31 July 2006 -1 SPECI FI CAT 1 ON COPPER COWLEXES AND PROCESS FOR
FORMATI ON OF COPPER- CONTAI NI-NG THIN FILMS BY USI NG THE SAME 5 [Field of.

| nvention] The present invention relates to a copper coﬁﬂié&”— 00K, is
advant ageousl y epl oyable for producing a thin. netal filmconprising
copper or copper alloy or a-thin-)Y.' 10 netal film conprising-a conpl ex
nmet al oxi de containing copper by chem cal vapor deposition: The. invention
fur- ther relates to a process for produging a thin metal film conprising
copper or copper alloy or a thin metal film conprising a conplex netal

- oxi de containing copper frong.plH ¢ The above- ment icomed copper. conpl ex. -

[ Backgr ound of Inventlon] A metallic copper thin film (hereinafter S|nply
re- ferred-to as "copper thin filn) is enployable as a cop- 20 per.circuit

(her of naf ipé?%?ﬁ%%ft@ér@ﬁ%ﬁé%@ BEobRE SR sCRRbR T Ty Te e o o
expected as mat efhpbrROFORTARNENRG! THahy reRey ewrzﬁsrw%ﬁﬁ%ﬂu tors. B
As. the processes. for producing the copper thin film 25 or conplex

oxi de-th$n fil m cont:ai ni ng- copper oxide by. vapor dep03|t|on procedUre 7
vagious; Pcesses are known. A representatlve process i's a chem cal vapor . -

-*dep03|t|on Hretdset (@ﬁﬁﬁBF688%s) conprising the steps of- thermally
deconposi ng. a COﬂHQ”@QesEBEtﬁhQEHgloﬁ 9@¥£%ésf%é”%‘%%ﬁﬁer390%8i8'f'C

condltlons and deposTting the deconpositi
whlch is advantageously employable for produc1ng a thin,

metal fllm comprlslng copper or copper alloy or’ a thin"

. PRV
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T

10 metal fllm comprlslng a complex metal oxlde contalnlng
,copper by chemical vapor dep031t10n The 1nventlon fur—rf
-ther relates po.a'process_for_produc1ng a thin metal film
'gcomprisiné copper,or_copper-elloy'or-a thin metal film®
;:comprising eacomplex;metalonidefcontainisg;cOpper from -

VLS‘ the above-mentioned copperecomplex.e

'-{Background of Inventlon}
A metalllc copper . thln fllm (herelnafter 51mply re-:
ferred to as "copper thin fllm") is employable as a cop—

20 perx, c1rcu1t of a 8111con sem1¢onductor A metal oxlde

CEhin fllm contalnlng copper ox1de {herelnafter slmply re~"'
ferred to as'"copper ox1de thln fllm") is expected as ... .77
mater1a1 for hlgh crltlcal temperature supercouductors-hf

' As the- processes for producing the copper thin filwm

‘_25I or complex oxlde thln fllm contalnlng copper oxlde by
L vapor deposxtlon procedure,‘varlous processes ‘are known-

A representatlve process is a chemlcal vapor dep051tlon
process (CVD process) comprlslng ‘the - -steps of - thermally
decomp081ng =] cOmpound contalnlng A copper atom under_<

R 307 spe01f1c condlt ons and_deposxt;ng_tne decomposltlon )




31 July 2006 -2 product on a substrate to produce thereon a copper thin
filmor a copper oxide thin film For the production Qf a copger thin film
or a copper oxide thin filmin the CVD process, f 3- dPket Bhit Oggpper 5

conpl exes are generally used. ,JP-A-5-59551 describes a process for-
producing a copper thin film(to be used as a copper circuit of a silicon
sem conduct or) using a(3-di ketonato copper(l) as a copper source. The
(3-di ketonato copper (1) is advanta 10 geoysly enployed because it can be
subjected to dispro- portionation reaction, to deposit netallic copper.

How ever, i u fect that the -di ket onato copper -(l) is
thermal |y un??ggﬁg? g%d%t%%ﬁ%&ﬁ%gﬁﬁt?ygﬁééﬁ%ﬁaf%er%BBp@rEB?PH§b6%ﬁ6§e when
t hese are heatied b wapek idxidkd e, QMO process. A typical dival ent

(3-di ketonat o copper conplex em ployed.in the CVD process is ,

- di pi val oyl met hanaFercbope peoducticonpmifera cdprsexcoppen £0hil €x ascﬁpggr
thermally stable than the nonoval ent O-di ketonato copper conplex. 20
However, sin@&lflfaethipi faloyimethend® qoppeegd, )b cbilpdtonathascspphr
“a. high-ne tinﬁ B?int as 198C, it _Likely deposits in a CVD system and pl ugs
t he- pr odugti oR"PT eSS Bher IeRAGHM Y3 Vdiket onat 0 copper conpl exes al so have

the sane probl emypMprgoxgEs Sl .he di_pi nat o.cop 25 - .
per(11).conplex and ot her knowne%gFgP%gighé%?éﬁ%ﬁxg (Xé%o%ﬁ% -fave a | ow
vapor pressuteppt¢hethimnfilinm(pooBacuskidons’ at @opped QM.rAeaorgingl y, these

known O-di ketonato 31 July 2006
silicon semiconductor) using a B-diketonato copper(I) as

Y . - a copper source. The B-~diketonato copper(I) is advanta-
10 - geously employed because it can be subjeéted to dispro-
.porticnation reaction, to deposit metallic'copper. How -~
ever, it has such a defect that the B-diketonato copper .
- (I} is thermally unstable, and that some of B-diketonato
copper (I) decompose when these are heated to vaporize in-
15 the CVD process. |
‘ A typical divalent B~diketonato-copper complex em-
ployed in the CVD process is dipivaloylmethanato cop-~ |
‘per(II) complex. This copper complex is more thermally

stable than the monovalent B-diketonato copper complex.

‘20' However, since the dipivaloylmethanato cbpper(II) complex
has such a high melting point as 198°C, itrlikely‘deposits
in a CVD system and plugs the'productidn line. Other
-knOWn B—diketonato'copper complexes also have the same
problem. Moreover, since the dipivalaylméthanato cop-

25 per(II). complex and other known B-diketonato bopper com-
plexes have a low vapor pressure, the thin film-pfoducn

tion rate is low. Aceordingly, these known B;diketonato-‘



-3 copper conpl exes are not appropriate as industrially enployable copper

sources. JP-A-2001-181840 describes a ()-diketonato gepp 1¢13d06CONDI X
having the following formula (11)_ C4H9 (C2H5 O. -CU?IT? a H3C H3C CH3 2

which is liquid at roomtenperature and solves the prob-. Ilens of the
known material. The above-nenti oned 07di ketonato copper(l1) conplex exists
as a viscous liquid at tenperature. Therefdre, it 1is easily supplied in

t he CVD syst free fromthe problem of plugging. Nevertheless, it
still shows 2&1 TR BPETUAT SN0 PEL epPasdtidrefaer 6 ndomeciafl e

probl ens i n@{gﬁcgfaqg@td'dﬂbé/pré(&p{&égy are still unsolved. [Disclosure of
I nvention) Disclosed herein i1s a copper conplex which has a low nelting
point and is thergallay stahli&1 St it,is _favqrably enployable as the
copper source in the CVD pr ocess& f%‘%%]r%gﬁgi ﬁgﬁég&gﬁﬁé’Pattﬁ’i FoPaeas Gl a
copper oxi decompAebi hawibgr ther fHBCeEE4 hg;i%gai§ §)Rrocess for producing
a copper-containing thin filmsuch 31 July -Z:,‘

H3C -CH:!-

which is ligquid at room Cemperature and solves the prob-.

lems of the anwn material.

'The above-mentioned PB-diketonato copper (I} complex
'-exist:as a.Viscops liquid at'temperature. Therefore, it
is easily'suppliéd_in the CVD system and free from the
Problem of plugging. Nevertheless, it still shows a léw
film production rape, and therefore, SOme‘of the problems

1n.the production-workability are still unsolved.

 [Disclosure of invention]

_ D;sclosed he£ein is a cdppei complex which has a low
@élting point and is thgrmaliy stable, so that it is
favorably employable'as the cobper source in the CVD process
for-prodUCing a copper thin film or a copper oxide thin film.
Further disclosed herein is a process for produéing a

copper-containing thin film such



as a copper thin filmor a copper oxide thin filmin which the

above-nmenti oned copper conplex is used. The presengli M?nt95§6have

di scovered that a-copper conplex having (3-diketonato ?gands containing.-a

silyl ether |inkage can solve the above-nentioned problenms. The present

i nventors have been conpl ete based on this discovery Accordingly, a first

aspect of the present invention provides_a. divalent copper conplex having

(3-di ketonato ligands containing a silyl ether |inkage. A second aspect of

the present mBventoppadr ®HLESEH hod of formi ng a copper-containing

filn1by'chenigalhvapor deposit?oﬁnﬁéi%QCQPEF¥aR§HQQNﬁﬂkﬂ EoMpliex havi ng

(i - di ket ona¥8ifhgbhds aboveninningi 6nsl! ¥bpphhe kol a . copper

source. As the 0-djketonato |igands conta?%ing g ??F%?%éfﬁg¥xllinkage, a '

conpound represent 88 BYSFREL GMNAREGTS ' hase Qieberbedd XHAD a Roay-3 - |

) --Ra-C>~Sh35C Rd .Y in which Zis a hydrogen atoni or an al kyl 5&Bup :

having 1- 4 céW%Hﬁxa?%ﬁ%?gxﬁh§%¥qpqnﬁt¢eﬂﬁgﬁmmﬁedohyaﬁhﬁnboénﬁﬁﬁyl(|-|),

_in which. Ra dghé- 13 193807 ~Qr.anched gl kyl ene group. having 1-5 cafbon
atoms, and ‘each of Rb, e E:gir}dsl'i’ 'vr‘?d&h%e‘?lﬂﬁfé‘fﬁﬂ?e%lﬁrl&ﬂnéa‘pb@emmanched

al kyl grqupﬂhﬁnpnpébﬂt inventors havé been complete based on this

discovery.

