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conpl exes as precursor for netallic copper deposition 5
10 15 20 25 30 35 The invention relates to dicopper(l)

e BRI TR nes” ant (0 the use of

d| aoitfbes¢hyinktel Haftwwppl exes as precursor for the
deposition of netallic copper, in which the neutra
Leve42THadd a maesit andkt al kynes, al kenes,

triaryl phosphines, CO or isonitriles. 1. Prior art and
obj ect of the invention Many organocopper precursors are
now known for the deposition of thin copper filns on
substrates. Hi ghly prom sing substances have proven to
be copper conpounds in oxidation state +1 which contain
a 0- diketonate ligand and a neutral Lew s base L, such
as, for exanple, an al kene or an al kyne. Conpl exes of
this type and the use thereof as precursors in the CVD
(chem cal vapour deposition) process are described, for
exanple in US 5,220,044, WO 00171550, WD 00/17278, US
6, 1304 ¢oppe r(l%xalmezrcompiexes gOPrecursor for
Chem 200 em Mter

Organonetal | i cs m&al&m QQDpeerQ‘QO&itl@ns given to
the use of fluorine-containing R-diketonate |igands,
such as, for exanple, hexafluoroacetyl acetonate, since
the correspondi ng copper(l) conpl exes have nmuch hi gher
thermal stability
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anal ogues. Fluorine-free copper(l) P-diketonate

conpl exes, such as, for exanple, alkyne- stabilised
copper (I) acetyl acetonates, are.extrenely sensitive to
oxygen, deconpose even at O0C [Chem Ber. 1995, 128,
525) and are thus not suitable as precursors for the
CVD process. The copper layer is deposited in a

t her i ] OROrii Lop_ reaction i .
accomh%%bﬁ#"xﬁ?‘ﬂghfﬁq ggﬁ"hb?égégﬁﬁ rP"aez:U'QSOf for metallic
LCu' (R-di ketonate) --+ Coppérdepositionnate)2 + 2 L
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, 2004 P03071 PCT.doc 2/27 2 5 10 15 20 25 30 35 The
resultant Cull (R-di ketonate)2 and the Lewis base L are

vol atil e under the conditions used in the CVD process
and can thus be renoved from the system ldeally, a

hi %@Lihivbgiéﬁp&ﬂétéé lte § 'gé“rg) '@Xﬁéfé ’cd?ﬁgbéxego‘%‘tqsmsed by
the copper (1), precursor enployed’can be converted I nto
copieulral) Lewis ihasesasuch as @ikenesoraliiynssv.and tapthenuse of
t h . 1 1 1 ofe t .

' hedicoppeRtPoRalate chimploRed dsb RSP Torthe FeBsifish U metallic

., Us 0
R RGN AB. WhiCH the eutzal Lewis hasaselUsed ampatkynes: salkenes,
or triaryhbspHihel CORSMEANlds. has proven

di sadvant ageous on use of fluorine-containing copper(l)
precursors that the adhesion of the copper filnms to
various substrate surfaces is not optiml, which can
probably be attributed to the van der Waals forces of

t hel .fPror arteaand objedtrofithe ipvestipisor nol ecul e and thus to

repul sive interactions. In addition, there is a risk of

e AaRY Y gaRpeBhpef Briuars Arehil KicHih I U dengsition of thin

i n capperiilms onsubstiates ablighly promising substancesrhaxe praven to

ol 10, RBPEETLRREUNdS ihe ShualRaE sEIE S, Which Refftain a -

Lewiketanatedigand apdoa hesitesl drawisi base dosushag, for example, an

COMgIREAESoP art fkyne. Complexes of this type and the use thereof as
precursors in the CVD (chemical vapour deposition) process are
described, for example, in US 5,220,044, WO 00/71550, WO 00/17278,
US 6,130,345 or in Chem. Mater. 2001, 13, 3993; Inorg. Chem. 2001,
40, 6167; Chem. Mater. 1992, 4, 365; Organometallics 2001, 20, 4001.
Preference is given to the use of fluorine-containing pB-diketonate
ligands, such as, for example, hexafluoroacetyl acetonate, since the
corresponding copper(l) complexes have much higher thermal stability
and higher volatility than their fluorine-free analogues. Fluorine-free
copper(l) p-diketonate complexes, such as, for example, alkyne-
stabilised copper(l) acetylacetonates, are extremely sensitive to oxygen,
decompose even at 0°C (Chem. Ber. 1995, 7128, 525) and are thus not
suitable as precursors for the CVD process. The copper layer is
deposited in a thermally induced disproportionation reaction in
accordance with the following equation:

