31Ju|y2006 1SPECIFICATIONCCPPERCC]VPLEXESR{EJ SS FOR
FORMATI ON OF . COPPER- CONTAI NI NG THI N FI LM BY USI NG THE SANE"Y 8%%°Fi el d of
_ Inventlon] The present invention relates to a copper conplex which is
“advant ageousl y enpl oyabl e for producing a thin. netal filnconprising-copper
. or- copper allay or a thin 10 nmetal film conprising a conplex netal oxijde
contai ning copper by chenical vapor depgsition Theinvention fur- ther
relates to a process for producing a thin netal film conprising copper or
- copper alloy or a thin netal ofipl @ ccanprisiing & qopphex netal- oxi de :
- cont-ai ni ng copper from 15 the above-nenti oned copper conplex. [Background
of . Inventlon] A netallic copper thin fllnl(herelnafter sinply re- ferred to

as ‘"copper thin fllnf |s eng éable as a co . per circuit of a
silicon sem conducFQFJ REMELESES 4 ANDh FROCESS @@Rt EORMAG IEBDFE  oxi de

b material for KO cr.%ed%%?ﬂi@“n%‘éfr; (PRE O S ot hdwep Pt ¢

_.Lprocessesafor producing: the copper thin film 25 or conplex oxi de thin fllm

. -.-contai hi ng-copper: oxi de by vapor dep03|t|on pr ocedur ey -various processes ;
~are known. - @&&%rﬁ@t&ﬂ/@%ﬂocess is a chem cal vapor dep05|t|on

"process (CVD progess) ri'sin the ste of thermall deconposi ng a
Eoﬁpound(cont gl nﬁﬁi (Pre &+ gfates to a copper: Cogglex J

whlch 1s advantageously employable for produc1ng a thin

:f}ffmetal fllm compr1s1ng copper or. copper alIOy or a th1n~5f¥e ﬁﬁpi;
?'lo 'metal fllm comprlslng a complex metal oxlde contalnlng | -
. -,copper by chemacal vapor depos1t10n The 1nvent10n fur—-t
rther relates Lo a process for produc1ng a thln metal film
tacomprlslng copper or copper alloy or .a thin metal Film-
:;comprlslng a complex metal oxlde contalnlng copper from"i

.lSV'the above- mentloned copper complex

'-{Background of Inventlon]
| A metalllc copper thln fllm (herelnafter simply re-
ferred to as "copper thin fllm") is. employable as a cop~

20 per c1rcu1t of a s111con semlconductor A metal ox1de

T thine fllm contalnlng copper ox;de (herelnafter Slmply re:f“"7

:f;ferred o as "copper ox1de thln fllm") 1s expected as ;gf,f'J
-materlal for hlgh crltlcal temperature superconductors “

o | As the- processes for producing the copper thin film

_254 or complex oxlde thln fllm contalnlng copper: ox1de by

:”ﬂ“vapor dep051tlon procedure varlous processes ‘are known
) A representatlve process is a chemlcal vapor depos1tlon
'process (CVD process) compr1S1ng ‘the. steps of thermally
..decomp051ng a COmpound contalnlng a copper atom under,-

30 'spec1f1c COHdlthﬂS and depos1t1ng the decomp051tlon‘




30 specific; conditions and depositing the deconposition'. 31 July 2006 -
product on a substrate to produce thereon a copper thin 'ﬁ1PWVGPm% copper
oxide thin film For the production of a copper thin filmor a copper

oxide thin filmin the CVD process, P-di ketonato copper 5 conpl exes are
general ly 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 conductor)
usi ng a P-di ketonato copper(l) as a copper source. The P-di ketonato copper

I d bjected d -
Dot 1 onat | ot F Sae Dot oo RRGAE mepgbt Paekop b BELA soeres Pk Cuch a

def ect that fihbmOoxliketomeds @ﬁﬂ@@rthiﬂ)fiﬁmthernally unstabl e, and t hat
sonme of O-di ketonato copper(l) deconpose when these are heated to vaporize’

in 15 the CVD priteddie pxggietioni vhl @ntoppel kehbnafolmoppea coppkex, em

pl oyed in the CVD process is dipival oylnet hanato cop- per(11) conplex. This
copper conpl%&@qgsqﬁﬂﬂaﬁ#ﬁﬁwﬁﬂl@hes@%%LmrQ¢ﬁﬁsxrﬁrQDMQVQneno ogp&et onat o

copper ¢ ver, sin t he dj pi val oyl met hanat o- copper (11)
conpl ex qggs S g%aegﬁgperﬁﬁQ?$l i HES%s 198OC it likely deposits in a

CVD system and plm-tmg@m@é&nmé@ea s kpown, fadl kelgngt o copper

conpl exes al so have the same: problem M over
di pi val oy 1medrReat ¢héep £25 mpett(d Ihe sl s andapher dhovai O- 6 ket onat o
copper com plexes have a | ow vapor pressure, the thin film produc-

_ silicon semiconductor) using a B-diketonato copper{(I) as

a copper source. The B-diketonato copper(I) is advanta-
10 geously employed because it can be subjected to dispro-

portionation 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 en-
.ployed in the CVD process is dlplvaloylmethanato cop-
per(II) complex. This copper complex is more thermally
stable than the monovélent B-diketonato copper complex.
2@ ‘However, since the dipivaloylmethanato copﬁer(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. Mqreover, since the dipivaloylmethanato Cop-
25 per(II) complex and other known B-diketonato copper com-
__plexes have a low vapor pressure, the-thin-film-pfoduc~

.tion rate is low. Accordingly, these known B-diketonato




| and free fro% robl em of pluggi ng. Nevertheless, 1t st
fi1'm producti&} € SPRNHereP@Eeessone of the problens 3.n the

tion rate is low Accordingly, these known O- dlketonato 31 July 2006 -3
copper conplexes are not appropriate as industrially enploﬁﬂb%gmcopper
sources. JP-A-2001-181840 descri bes a P-di ketonato copper(11) conplex
having the-following formula (I1): C4 H /CCU 0 H3C H3C CH3 which is
liquid at roomtenperature and sol ves thegjprob- | ens of the known material .
The above-nentioned P-di ketonato copper(I1l) conplex -exists as a viscous

liquid at taqwenm@npré»mefme nbt apﬁrggﬁgxesggpghaqstgl%ﬁgghl\ﬂgﬂ Wzyzt o

producti on morkagkllt%%ﬁre still unsolved. [Disclosure of Invention]
Di scl osed her ei nYFs &5 IQ%SQW&Q&Shasﬁadikﬂtommtol¢Qpp@m011¢nd is

thermal |y staRbgexS® f.avor abl enployable as the copper source
in the CVD pro%egs 3?%'ro ei ngja oxmiir f {18 or a copper oxide thin .

film Further disclosed hereinis a process for producing a.

‘copper-contalnlng thin f|In1such 31 July 2006

CiHy

Cu D

Hac - CH3

which is liquid at room temperature and solves the prob-

lems of the known materlal

The above—mentloned B-diketonato copper(II) compiex
exists as a viscous liquid at temperature. Therefore it
is ea311y supplled in the CVD System and free from the

- problem of plugglng Nevertheless, it still shows a low
£ilm production rate,-and therefore, some of the problems

in the productlon workability are still unsolved.

[Disclosure of Invention]

Disclosed hereln is a copper complex which has a low
meltlng point and is thermally stable, so that it is
favorably employable- as the.copper source in the CVD process
for producing é copper thin film or a copper oxide thin film

Further dlsclosed herein is a process for produ01ng a.

copper-contalnlng thin fllm such




-4~ as a copper thin filmor a copper oxide . thin filmin which the

above- nenti.oned copper conplex is used. The present inventdrdyRefe

di scovered that a copper conplex having P-di ketonato |igands containing a
silyl ether linkage can solve the above-nentioned problenms. The present
inventors have been conpl ete based on thii_ di scovery. Accordingly, a first
aspect of the present invention provides®a dival ent copper conplex having
P- di ket onat 054l LQ 0 ining.a silyl ether |inkage. A second aspect of
t he present ?ﬁvgn??gﬁe%fgbﬁ e;@ T Bt Fo F BP0 ile st bppeilrcairt ai ni ng

filmby chemvicathvaper ab8eROfichirQR sy | val ent copper conpl ex havi.ng

P- di ketonato Ii gTalggs cont ai ni ng angsﬁ ;'}“I%pg)t%ercqqul@be&gé"%?dcopper source.
As the 0-di ket onaflee| Pyesestcinventiorg aavi Vi LIReL iaégcg conmpound
represented by the formula M is preferred: 0/ R l:'}:eé _ _(;%_glao_qge d R .