A : a a , 3
ccordingly, a flrst aspect of the present invention

rovi i
p jldes a dlvalgpt copper complex having B-diketonato
11gand§ containing a silyl ether linkage.
A second aspect

| , of the present invention provides 3
_method of forming a copper-containing film by chemical vapor
d?positionrgsing a divalent copper complex having B; ’
dikgtonato 1igapd§-containing a silyl ether linkage as a
copper source. |
Ag,the.ﬁ-diketonato'ligands cbntaining a silyl ether

llnkage,_a cqmpound.represented by the formula (I}' is
Preferred: . -

Rb

Rq

—R2-0—Gi

.;n whlch Z is a hydrogen atom or an alkyl group having 1-
. 4 carbon atoms;

’ (I—I) ’

X is 4 group represented by the formula

. . > - .

| in Wthh.R-—ls a l;near or branched alkylene group
having 1-5 carbon atoms, and each of R”, R°-and Ré“inde—

pendeht;y is a linear or .branched alkyl group'having 1-5

carbon atoms; and Y is a linear or branched alkyil groﬁp



carbon atons; and.Y is a linear or branched al kyl group 31 July 2006 -5
havi ng 1-8 carbon -atons or a group represented by the fornulg él-l) in.
which Ra i's a |inear or branched al kyl - ene group havpﬁg w1¥ £3PBon at ons,
and each of Rb, R and Rd independently is a |inear or branched al kyl group
having i-s carbon atons As the copper conplex a conpound represented by '
the formula (T) is preferred: XRb / (I-1)} (z:tu (1 ) -R-O0S --R ORd
Y z in which Z'is a hydrogen atomor an alKyl group having 1- 4 carbon
atonms; X IS angrodR Hepr d he faormula: (I-1 inwhich Rais a

li near or branchedgalk?lgﬁg%%%bug%w%b$1 g H5°%arb %%%m%edaMm eBeh- of
R'1- k and F?fOImmEB.(IpemdeﬁhIWhh&haRhlmgar gyégkﬁp%ﬁe%r%] gﬂéﬁanIng

M

1-5 carbon atons; and.Y is a linear or branche kyl" group
carbon at ons t° eﬁ"@‘?‘éﬂphaﬁbflﬁsénﬁedamomhatdnm mir (dadh of IRWIRGh aRis a

l'i near or brggche ne group having 1-5 carbon atoms, and each of
Rb, R and Ra ?ng'gé é%ﬁyﬁ‘ i li%ﬁﬁﬁro@rbbﬁﬁﬁﬁéédaak¥ylgsvupp havi ng

1-5 ‘car bon: ahmuingIILgk@hfggﬁng@@m it is preferred that X is the same as

Y. Y preferably is a linear or branched al kyl group having 1-8 carbon

atons. Ra prefera@éYtﬁé;dﬁﬁpékkééﬁﬂréx, a compound

represented by the formula (I) is preferred:

N

in which Z is a hydrogen atom or an alkyl group having I-
4 carbon atoms; X is a group represented by the formula
(I-I), in which R® is a linear or branched alkylene group
havmng 1-5 carbon atoms, and each of R R® and R inde-.

pendently is a linear or branched‘alkyl group having 1-5

A5 - carbon atoms; and Y is a linear or branched ‘alkyl group

hav1ng 1-8 carbon atoms Or a group represented by the
formula (I-I), in which R® is ‘a linear or branched alkyl-
.ene group having 1-5 carbon atoms, and each of R”, R® and
R 1ndependent1y is a linear or branched alkyl group
hav1ng 1-5 carbon atoms,
| _In the formulas, it is preferred that X is the same
as Y. ¥ preferably is a linear or branched alkyl group
*haV1ng'1 -8 carbon atoms. R* preferably is an alkylene

'30_ ‘group of 1-3 carbon atoms which may carry one or more



30 group of 1-3 carbon atoms which may carry one or nmore 3.1 July 2006

al kyl substituents. Particularly preferred is that z 315 gflydregen and each

of Ro, R and Rd is nmethyl. Accordingly, a third aspect of "the present

i nvention provides a nethod of form ng a copper-containing film by

chem cal vapor 5deposition using a dival ent copper conplex having

13-di ketonato |igands containing a silyl €t-her |inkage, wherein the
containing a silyl ether linkage is represented by

0- di ket onat o *ygands
the formla®t ufskifuents \ IPartlcﬁmafﬁﬁlpBeférked he) tRAe % 150N

which Z is apyfs n o] a lkyl cgroup having 1- 4 carbon atons; X is.
a group repreg%ntggﬁ § ?hghg ﬁ&igl (R R whecheRayls a |inear or

branched al kyl ene group haV|ng i -5 carbon atonms; and each of Rb, R and Rd

i nde 20 pendentlystwadinmharaOthbﬁﬁQQﬂﬁQmabkygmgr%ggeggygﬂgn%é?%dﬁgggagﬁ

atons; and Yji | r. branched al k group “having
or a group reﬁ‘?eetg]é)r?t gga%y&t f%‘?ﬁﬁﬁ%‘:@ﬁﬁfi}ﬂlmm filinchy Reheni call vapear or

“.branched "al kidpos¥t-888 QP h Vi |-5 carbon atons, and each of RJ, R and
25 ~. Rd |ndependently s al(?1n"LeAz;li:\2a or CBPHﬁEh%‘PéFKyﬂIa‘@muﬁ"dhh@/ﬁmth 5

carbon at onstiganfig U‘Wﬁtmﬁ)ﬂ@ ta afilihe ePRES elin dagu e NIH QR 1R QYL “diketonato

ligands conta:uung a silyl ether linkage is represented by the
formula (I)*:

. A0 X N -
) o | | Rb :

| 1y’ RP-0—sil—ge (I—1I)
o \Rd

15

in which % is a hydrogen atom or an alkyl group having 1-

4 carbon atoms; X ig a group represented by the formula

(I-I), in which R® is a linear or branched alky'lene gro-up

having‘1~5 carbon atoms; and each of R”, R and R inde- - .
N 20 pendently is a linear or branched alkyl group having 1-5
1ﬁ9_.' . carbon atoms ; and Y is a linear or branched alkyl group
- having 1-8 carbon atoms or a group represented by the

formula (I-I), in whlch R® ig a linear or branched alkyl-

éne group having 1- S carbon atoms, and each of R R® and

© ebeagm o o

5 '
| 5| r¥ 1ndependent1y is a. linear or branched alkyl group
v::.hav1ng 1-5 carbon atoms.
A fourth aspect of the present invention provides a
method of forming a copperﬂcontalnlng film by chemical
o vapor deposition u31ng a divalent copper complex havxng B-
- .30

dlketonato 11gands containing a 31lyl ether linkage,

whereln the copper complex is represented by the formula
(1) o | - o |



met hod of forming a copper-containing filmby chem cal vapor deposition
usi ng a-dival ent . copper conplex having (3 30 diketonagﬁ éigangﬁ cont ai ni ng
a silyl ether linkage, wherein the copper conplex is re PaLentd by the
formula (1) 31 July 2006 -6a -O Rb -Zu (l) Re-OSi~Rc (I-1) oR Y
in which z is a hydrogen atomor an al kyl group having 1- 4 carbon atons; X
is a group represented by the formula (I1-1), in which Rais a linear or
branched al kyl ene group 10 having 1-5%@arbon atons, and each of Rb, R and
Rd i nde- pendently is a linear or branched al kyl group having 1-5 carbon
atons; and.Y is,a linear or branched. al kyl group having 1-a carbon atons
or a group reprgesenrted by the formula (1-1), innwhich Rais a linear or
branched 15 al Kyl ene).arpup .having 1-5 carbon atons, an kach of Rb, R and
Rd i ndependent isfa lingar or pgqpched al kyl group Jhavigg 1(§.caf§on
[Brief cry\pt i on @fu Drawi ng] 20 Fi g—R™"+©®-aSschdiatic view of a

at ons.
CvD syst em whilch ca “Jenpl oyed for the copper thin\vghnlproduction,
wherein 1 denbptes gl ags anmpul, 2 denotes a heater (vaporizer), 3

" denot es ésneactor,YA-de t2s a heater (reactor), 5 de . notes a trap, 6

denotes a heater (for pre-heating), 7. 25 denotes a substrate, and 8
denot es a copper conpl ex ‘ ) ‘
in which Z is a hydrogen atom or an alkyl group having 1-

4 carbon atoms{ X is a group represented by the formula

(I-I), in which R* is a linear or branchéd alkylene group

ifﬁ 10 having 1-5 carbon atoms, and each of R®, R° and R® inde-
pendently is a linear or branched alkyl group having 1-5
carbon atoms; and Y is a linear or branched alkyl group
having 1-8 carbyn,a;oms or a group represented by the
formula (I-I), in which R* is a linear or branched
15.‘§1kylene group having 1-5 carbon atoms, and each of RP, R
and Rdindépehdently is a liﬁear or branched alkyl group

having 1-5 carbon atoms.

{Brief Description of Drawing]
i 20. . Fig. 1 is a schematic view of a CVD system which can
be employed for the copper thin film productioh, wherein
‘ 1 dgpotes a glass ampul, 2 denotes a heater (vaporizer),
3 den@tes_a reactor, 4 denotes a heater (reactor), 5 de-
‘;'qotes a trap, 6 deﬁotgs a‘heater {(for pre-heating), 7.
'25. denotes a substrate, and 8 denotes a copper complex

. source. ’

[Detailed Description of Invention]

2o In the invention, examples. of the B-diketonato
0 _ | _ : . _ tona



source.