2 LCu'(p-diketonate) —» Cu® + Cu"(p-diketonate), + 2 L
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4124686. Sonme of the exanples in the cited patents are
even fluorine-free and stable at 25C. However, since
the thermal deconposition reactisons do not proceed in a
defined way in these cases, freé-radical species are
formed in the deconposition reactions, unfortunately
resulting in contam nated copper fil ms (oxygen about

5% %g?gpltﬁﬁg@l"(lﬁ %Iﬁéﬂﬁgte)gg 'gﬁs‘hg I{.@@%ﬁ%@é E?é'rseeﬁgfatlle under

i n\/hhet conditienst ised i the tCVPr procgs sf and camethusebe removed from

"°Bl‘“%r Syhieth 18R Pa B0, BORREL M feMBi, o Howeyar, only
e&m |gf dhe icoppesd) bpeecursor seatpleyedmdanabeba:onverted into
corvaspentol Y ! ScBReh! | e ReRNGTS0 2efel i the

of %Qr@espeodlngoﬁi@ W-ﬂketena’ea)goﬂ'hef sagfe rmultms @bjamed on use

ES"%’?EJ&%‘?@ES@Q EK) 1% hcrBhns! UL QBBEABLA, for grample, i

condy dpﬁg iR pUSce5s44'b766he Howevegrt iibn has proven

t hedlBhﬁ%h li’éhc of ﬂ%ﬁ?l’é%(?ﬁa'irﬁnp r“tf‘onLfElé/rglﬁzfirgfiursors that
I'S SI a I hexpensl ve 0O Ccar
sui lf@o t?’@r cpnaebrf tq varipust ﬁuhsma@1sque§ is not

SaV@ﬁ'hm&? \Qﬂ o?p@én bhoBab e Btiributéd t8 e Vatbder Wazks fefces of

298 e, m‘%i??%ff*\enﬁecsﬁgsumcﬁggcl%ﬁ%ﬁ $hus"to repulsive

l ﬂnntmad:tabnshim laddwor?] hihweqsmrglskadﬁwntdmmmeﬁr obtiee wafer in
(0] £ .,C0 un ner al or,mul

| | icoBIe GRS *Bspb G '&Pnhwﬁ @mnw whiaH tedults in

copther waterdbeingynessdble) Cu Cu - L Il ), OXOin
mhlch copper is in oxidation state +1 and L' is an

o SSpHeE QUGSTT 51 08, RooR AL A Bled itn Lows base-

i scstabIIISIed copper(lvalkoxides of the formula LCU'OR (EP 0468396) and
with Lewis base-stabilised cyclopentadienylcopper(l) compounds of the
formula LCu'(n°-CsRs), described in EP 0297348 and DE 4124686.
Some of the examples in the cited patents are even fluorine-free and
stable at 25°C. However, since the thermal decomposition reactions do
not proceed in a defined way in these cases, free-radical species are
formed in the decomposition reactions, unfortunately resulting in
contaminated copper films (oxygen about 5%, carbon about 1%) (MRS
Bulletin/August 1994, 41; Chem.Mater. 1992, 4, 577).