Y, in whi ch PRRlex lyaybeenh adbhevonatoal kghneEOBR avinggls 4 i‘ig bon
~atons; X iseﬁjﬂ%?é%,re resented by the formula (!-1), 1 n~which®
cheda

is a
“linear or bran BnePYr dthve nblengbevs-vanbdnnatiopeobaegiseach of R-,

Re and Rd imile prendant | shidnold N6 Bellanghed alkyl group having 1-5

d on this
discovery.

Accordingly, a first aspect of the present invenﬁion

provides a divalent Copper complex having B-diketonato

ligands containing a-silyl ether linkage.

A second aspect of the Present invention provides a
method of forming a copper-containing film by chemical vapor
deposition using a divalent copper complex having g~
diketonato ligands qontaining a silyl ether linkage as a
Copper source.

As the B-diketonato ligands cbntaining a silyl ether
linkage, a Compound represented by the formula (I)' is
bPreferred: |

_R"‘--O—-Si-/—-—~Rc (I-I)

d

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

-4 carbon a;oms; X is a group represented by the formula
{I-I), in which R® is a linear or branched alkylene group

having 1-5 carbon atoms, and each of R®, R® and Ra'inde—

Pendently is a linear or.branched alkyl group having 1-5

garbon atoms; and Y i; a'linear.pr branched alkyl group




carbon atons; and Y is a linear or branched al kyl group 31 July 2006
having 1-8 carbon atons or a group represented by.the foPhha2q@e-1), in
which R is a |linhear or branched al kyl - ene group having 1-5 carbon atons,
and each of Rb, ROand .R d independently is a |linear or branched al kyl.
group having 1-5 carbon atons. As the copper conpl ex a conpound
represented by the formula (1) is preferred: X R Db -0 C W--Ra Ost-R
d 0 RZ\ )ha¥izgi n-wh [ y en_at.om or al kyl . group having 1-
4 carbon- at ons; Xi's a grggﬁénrégggge% ed BV uﬁ’erlegrrﬁﬁfeé‘te Ibg’) they whi ch Ra
is a linear 6®YMﬁéachédIhlkyhemﬁlgnopp idayi pgndss SAr $§E Q? each
ched ? oup

of Rb' RF and Ra. inde- pendently is a linear or bran

havi ng 1-5 %ﬂﬁtﬂﬁpgﬁoﬂ%V1%ﬁdlﬁ5|%a§bbnneaomsu bnanehed afkgP, gm%ugxihaV|ng
in which Ra

'.1 8 carbon atdo r.epresented by the forrmula (I-1
q%rqglrd(ayr?e%%r&lﬁ&y i 3 ‘%‘“av‘?lﬁﬁ’q herl c?alrlﬁéin SH%Q#E and each

is a linear

of Rb, RO: am@vﬂhglmuapgmmﬁﬁlatdﬁg21I|near or branched al kyl group having
" 1-5 carbon atoms.. In the fornmulas, it is preferred that X is the same as

Y. Y preferably h§ Ehéid$§ﬁérQ&mRﬁ@Q$hed al kyl group a compound

represented by the formula (I) is preferred:

(I) —R*-o-gf—ge

Rd

(I-1)

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 branched alkylene group
hav1ng 1-5 carbon atoms, and each of R R° and R? 1nde—
pendently 1s a llnear or branched alkyl group having 1-5
carbon atoms,rand Y is a.llnear or branched -alkyl group
having 1-8 carbon atomé or a group-represented by the
‘formula (I-1), 1n which RrR* 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. 'y preferably is a linear or branched alkyl group
‘having 1-8 carbon atous. R._preferably is an alkyléne

30 group of 1-3 carbon atoms which may"éarry one or'more



having 1-8 carbon atons. Ra preferably is an al kylene 30 gr @ ﬁf 1-3 :
carbon atons which may carry one or nore 31 July 2006 algv g @?ltuents-
Particularly preferred is'that Zis hydrogen and each of Rb, Re and Rd is
met hyl . Accordingly, a third aspect of the present invention provides a
met hod of formi ng a copper-containing fidgn by chem cal vapor 5 deposition
using a dlvagfnt copper conpl ex having P-di ketonato |igands containing a
silyl ether 4 hﬂ&nﬁnbsumnuﬂﬂtshe Padi-kehoaah scont ai.ni.ng a S|Iyl

et her Ilnka%l | S Eipresented by the forﬁu aQM?%éggﬁgég gg ?EQE_%_ $% RrRC d
ZOR Yin cyerR at ®h andar’ai kytheghpup having |- 4 car bon
atons; X is a group represented by the formula (I1-1), in which R~is a

i near “or branchemcaldaghan 5, .carbon ataons, and each of Rh,
Re and R d inde, 20 pendegt yg{gﬂgrﬁnﬂégggb%fbwb Eﬁgﬁe%.H%WGBFHHbPﬁavvﬁysl 5
car bon at.ong GHPY 9fs Tgrpinge ar coppér-amnitadn At i 196 9y Rhehd¥h NGrapod car bon

';atons or epresent ed b the fornmula (1-1), in which O ista |linear
or branchedqgﬁ ﬁgjf{w% BSU0D i X3 {9RE LOBPE ardmpieat s nga fdd Bestonafo Rb, Re

“and. 25 Rd- |mﬁ@a&ndeﬂhtaaﬁfagaa'é{%jﬁ]é%hegsihﬁiéagvﬁhfx@ﬁgggﬂgﬂagﬁi§£§L5%05

'_carbon atonf A fourth aspéct o
' igands containing a silyl ether linkage is represented by the

formula (I)':
10 X , :
: o | . Rb- .
z (D)’ —gro-gifege (I-D)
o’ A
Y

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-1), in which R* is a linear or branched alkylene group
having 1-5_oarbon atoms, and each of R”, R° and R? inde- .

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

E carbon atome;_and Y is a,linear oxr branched alkyl group

- having 1-8 carbon atoms or a group represented by the |
o formula (I-I), in which R* is a linear or branched alkyl-

5 ene group having 1~ 5 carbon atoms, and each of R R® and

25 ;-R 1ndependently is a linear or branched alkyl group '

. having 1-5 ~carbon atoms

i A fourth aspect of the present invention provides a

_ method of forming a copper-containing f£ilm by chemical

o "vapor deposition u51ng a divalent copper complex hav1ng B-
30 dlketonato 11gands contalnlng a 51lyl ether linkage,

_whereln the copper complex is represented by the formula



v nmet hod of. form ng a copper-containing filmby chem cal _!vapor deposition
using a dival ent copper conpl ex having 30 di ketonato Iigaﬁb@“ﬁ@ﬁ?aining a
silyl ether |inkage, wherein the copper..conplex is represented by the
formula M 31 July 2006 -6a Rb U-Ra-0-Si/ RO ORd5Y2 Z1 in
which Zis a hydrogen atomor an al kyl group having |- 4 carbon atons.;
is a group represented by the fornul-®a-(1-1), in which R. i.s a.linear or
branched al kyl ene group 10 having 1-5 carbon 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 i ' or branched al kyl group having 1-8 carbon atons-

X

or a group repfesent the formula (I-1), in whichoRa is a linear or
branched 15 alfk havi -5 carbon a%ons, and each 9¥-EbE)RO -and
Rd i ndependentl ¥ i i ne@u ~or bi anched atkyT —§robjp—+&Vi ng* 1-5 car bon :
atonms. (Brief |Descriypt¢ of Drawing] 20 Fig. | is a sghematic view of a
CVD syst em whi enpl oyed for the copper thin Tl mproduction,

“‘wherein 3 .dendtes'a gl A% anpul, 2 denotes a heater (vaporizer), 3
denotes a reactor, 4 denotes a heater (reactor), 5 de- :
in which 2 is a hydrogen atom or an alkyl group having 1i-
4 carbon atoms{ X is a group represented by the formula
| (I~-I), in which R® is a linear orlbranchéd alkylene group
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 carbpn_atoms or a group represented by the
formula (I-I), in which R* is a linear or branched
15 'glkylene group having 1-5 carbon atoms, and each of Rb, RS
and RY indepehdently is a liﬁearfor branched alkyi group

having 1-5 carbon atoms.