' OSi Me3,

[ Det ai |l ed Description of
t he O-di ketonato
| i nkage i ncl ude the
OO0 M3Si0\ "x\ M3Si0\

30 31 July 2006

(t1U (1)

10 (XIY (XI1)' j' OO

| nvent i on]

-6b |igands congaipi #o¢s | yl ether
conmpounds of the follow ng fornu?bﬂg %

(I1X)L6%X)' 00 ~O ~O JO A

In the invention, exanples. of

as (I1l)" to (XIV) O

O OO Me3Si0 Me3Si SiMe3 SiMe3
M (MY Q- OOO M38i 0-0Si Me3 Me3Si ON (V[0 (vim ). 31 July 2006_
O Me3Sio Me3SiOTJL) / 5 - ITS

00O
Me3S, O Me3Si O v

ligands containing a silyl ether linkage include the -

Compounds of the following formulas (III1)*

o O

Measiw

Ay
- S0 o
M9335WSiMe3

Me3SiO._ _OSile,

v

to (XIVv):*:

"0 o

Me;,SiON

avy
' o O
)(“\)l\rosuv;es
vy

o o

Measio)(lk)H/

vy



.""“\_
R
N/

Me3Si Me3Si OO (XII1)" (XIV)" 1S The above-illustrated (3-di ketone
conpounds can be obtained according to the belowillustrated schene, in
which a silylated ketone is reacted with a sinIaté& f@lgrﬁgﬁ i’c acid ester
in the presence of a base, or a -J silylated organic acid ester is reacted
with a ketone in the presence of a base, and the reaction product is
treated with an acid. The acid-treated product was puri- fiedby
distillation or columm chromat ography. Other 25 known. processes al so are
utilizable. 30 31 July 2006 -8 Na O SAO O O MeaSi Owe + / \ NaNHZ
Me3Si0, j \" + MeOH- O OH CH3CO2H Me3Si 10 The O-ketonato copper conpl ex,
i.e., a copper com plex in which an enol ate anion of O-di ketone is coordl-
nated to copper, can be obtained by a reaction between f3 15 di ketone and
copper hydroxi de (belowillustrated process 1 for copper conpl ex
synthesis) or a reaction bgtwegn an enolate anion of 3, gi ketone and a
copper salt such. gs .cupric chloride (belowi]l gﬁrated rocess 2 for
copper conpl ex sJﬂ ﬁ@? t hesi s can % 20 nost -

or gani ¢ sol vents such as |hydrocaJ bons (e.g., hexane

(’ | 0
o 0
Me'asiO/.\/u\
10 X1y
O O
_ Measw
oty . (XIvy
as
The above-illustrated B-diketone compounds can be
obtained according to the below-illustrated scheme, in
which a silylated ketone is reacted with a silylated
: 20 organic acid ester in the presence of a base, or a
f;) - silylated organic acid ester is reacted with a ketone in

- the presence of a base, and the reaction product is
treated with an acid. The acid-treated product was puri-
fied by distillation or column chromatography. Other

25 known processes also are utilizable.

30



and toluene), ethers (e.g., tetrahydrofuran (THF) and di nmet hoxyet hane).,

nitriles (e.g., acetonitrile), hal oge- nated hydrocarbons &Qog

di chl oronet hane), al cohols (e.g., isopropanol.), g., ethyl
acetate) 25 Water produced in the, process 1 can be dIStI||ed off t oget her

the. solvent (e.g., toluene) by azeotropic dis- tillation. Wen such a
solvent as THF is used, water is renoved fromthe reaction m xture by
distillation under reduced pressure at rgomtenperature together with the
31 July 2006 -9 solvent- O herw se, water can be renoved using a dehy-
drating agent such as anhydrous sodium sul fate, anhydrous nmagnesi um

sul fate, anhydrous copper sulfate, nolecular sieves, or nonionic

wat er - absor bi ng pol yner [Process 1 for copper conplex synthesis] Na. O OO

O MAn MeA OV + - + McOH NaNH2 10 OSiMe3 O OH C A% Me3Si 0 Cu(OHh - O

Dehydrating O aggnt 15 2 [Protess 2 for copper complexdsynthesis] 20
Me4SiO,
+ MeOH

ME3SI B e o /
NaNH;

| - O OH.
CH3CO2H N MEBS'O)(“\/K

- The B-ketona;o copper complex, i.e., a copper com-

‘plex in which an enolate anion of B-diketone is coordi-
- nated to copper, can be obtained by a reaction between -
;5 diketone and copper hydroxide (below-illustrated process

-1 for copper complex synthesis) or a reaction between an

enolate anion of B-diketone and a copper salt such_aé
,cupricichloride {belowfillustrated process 2 for copper
| complex synthesis)t The synthesis canlbe-performed in
{f> : 20 wost organic solvents such as hydrocarbons (e.g., hexane
and toluene), ethers (e.qg., tetrahfdrofuran (THF) and
qimethoxyethane)J_nitriles (e.qg., acétonitrile); haloge-
nated hydrocarbons (e.g-; dicﬁloromethane}; alcohols
| i (e-g., isOpropanol), aﬁd esters (e.g., ethyl acetéte)-
25 Water produoed in the process 1 can be distilled off
together‘the.solvent (e.g., toluene) by azeotropic dis—
tillation. When,such'a solvent as THF is used, waterris
removed from the reaction mixture by dlstlllatlon under

reduced pressure at room temperature together with the



NaK 0 0 o O M 1 M3S35~~~~~~ [+ ow + MeOH NaNH2 OSMe3 -O CUC12 Cu
---i° + NaCl 2 31 July 2006 -10 The produced coppgi g@ip!gxggan be
purified by col- unm chromat ography using commercially available silica
gel for chromatography or a dehydrated silica gel which is prepared by
dehydrating the commercially available 5 silica gel, or by distillation, or
by their conbination. An exanple of the copper conplex having the silyl-
ether type (.3-diketonato ligand is represented by the follow ng formula
(rrr): 10 GsIMe3 :cu (II1) 15 2 The copper conplex of the fornula (rern)
IS a coppergotampl eX Haykpg; ae0- didtehons £rQl e?ncﬂfgcf) il‘%g [he
|éh ? t he

af orementioned formula (IT1)" wh correspon s a com

af or enent i ahestk froy ngent | Juih whi ehb¥drdus( @dd)idzm GI(GHED 2-anfydSous
(CH3)3C, and Z is H, nanely, bis-

(2,6, 6- tnlﬁﬁgﬂﬁSKHWt$¢h%@ﬁ9bsﬁn?W@%VWSBCQp@@ﬁtﬁmlﬁﬁﬁﬁn naloppekaxi )

“conpl ex (herelnafter referred to as Cu sobg
_ 5, Or nonionic wal sorbing polymer.
5
[Process 1 for copper complex synthesis]
Na\
0 1% - o 0
ME;}SIO ME3S‘O . .
OMe * = + MeOH
NaNH;, '
10
) .
CO-H Cu(OH),
—
Dehydrating
: agent
15
" [Process 2 for copper compléx synthésis]
20 : ‘ | '
‘ : Na_~
_ : N\
v - Me;SiO
L MesSE Ao + %\_m_,_,_ i NN + MeOH
_ ' ' NaNHz - .
_ OSiMe,
CuCly '
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. The 0-diketones of the aforementioned formulas (IV)' 25 to (XIV)' give
the belowillustrated copper conplexes (1V) to.(XI\Vj; & egddevel y, which
have an enol ate anion of the corresponding (3-diketone. 31 July 2006 -11
OSi Me3 OSi Me3 OSiMe3 Cu Cu Qu p OQ2 OSiMe3 2 Sive3 (IV) (V) (M) CSi
Me3 OSiMe3 OSiMe3 Cu Cu Cu OOp OSiMe3d 2 2 (VI) (Wul) (I1X) M3Si
OSi Me3 Me3SIiO-p_ O\ Cu CuCu O 002 2 M3SIO ( (xI (XIQ OCsi Me3

OSiMe3 OCu Cu -O 22 ) (XUO (XIV) -10-

The produced copper complex can be purified by col-
umn chromatography using commercially available silica
gel for chromatography or a dehydrated silica gel which
is prepared by dehydrating the commercially available

5 wsilica gel, or by distillation, or by'their combination.

An example of the copper complex having the silyl-

ether type f-diketonato ligand is represented by the

foilowing formqla {(I11):

) 10 . OSIMes,
(IIT)
15
‘The copper complex of the formula (1I1T) is a copper

compléx having a f-diketone enolate aniOn ligand of the

aforementioned formula (III)' which correspondsAa com-
. 20 pound of the afofementioned formula (I) in which X is
EED' (CH,) ;8i0-C(CH,) ,-, Y is (CH3),C~, and Z is H, namely, bis-

(2,6,6+trimethylrzj(trimethylsilyloxy)—3,5wheptadionato)
- copper(II) complex'[hereinaftér referred to as Cu(sobd),].
_ | The B-diketones of the afofemeﬁtioned formalas (IV)'
25 to (XIV)! giye the beiow~illustrated copper complexes
(IV) to.(XIV), respectively, which have an enolate anion

of the corresponding B-diketone.