The object of the present invention was therefore to provide fluorine-free
copper(l) precursors for the deposition of metallic copper which are
simple and inexpensive to prepare, are thermally and if possible air-
stable, and can be converted fully into metallic copper films in a defined
thermal decomposition reaction in the temperature range of about 50-
400°C with formation of defined molecular, copper-free, non-toxic and if
possible gaseous by-products. Further objects of the present invention
consist in providing a process for the preparation of the precursor
substances according to the invention which is simple and inexpensive
to carry out and a suitable process for the production of thin high-purity
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branched C1-C30-al kyl, C3-C30- cycl oal kyl,

strai ght-chain or branched C2-C30-al kenyl, or

strai ght-chain or branched C3- C%O cycl oal kenyl, aryl is
C6- C10-aryl, 25 alkylaryl is C7-Cl8-al kylaryl. 30 Good
results are obtained using the conpounds of the genera
formula (I11) in which L' is an unsaturated hydrocarbon

fro i es.C [ stin Q i n C2-C30-al kenes
andgeléﬁ rlifﬁ@é? (ero?&één 81 0@8 @Dahgf t?’éﬁecﬁ egHIgAEs and thus
andimproved Kigh-gGAtycthity copper Gfyers(aryl ) 3_and RN- C,

where 35 Ris A aryl is phenyl Saved: 29.09.2005

10.22:00 Printed: 29.09.2005 10:22:00 , 2004 P03071

PCT.doc 4127 4 5 10 15 20 25 30 35 and Ais

strai ght-chain or branched Cl-C30-al kyl or C3-C30-

cy clnoategrdaresr with therinyegtion, thes compourelsaohtrey genesalformula

| o URHTRAURES (e oo ABH L HiBhPy tin cbBeEHictet fayers

of open-chain C2- ClS al kenes and cyclic C4-Cl5-al kenes,
open-chain C2-C15-a|kyne6 and cyclic Cl10-Cl5-al kynes,

CO, P(06H5) 3 and R)P |
L'—= Cu, I Lu=—1L @,
0= 0

in which copper is in oxidation state +1, and

L' is an unsaturated hydrocarbon containing at least one
olefinic or acetylenic group or CO, P(aryl); or isonitrile
RN=C,

where

R is A, aryl or alkylaryl

and

A iIs straight-chain or branched C1-C30-alkyl, C3-C30-

cycloalkyl, straight-chain or branched C2-C30-alkenyl, or
straight-chain or branched C3-C30-cycloalkenyl,

aryl is C6-C10-aryl,
alkylaryl is C7-C18-alkylaryl.

Good results are obtained using the compounds of the general formula

(1) in which

L is an unsaturated hydrocarbon from the series consisting of
open-chain C2-C30-alkenes and cyclic C4-C30-alkenes,
open-chain C2-C30-alkynes and cyclic C10-C30-alkynes,
CO, P(aryl); and RN=C,

where
R is A,
aryl is phenyl
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Cl-C8-al kyl or C3-Ad O cycloalkyl. Fromthis group, very
particul ar preference is given to conpounds in which
open-chai n C2-Cl5-al kene is ethene, propene, the isoners
of butene, pentene, hexene, héptene, octene, nonene or
decene, and/or cyclic C4-Cl5-al kene is cycl obut ene,

cycl opent ene, cycl ohexene, cycl oheptene, cycl ooctene,
cycéﬁ ent adi ene, cycl ohexadi ene, cycl o- octadi ene,

nor nene or norbomadi ene, which may be substituted by

2l ene. prBoyREoRtAABFL SR ApEReE, HECHEAKM or C3-C30-
hexyne, hept yeycloalkyy.ne, nonyne, decyne or

di phenyl acetyl ene, and/or cyclic Cl10-Cl15-al kyne is
cycl o- decyne, cycl odecadi yne, cycl ododecyne or

v SRy 488d, Rudls Y atRigUERs olsing he toinpaungs of the
L' general formula (li)siprivhich es cycl ohexyl isonitrile or

hemnl o Somitr . ) _ o
vt on 1o 574N SnsaRdraicl FfraeaHio Bnt the series, consisting of

general for mPREQHChaiy62@-C15-alkepess xyolic O#-GiSealkenes,
29. 09. 2005 10p@er i - . ;
ol Lopeau 00 SIS i, 51051 o

i n oxidation NsCa hydr ocar bon fromthe
serjies consisting of open-chain al kyne of the fornula
R d!vg—eF? and cyclic Cl0-C20-al kyne and open-chain
int@gnal al kene, of the formula R'HC=CHR'' and cyclic
cA-

0- al kene'® Rand R are H A alkylaryl or
alkgnyl, R @ndyRishftRalt 8F Ybrarfined 269 c8 afylYaY' ca-c1o-
cycloalkyl.