[Brief Description of Drawing]

20 Fig. 1 is & schematic view of a CVD system which can
be employed for the copper thin film productioh, wherein
' 1 degotes a glass ampul, 2 denotes a heater (vaporizer),
3 denqtes.a'rggé;or, 4 denotes a heater (reactor), 5 de-
; notes a trap, 6 deﬁotes a-heater (for pre—heating), 7.
25 '

denotes a substrate, and 8 denotes a copper complex

. source.

{Detailed Description of Invention]

so In ;he_invention,.exaﬁples of -the PB-diketonato




notes a trap, 6 denotes a heater (for pre-heating), 7. 25. denotes a
substrate, and 8 denotes a copper conplex source. [Detail 8BduB£88¢i ption of
Invention] In the invention, exanples of the 0-di ketonato 30 31 July 2006
-6b ligands containing a silyl ether linkage include the conpounds of the
followng fornmulas (I111) to (XIV) 0 0.0 MA M3SiO (IV), 00 MS3si* 0
O iM3 M3SOSiMe3 05~~S M WY 0. 000 M3SiOSi M3 M3Si (Viol
-------- ---- 31 July 2006 -7 00 00 M3SK) M3SIiO 5 (1412 00O0O

ligands containing a 8ilyl ether linkage include the -

compounds of the following formulas (ITI)"' to (XIV)':

O 9]

Me3SiO \ : . ? ?
| Measuo\,/k*
any ‘ avy
o ' 0 o0
.0 o Me;Sio '
. Me3SIWSEMea €3 MOSIMG:;
v o vy
0. 0 _ o o
MeaSEOMOSiM% - MeaSiO)(“\)Kf/

VI’ Vi’



.NE3SiO "~ M3SIOOSiMe3. 10 (XY (XIlY O O M3Si M3Si 0 0 Xiil),
—5 A i, Ry 2986 o' ol

(XtV)" 15 The above-illustrated P-di ketone conpounds ca

ai ned

according to the below illustrated schenme, in which a silylated ketone is
‘reacted with a silylated 20 organic acid ester in the presence of a base,
or a silylated organic acid ester is reacted with a ketone in the
presence of a base, and the reaction proguct is treated wth an acid. The
acid-treated product was puri- fied by distillati.on or colum

chr omat ogr aphy. O her 25 known processes also are utilizable. 30 31 July
2006 -8 Na 0000 M3Si M+ MeOH e3Si Owe + )> NaNH2 0 OH CH3CO2H

10

Me3Si O 10 The O ketonato copper conplex, i.e., a copper com plex in which
an enol ate ani on of 0O-di ketone is coordi- ' ,
0o O O O
Me;,SiOM Me3Si07*)H<
(axy X
' 0 0O o 0 ' -
Me;‘sm-/\')k(lk Megsio/\/k/lk/\OSiMe:, |
(X oxny
o O
Messw

15

20

25

30 -

ey . = (XIVY

The above-illustrated B-diketone compounds can be
thained'according to the below-i1llustrated schemé, in
which a silylated ketone is reacted with a.silylated

organic acid ester in the presence of a bage, or a

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

known processes also are utilizable.



nated to copper, can be obtained by a reaction between 0 15 di ket one and
copper hydroxide (belowillustrated process | for copper XoH¥l
synthesis) or a reaction between an enolate anion of P-diketone and a
copper salt such as cupric chloride (belowillustrated process 2 for
copper conplex synthesis). The synthesis can be performed in 20 nost
~organi c solvents such as hydrocarbons fegg., hexane and toluene), ethers
(e.g., tetrahydrofuran (THF) and. di nmethoxyethane), nitriles (e.g.,
acetonitrile), haloge- nated hydrocarbons (e.g., dichloronethane), alcohols
(e.g., isopropanol), and esters (e.g., ethyl acetate). 25 Water produced in
the process |I' can be distilled off together the solvent (e.g., toluene) by
azeotropic dis- tillation. Wen such a solvent as TH®3s used, water is
reaned fromthe eactlon m xt uBe by dIStI|LaE%OH u@der(Dreduced pressure
room-t atu e toget her W the 31 JuMgs 6 -9 | v herw se,
mater canﬁggﬁ dmusrhg %;ﬂéﬁ?f drating g agent ydrgﬁgeégdrum
"sul fate, anhy magnesi m quateNﬂghhydrou _ syl fate, nol ecul ar

'sieves, or nonlonlc wat er - absor bi ng polyner. 5 [Process 1 for. copper
conpl ex synthesis] Na. 0 0 0O\ 0 M3SIO 0 + Me3Si + MeOH ~r_ Me NaNH2 10

—

L Ke) OH I |
CH3COzH Me3Sio . N~
B —— .

‘10

The PB-ketonato 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 reactionrbetwéen B-
;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 suéh_as
cupric chloride (below-illustrated process 2 for copper.
complex synthesis)f The synthesis can be performed in |
20 most organic solvents such as hydrocarbons {e.g., hexane
and toluene), ethers (e.qg., tetrahydrofuran (THF) and
dimethoxyethane), nitriles (e.g., acétonitrile); haloge-
nated hydrocarbons (e.g.; dichloromethane)L alcohols
(e.g., isopropanol), and esters (e.g., ethyl acetate).
25 Water produced 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, water is
' removed from the reaction mixture by distillation under

reduced pressure at room temperature together with the




OSi M3 0 OH CH3CO2H Me3Si Cu(OH~ Dehydrating O Cu 15 agent 2 Process 2
for. copper conplex synthesis] 20 0 0 Me3 0 Na \ 0 + M. e®HUNEN¥E oNb +
NaNH2 0 S OXI __ OSMe3 -0. CUa2 "CU Nad 2 31 July 2006 _10~ The
produced copper conplex can be purified by col- umm chromat ography using
comercially available silica gel for chromatography or a dehydrated
silica gel which is prepared by dehydraging the commercially available 5
silica gel, or by distillation, or by their conbination. An exanple of the
copper conpkexvhari.ngothersiied - withar dsipqo&fudf&&@@a&&ﬁ%;gsn@e@-
represented by the follow ng fornul a (rrr): 10 osl Me3 CU 15 The
copper conpﬂéﬂt@ﬁgtﬁsehﬁrmMQh(asI@nhxﬂnpusnnuﬂlumxmnﬂEat@avam@yarous

P- di ket one enol ate anioq %9nd of the aforenentioned forrmula (111)' which
correspondsmagﬁlaﬁ%um sulfa anhydrous copper sulfate, molecular

gsieves, Or nonionic water-absorbing polymer.

5
[Process 1 for copper complex synthesis]
K _ . Na |
Me;Sio e MeLSio
OMe + — 7 + MeOH
. - ' NaNH, 7
. OSiMe,
Messio § L '
C €35l Cu(OH
HaCO2H . o u(OH),
' Dehydrating
agent
15
[Process 2 for copper complex synthesis]
20 | - . o |
: - o - . Na_
- AN
; o o _ O O @] '
. Me;3SioO, :
 Me3Sio + —_— N + MeOH
- OMe : _
, NaNH; -
' OSiMes
Culy
+ NaCl




20 pound of the aforementioned formula (1) in which Xis N 2006
(CH3)3SiO-C(CH3)2_, Y is (CH)3C, and Z is H nanely, bis¥July

(2,6, 6-trimethyl-2-(trinethylsilyloxy)-3,5-heptadionato) copper, (I1I)
conpl ex [hereinafter referred to as Cu(sobd)2l. The P-di ketones of the

aforenentioned fornulas (1V), 25 to (XIV)l give the belowillustrated
copper conplexes (1V) to (XIV), respectiywely, which have an enol ate ani on.
of the correspondi ng P-di ketone. 31 July 2006 OSi M3 OSi Me3 OS Me3 Cu Cu

Qu 000 ) 2 2 heOPMRx iMook | Mmfix (VO 051 43; PEENER, OBHES Q1
Cu 0) X0)20. iMe 2 )2 OX) ~ (VID Me3Si ~ OSi Me3 Cu 0

Cu "2 ) 2 MBS Ohviomdtogrdrhy OSiives @B8necially &uafliable silica
gel for chromatography or a dehydrated silica gel which
is prepéred by dehydrating the commercially available

5 silica gel, or by distillation, or by'their combination.
An example of the copper complex haviﬁg the silyl-
ether type B-diketonato ligand is represented by the

following formula (III):

10 ‘  OSIMes

(11D

15

The copper complex of the formula (III) is a copper
complex hav1ng a B-diketone enolate anion 11gand of the
aforementioned formula (IIT)' which corresponds a com-

20 pound of the aforementloned formula (I) in which X is
| (CH;) ;Si0-C(CH,) ,-, ¥ is (CH;),C-, and Z is H, namely, bis-
'(2,6,6—trimethyl—2—(trimethylsilyloxy)—3,5—heptadionato)
-copper{II) éompiéx [hereinafter referred to as Cul(sobd),].
.The B-diketones of the aforementioned formulas (IV) '
25 to (XIV)! give the below-illustrated copper complexes

(IV) to. (XIV), respectively, which have an enolate anion

rof_the corresponding [B-diketone.