31 July 2006 -12 The copper conplex of the invention can be enpl oyed for
producing a copper-containing thin filmby chem cal vapp fp t|on in
the known CVD systemas illustrated in Fig. 1. 5 The vaporl ati S of the
copper conplex in the chem - cal vapor deposition process can be perforned
by directly supplying the copper conplex into a vaporization chanber, or
by diluting the copper conplex with an appropriate solvent (e.g., hexane,

t ol uene, or tetrahydrofuran) and 10 supphying thus produced solution into a
vapori zation chanber. The deposition on a substrate can be perfornmed by

t he known CVD process. The copper conplex is thermally deconposed under
reduced pressure or in the presence of 15 an inert gas. O herw se, the
copper conplex can be de- conposed and deposited in the presence of a
reduci ng gas @sMe,as hydrogen gas. ADSdegnpl oyable is a pl &SivMeCVD
process i ng a'hy rogen gas to fepssjt mdtallic coppey.
yti er conplex/in £

oxygen ep of a copper

The invdntiond s fur by thid ol | ow | ng exé&npl eSicas
[ Exanpl 4. o , 6-di (trifrethyl

3, 5- heptiadi on mul a (V)', her e\n-

®
{vin
M E3Sl
Me;Si0
o Me,Sio
(X

(xup T XV



31 July 2006 -13 In a 50 nL-volunme flask were placed 1.80 g (45.0 mmol)

of 60% sodium hydride and 9.83 g (51.7 nmmol) of hy.
2-(trimethylsilyloxy)-2-methyl-propi onate. The regﬁ$&i#ﬂ%%u%Qﬂﬁ on was
heated to 120C, and to the heated 5 solution was dropw se added slowy a

solution of 3.00 g (17.2 mol) of
2-(trimethylsilyloxy)-2-nmethyl-3-butanone in 9 nL of toluene. After the

dropwi se addition was conplete, the reacti-on m xture was heated at 120C
for one hour. Subsequently, the reaction mxture was cooled to 10 room

tenperature and nate wepkeacicdinglly tdre @kl 1hesn©f on aBaACBEI engfido! uene
m xture. The precipitated sodium acetate was renoved by filtration, to
obtai n a yel F8% PEefufiBg. @ PRPRsH-alqrehigoing | dnimasi tonbenthaed:aand

purified 15 col.um chr.omat.ogr.aphy usi ng.dehydrated silica gel, to give
D0 6 (2. o1vmar corar GUSSE o TR kS G P i it L psfrated
2,6-dimethylig, figi (iri met hyl silyloxy).-"3,5-heptadi one. The. product was
identified by’ NVR' IR, and M5. 20 1H- NWR (CDC13); S 0.15 (s, 9H), 1.41 (s,
"9H), 4.006 (s, O0.7k$,vEpdBifstionHE, the SThper GdihldR {smthy 296hq -
1605(br), 1252, 1198, 1048, 842 M5 (me): 332 (2) Preparation of
Cu(dsobd) Z [F15 (PR MRPR§rt2oneprogess can be performed by directly

product fon’ 6 RHe Tk g IBRRE e PERETRC YER & e adt i “hSRber,

above- nent i anedypraicadiiey the deppeedcomplex with an appropriate
.solvent {e.g., hexané, toluene, or tetrahydrofuran) and

10 supplying thus-produded solution into a vaporization
chamber. ‘

The deposition on a substrate can be performed by
the known CVD process. The copper complex is thermally -
decomposed under reduced pressure or in the presence of

715 an inert gas. Otherwise, the copper complex can be de-
. composed and deposited in thé presence of a reducing gas
. such as hydrogen gas. Also employable is a plaswa CVD
process using a hydrogen gas to deposit metallic copper.
Further, thermal decomposition  or plasma CVD of the cop-

20 per complex in the presence of oxygen can be also em-

ii) ployed. for deposition of a copper oxide thin film.

The invention is further .illustrated by the follow-
'ing examples.
25 _
[Example 1] °
(1) Synthesis of 2,6~-dimethyl -2, 6-di (trimethylsilyloxy) -
'3,5-heptadione [represented by the formula (V)',:herein—

after referred to as *dsobd"]



copper conpl ex was prepared by adding a copper source to 30 ..a product
prepared in the sanme manner. 31 July 2006 -14 In a §8 nLivolgng flask were
placed 1.80 g (45.0 nmnol) of 60% sodi um hydride and>9. 831§ ¢89°7 mnol) of
met hyl 2-(trinmethylsilyloxy)-2-nethyl-propionate. The resulting solution
was heated to 120C, and to the heated 5 solution was dropw se added
slowy.a solution of 3.00 g (17.2 mmol) of
2-(trimethylsilyloxy)-2-methyl-3-butanongz.in .9 nlL.of toluene. After the
dropwi se addition was conplete, the reaction m xture was heated at 120C

for one hour. Suphseguesthy.vLhg Ee%qt%QD“£$§§ o e 10 30C.
There was produced 1.28 g (3?61 3) ofa2,6-d1n9¥%3$¥gf £ophed 19518

2,6-di . (trimedi) sif yokyjeldibmhbeptiadidenand adizum s@1.7 aifiol heoFeacti on
solution was added 0.24 g (1.78 nmol) of cupric chloride. The. reaction
sol uti on wa<GihediZt EFyimethydgiiylexyk -grmeshy theraainnare wasThe

cont i nuousl J hour.s, an eql ed _to,roomt er a-
ture. Then, %%gllﬁgelar{cgf ?%%ﬂg%%gﬁ %%éwéga%ggh'e:a \%Izﬁ h8Wa’P’élfi. tOTﬁg‘]eog{%tﬁ%d
organi ¢ [rtdcamusam draLdrandisar hined BYowtl HMaoa QiR Qo abhyp Usi ng
dehydrated silica gel, to give 1.10 g (1.52 mmol,.yield 85% based on the
amount of 2003dugr imEdhl orf d&y (ofibeshpl 81 dlyierhy 22 metdiy(t-3 teitytone

si lyl oxy) - 3,.5- hept adi onat.o) copper(l1) conplex. The pr.oduct was identified
by 1R and eﬁ%ﬁgn %1cgﬁa‘?l 1S IR teh the dbepgisesgdditdem wapq, 1252,

1197, 1045, corp1842, Eleentad cangh Vi ScdPE 39HReBE4GY 120°C for one
: ~hour. Subsequently, the réactioﬁ mixturerwas cooled to
| iﬁ) 7'10 room temperature and nade weak acidic by the addition of
- an acetic acid-toluene wixture. The precipitated sédium
acetate was removed by filtration, to obtain a yellow
solution.’ l
The obtained solution was concentrated and purified
15 by column chromatdgraphy using dehydrated silica gel, to
give 1.20 g (3.61 mwmol, yield 21%) of.the desired main
product, i.e., 2,6~dimethy1—2,6—di(trimethylsily10xy1—
3,5-heptadione. '

The. product was identified by NMR, IR, and MS.

20 "H-NMR {(CDC1,): & 0.15 (s, 9H), 1.41 (s, 9H), 4.00

(s, 0.4H), 6.43 (s, 0.8H), 15.55 (s, 0.8H)
‘,iR {cm™): 2961, 1605 {br}, 1252, 1198, 1048, 842
MS (m/e): 332 |
(2)‘ Preparation of'Cu('dsobd)2 [bis (2, 6-dimethyl-2, 6-
725 -di{trimethylsilyloxy)-3,5-heptadionato) copper (II) com-
plex] | o
Since production of the desired B-diketone was con-
firmed in the above-mentioned procedure, the desired
.qopperrcomplex was prepared by adding a copper source to

_30 ..@ product prepared in the same manner.



Found: C 49.0% H 8.99% Cu 8.6% Calculated: C 49.6% H 8.60% Cu 8.74%
In the IR spectrum a peak of 1,605 cm 1- assignable 30.to O-diketone

di sappeared, and a peak of 1,567 cm1 as 31 July 2006 231598{§ndBPe to

di ketonat o was observed. Accordingly, it was confirnmed that the desired
copper conpl ex was produced. This copper conplex is a new conpound. 5

[ Exanple 21 (1) Synthesis of 2,6,6-trinethyl-2-(trinethylsilyloxy)-

3, 5-heptadi one [represented by the formida (111)', here- inafter referred
‘to as "sobd"] In a 50 nmL-volume flask, 0.40 g (10.3 mmol) of sodi- 10 um

ani de and 1.20 g1plz Gamml)velufé nacabi m@@éepiaéédpﬁﬂggdﬁg N43 g Of
tol uene, and the resulting suspension was stirred for n. at room
t enper at ur e"SkHs OFuEHE Fodivm shyderidm aid 19 093 gg( 3525 7mmmb) ) ofofiret hyl

2-(tri- meth i Lyl oxy)-.2-nmet hyl -propionate in 6 nL of toluene 15 was

dr opwi se ad&‘éhggho ';}%)rm%rilfhﬁ%lﬁf]dgw )se JRRfr Y bnPraRdoBaapl- et &het he

m xture wasygdhieghed <A Jieast iy f room tenperature. -The
reaction mxture vvagdst hen made wea ae{:c%ﬁ:c&\jﬁ%‘%dn a&:et'i%r@l?gb?al:ﬁgne

m x- turs. Fokupieni phtaihtaoidiamanet allowls 4 esBVedidy 38 iblration to
give a yeIIzM/sqution. The obt ai ned sol uti on was concentrated and purified

by col um ¢ }6n%tBﬂpéﬁhyfugjﬁ}qﬂm%ﬁhﬁ%ﬁ%iﬁﬁQHK%f%ﬁmethyﬂ—@%het@n&&eg (3.21
216, 6111 methyT - (O HORT ST v oRy)- 56 SBRpeiAS Aty on was
- complete, the reaction mixture was heated at 120°C for one
hour. Subsequently, the reaction mixture was cooled to
';f} 10 30°C. There‘wés produced 1.28 g (3.61 g) of 2,6-dimethyl-
- - 2,6-di(trimethylsilyloxy) -3, 5-heptadionato sodium salt.
To the reaction solution was added 0.24 g (1.78 mmol) of
_cupric chloride. _The reaction solution was immediately
turned to dark green. The solution was continﬁously
15 stirred at 80°C for 2 hours and cooled to room tempera-~
- ture. -Then, the reaction solution was washed with water.
The obtained organic portion was dried, and purified by
column chromatography using dehydrated silica gel, to-
~give 1.10 g (1.52 mmol, yield 85%, based on the amount of
20 cupric chloride)lof_bis(2,6~dimethyl—2,6—di(trimethyl~

- silyloxy) -3, 5-heptadionato) copper (II) complex.
- The product was identified by IR and elémental anal -
ySis. ‘ |
IR (cm_l)-:' 2978, 1567, 1498, 1414, 1252, 1197, 1048,
25 842 S |
Elemental analysis for C30He,0,51.,Cu

Found: C 49.0%, H 8.99%, Cu 8.6%.
Calculated: C 49.6%, H 8.60%, Cu 8.74%.