From this group, very particular preference is given to compounds in
which open-chain C2-C15-alkene is ethene, propene, the isomers of
butene, pentene, hexene, heptene, octene, nonene or decene, and/or
cyclic C4-C15-alkene is cyclobutene, cyclopentene, cyclohexene,
cycloheptene, cyclooctene, cyclopentadiene, cyclohexadiene, cyclo-
octadiene, norbornene or norbornadiene, which may be substituted by a
hydrocarbon, and/or open-chain C2-C15-alkyne is acetylene, propyne,
the isomers of butyne, pentyne, hexyne, heptyne, octyne, nonyne,
decyne or diphenylacetylene, and/or cyclic C10-C15-alkyne is cyclo-
decyne, cyclodecadiyne, cyclododecyne or cyclododecadiyne, which
may be substituted by a hydrocarbon. Equally preferred are compounds
in which L' is one of the isonitriles cyclohexyl isonitrile or phenyl
isonitrile.

The object according to the invention is preferably achieved by
compounds of the general formula (l)

Saved: 29.09.2005 10.22:00
Printed: 29.09.2005 10:22:00



10

15

20

25

30

35

.2004 Po3oTiGRMe L, R7 R, R' and R'' may each, independently of

one anot her, adopt identical or different neanings in

di fferent positions of the nolecule, and Ais

strai ght-chain or branched Ci- -al kyl, C3-C30-

cycl oal kyl, straight-chain or branched C2-C30-al kenyl ,

or straight-chain or branched C3-C30-cycl oal kenyl, aryl

is C6-Cl0-aryl, 25 alkylaryl is C7-Cl18-al kyl aryl,

al kynyl is straight-chain or branched C2-C30-al kynyl. 30

35 These novel conpoupds ape a further subject-matter of

the present inventi gr: ﬁbounds according to the

i nvention ardeTEﬁéhquD al sGucempaunds @), the genera

formula (1) in which éjigfrai ght-chai n or branched

Cl1- C9-al kyl, straight-chain or branched

C3- C9-cycl oal kyl, straight-chain or branched C2 Saved:

29.09. 2005 10.22:00 Printed: 29.09.2005 10:22:00 2004

Po3it7whizbrcapeesisoin exidatianistate +1pandt r ai ght - chai n or

branched C3-C9-cycl o- al kenyl, 5 10 aryl is phenyl or

napht hyl ,  al Byadydrocarben yironsr the: serigs, consigting afsopen-chain

strai ght - chai Qlkghekﬁﬂh@“fﬂ?nﬁ:ﬂacﬁ:@édﬁyﬂyhnd%ﬁ# C0-C20-alkyne
n f one anot her, ~adopt

R' and R'" ma ach, 1 ndependently o

i dentical or andopesmEhaiskintemal alkene of tha foppula RSHC=CHR"

of the nol ecuhsd ﬁé@%-@@éﬂ(e’r@ sub-groups are forned
by conpounds of the general ormila (1) in which 1. A

i s whepeght-chain or branched Cl-C4-al kyl fromthe group
consi sting of methyl, ethyl, n- and i-propyl and n-, i-
andRldnd &'t - butate HCA, Glkytany @l dikyn§lr om t he group
consi sting of
R” and R  are A, aryl, alkylaryl or alkynyl,
where L, R, R’, R” and R™ may each, independently of one another,
adopt identical or different meanings in different positions of the
molecule,

and

A is straight-chain or branched C1-C30-alkyl, C3-C30-
cycloalkyl, straight-chain or branched C2-C30-alkenyl, or
straight-chain or branched C3-C30-cycloalkenyl,

aryl is C6-C10-arvl,

alkylaryl is C7-C18-alkylaryl,
alkynyl is straight-chain or branched C2-C30-alkynyl.

These novel compounds are a further subject-matter of the present
invention.