00 )20) 2 (Xill) (XIV) - == —-cn- 31 July 2006 -12 The, opper compl ex
of the invention can be enployed for producing a copper-%b ¥ ng thin

filmby chem cal vapor deposition in the known CVD systemas illustrated
in Fig. 1. The vaporization of the copper conplex in the chem - cal vapor
deposition process can be perforned by directly supplying the copper
conplex into a vaporization chanber, arpjby diluting the copper conpl ex
with an appropriate solvent (e.g., hexane, toluene, or tetrahydrofuran)
and 10 supplying thus produced solution into a vaporization chanber. The
deposition on a substrate can be perfornmed by the known CVD process. The
copper conplex is thermally deconposed under reduced pressure or in the
presence of 15pgiMeinert gas. O herw ge5iMehe copper conpl ex @dMepe de-
conposed and deposited in the prfes e of \a reduci ng gas uch &s hydrogen
gas. Al's is a plas
deposi t Furt her, thet@m| {deconposi
"~ the cop {20 per in the presende of Wgygen can
deposi tijon of i i i ghie/inventionlis fur
illustrated b

(Xui}

T XY




25 [Exanple 11 (1) Synthesis of 2,6-dinmethyl-2,6-di(trinmethylsilyloxy)-
3, 5-hept adi one [represented by the formula (V)I, herein- 3?9@Y29%§erred to
as |'dsobd"] 31 July 2006 -13 In a 50 nmL-volune flask were placed 1.80 g
(45.0 nmmol) of 60% sodi um hydride and 9.83 g (51.7 mol ) of nethyl

2- (trimethylsilyloxy)-2-nethyl-propionate. The resulting solution was
heated to 1200C, and to the heated 5 sol-uti-on was dropw se added slowy a
solution of 3.00 g (17.2 mmol) of

2- (trimethylsilyl oxg) c3ppetcthyonpllx @Fonde il @f dol ugheamd¥ dedgt he
dropwi se addition was conplete, the reaction m xture was heated at 1200C
for one houforspbEsdyGansal p, cobpereaoniten niingt dihd nwefsi o dive d-Hamilda Y oom

t enperature %Qd magde weag.acidic gé he addjition of an acetic acid-toluene
m xture. The'prati preatabt8ditamt e B S P¥REERd a5y hiiustaated to
obtain a yel lgwrigol wtion. The obtained solution was concentrated and
purified 15 by colum chromat ography using dehydrated silica gel, to give
1.20 g (3561 mmol Theieado2izatjonf ofhehdesbped rmabiplesoductchd .chemi - '
2,6-dinmethyl -2, 6-di (trinethylsilyloxy)- 3,5-heptadione. The product was
i'dentified b§NVEEPPR J8RASHE1OBOPHORRRS( €BE1BY: PSTHormefs byoidirertdy (s,

o 00 CeaoBiftle EndSchinef BbhoidR PRelos QafblibRelSR chaindoh
or by diluting the copper complex with an appropriate
solvent (e.g., hexane, 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
15 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 plasma CVD
- process using a hydrogen gas to deposit metallic copper.
Further, thermal decomposition br plasma CVD of the cop-

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

ployed for deposition of a copper oxide thin film.

The invention is further illustrated by the follow-
"ing examples.
25 7
[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"]




M5 (nme): 332 (2) Preparation of Cu(dsobd)2 [bis(2,6-dinethyl-2 6- 25
di (trinethylsilyloxy)-3,5-heptadi onato) copper(ll) com dﬂé zgxhce
production of the desired O-di ketone was con- firned in the above-nenti oned
procedure, the desired copper conplex was prepared by addi ng a copper
source to 30. a product prepared in the sane manner. 31 July 2006 -14 In a
50 nk-volune flask were placed 1.80 g (4530 mmol) of 60'-. sodium hydride
and 9.83 g (51.7 mml) of nethyl

2- (trinethylsilyl exyh- BoMRLhyb1RREPIFABALE welke p1esd ti N 3! Uid ap was |
heated to 1200C, and to the heated 5 solution was dropw se "added slowy a
sol ution of ®8mO0)gof( &EVI2sodbl)n bfydride and 9.83 g (51.7 mmol) of
2-(trinethylsiIéloaé)-Z-nethél-Szbutanone in 9 nmL of toluene. After the
dropwi se addMEFBKLwAs (LEMBIBYE S1dpd Op¥a cRirBr thlr Prepienateat ehg 1200C
for one houl.SYPSEJUERL LY\ kD e [ 1 Xt yr.e.was_copl ed. to, 10, 300C..
There was progﬁceg ﬁgzg gh¥§9%1§8 gggggé-g?négﬁy?i and°Po ghe heateg
 2,6-di (tremesbyhsibyl way) ddopwhept adidedako®0¢i BMsBakitionT @£t R geapt i on
solution was added 0.24 g (1.78 mmol) of cupric chloride. The reaction
sol uti on was (L im2draek} yoft ardbdinetlsikidyeeny) TRemethytli-6rbnasnone
continuously.1595£irr d gi 800C fgr 2 _hours _ and cool ed to roomtenpera-
ture. Then, the’ réac?t on®sBPUEr on*MEST walRed™ APV A SGaPEri t1PRe WaiSt ai ned
organi ¢ portéafpiese drigd. r8ade YR higeuPy 50! HANLER graPpy,ushag
dehydr at ed si??%a:gel, to give 1.10 g (1.5%‘nnnl, yie?gagg-fs,gﬁgséggon
t he anount omour. Subsequently, the reaction mixture was cooled to
10 room temperature and made weak acidic by the addition of
~an acetic acid-toluene mixture. The precipitated sodium
acetate was removed by filtration, to obtain a yellow
solution. |
The obtained solution was concentrated and purified
15 by column chromatography using dehydrated silica gel, to
give 1.20 g (3.61 mmol, yield 21%) of the desired main
product, i.e., 2,6-dimethyl-2,6-di(trimethylsilyloxy)-
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, 0.8Hf
IR (cm™): 2961, 1605(br), 1252, 1198, 1048, 842
MS (m/e): 332
(2)7 Preparation of Cu(déobd)2 [bis(2,6-dimethyl-2,6-
25 -di(trimethylsilyioxy)~3,5—heptadionato) copper (II) com-
plex] | '
Since production of the desired B-diketone was con-
firmed in the above-mentioned procedure, the desired
copper complex was prepared by,adding a copper source to

30  a product prepared‘in the same manner.




20 cupric chloride) of bis(2,6-dinethyl-2,6-di(trinethyl-

si l yl oxy) - 3, 5- hept adi onat 0) copper (11) conpl ex. The producé JWgd%edent i fi ed
by IR and el enental anal- ysis. IR (cm1 2978, 1567, 1498, 1414, 1252,
1197, 1045, 25 842 Elenental analysis for C30H6208S 4CU Found: C 49.0*-.,

H8.99-., Cu 8.6% Calculated: C 49.6*6, H 8.605.-, Cu 8.7496.

Inthe IR

spectrum a peak of 1,605 cm' assignabl24-30 to P-diketone disappeared,
and a peak of 1,5G7 cm' as 31 July 2006 -15 signable to diketonato was
observed. Accor di hgl §, 50t masolomaf Flees what pheceesired copper. conpl ex
was produced. This COEger conplex is a new conmpound. 5 [Exanple 21 (1)

Synt hesi s of ™) 60fr f

t pripm hydradrypsfl 9183y p- (5157hepicddi arfe

' | I here- .i na ferred to as_"sobd"
20 vl unelet Lo O R b L b AR - REEHT Y -BGoRnPaRe. ader 20 &
(12.0 nol) péswiPacg! 561 WEEBNSWSS H@aégé £8 328tcof @l USNEne2RLa LG

resulting suspension was stirred for 3

mn. at roomtenperature.