- In the IR spectrum, a peak of i,GOS_cmd'assignable

30 FO‘B—diketone disappeared, and arpéak_of 1,567 em™ as-



The. product was identified by NMR IR and M5. HNWR (CDC13): 8 0.14 (s,

O9H), 1.17 (s, 9H), 1.39 (s, 6H), 3.86 (s, 0.3H), 6.09 (,5, .0.85H), 15.72
(s, 0.85H) 30 IR (cm1): 2966, 1500(br), 1252,, 1197, fg4§;Ul§4lébo§f July
2006 -16 Ms (me) 258 (2) Preparation of Cu(sobd)2 [bis(2,6,6-trinethyl-2-
(trimethyl silyloxy)-3,5-heptadi onato) copper(l1) conplex, represented by
the formula (111)] 5 Since production of the desired 0O-di ket one was con-
firmed in the above-nenti oned procedure,-itshe desired copper conplex was
prepared by addi ng a copper source to a product prepared in the sane

manner | n a SmabVel uoedfkaskna®old®ag CHLS-vam! ) ﬁc&%@gf& um agide and

1.20 g (12.0 nmml) of pinacolin were sus- pended in 3 niL of " tol uene, and

the resul ti rfiPsusPeadi bhatwabestippizedf eroB@emicumpdtex oGm tEIREEAtA! €.
Subsequent - L. a.solution of 1.00. 5.25 mmol ) of methyl 2-(tri-

net hyl si |yl 61%])8- f%@??ﬁl 98?‘8%?5@%% ﬁe@ FOTHOWE -uene 15 was dr opwi se
added slowWy- After the dropw se addition was conplete, the m xture was

subjected to reaction for one hour at roomtenperature. To the reaction

sol ution5 wd€xadyelde 222 g (1.60 nmmol ) of cupric chloride. The reaction

sol ution i gi ately turped to dark green. The 20 solution was continuously
r{g e ﬁ%ﬁ¥

stirred fo t@ﬁs¥%d%§ 1 etler brimethyhed - (thdmechylisdd ydabat)i-on was
oy S AL B, A PO R YR i WL T
inafter referred to as "sobd"] '
In a 50 mL-volume flask, 0.40 g (10.3 mmol) of sodi-
:;; 10 um amide and 1.20 g (12.0 mmol)-of pinacolin were sus-
pended in 3 ml of toluene, and the resulting suspension
was stirred for 30 wmin..at room Lemperature. Subéequent—
ly, a solution of 1.00 g (5.25 mmol) of methyl 2- (tri-
.methylsilyloxy)—2~methyl~propionate in 6 mL of toluene
15 was dropwise added slowly. After the dropwise addition
was complete, the mixture was subjected to reaction for
one hour at room temperature. The reaction mixture was
then made weak acidic with an acetic acid-toluene mix-
‘ture. The precipitated sodium acetate was removed by
) 20 filtration to give a yellow solution.
}})' . - The obtained solution was concentrated and purified
by_éolumn‘chromatography using dehydrated silica gel, to
S give 0.83 g (3.21 wmol,  yield 61%) of the desired wain
‘product, i.e., 2,6,6~trimethyl—2~(trimethylsilyloxy)—3,5m‘
25 heptadione. |
- The product was identified by NMR, IR, and MS.
"H-NMR (CDCL;): § 0.14 (s, 9H), 1.17 (s, 9H), 1.39
{s, 6H), 3.86 (s, 0.3H), 6.09 (s, 0.85H), 15.72 (s,
0.85H) '
30 IRr(cm_l}‘: 2966, 1600 (br), 1252, 1197, 1045,‘ 841



gel, to give 0.80 g (1.38 mol, yield 86% based on the 25 anobunt of cupric

chloride) of bis(2.,6,6-trinmethyl-2-(tri-
met hyl si | yl oxy) - 3., 5- hept adi onat o) copper(I1) conplefﬂ‘Jﬁﬁ¥[%Q%ﬁwt was
identified by IR and el emental anal- ysis. IR (.cm™): 2960, 1561, 1501,
1412, 1252, 1196, 1047, 30 840 31 July 2006 -17 Elenental analysis for
C26H5006Si 2Cu Found: C 54.8-, H 8.20x, Cu 110_ Calculated: C 54.00, H
8.710, Cu 11.0-. In the IR spectrum a pegk of 1,600 cm1l assignable 5 to
(3-di ket one di sappeared, and a peak of 1,561 cm 1 as- .signhable to

di ket onat o was ohseryeth) -Thissgopper conplex is a new conpound. [Exanple
3] 101, (1) Synthesis of 2,6-dinmethyl-2-(trinmethylsilyloxy)-3,5- heptadi one
[represent eddy tArEerg@nicr (O 10y (sobhdl gi Hats (2 6, 6 et pimedhiya -as- " sopd” ]

In a 50 nmL-vglune flask, Q.50 g (12.8 mml ) of sodi- umam de and 0.45 g
(5.22 nnDI)(%F?ﬁﬂﬁgﬁ%ﬁQQQiﬂﬁylﬂﬁn§‘??BtﬂgF@néﬁgbeHGEEQﬁ{?EES%P@@lﬁéxaneh
and the resueljrRG-SHSPERS @i dfse 5C for 30 mn. Subsequently,

a solution ofkﬁ.zo g (6?@1 WWD|; 0 ﬁ%t §?iEf (trimethyl- silyloxy)

- 2- met hyk- pr opi oBaheel g)r%dﬂ&fi&aﬁwecﬂ@_sdegﬂs*@eﬂ geatfdded, gl oy giter the
dropwi se addition was 20 conplete, the m xture was subjected to réaction at

15C for onéimmed. iThé&heeabbven mentiotedasroédeduradernBakesaGicdi ¢ Wi th an
acetic acid-toluene m xture. The precipi-
copper complex was prepared by adding a copper source to
‘a product prepared in the same manner. '
In a 50 mL-volume flask, 0.40 g (10.3 mmol) of sodi-
{i) 10 um amide and 1.20 g (12.0 mmol) of pinacolin were sus-
pended in 3 ml of toluene, and the resulting suspension
was stirred for 30 wmin. at room temperature. Subsequent -
. 1y, a solution of 1.00 g (5.25 mmol) of methyl 2-(tri-
o methylsilyloxy) -2-methyl-propionate in 6 ml: of toluene
15 was dropwise added.slowly- After the dropwise addition
was complete, the mixture was subjected to reaction for
one hour at room temperature. To the reaction solution
was added 0.22 g (1.60 mmol) of cupric chloride. The
reaction solution immediately turned to dark green. The
20 solution was cohtinuously stirred for omne hour at room
temperature. Then, the reaction solution Qas washed with
water. The obtained -organic portion was dried, and puri-
fied by column chromatography using dehydrated silica
" gel, to give 0.80 g (1;38 mmol, yield 86%, based on the
25 -amount of cuprié chloride) of bis(2,6,6-trimethyl-2- (tri-
methylsilylbxy)—3,5ehebtadionato) coppexr (I71) complek.
The product was identified by IR and elemental anal-
ysis.
IR (cm™): 2960, 1561, 1501, 1412, 1252, 1196, 1047,

30 840




tated sodium acetate was renoved by filtration to give a vyellow solution.
25 The obtained solution was concentrated and purified,, b ol
chromat ogr aphy using dehydrated silica gel, to give 0351X 3 éﬂg%%wol

yield 71e) of the desired main product, i.e_,

2,6-di nethyl -2-(trimethylsilyloxy)-3,5- '"heptadione. 30 The product was

i denti fi ed by NVR, IR, and Ms. 31 July 2006 -18 1H NWR (CDC13): S 0.14 (s,
9H), 1.14 (s, 6H), 1 39 (s, 6H), 2.4.4150 (m 0.85H), 2.64-2.69 (m
0.15H), 3.77 (s, 3H), 5.97 (s, 0.85H), 15.51 (s, 0.85H) IR (cm1): 2971,
1606(br), 1253, Eiggien§945an8142fs$ M it gHs,(Ré4,(2) Preparation of
Cu(sopd)2 [bis(2,6- dlEEth |-2-(tri-_neth |Sl|y|OX®% 3, 5- heptadlonato)
copper (11) conplex, réPfEsented by tife §or i@ 2 I I ¥} Silfce production of

t he desired O-di keton confd 4N pve ment i ned procedur e,
the desired copper cg?rp%g%a\?/:\gg prgpa%g ‘b‘y %Ebgl ng” a gldpﬂlér Source to a
product preparedinnthbeIRanperBBQey,. al heaid Gty Vad ¢!NBy ﬂl%%%lﬁﬁég&é)(lz“s
mol ) of sodi- umam de and 0.,45 g (5.22 nmol) ‘of 3- met hyl utanone 15
wer e sus%enbl@oﬁfdulieﬁolgeocﬂlheppeareandahlale a el idY) BUSEENsHoN was stirred
at 15C for 30 m Subsequ ently, a solution of 1.20 g (6.31 nmol) of

met hyl 2- (t?%$ﬁﬁ$®¢ t%l@% BkyRabonweRy hgeapyieshat &his Igppérhesapeewas

dr op- mnse;gQQ§q“§}qM5 oihger the dropw se addition was con120 pl ete, the
m xt ure was subjected to reaction-at 15C for .

