substrat e th8TREPmRE SREPngeasdng Ly 1End @it ing the coating filmto
at | east one of a heat treatnment and a photoirradiation treatnent. 6. The
met hod of forming an alum numfilmaccording to 39 claimb5, wherein the
substrate i g.obt anmedthydapp|pitadn@ing aheo Sdnpars iftarorf @or Kgraibasenfi | m
conprising an organic _netal conmpound containing at |east one netal selected
from 107 alumifum film of any one of claims 17to 4, comprising the
steps of:
synthesizing the complex represented by the above
formula (1) by reacting lithium aluminum hydride with a
hydrohalogenic acid salt of a compound represented by the
15 following formula (3) in an ether solvent at a temperature
of 0°C or lower;
synthesizing the complex represented by the above
formula (2) by reacting lithium aluminum hydride with a
hydrohalogenic acid salt of a compound represented by the
20 following formula (3) in a hydrocarbon solvent at a
temperature higher than 30°C; and
mixing these complexes together:
NR'R°R’ (3)
(in the above formula (3), R}, R* and R’ are as defined in

25 the above formulas (1) and (2).).

8. A method of producing the composition for forming an
aluminum film of claim 1 or 3, comprising the step of
synthesizing a complex mixture of the complex represented
30 Dby the above formula (1) and the complex represented by the
above formula (2) in a molar ratio of 40:60 to 85:15 in a
batch manner by reacting lithium aluminum hydride with a
hydrohalogenic acid salt of a compound represented by the

above formula (3) in an ether solvent at 5 to 20°C or in a



_the group consisting of titanium palladiumand alum num5 (excluding the

- conpl ex represented by the above fornula (1) and the conplex represented by

the above formula (2)), thereto and then heating it in advance. 7. A nethod
of producing the conposition for formng an 10 alumnumfilmof any one of
clainms 1 to 4, conprising the steps of40synthesizing the conpl ex
represented by the above formula (1) by reacting I|th|un1alun1nun1hydr|de
with a hydhyHabegebre soldensl atoR5ateodPSGnd represented by the 15
following formula (3) in an ether solvent at a tenperature of 0OC or |ower;
synt hesi zi ng the conpl ex represented by the above fornula (2) by reacting
lithium al um num hydride with a hydrohal ogenic acid salt of a conpound
represented by the 20 following formula (3) in a hydrocarbon solvent at a
tenperature higher than 30C, and m xi ng these conpl exes together: NR R2R3
(3) (in the above formula (3), RlL, R2 and R3 are as defined in 25 the
above fornmulas (1) and (2).). 8. A nethod of producing the conposition for
formng an alumnumfilmof claim1 or 3, conprising the step of

synt hesi zing a conplex m xture of the conplex represented 30 by the above
formula (1) and the conplex represented by the above formula (2) in a nolar
ratio of 40:60 to 85:15 in a batch manner by reacting |ithium alum num
hydride with a hydrohal ogenic acid salt of a conpound represented by the
above formula (3) in an ether solvent at 5 to 20C or in a 40 hydrocarbon
solvent at 25 to 30C.