" Subsequen®- $glutigolwasodropwlse0agdésd. @bowhpl 3 ebloetbyl o2- Gt.nio- g
nethylsinIOfyg met Iégropionate in 6 nm_of toluene 15 was dropw se

added sl ow y!~ Aft /e

opwi SETBRERY 1 BhLY Weky oApheEBylt RebiErroNe was

subj ect ed t0;4 @AGH, o f 051,008, NORELAE LROTuESPRELE! YhGs . TR [gaction

m Xt ure was

complete, the reaction mixture was heated at 120°C for one

hour. Subsequently, the reaction mixture was cooled to

10 30°C. There was produced 1.28 g (3.61 g) of 2,6-dimethyl -

2,6~di(trimethylsiiyloxy)~3,5—heptadionato sodium salt.

15

20

25

30

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 continuously
stirred at 80°C for 2 hours and cooled to room tempera-
tﬁre. 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
cupric chloride) of bis(2,6-dimethyl-2,6-di (trimethyl-
silyloxy) -3, 5-heptadionato) copper (II) complex;
The product was identified by IR and elemental anal-
ysis. _
IR (cnfl): 2978, 1567, 1498, 1414, 1252, 1197, 1045,
842 |
-Elemental analysis for C,,H,,0,8i,Cu
| Found : C 49.0%, H 8.99%, Cu 8.65%.
Calculated: C 49.6%, H 8.60%, Cu 8.74%.

In the IR spectrum, a peak of 1,605 cm’ assignable

to P-diketone disappeared, and a péakAof 1,567 émﬂ as-

I n



then made weak acidic with an acetic acid-toluene mx- ture. The

preci pitated sodi um acetate was renoved by 20 filtration 2olUyi3H%a yel | ow
sol ution. The obtained solution was concentrated and purified by colum
chromat ogr aphy using dehydrated silica gel, to give 0.83 g (3.21 nmol,
yield Gl0-.) of the desired main product, i.e.,

2,6,6-trinethy| 2-(trimethylsilyloxy)-3.55-25 hept adi one. The product was
identified by NMR, IR and Ms. H NWR (CDCl3): 8 0.14 (s, 9H), 1.17 (s,

OH), 1.39 3:86 0 85 Q 30
R iom o blecBontsechdth, u:080ber RS heckbatbely. 13

(me): 258 (Q@nﬁme@adathen bheCdesmbdﬁZCbppe¢2pﬁmﬁibklwabhpkoauced

(trimethylsilylox t adi opnat o) copper(l1) conplex, represented by
the formul a %ﬁ+$)¥gspé$n gﬁi%ﬂuéﬁlﬁnnﬁw fREPAE8Ared O di ket one was con-

firmed in the above-nenti oned procedure, the desired copper conplex was
prepared by adding a copper source to a product prepared in the sane

" manner. |H a[Ethmpiyopunme flask, 0.40 g (10.3 nmol) of sodi- 10 um am de
and 1.20 g (12.0 mol ) of pinacolin were sus- pended in 3 nL of tol uene,
and the resu(%ﬁngﬁ%@% P58 0t a6 6t Friwdthpl - Be(nrmmeahylemhyﬂexyerature.

ety 111 o) 258, Branaretral SR B tormel (i hore-
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 min. at room temperature. Subsequent-
1y, 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 Wés 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 column chromatography using dehydrated silica gel, to
give 0.83 g (3.21 mmol, yield 61%) of the desired main

“product, i.e., 2,6,6-trimethyl-2- (trimethylsilyloxy)-3,5-

25 heptadione. |

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

"H-NMR (CDC1;): & 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,

0.858H) |
30 IR (emY): 2965, 1600(br), 1252, _1197,.1045; 841




15 was dropwi se added slowy. After the dropw se addition__ was conpl ete,
the m xture was subjected to reaction for one hour at ro%h?*%ﬂpérature ‘To
the reaction solution was added 0.22 g (1.60 mml) of cupric chloride. The
reaction solution imediately turned to dark green. The 20 sol ution was
continuously stirred for one hour at room tenperature. Then, the reaction
- solution was washed with water. The obtagned organic portion was dried,

and puri- fied by colum chronatography using dehydrated silica gel, to
give 0.80 g (1.38ygmph/eyielg586*-., based on the 25 amount of cupric
chloride) of bis(2,6,6-trinmethyl-2-(tri- nethylsiIyIoxy)-3,5-heptad|onato)-
copper (11) cé6apl eRrepahet pewdatt Cwasobdent [Bisk by, ¢ Raickeehehental ana

ysis. IR (c 2960 156 1501 1412, 1252, 1196, 1047 30 840 31 July
2006 -17 El éﬁ%ﬂ{‘%‘Fh %} @y br3 o6REDEBSL STt RbURAPPET § 13+ compleg:, 20- |
Cu 11-0. 6 . 11.0-".. Inthe IR
spectrun1 a peak %% 1, eg%;ﬁ%@eai%?ﬁkg % E) o O di ket one di sappeared, and

~a peak ofg 1,561 Q@&ﬂcéﬁbr@&ﬁéEEwﬁeofotﬂékﬁé%ffé%y 1QQ§§ﬁ¥GQaSTEBﬁ—COpper_
~conmplex is a new conpound. [Exanple 31 10 (1) Synthesis
2, 6- di met hy| £2erféd i ivettity sibot@xyonBSiSnedieptadeanee | repe esesiedaby the
fornula.(\AIég;pggﬁégéggéxtégsrggégééggt£§a§d£3§§pg éopper source to
a product prepared in the same manner.
In a 50 mL-volume flask, 0.40 g (10;3 ﬁmol) 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 min. at room temperature. Subsequent-
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. 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 continuously stirred for one hour at room
| temperature. Then, the reaction solution Was 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 cupric chldride) of bis(2,6,6-trimethyl-2-(tri-
-methylsilylbxy)-3,5—heptadionato) copper (II) complex.
The product was identified by IR and elemental anal-
ysis.
| IR (cmd): 2960, 1561, 1501, 1412, 1252, 1196, 1047,

30 840




In a 50 nL-volune flask, 0.50 g (12.8 mml) of sodi- umanm de and 0.45 g
(5.22 mmol) of 3-methyl-2-butanone 15 were suspended i n 135§y #hexane,
and the resulting suspension was stirred at 150C for 30 m n. Subsequently,
a solution of 1.20 g (6.31 nmml) of nmethyl 2-(trimethyl-
silyloxy)-2-nethyl-propionate in 3 g of hexane was dropw se added sl owy.
After the dropw se addition was 20 conpliete, the m xture was subjected to
reaction at 150C for one hour. The reaction mxture was then nmade weak
~acidic with an acklémenmicall-amhleses nEstucgH, Jgipeeci pi - tated sodium.
acetate was renoved by filtration to give a yellow solution. 25 The

obt ai'ned sol uti on was E@#He@nt rat ed @nB4p8¥i f Hed.26%, cBuulm%chr omat ogr aphy

~using dehydrated sili l,_to. gi . .71, mml, yield 71-0.) of
'he Gesi 12d main prodreot2efa: 8 €l o8t no 8- (1 TRk hg KPRyl oxy) - 3.5

hept adi one. 30 T Ldentifi R cand NS 2006

HRVR (CDCL ) 0. T4 (s, on PR (& BEpYoRE 90F (B lpastnty) %70

"0 0. 85H)5, 2 MBAitkekod diBagbedBil, ,aka a?zéeaﬁ Sof 01 381 Em97 S, 0. 85H),
15.51 (s, 0.85H) IR (CM 1) 2971, 1606(br), 1253, 1199, 1045, 84? 5 M5
(me): 244 (D)grRieEirarta idikeifor@i(s omb 2ohdes¢d) 6- ditnes hybpRett complex
met hyl si |l yl oxy) - 3, 5- hept adi opat o) copper(11) conplex, represented by the
formula (VI I ]a'§FWEém§FEHHE?ion of the desired O-di ketone was 10
~confirmed in the above-nentioned procedure, the desired

[Example 3]

10 (1) Synthesis of 2,6-dimethyl-2- (trimethylsilyloxy)-3,5-
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-
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. Subsequeﬁtly,'
a solution of 1.20 g (6.31 mmol) of methyl 2-{trimethyl-
silyloxy) -2-methyl-propionate in 3 g of hexane was
dropwise added slowly. After the dropwise addition was

20 complete, the mixtureiwas subjected to reaction at 15°C
for one hour. The réaction mixture was then made weak

~acidic with an acetic acid-toluene mixture. The precipi-
tated sodium acetate was removed by filtration to give a
~yellow solution.