{Example 3}

10- (1) Synthesis of 2,6~dimethyl—2—(trimethylsilyloxy)w3,5~

S

- heptadione_[represented by the formula (VIII)', hereinaf-
ter referred to as "sopd"]
In a 50 mL-volume flask, 0.50 g (12.8 mmol) of.sodi—.
cum amide and 9.45 g (5.22 mmol) of,3~methyl~24butanoné
15 were suspended in 1.5 g of hexane, and the resulting
suspension was stirfed-at 155C for 30 min. Subsequently,'
. @ solution of 1.20 g (6.31 mmol) of methyl 2- (trimethyl-
silyloxy)—2<methy1—propionate in 3 g of hexane was
- dropwise added slowly. After the dropwise addition was

. 20 -complete,_the mixture was subjected to reaction at 15°C

*;) | for one hour. The reaction mixture was thén'made weak
-acidic with an acetic acid-toluene mixture. The pre01p1—
_tated sodium acetate was removed by filtration to give a

.'yellow solution.

25 . The obtained solﬁtion was concentrated and purified
by column chromatography using dehydrated silica gel, té.
give 0.91 g (3.71 mmol, yield 71%) of the desired main
product, i.e., 2,6~dimethyl—2w(trimethylsilyloxy)—3,5~

"heptadione.

30 The product was identified by NMR, IR, and MS .



one hour. To the reaction solution was added 0.25 g (1.86 mml) of cupric
chloride. The reaction solution was immediately turned to dark green.. The
sol ution was continuously stirred for one hour at rodm {BkPet@flre. 25
Then, the reaction solution was washed with water. The obtained organic
portion was dried, and purified by col- um chromat ography using dehydrated
silica gel, to give 0.86 g (1.56 mol, yield 840, based on the anount of
cupric chloride) of bis(2,6-dinethyl-2-¢tgi-nethylsilyl 30
oxy) - 3, 5- hept adi onat o) copper(l1) conplex. 31 July 2006 -19 The product

was identified by'y Rpgn nt al nanal -, ysi IR (c . 2965, 1592, 1501,
1458, 1952, 1100 TIOGR Ry SRR M C A s’is%‘f]odrm%fzgl—é{%, o6 38U a
Found: C 53.@0, é#)8, 58034 Cu.94.%m, Cal gyhdt ed: 6€-22.6b . (o] & 428y Cu3 13,5 .

I'n the IR spectrum a peak of 1,606 cnml assignable to f3-diketohe -

di sappear ed, (Ssand -@Heaks 617 1{5020 cHHHY, a35.5@ Hisgnahlesi)o di ket onat 0 was
observed. This c er cappl e s a_new.conmpound. [Exanple 4] (1) Synthesis
of sopd by diffeﬁ@ﬁtaﬁ?o essﬁﬁglrnlﬁoggkﬁﬂJv&ﬁéﬁef4¥£ﬁh W35, g8¢8. 351 nol )
of sodi - sum am dergvag, sispendged in 200 nL of hexane and thén 26.7 g (0.140
nol ) of methyl 2-(trinmethylsilyloxy)-2-methyl- propionate was added. To the

:rfrsnl;![ L;sz_sgﬁiéi}?:?matmmpWEe:mtﬂmw;. Eb:gs (4, O-dédet®] - 0L (£ri-
: methy silyloxy) -3, 5-heptadionato) copper (II) complex,
. represented by the formula (VIII)]l
Since production of the desired B-diketone was
(;D 10 confirmed in the above-mentioned procedure, the desired
copper complex was.prepated by adding a copper source to
a product prepared in the same manner.
In a 50 mL-volume flask, 0.50. g (12.8 mmol) of sodi-
| .um amide and 0.45 g (5.22 mmol) of 3-methyl-2-butanone
15  were suspended in 1.5 g of hexane, and the resulting
suspension was stirred at 15°C for 30 min. Subsequently,
a golution of 1.20 g {6.31 mmol) of methyl 2-(trimethyl-
‘8ilyloxy) -2-methyl-propionate in 3 g of hexane was drop-
,wise added slowly. After the dropwise addition waé com-~
- 20 plete, the mixture was subjected to reaction at 15°C for
Vone hour. To the reaction solution was added 0.25 g
',(1.86 mmol) of cupric chloride.‘ The reaction solution
was immediately tuined to dark green. . The solution was
"continuously stirred for 6ne hour at room temperature.
25 Then, the reaction solution was wéshed with watef.' The
Obtainedlorganic portidn was dried, and purified by col-
umn chromatography using dehydrated silica gel, to give
0.86 g (1.56 mmol, yield 84%, based on the amount of
_ cgpric_chloride) of_bis(B,G—dimethyl—2~(triméthylsilyl—
30 Joxy)—3,5wheptadionato) copperfII) complex. |



20 and the m xture was kept at 15C. In the devel opnment of - reaction,
producti on of gaseous amoni a was observed. The reaction was continued at
15C for one hour. The reaction solution was then BadéudeakOdeidic with
acetic acid. The obtai ned hexane portion was washed with water 25 and
dried over anhydrous sodium sulfate. The dried por- tion was. distilled at
101C/ 8 mMHg, to give 18.8 g (0.770 nol, yield 55.) of the desired
2,6-dimethyl-2-(trinmethyl- silyloxy)-3,5:4eptadi one. The product was
identified by NVMR, IR and M5. 31 July 2006 -20 iHNWR (CDC13) : S 0.14

s, 9 , 1.14 (Theb b t:3% 4 69 (m
3 15H)H? 3.77 (g i é@rrom 5 o7 eks(é%ld&g%ﬁgeé f’%f‘?sé‘ﬂ% %%%)ﬁ@r”ﬁ% %‘%‘3321 29(71
1606(br), 12535-1199, 1045, 842 5 M5 (n1e) 244 1 n the bel owdescri bed

(2-1) to (2-3), a_copper, conplex of Cu(sopd)2 was prepared by three
di fferent proce§§e§C%id‘(2 %.Gikeb%?atléﬁoéi theSopdrs 2y laldt r b4,

tol uene disgg¥illation dehydration In 100 nmi-volune flask were placed 4.43
g (45.4 nnDI) of copper hydroxide, 22.2 g (90.8 mmol) of 2,6 15

di met hyl 52- (tri nelkykatchy| axp)y3is mpt adi,ane,sand, 50 nL.  of toluene.. The
resulting mxture was heated to 130C, and water produced by reactlon was
dehydrated by azeo- tF8pP€tol uene & &3 3%t it ﬂﬁ%,ahmuhifof t he produced

and distilled water “@3188TLL Hed nyfegﬁhvupq;anq' 22 11.5%
. In the IR spectrum, a peak of 1,606 cmq'assignable
to PB-diketone disappeared, and a peak of 1,592 em™t as-
(f} 10 . signable to diketogato was observed. This copper complex

is a new compound.

{Example 4]
(1) - Synthesis of sopd by different process
15 In a 50 wmL-volume flask, 13.7 g (0.351 mol) of sodi-
- um amide was suspended in 200 mL of hexane and then 26.7
. g {0.140 mol) of methyl 2—(trimethylsilyloxy)~2—methylw
propionate was added. To the resulting solution was
dropwise added 12.1 g (0.141 mol) of 3-methyl-2-butanone,
S 20 and the mixture was kept at 15°C. In the development of
Cﬁ) : . reaction, production of gaseous ammonia was observed.
| The reaction ﬁas-continued at 15°C for one hour. The
" reaction solution was then‘made weak‘acidic'with acetic
-acid; The obtained hexane portion was washed with water
, 25 and dried over anhydfdus sodium sulfate. The dried por-
‘tion was. distilled at 101°C/8 mmHg, to give 18.8 g (0.770
- mol, yield 55%) of the desired 2,6—dimethyl—2w(triﬁethyl~
- ‘silyloxy) -3,5-heptadione. o |
The.producthwas identified by NMR, IR, and MS.



20 suring it in a water receiver. The reaction was conplete -N>

wi t hi n. approx. one hour. The obtai ned dark green SOEE'JEE?”ZW@% filtered

and the filtrate was concentrated to give a viscouS dark®green sol ution.

The solution was distilled at 179C/ 0.5 Torr to give 20.2 g (36.8 mml, 25

yield 81% of the desired copper conplex; nanely, bi.s-

(2, 6-dinethyl-2-(trinethylsilyloxy)-3,5-heptadi onato) copper(ll) conpl ex.