Compounds according to the invention are preferably also compounds

of the general formula (1) in which

A is straight-chain or branched C1-C9-alkyl, straight-chain or
branched C3-C9-cycloalkyl, straight-chain or branched C2-
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Po307igTdoOpr ok, cycl obutyl, cycl opentyl and cycl ohexyl,
strai ght- chain or branched C2-C6-al kenyl fromthe group
consisting of vinyl, propynyl, butenyl, pentenyl and
hexenyl, or C3-C6- cycloalkenyl6fron1the group
consi sting of cycl opropenyl, 20%cycl obutenyl,
cycl opentenyl, cycl opentadi enyl and net hyl -
cycl opent adi enyl, aryl is phenyl or naphthyl, alkylaryl

2ol 2 TEalbayPoof! ran I ShOBtARDRS  Bases-cvclo

et hynyl, propalkghyl,butynyl, pentynyl and hexynyl, and
R R, R' and R"" may each, i ndependently of one
ancamytr, adops phetyiore@phthylli ff erent meanings in
different positions of the nolecule, or II. in which L
5 is alkylasgh- chsitolyhokynesityd) ect ed from the group
consisting of 35 Me-C=C-Me, Et-C=C-Et, Pr C=C-Pr and
Bu-akgnpu s avisstraightbehaimoer bramheshC2FCSRakynyl,

29. 0% 10% RO: 'ZF% gﬁgﬁ\gg% éﬁ&ép?ﬂﬂeﬁtiﬁfﬁr@ ahBther, adopt

whi ch i's a
corislie@tlpa Obdlf?/eseaymeamagﬁén differesd pasifignsof the molecule.
cycl ododecyne and cycl ododecadi yne or 10 15 20 25 30 35

o IV FUﬂhé’F‘ Efdrre® sib- gﬁlﬁﬁffgfé E%*r@%&rbgboﬂjﬁtﬂm%%ﬁﬁé%neral

fro Qup ns
andcﬂl'?'n b Nﬂ@&gendently of one another, CH3, C2H5,
C3H{ or CAFB or

A is straight-chain or branched C1-C4-alkyl from the group

consisting of methyl, ethyl, n- and i-propyl and n-, i- and

15 tert-butyl, C3-C6-cycloalkyl from the group consisting of

cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl, straight-

chain or branched C2-C6-alkenyl from the group consisting

of vinyl, propenyl, butenyl, pentenyl and hexenyl, or C3-C6-

cycloalkenyl from the group consisting of cyclopropenyl,

20 cyclobutenyl, cyclopentenyl, cyclopentadienyl and methyi-
cyclopentadienyl,

aryl is phenyl or naphthyl,
alkylaryl is tolyl or mesityl,

25 alkynyl is straight-chain or branched C2-C6-alkynyl from the group
consisting of ethynyl, propynyl, butynyl, pentynyt and
hexynyl,

and R, R’, R” and R™ may each, independently of one another, adopt

30 identical or different meanings in different positions of the molecule,

or

in which L is an open-chain alkyne selected from the group consisting of
35 Me-C=C-Me, Et-C=C-Et, Pr-C=C-Pr and Bu-C=C-Bu
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consi sting of cycl obutene, cycl opentene,

cycl opent adi ene, cycl ohexene, cycl ohexa- diene,

cycl ohept ene, cycl ohept adi ene, cl ooct ene,

cycl ooct adi ene, norbornene and ‘nor bor nadi ene. The

obj ect of the present invention is particularly
preferably achi eved by the novel conpounds of the
general formula (1) di[(3-hexyne)copper(l)] oxal ate and
di [ Chor bor nene) copper (1)] oxal ate. The conpounds
according to the invention or conpounds which can be
uselll.in accordance with the invention can be obtained by
a process in which Cu20 is reacted with oxalic acid and
a Liuwiwhishst is ian cyslic nalkynesselected fromh the group tcamsisting of