25 The obtained solution was concentrated and @urified
by column chromatography using dehydrated silica gel, to
give 0.91 g (3.71 mmol, yield 71%) of the desired main
product, i.e., 2,6-dimethyl-2-(trimethylsilyloxy)-3,5-

-heptadione. | '

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




copper conpl ex was prepared by adding a copper source to a product

prggared ?ﬁ t he sang ngnner. In a 50 nL-vol ume flask, 0.501duY3®68 mmmol) of
~sodi- umanide and 0.45 g (5.22 nmol) of 3-nethyl-2-butanone 15 were
suspended in 1.5 g of hexane, and the resulting suspension was stirred at
150C for 30 min. Subsequently, a solution of 1.20 g (6.31 nmmol) of nethyl .
2-(trimethyl - silyloxy)-2-methyl-propiorage in 3 g of hexane was drop- w se
added slowy. After the dropw se addition was com 20 plete, the m xture was

subj ected to reac%ﬁq@qutsé@ﬁ)ﬂorﬁ Oo_qﬁll haur 44lo the reacti stJtiu%' on was
c

added 0.25 g (1.86 mol) of cupric ori'dé.”"The Treac I'on sol ~ was
i mredi ately Kﬂrneﬂ)tozda&k2gseemm,Tbegsgbutboa4m@sggpqaglmuggghx sfis¥ed
for one hour at roomtenperature. 25 Then, the reaction solution was washed
with water. The Oobthi n2d2ér §ani 8 -86HY i oh5wad dsie@.-8aHd purified by col -

umm chromat ogr aphy, usi ng,dehydrate ilica gel , to give 0.86 g (1.56 nmol,
yield 84-0., base%RoﬁcThé'an§§ﬁ ’oﬁiﬁgﬂ%FSc &ﬁﬁ&w(ﬁ%g%ﬁ 1045, 842

" bis(2, 6-dsnet hyl -i2s (thjyaet hybsil yl 30 oxy) - 3, 5- hept adi onat o) copper (11)
conplex. 31 July 2006 19 The product was identified by IR and el enental
anal - ysis. [R (chrepass;idnolf G:ﬁ@&opdﬂgglbﬂs?%,sz—oldﬁﬁe/ & %11%1314? (8&02;5110/

El tal analysis for. C2,H4,0,Si 2CU Found: C 53.2% .53-1., . 0
Caﬁgﬁra?ed: T?%%y%@%lx%%ﬁxﬁmé.%nthtgdgonato) copper (II) complex,

represented by the formula (VIII)]

Since prodﬁction of the desired B-diketone was
10 coﬁfirmed in the above-mentioned procedure, the desired
copper complex was prepared by adding a copper source to
a product prepared in the same manner.
In a 50 mL-volume flasgk, 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 solution of 1.20 g (6.31 mmol) of methyl 2- (trimethyl-
siiyloxy)—2—methyl—propionate in 3 g of hexane was_drop—
wise added slowly. After the dropwise addition was com-
20 plete, the mixture waé subjected to reaction at 15°C for
one hour. To the reaction solution was added 0.25 q
(1.86 mmol) of cupric chloride.‘ The reaction solution
was immediately turned to dark green. The solution was
continuously étirred for one hour at room temperature.
25 ‘Then, the reaction Soiution was washed with water. The
obtained organic 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
cupric chloride) of bis(2,6-dimethyl—2~(trimethylsilyl-

30 oxy)-3,5-heptadionato)} copper(II) domplex.




In the IR spectrum a peak of 1,606 cm-2 assignable to P-diketone

di sappeared, and a peak of 1,592 cm 1l as- 10 signable to & kit29@to was
observed. This copper conplex is a new conmpound. [Exanple 41 (1) Synthesis
of sopd by different process 15 In a 50 niL-volune flask, 13.7 g (0.351 nol)
of sodi- um am de was suspended in 200 nL of hexane and then 26.7 g (0.140
mol ) of methyl 2-(trinethylsilyloxy)-2-sebhyl- propionate was added. To the
resulting solution was dropw se added 12.1 g (0.141 nol) of

3-net hyl - 2- but anomee pRoafdrt REsMidkuts fes kePirrRabndS@Cenldhttd e anal -
devel opment of reaction, production of gaseous anmmpni a was observed. The

reacti on wasy®8oati nued at 150C for one hour. The reaction solution was
t hen made weak ac&%i?smh_h acetic acid. The obtai ned hexanesfortion was
5

washed with water Hd ' dri edCoverl>@thydritls dddifumisind atlel 9 hel 4 ed
por- tion wags4istilled at 1010C/8 nmmg, to give 18.8 g (0.770 nol, yield
55-.) of the desired 2,6-dinethyl-2-(trinmethyl- silyloxy)-3,5-heptadione.

- The produgst was |Ekbatehtel dyaNWRis| RoragdHy®.s3lcduly 2006 -20 H NWR
(CDC1:3) 0. 14 (S, 9H 1. 14 (s, 6%% , 1. 39 (s, 6H , 2.44-2.50 0. 85H) ,
2. 64-2. 69 (m 0. 15Hfoung: 77 (sC B3.23%) H 8.9¥%(sCu0pllBsH) , 15.51 (s,

0. 85H) IR (cm1) 297 (br), 1253, 1499, 1045 842 B (me): 244 In
t he bel ow descri bed (%g?#éﬁig%%%S),8a§%0%bérﬂ §'4§°' éu 1§'¥§' :
' In the IR spectrum, a peak of 1,606 cm ' assignable '

to B-diketone disappeared, and a peak of 1,592 cm* as-
10 signable to diketonato was observed. This copper complex

is a new compound.

[Example 4}
(1) . Synthesis of sopd by different process
15 In a 50 mL-volume flask, 13.7 g (0.351 mol) of sodi-
um amide was suspended in 2d0 mL of hexane and then 26.7
g (0.140 mol) of methyl 2- (trimethylsilyloxy) -2-methyl-
propionate was added. ‘To the resulting solution was
dropwise added 12.1 g (0.141 mol) of 3-methyl-2-butanone,
20 and the mixture was kept at 15°C. In the development of
reaction, production of gaseous ammonia waé observed.
The reaction was 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 anhydrous sodium sulfate. The dried por-
tion was. distilled at 101°C/8 wmHg, to give 18.8 g (0.770
mol, yield 55%) of the desired 2,6-dimethyl-2- (trimethyl-
silyloxy) -3,5~heptadione. 7
The product_wasridentified by NMR, IR, and MS.




conplex of Cu (sopd) . was prepared by three dif f erent ¥rocesses. 10
(2-1) Preparation of Cu(sopd)2 by azeotropic toluene dis- T 4vAP% N
dehydration In 100 m.-volune flask were placed 4.43 g (45.4 mol) of
copper hydroxide, 22.2 g (90.8 mvl) of 2,6 15

di met hyl -2-(trinmethyl silyloxy)-3,5-heptadi one, and 50 nL of toluene. The
resulting mxture was heated to 1300C, -apd water produced by reaction was
dehydrat ed by azeo- tropic toluene distillation. The amount of the produced

and distilled wate {nne recej vi a d.nea 20 rin in a
wat er receiver. Th% reac |on s%c%yrrpa"et@ §p4p (0%( h-gu%‘é The

obt ai ned dar ksgr egn,sol ya-bigo was bl@gggedza@q @h@ﬁWkﬁngqgﬁ3 3. 77
~concentrated to give a viscous dar k green sol ution. Theé sol ution Was
distilled at(§799CﬁH)5 509? s, gDvé5ﬂm 21§.636.(8, mools5HA5 yield 81-*.) of

t he desired coppe I ,
(2, 6-di net hyl - pp h{ hyI Si | % g)l%o%&li@pt ddi®hat’s)?® c et ( 1842 conpl ex.