(2-2) Preparation of Cu(sopd)2 at roomtegperature in THE solvent 31 July

2006 -21 The desired Cu(sopd)2 can be prepared by reacting

2, 6-di met hyl - 2- (tig_ h iHyhoxy) ~3,.5-heptadione with copper(]

hydr oxi de in an gﬁbgﬁﬁcxgéF%é%f éughlgsqgfhggb' 3céf%nﬁ%¢ié¥§' at ol ,

ket one, estets, dHhydr.auardHEHD atmp 608 enpegat yr The follQW ng, i.s, a

prepari ng procedurg in a THF sglvent.gP%'ggog%Lgvgﬁuéghfﬁggﬁﬁ&gr%‘gﬁ%ced

4.50 g (46. As.mbol3f)of Sc&pels hyllr®xHHe, 12256 ¢=(9a@.8smol ) of 2, 6-

di met hyl -2-(tri hyIsLinog%%-3,5-heptadione, and 50 nL 10 of THF. The

~resulting m xtur (E%5 7 r P Thr BAAOHEE? + ARSPeoMUMDEFATr e84 t he
absence gf a dehw@rqhggg: agent . The . resulting. dark blue solution was
filtered, and the THF, solvent was distilled off to | eave a viscous dark

green solution. The solution was distilled at 15 179C/ 0.5 Torr to give 21.1

g (38.3 mol, yield 830% of the desired copper conplex, nanely,

bi s( 2, 6- di met hyl 13- thet Peherhflesariksd)) (3 B- Hept 62t dhat @) coppper (11)

conpl ex. (2¢0§b18§68§réﬁk98p852CQS§OB%£%a%%drBgnkhﬁggfﬂf%f%é}éék
 ‘processes. ' | :

10

N

(2-1) Preparation of Cu(sopd), by azeotropic toluene dis-
tillation dehydration
In 100 mL-volume flask were placed 4.43 g (45.4

| wmol) of copper hydroxide, 22.2 g (90.8 mmol) of 2,6-

‘15 ;diméth¥1<2~(trimethylsilyloxy)—3,5—heptadione, and 50 wL
of toluene. The resulting mixture was heated to 130°C,
_and water produced by reaction was dehydrated by azeo-
Lropic .toluene distillation. The amount of the produced
and distilled water was confirmed by receiving and mea-

.20  suring it in a water receiver. The reaction was complete

SIS

. within approx. one hour. The obtained dark green solu-
tion waS‘filtered and the filtrate wés.concentrated to
give a viscous dark green solution. The solution was

- distilled at 179°C/0.5 Torr to give 20.2 g (36.8 mmol,
25 yield 81%) of the desired copper complex; namely; bis-
(2, 6-dimethyl-2-~ (trimethylsilyloxy) -3, 5-heptadionato)
" copper(II) complex. ‘
{(2-2) Preparation of Cu(sopd), at room temperature in THF

solvent




di met hoxyet hane sol vent 20 The preparation in dinmethoxyethane solvent is
de- scribed below. In 50 nm-volunme flask were placed 1.310 sgi1(12086mmol ) .of

copper hydroxide,.5.00 g (20.5 mmol ) of 2, 6-dinethyl -
:2-(trinmethyl silyloxy)-3,5-heptadione, and 15 nL of di 25 net hoxyet hane.

The resulting mxture was stirred for 2 hours at.roomtenperature in the
absence of a dehydrating agent. The resulting dark blue solution was
filtered, and the dinethoxyethane sol venti-was distilled to | eave a

vi scous dark green solution. The solution was. distilled 30 at 179C/ 0.5

Torr to give 4.5y (Bes3Dra@ioCu (yophy, 8d4h BE BlepHrka2BQ6 rendt ity desired
copper conpl ex, nanely, bisiz,ﬁ-dinethyl-z-

(trimet hyl sidf-6RPRENEL hapt GELBABRY) S dpperyl 13 , Gomsmadidie wiopiper
conpl ex pro ' 2-.3) .above was iden tified by IR and el enent al
calyers 8 SRR A g ARRSS B8 i Breni €] o) venso pucivan ¢ o,

1035, 889, 8&4bcbmammntiad, awedysds, f10he SRAHAL | 2 . ; 23 O, H :
8.391, Cu 11.51. Calculated: C 52.40, H 8.4§%§®9f1.5§?.}2’cfg%np.a:]t 62C The
product s Sof rpRm] yeapdrat- e sholed fbvhbsvingnes al prepbalimnyrnsdaadata. | n
the IR spectrum ggpeah‘of 1,606 cm assignable to O-diketone disappeared,
and a peak of % 368 &WLYFMs- 15 signable to diketonato.was observed. The

broad peak obser ygd 1iof tite-odichid 94 Al 2,400 §ihadal § B5SLONgR ¢ to a

- ‘mmol) of copper hydroxide, 22.6 g (92.3 mmol) of 2,6~
l-dimethyl—z—(trimethylsilyloxy)—3,5—heptadione, and 50 mL

10 of THF. The resulting mixture was stirred for one hour
- at room temperature in the absence of a dehydrating
. agent. The,fesulting‘dark blue solution was filtered,

and the THF solvent was distilled off to leave a viscous
dark green solution. The solution was. distilled at
15' 179°C/0.5 Torr to give 21.1 g {(38.3 mmdl, yield 83%) of
‘the desired copper complex,.namely, bis(2, 6~dimethyl-2-
w(trimethylsilyloxy)—3,5mheptadionato) copper (II) complex.
(2<3)‘.Prepafation of Cu{sopd), at room temperature in
dimethoxyethane solvent
- 20 - The preparation in dimethoxyethane solvent is de-
523  : seribed below. |
In 50 mL-volume flask were placed 1.10 g (11;3 mmol)
of copper hydroxide, 5.00 g (20.5 mmol) of 2,6-dimethyl-
2= (trimethylsilyloxy) -3, 5-heptadione, and 15 mbh of di-

25 .methoxyethéne. The resulting mixture was stirred for 2
hours at. room temperature in the absence of a dehydrating
agent. The resulting dark blue selution was filtered,
and the dimethoxyethéne solvent was distilled to leave a

- viscous dark green sdlution. The solution was distilled

30 at 179°C/0.5 Torr to give 4.57 g .(8.30 mmol, yield 81%) of



wat er of crystallization coordinated to the copper com plex. This broad
peak was not observed when the product was exam ned just after the
distillation, nanmely under | 20 good conditions. (3) o ﬁ@@ﬁtlon Test
The copper conpl ex of Cu(sopd)2 [represented by the fornmula (VIII1)].
prepared in Exanple 3 was subjected to vapor deposition test according to
CVD process, to exam25 ine its filmform ng property. For conparison, the -
same vapor deposition test was perfornedasi ng bis(6-ethyl- '

2, 2-di et hyl - 3, 5- decandi onat o) copper conplex of the aforenentioned

formul a (11 )thé'hée$ﬁsedv\a6ppelrf eompd eis | NadidB, APPAL b US. 41 &Sk, 30t rated
in Fig. 1. The copper_ conplex.8 placed in a va 31 July 2006 2% pori zer
(gl ass anph%t@}W@EﬁYk%}bH1@¥Yé ﬁeét@ﬁﬂ&ddwonatoxxnmgpéronn'me@@@grlzed

conpl ex cane out t he va or- er together_ with hellun1gas The gas

com ng out of theﬂe\’/ap%?ﬁ)% 85 erﬂdéquf‘é%tlé}j d?rogf'ttPP‘ﬁfaW%%pp@Eed 5

through t he thyireQyasy, o éﬁ@eeléggngage Jeactor 3. The.center

_ portion of the glass reactor coul d be heat y the heater 4. The copper
conpl ex Bntroducd® i w1 he 3n68dban) ,; exhBl | ved g8 deconposegh and; preduced a
metallic Rgﬁér é;{a surface of a substrate 7 which was set at the’10

center part %ﬁit%ﬁ%¢u§%&edeternlned tenperature in a reducing

atnnsphere- The @ASRMNP0 M1 react o exhausted to atnospheflc'

air through the trap 5. The cC gbleér r51§C)1rn“r(e:'f‘"g}r‘*I‘ré‘isy\]ga“”‘depends on the vapor

depo- ~ Found: C 53.0%, H 8.39%, Cu 11.5%.
Calculated: € 52.4%, H 8.42%, Cu 11.5%.

10 M.p.: 62°C

i
M

The products of (2-1) and (2-2) showed almost same
elemental analysis data. |
In the IR spectrum, a peak of 1,606 cu > assignable
to B—diketone7disappeafed, and a peak of 1,568 cm™’ as-
15 signable to diketonato was observed. The broad peak
cbserved in the vicinity of 3,400 cm™’' is assignable to a
water of crystallization coqrdihated to the copper com-
p;Ex, This broad peak was not observed when the product
was examined just after the distillation, namely under
| 20 ‘good conditions. |
?5) T: ,(3) Vapor Deposition Test
“The copper complex of Cu(sopd), [represented by the
formula (VITI)] prepared in Example 3 was subjected to
'vapor dep051t10n test accordlng to CVD process, to exam-
 2$-.1ne,1ts film forming property. For comparison, the same
Vapor ‘deposition test was performed using bis(6-ethyl-
'2,2—dimethyln3,54dECandionato}.copper complex of ‘the
-afdrementioned formula (II}).
' " The test was performed u51ng the apparatus illus-

30 _trated in Fig. 1. The copper complex.B placed in a va-



15 sition conditions such as the copper conplex vaporization tenperature
and the substrate tenperature. Table 1 shows the vapor deposition
conditions em ployed in the test and the resul t$l ofu¥y |2fGtrmati on. The
substrate is a rectangul ar substrate of 7 Mmx 4 nm 20 r 31 July 2006
-24 Table 1 Exanple 3: copper conplex -- Cu(sopd)2 Condition of vapor
deposition 5 Vaporization tenperature: -140C Substrate: Ta-N Si 02/ Si
Substrate tenperature: 230C Vaporizatiopgperiod: 60 mn. Pressure in the
reaction system atnospheric 10 H2 flowrate: 36 nL/mn. He flowrate: 5

m/mn. Chapagtend Sihiessof s fd - El thi,ckness: 20 Specific
resistance:ﬁﬁ.S pQ 3%:15 Aﬁﬁggfgﬁg%{*%§¥%§%L§?o§¥ygnﬁ%%Fegugf%gg‘J%
Conpar i son Beatipheibn.comper vemptired -cbhp{Exethyb- dud- of the vapor-

di met hyl - 3, 5- d( Ei candi onat Q) copper conpl ex Condition of vapor deposition
20 Vapori zat?6K teApéRgrurathl hed iuwyhsas at eThdagdl StORLSH oBubsift afbhe

te”peratUreﬁa5399§e¥388ﬁhé8tEoﬁﬂ%yﬂé§¥e§“%§%£%gen gas supplied
5 through the hydrogen gas line, and entered the reactor 3.
The center portion of the glass reactor could be heated
by the heater 4. The copper complex introduced into the
reactor reductively-decomposed and produced a wmetallic
copper on a surface of a Substraté 7 which was set at the
f?) 10 center part and heated to the predetermined teﬁperature
-in a reducing atmosphere. The gas coming out of the
reactor was exhausted to atmospheric air through the trap
5.
The copper film-formation depends on the vapor depo-
15 sition conditions such as the copper complex vaporization
‘temperature and the substrate temperature,
Table 1 shows the vapor deposition conditions em-
ployed in the test and the results of filum formation.'
The substrate is a rectangular substrate of 7 mm x 4 mm.