CLp HEPdey D8 e B Reca il I Rty S Eicriadgpadiyne

thin copper-netal |ayers are produced by a process in
whi ®h conpounds of the general fornula (11) are heated,
causing the elimnation of the Lews base L' and

deppgi tion of netallic copper by saved: 29.09.2005
10.22: 00 Printed: 29.09.2005 10:22: 00 2004 P03071

Eggﬁgﬁi&f%rﬁ En;@Péﬁ-c@ggﬂgngﬂgﬁgc?kﬁgéyée?bggq rgﬂ:'hhsthe group
by cconsisiRgbal FRCTRER Y if b Roranth X | e indeaendently of
i s phefamiathiey, Chi;r OsBl;0QLH, ordC Hgnper at ure range of

from about 50 to about 200C. The decarboxylation wth
foromtion of netallic copper and carbon di oxi de which

takes place as the second reaction is preferably

co eted in a tenperature range of from about 150 to
350C" The elimnated Lewis base L' is preferably

recycl re- [ p f t P [ :

o Wi Pon £ AT Syeil, dlBnePSeRERSy o s SRR Tkibing of

f or cyelebyitenr.c cyclopentengh cyclapentadieneyecysiohexenepeyclohexa-

| ay@iehe, cycloheptene, cycloheptadiene, cyclooctene, cyclooctadiene,
norbornene and norbornadiene.

The object of the present invention is particularly preferably achieved by
the novet compounds of the general formula (1)

di[(3-hexyne)copper(l)] oxalate and

di[(norbornene)copper(l)] oxalate.

The compounds according to the invention or compounds which can be
used in accordance with the invention can be obtained by a process in
which Cu,0 is reacted with oxalic acid and a Lewis base L in an inert
solvent, and the resultant product is isolated. This process is likewise a
subject-matter of the present invention.

High-purity thin copper-metal layers are produced by a process in which
compounds of the general formula (ll) are heated, causing the
elimination of the Lewis base L’ and deposition of metallic copper by
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in particular, by high-purity thin netallic copper
| ayers having inproved properties produced using a
conpound of the general formula {I1) in the process
according to the invention. 2. Detailed description of
the invention The present invention provi des conpounds
of the general formula (1) O OL ---wCu Cu + L (1) O

) CO4i ' g i ndependent |y, of the.pagsition

) pREatiilaton, SRR REER A BROtSR s dsd A siBictimatte? of the
an ppesentiaventioRyne R-CSC-R or a cyclic al kyne, or an
open-chain al kene R'HC=CHR'' or a cyclic al kene. The

naghe AlinHeich Bt e Cenfit BRSE 1 s bloreiafl pafriefit ing
f :r Etamperature gangerafifeamrapaiit 20 ty labocy 003CKk The _
20, DECEYAY0E) W0 foma ot bPhiptafitipdroing cps sioxice
Po3whichptakesplagepas ¢he segond reacting irprefarably completed in a
| NdRiAPEPAtUrY rﬁﬁgértﬁf?cf@t ut @ f? Rggeecar bon from the

of ‘al'kyl, cycloal Kyl

series consistin al kenyl ,

cycloal kenyl , gryl,. —alky|laryl and al kynyl. The conpound

of “The émﬁ@egfl&%@mﬁy L Isspreferstly geeyciedate-esployed in a
i Py 1o Ine preparaliny of e compoutid of e generabermula (1)
sol ABHUSed or thERrashetion of piohyurdy:hin stalic sagperdayers.

be isolated in pure formas tenperature-stable

sub$heralsject aocaxting itothe titveerstidrs istingsachievedeth patticular, by

ox: DR iR e i 8RR aYeRS hatBis Hibrlyeh Hopeties

pr opradiicedsirtg arcompouig ofithelgerieral farbmdguHiin tse prbcess

t he #8ﬁﬁ A Sor s for the deposition of
netgﬁ IcC @gggzpéﬁmgétlng of the conmpounds of the general
fornmula (11)

2. Detailed description of the invention

The present invention provides compounds of the general formula (1)

/O 0\
L—ci JC cu=—1 O
o) O

in which, in each case independently of the position in the complex and
independently of one another,

L is an open-chain alkyne R-C=C-R’ or a cyclic alkyne, or an open-chain
alkene R"HC=CHR'™ or a cyclic alkene. The oxidation state of the
copper is +1.