(2-2) PreparatlonMgf (fpbpopdy 2 at roomtenperature in THFE solvent 31 July
12006 . -21 The deS|red Cu(sopd) 2 can be prepared by reacting

- 2, 6- dlnethyl 2-(trimethylsilyloxy)-3,5-heptadione with copper(Il)
hydrOX|de in an organlc sol vent such as ether, acetonitrile, . alcohol,

ket one, ester, orIRyeR®caebon- %@Sgr%%6ﬁ1ﬂén%érbﬁuﬂé 3Theaf6bp@mnn;|s a
preparing pr&@ﬁﬁ&gf of Cu(sopd), was prepared by three different '

processes.
10 |
(2-1) Preparation of Cu(sopd), by azeotropic toluene dis-
tillation dehydration
In 100 mL-volume flask were placed 4.43 g (45.4
mmol) of copper hydroxide, 22.2 g (90.8 mmol) of 2,6-

15 diméthyl—z—(trimethylsilyloxy)-3,5—heptadione, and 50 mL
of toluene. The resulting mixture was heated to 130°C,
and water produced by reaction was dehydrated by azeo-
tropic 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
within approx. one hour. The obtained darkrgreen solu-
tion was filtered and the filtrate was 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 (I1) complex. |
(2-2) Preparation of Cu(sopd), at room temperature in THF

solvent




in a THF solvent. In 100 niL-volune flask were placed 4.50 g {46.2 mol ). of
copper hydroxide, 22.6 g (92.3 mmol) of 2,6- 3TJuly 2006

di met hyl - 2- (trinmethyl silyl oxy)-3, 5-heptadi one, and 50 M. 10 of THF. The
resulting mxture was stirred for one hour at roomtenperature in the
absence of a dehydrating agent. The resulting dark blue solution was
filtered, and the THF solvent was distipled off to | eave a viscous dark
green sol ution. The solution was distilled at 15 1790C/ 0.5 Torr to give

: 38. | phyi . 83%- ¢ h i : ly,
2119 (38. 3 I Tyl @bdi 8da- ek (8bpal NEAFSHE SO GOPPES £OIPLEEL AT Y

bi s(2, 6-di nethyl -2- (tr:inmethylsilylokxy)-3, p I onat©) copper(l|)

conpl ex. (22 33-®iepanpl i 2n (bEiGatBppd) 2yabxydon), benppeattibael firith

di net hoxyet hane sol vent. 20 The preparation in di net hoxyethane solvent is
de- scribed BREF (1H seydrovsfantlf fAsRIGRRACPFABENE. $0CE pSlezhemwl)  of

copper hydr oxi ( I , 6-dj net hyl - _
2-(trinethyﬁ%#%%?%§§€£%?5-%e%?%%?gn%?géﬁé’1§g%fr0f¥5ihggrﬂg?ﬁg?feFﬁane.,The
resul tings mxdath ecavaSe satired f@ﬁezfohp§&§n§tiéOQUE£§?ﬁ§iﬁéub%pb@th%
absence of a dehydrating agent. The resulting dark blue solution was
filtered, aAd & &R ¢elvRIXyet hane solvent was distilled to | eave a

vi scous dark gre solution.. The solution was distilled 30 at 1790C/ 0.5
Torr to give 4. 5(71‘&@ %@Jé@“ﬁﬁ%}‘}m‘?iﬂ%‘g%l‘@??§ Bra%3d 341 50 260646-22 the

desired COPRRIoIOONY EXophtBlyardlsde, 68 gL NYEs 21 1no1) of 2 6-
(trimethylsilyloxy)-3, 5p hept adi onat 0) copperTl ?% corrprflex. !
dimethyl-2- (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 resulting dark blue solution was filtered,
and the THF solvent wag 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 mmol, yield 83%) of
the desired copper complex, namely, bis(2,6-dimethyl-2-
(crimethylsilyloxy) -3, 5-heptadionato) copper{II) complex.
(2-3) Preparation of Cu(sopd), at room temperature in
dimethoxyethane solvent |
20 The preparation in dimethoxyethane solvent is de-
scribed 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 ml, of di-
25 methoxyethane. The'resulting mixture was stirred for 2
“hours at room temperature in the absence of a dehydrating
agent. The resulting dark blue solution was filtered,
and the dimethoxyethane 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




The copper conpl ex produced in (2-3) above was iden tified by IR and

el erren'?zgl analrrssis.DS | R (cm 3458(br), 2963, 1568, 1518, P439ly248657 1196,
1035, 889, 841 El enental analysis for C24H4,0,,S 2CU Found: C 53.0'-., H
8.39% Cu 11.5% Calculated: C52.4% H 8.42-*;, Cu 11.5% 10 Mp.: 620C
The products of (2-1) and (2-2) showed al nost same elenental analysis
data. In the IR spectrum a peak of 1,606z2cm 1 assignable to O-diketone

di sappeared, and a peak of 1,568 cm 3- as- 15 signable to di ketonato was

observed. Thenbr aadipeak cappekyedml cihe nkei i, t %if(23,6400 15
assignable to a water of crystallization coordinated’to the ¢ pper com
pl ex. This bfbaimpehkluadyhokydbsesvheprhed chheopr edippler (1A exMplned. j ust
after the distillation, nanely under 20 good conditions. (3) Vapor

Deposi tion Test TﬂEeCSBBB?ICSﬁﬁpé?XoPrGQP§8§d}2 [(Pepr e 2bRVed Wap tigen-
formul a (V"ﬁlkiQEgB%ffﬁ EﬂdEéﬂgBEEtglmggaiﬁgkgqted to vapor deposition
to 0 exa i

test according process, m . e’its filmformng property.
“For conpagison, the $am®) :vapassiep9si tiows,t asisaias ey f orded uspdg,
bi s(6-ethyl- 2 2-dinethyl-3,5-decandi onato) copper conplex of the
af orenent i onE% orh@d 2, ($89., Ghe test was performed using the appir?trs
i - i i i inava3 u
Looa® 30 trated kflge ot o Ihey SORPEL BTN, B < Byaced 1n Y
: Found: - C 53.0%, H 8.39%, Cu 11.5%.
Calculated: C 52.4%, H 8.42%, Cu 11.5%.

10 ' M.p.: 62°C

The products of (2-1) and (2-2) showed almost same

elemental analysis data.

In the IR spectrum, a peak of 1,606 cm™ assignable

to B-diketone disappeared, and a peak of 1,568 cm ' as-
15 signable to diketonato was cbserved. The broad peak
observed in the vicinity of 3,400 cm' is assignable.to a
water of crystallization coordinated to the copper com-
~Plex. This broad peak was not observed when the product
was examined just after the distillation, namely under
20 good conditions. |
(3) Vapor Deposition Test
The copper complex of Cufsopd)2 [represented by the
 formula (VIII)]'prepared in Example 3 was subjected to
'vapor déposition test according to CVD process, Lo exam-
25 ine its film forming property. For comparison, the same-
vapor deposition test was performed using bis(6-ethyl-
2,2—dimethyl—3,S—deéandionato) copper complex of the
aforementioned formula (II).
The test was performed using the apparatus illus-

30 trated in Fig. 1. The copper compléx.B placed in a va-




-23 porizer (glass anple) | vias heated by a heater 2 for va- porization.
The vaporized conpl ex came out of the vapor- izer togetheB1dly2006el i um gas.
The gas coming out of the vaporizer joined a pre-heated hydrogen gas
supplied 5 through the hydrogen gas |ine, and entered the reactor 3. The
center portion of the glass reactor could be heated by the heater 4. The
.copper conplex introduced into the reacpor reductively deconposed and
produced a netallic copper on a surface of a substrate 7 which was set at

the 10 Centepoﬁﬁiéraﬂglﬂgétgﬂpl@)tmewHéeﬁ%h%E@‘B?datﬁgﬁﬁé§t§r%of'b§i
reduci ng atnosphere he gas comng out of the Tfeactor was exhausted to

at nospheri c pdrizéroogh tﬁhetvaporSZeaheompmpxrchmENBﬁerm&tthﬂ dejpigds on
t he vapor depo- 15 sition conditions such as the coppe onpl ex

vapori zat i om-2¢enpeYatire Yhttt RelivBsorst e ?Eﬁpéﬁétﬁp@lngaﬁﬂé PisHds t he
obmt on. . VoL 00! 15080 o P UER:LE hOGsbEED 845 LIBRIRRY, T D0’ 3

formation. THe substrate iIs a ectangu 4 mm

- July 20065 -i2drFadth e-le @W@g@nsga@opﬂﬁé canal @ﬁtere@éﬁepééactggn@ht' on
of vapor deposition 5 vaporization tenperature: 1400C Substrate:
Ta-N S 02/ S TiBuzantee penpteatef ethe@39b@ss 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 substrate 7 which was set at the
10 center‘part and heated to the predetermined temperature
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 film formation..
.The substrate is a rectangular substrate of 7 mm x 4 mm.