20




Pressure in.the reaction system atnospheric 25 H2 flowrate: 36 nlL/mn.
He flowrate: 5 nL/mn. Characteristics of forned figlm Q n%t o filmis
produced. 30 31 July 2006 -25 The above-nentioned reslty ifdiCat e t hat
the Cu(sopd)2 of the invention shows an excellent filmformng property,
as conpared wth the previously known copper conplex. S (.Industrial
Uility] The copper conplex of the invention is a divalent copper conplex
which is thermally stable, as conpared _wmth the thernmally unstable
nonoval ent copper conplex, 10 and is resistant to thermal deconposition in
t he vaporiz- er. Accordingly, it is a@lggmga?eousl y enpl oyabl e for
industrially preparing a copper-containing tfilmby chem - cal vapor
deposition._Further, the copper complex of the invention can produce a
filmat a r}?te g{ea er than that 15 shown by the previously knowi dival ent
copper conpi P 9hi s neBRBCThEPTHER oppdrt tinmllex of the invention is
practically adv t canper conplex of the invention is
favorably enplo?gﬁ e for tﬁgdgéggg}égﬁﬁﬁ”*d¥”5 copper filmw dely greatly
utilized as the circurdpozizaaien aenplersfiionduggers. 31 July 2006 -26

Substrate: Ta-N/Si0,/Si

Substrate temperature: 230°C
Vaporization period: 60 min.

- Pressure in the reaction system: atmospheric

S 10 B H, flow rate: 36 mL/min.

He flow rate: 5§ ml,/min.
Characteristics of formed film

Film thickness: 200 nm

Specific resistance: 4.5 puQ) cm

15 : Appearance: Smooth glossy metal surface

Comparison Example 1: copper complex -- bis(G—éthy1~2,2—
dimethyl-3q5~decandionato) copper complex
Condition of vapor deposition

20 . Vaporization temperature: 140°C

mﬁ_ , ' Substrate: Ta—N/SiOz/Si

Substrate temperature: 250°C
Vaporizétion period: 60 min.
. Pressure in the reaction system: atmospheric
25 H, flow rate: 36 mL/min.
. He flow rate: 'S mL/min.
Characteristics of formed film

Almost no film is produced.

30




What is clainmed is: 1. A divalent copper conplex having P—diketonato 5

| i gands containing a silyl ether |inkage. 2. The co ﬁ? g% of claimil,
wherein the (3- diketonato Ilgands containing a sily I|nkage is
represented by the formula (1)', 10 Xb OR(I-I) (I) " -Ra-O-Si~ RGZ O
Rd 15 Y in which z is a hydrogen atomor an al kyl group having |- 4 carbon
atons; X is a group represented by the formula (T-1), in which Rais a

| i near or branched al kyl ene group 20 havisng 1-5 carbon atons, and each of
Rb, R and Rd inde- pendently is a |inear or branched al kyl group having

1-5 carbon at ongheantho¥rd Snéntidead pEsBIBAChadidblod @9URhdaving 1-8
carbon atonms or a group represented by the fornula (3-1), in which Rais a

linear or bfadshed)al Ryl thE dmyegroum Fhwiwg dn Sexaebbenat bidn-dodwdach of

Rb, R and Rd independently is a_|ipear or branched_al kyl group having 1-5
carbon at onBTCB®T¥Ke @6b6§¥“ R TR RFeVIGHSLN. KROWEp COPEST sent ed

by the formdbgpily.: 31 July 2006 -27 Rob-

5
{Industrial Utility]
The copper complex of the invention is a divalent
copper complex which is thermally stable, as compared
with the thermally unstable monovalent copper complexx,

£ 10 .and is resistant to thermal decomposition in the vaporiz-

0
L
el

- er. Accordingly, it is advantageously employable for

- industrially preparing a copper-containing film by chemi -

cal vapor deposition. Further, the copper complex of the
invention can produce a film at a rate greater than that

15 . shown by the. prev1ously known divalent .copper complex.

. This means that the copper complex of the invention is
practlcally-advantageous,'and that the copper complex of

. the invention is favorably employable for the preparation
of a copper film widely greatly utilized as the circuit

20 material of semiconductors.



ZCu (1) -RR-OSI\ Rc oR Y 2inwhich Zis a hydrogen atomor an

al kyl group having 1- 4 carbon atons; X is a group repregenygdybyoghe
formula (I-1), inwhich.Ra is a linear or branched al kyl ene group 10
having 1-5 carbon atons, and each of Rb, Re and Rd-inde- pendently is a

| i near or branched al kyl group having 1-5 carbon atons; and Y is a |inear
or branched al kyl group having 1-8 carbon atons or a group represented by
the fornmula (l1-1),. in which Rais a |lipgar or branched 15 al kyl ene group
having 1-5 carbon atons, and each of Ro, R and Rd i ndependently isa |inear
or branched al kyl group having 1-5 carbon atons. 4. The copper conpl ex of
claim?2, wherein Yis the 20 sane as X. 5. The copper conplex of claim 3,
wherein Y i8hdaheissakpiaedXis25 . 6. The copper conplex of claim2, wherein
Yis a linear or branched al kyl group having 1-8 carbon atons. 7. The

- copper conplex of claim3, wherein Y is a linear..or.branched al kyl group
having 1-8 carbon atops... 30 31 July 2006 -28 8. The- copper conpl ex of
claim2, wherein-Ra i§ $AVadERH SRPREDUECTRYVENgHavEngaBhdaketometehi ch can

have one; of; JMi& a+§MF subst) tuent, .5 9., The copper coml ex of claim3,
wherein Ra s an— al Kyl ene g%g%p%%%ﬁ%mfﬁé%rgﬁfﬂgggﬁtons whi ch can have one
2.  The copper complex of claim 1, wherein the 8-
diketonato ligands containing a silyl ether linkage is
represented by the formula (I)'-: '
) 10
X b
o _ /}?
(1)’ —R2-0—Si—R*

| (I-1I)
A \\Rd |

O
15
in which Z is a-hydrogen atom or an alkyl group having 1--

4 carbon atoms; X is a group represented by the formula

(I-I), in WhidhrRa is a linear or branched alkylene group

P 720 having 1-5 carbon atoms, and each of RP, RrR® and Rd inde-

N

‘\,

pendently is a linear or branched alkyl group having 1-5
- carbon atoms; and Y is a linear or branched alkyl group
havipg;l—B carbon atoms Qr‘a'group represented by the |
| Fformula (I-I), in which R® is a linear or branched alkyl-
25 eéne group having 1-5 carbon atoms, and each of R®, R° and
;Rﬁ indepeﬁdently is a linear or'branéhed‘élkyl group

‘having 1-5 carbon atoms.

3. The copper complex of claim 1, which is fepree

30 sented by the formula (I): -




or nore al kyl substituent_ 10. The copper conplex of claim2, wherein Zis
a 10 hydrogen atom, and each of Ri', Rand Rd is nethyly; Ll yTQ%O%opper
conpl ex of claim 3, wherein z is a hydrogen atom and ealh #
Rd is nmethyl. 15 12.- A nethod of-form ng a copper-containing film by
chem cal vapor deposition using a copper conplex of claim i as a copper
source. 13. A nethod of form ng a copper-containi-ng filmby 20 chem cal
vapor" deposition using a copper conplexsef claim j.:. 2 as a copper
source. 14. A nethod of form ng a copper-containing film by cheni cal vapor
deposi tion using a copper conplex of claim 25 .3 as a copper source. 31
July 2006 1 //1 aX m. 100-+ F4 a 0 w d. co cu rn rn
=0\ - , R® |

‘Rd

in which Z is a hydrogen atom or an alkyl group having i—
4 carbon atoms, X is a group represented by the formula
(I-I), in which R® is a linear or branched alkylene group
{ﬁv .10 having 1-5 carbon atoms,. and each of R., R® and R? inde-
pendently is-a'linear-or-branched alkyl group having 1-5
carbon atoms; and. Y isg a linear or branched alkyl group -
having 1-8 carbpn atoms or a group represented by the
formula (I-I}, in which R® ig a linear or branched
15';alky1ene group hawving 1-5 carbon atoms, and each of R?, R®
and R independently is a limear or branched alkyl group

having 1-5 carbon atoms.

4. The copper complex of claim 2, wherein Y is the

" 20 same as X.

5. The copper complex of claim 3, wherein Y is the

- - same as X.

.25- 6. The copper complex of claim 2, wherein Y is a

, 1inearao:“bfanched alkyl group having 1-8 carbon atoms.

) 7. The copper complex of claim 3, wherein Y is a
linear .or branched alkyl group having 1-8 carbon atoms.

© 30
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31 July 2006

-28-
8. The copper complex of claim 2, wherein R® is an
alkylene group having 1-3 carbon atoms which can have one

or more alkyl} substituent.

9. The copper complex of claim 3, wherein R® is an

alkylene group having 1-3 carbon atoms which can have one

‘or more alkyl substituent.

~10. The copper complex of claim 2, wherein Z is a

hydrogen atom, .and each of R R and RY is methyl.

11. The copper complex of claim 3, wherein Z is a

"~ hydrogen atom, and each of R?, R° and R is methyl.
34 _ Y

12. A method of forming a copper-containing £ilm by

chemical vapor deposition using a copper complex of claim

1 as a copper source.

13. A method of forming a copper-containing film by
chemlcal vapor. .deposition using a copper complex of claim

2 as a copper source.

14.. A method of forming a copper-containing film by

.chemlcal vapor dep091t10n u51ng a copper complex of claim

3 as a copper source.