20




Vapori zation period: 60 mn. Pressure in the reaction system atnospheric
10 H2 flowrate: 36 nm/min. He flowrate: 5 nm/nmin. Char&t{wr?2¥6ics of
formed film Filmthickness: 200 nm Specific resistance: 4.5 lan cm 15
Appear ance: Snooth gl ossy nmetal surface. Conparison Exanple 1: copper
conplex -- bis(6-ethyl-2,2- dinethyl-3,5-decandi onato) copper conpl ex
Condi ti on of vapor deposition 20 Vaporizahion tenperature: 1400C _
‘Substrate: Ta-N Si2/Si Substrate tenperature: 2500C Vapori zation peri od:
60 mn. Pressure in the reaction systefg,jal npspheric 25 H2 flow rate: 36
m./mn. He flowrate: 5 nb/mn. Characteristics of fornmed film Al nost no
filmis produced 30 31 July 2006 -25 The above-nentioned results
indicate th the. Cu(sopd)2 of the_ invention shows an excellent
filmform ng™*PFBperty, SSPRSRpEPBALGHt h-t B (BPBG) pusl'y known copper

conpl ex. 5,[|ndus@éﬁ@it&%ﬁléfyiapor deposition

5 Vaporization temperature: 140°C

Substrate: Ta-N/Si0,/Si
Substrate temperature: 230°C
Vaporization period: 60 min.
‘ Pressure in the reaction system: atmospheric
10 ' H, flow rate: 36 mL/min.
He flow rate: 5 mL/min.
Characteristics of formed film
Film thickness: 200 nm
Specific resistance: 4.5 pQ) cm

15 Appearance: Smoothrglossy metal surface

Comparison Example 1: copper complex -- bis(6-ethyl-2,2-
dimethyl-3,5-decandionato) copper complex
Condition of vapor deposition
20 Vaporizatioﬁ temperature: 140°C
Substrate: Ta-N/Si0,/Si
Substrate temperature: 250°C
Vaporization period: 60 min.
Pressure in the reaction system: atmospheric
25 H, flow rate: 36 mL/min.
- He flow rate: 5 mL/min.
Characteristics of formed film

Almost no film is produced.

30




The copper conplex of the invention is a divalent copper conplex which is
thermal |y stable, as compared with the thermally unstabl & #H780@l ent
copper conplex, 10 and is resistant to thernmal deconposition in the
vaporiz- er. Accordingly, it is advantageously enployable for industrially
preparing a copper-containing filmby chem - cal vapor deposition. Further,
the copper conplex of the invention cangproduce a filmat a rate greater
than that 15 shown by the previously known dival ent copper conplex. This

means that the copRerasevBlaXnefohBa kegﬁmtlsomnaicamea%' alhy
advant ageous, and that the copper conplex of the invention is favorably

enpl oyabl e fﬁu(ﬁﬂgdpgex&uuhacnnvemtzmeEHEWSfamr&xwe&ﬂ@ngrea1hyfukmhh§ed as
the circuit 20 material of sem conductors. 31 July 2006 " -26 Wat is
clained is: H?OE?H?WaJ%%tC%%Bﬁ%?dcﬂﬁﬁhekhﬁaPFﬁ@lpuaiKekéﬁyﬂoCO@Hargands
cont ai ni ng a.&k éé et her |inkage. 2. The copper conplex of claim1, wherein
the P- di keton Tlgands containing a silyl ether linkage is represented
" by the fosnula (1)1: 10 X0 Rb -Ra-0-Si/ RO Z_ \ 0 Rd 15 Y in which Z

is a hcko en atomor an al kyl group having |-
y J [Industrial Ut11¥£y? P J

The copper complex of the invention is a divalent
copper complex which is thexrmally stable, as compared
with the thermally unstable monovélent copper complex,

10 and is resistant to thermal decomposition in the vaporiz-
er. Accordingly, it is advantageously employable for
'industrially preparing a copper-containing f£ilm 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 previously known divalent copper complex.
This means that the copper éomplex of the invention is
practically 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.




4 carbon atons; X is a group represented by the fornula ,él—l) . _in which
Ra is a linear or branched alkyl ene. group 20 having 1-5 cat#8%Qfons, and
each of Rb, Rc and Rd inde- 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
1-8 carbon atoms or a group represent ed by the formula (1-1) , in which R
is-a linear or branched al kyl 25 ene grosp. havi ng 1-5 carbon atons, and
each of R', R and R d independently is a |linear or branched aIkyI group
havi ng 1-5 carbon atons. 3. The copper -conplex of claim1, which is repre-
30 sented by the fornmula (1): 31 July 2006  -27 -0. kb --R.a -0-Si/ 'RC. UO-
R 5 Y Z imnshias ZIisimedyisogen atomor an alkyl group having 1- 4
carbon atons; X is a group represented by the fornula (1-1), in which R-
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 linear or branched aIkyI group
havi ng '1- 5 car bén atéhﬁil¥ﬁ£;nﬁ|%DBP$¥n@@mpb¢xbhaﬁmhgdBaﬁkyEtgnaup havi ng .

~ 1-8 carbaqi gt.ons or roup. repre the formula (I1-1), in which R~
is alin ar ogaﬁﬁgngﬁ %ﬁiy?éﬁgﬂﬁfdﬁ HgK498 - carbon at oms, and each

of Rb, Re
2.  The copper complex of claim 1, wherein the B-
diketonato ligands containing a silyl ether linkage is

represented by the formula (I)':

10
x .
| RP
7 (1)’ —rr-o-siZ—re (I-1)
: : Nod
A\ R
Y

15

in which Z is a hydrogen atom or aﬁ aikyl group having 1-
4 carbon atoms; X is a group repfesented by the férmula
(I-I), in Whictha is a linear or branched alkylene gréup

20 ‘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 carbon atoms or a group represented by the
formula (I-T), in which R® is a linear or branched alkyl-

25 ene group having 1-5 carbon atoms, and each of R°, R° and
R? independently is a linear or-branched alkyl group

having 1-5 carbon atoms.

3. ~The copper complex of claim 1, which is repre~

30 sented by the formuia (1):




and Rd independently is-a [inear or branched alkyl. group havi 5 carbon
atons. 4. The copper .conplex of claim2, wherein Y is the312@Y§&#b as X.. 5.
The copper conplex of claim3, wherein Y is the sane as X. 25 6. The
copper conplex of claim?2, wherein Yis a linear or branched al kyl group
having 1-8 carbon atons. 7. The copper conplex of claim3, wherein Yis. a
| i near or' branched aIkyI grouphaving 1-§-carbon atoms. 30 31 July 2006
-28 8. The copper conplex of claim 2, mhereln Ra is an al kyl ene group
having 1-3 carbon atons which can have one or nore al kyl substituent. a 5
9. The copper ¢onplex -of\ cl ai m 3, mherern Ris an -al kyl ene group having
whi\ch cqn have one nore al kyl subshituent. 10. The

copper .conpl e mherﬁtp z |s a 10 hydroge aton1 gﬂg ch of _
Rb, Rc and R ¢ ] ‘ Eﬁb T éopper conpRExpL-gf Zis a-
hydrogen atom{ and ch Rc and R d is nmethyl. 5y 12 A nethod of -
formng a copper-co TaPni ng filmby chem cal vapor deBbsrtlon using a
“copper cajpl ex\of ¥laim fw a copper source. 13. A method of formng a
copper-contai niing film 20 cheni cal vapor deposrtlon using a copper.

conplex of claim

in which Z is a hydrogen atom or an alkyi group having 1-
4 carbon atoms; X is a group represented by the formula
(I-1), in Wthh R*'is a linear or branched alkylene group

10 having 1-5 carbon atoms, and each of R., R and RY inde-
pendently is a linear or branched alkyl group having 1-5
carbon atoms; and Y is a llnear or branched -alkyl group
having 1-8 carbon atoms or a group represented by the
formula (I-I), in which R® is a linear or branched

15’ alkylene group having 1-5 carbon atoms, and each of_Rb, RrR®
and R? independently is a linear or branched alkyi 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

. Bame as X.

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

linear'or-branched 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




- filmby
2 as a copper source. 14. A nethod of form ng a copper-containing
cheni cal- ngor dep05|t|on using a copper - conpl ex of clalnﬁ129Y30%% a copper

source.

-28-
8. The copper complex of claim 2, wherein R® is an

alkylene group hav1ng 1-3 carbon atoms which can have one

or more alkyl substituent.

5 9. The copper complex of claim 3, wherein R® is an
alkylene group having 1-3 carbon atoms whioh can have one.

or more alkyl substituent.

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

10 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.

15 - 12. A method of forming a copper-containing f£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
20 _chemlcal vapor deposition using a copper complex of claim

2 as a copper source.

14. A method of forming a copper-containing f£ilm by
chemical vapor dep031t10n u51ng a copper oomplex of claim

25 3 as a copper source.