R and R’ may, independently of one another, be H or a hydrocarbon
from the series consisting of alkyl, cycloalkyl, alkenyl, cycloalkenyl,
alkylaryl and alkynyl.
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oxi dation state +1, and L' is an unsaturated hydrocarbon
containing at |east one olefinic or acetylenic group or
CO, P(aryl)3 or isonitrile RNC 25 where 30 Ris

al kyl, cycl oal kyl, al kenyl, cyclFoal kenyl, aryl,

al kyl aryl or al kynyl, |eaves a high-purity copper
mrror; all by-products are volatile and can thus be

r engue ¥ shoplby, fromt reaction site, The therml
degﬂgmﬁﬁﬁ oﬁﬁ%gﬁﬁﬁeqﬁ?’ag'ﬁf&gﬁcﬁn » PR ﬁmd?'gﬁﬁ’nﬁl?n from
equtne seried ZDrisisting Lof- atkyl, @ycldalRyl) alkeB@) cydloakenyl, aryl,
2L @@WI ﬁ@ <305 10.22: 00 Printed: 29.09.2005

10:38Y58Y' 8 71 PC7.doc 10/27 - 10 5 10 15 Besi des
metallic copper, the only reaction products forned are
carbhe compaound of dthehgenenak farasglal (1) ishprepared by reaction of

 SOehs0r iRk aHIoHp HRBYSETRAHRCE 6f 0 yB°GReAbnt neutral

depligandsrino@anninent| aprafipmrganithesaleentsi Thencompaunds of the

¢ hedefigrd! formU T1). & 1 e i pliré Tofn°ds iehiieidhure-stable
st asubsiances. i addition, the sshséances abtaines atedistingwished by

S PRSBSOS it o b Handled i
ac cRE Withau -p[rgﬁlsgm%,hw ich er?grmouslypsimﬁjhﬁses subsequent use of
the substances as precursors for the deposition of metallic copper.

Heating of the compounds of the general formula (I1)

Ox =0,
L — Cu I Cu =— L' (”),

\ /

O 0]

in which copper is in oxidation state +1, and

L’ is an unsaturated hydrocarbon containing at least one
olefinic or acetylenic group or CO, P(aryl); or isonitrile
RN=C,

where

R is alkyl, cycloalkyl, alkenyl, cycloalkenyl, aryl, alkylaryl or
alkynyl,

leaves a high-purity copper mirror; all by-products are volatile and can
thus be removed very simply from the reaction site. The thermal
decomposition proceeds in accordance with the following equation:

o) &)
4 s AT

L'—"Cu\ I /CU“‘—L' — 2Cu + 2CO, + 21U
O 0O
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guantitatively, in a defined deconposition reaction

with no free radicals with formation of high- purity

copper filnms. The yield of deposijted netallic copper can

thus be increased from50 to 1 g@bconpared with the

prior art. The high stability and insensitivity of the
compounds, in particular the high oxidation stability,
enornmously sinplify handling of the conpounds in the

process for the deposition of netallic copper and thus

reduce the costs of the deposition process. 20 The
advBesidass metallicecoppenuthésonly teactiganpredudtsr founed Are carbon

or 1 Bt af el LEWE Bah8 1" WHRF o b& lehEfd bl dsea

proEgrties, such as higher thermal stability, better
chefheatompopndsi ek the gemesal forgnda @K can ibenusedbas iprgcursors

k! the BEB6SHBA, of SEtafERERor” THE HBBSRIH L] e califed out
confiabdheigas phrsel aofieama solidian of thet esursor apdea suitable
of salvept!ér dRiACthe NsOIRF SIAROHI HRE BFAARSAr by contact of the
copper-free and non-toxic -products, T ewer ) o
by - BIREHIEDS Wi A edteg.subs ale.reampared pith he gprion art, it is
Canatrge e ey et 8%%?%%"32%%’“‘3% = actesSTbiy Wil which
30 B ﬂ@CLﬁRRRﬁﬂ ¢An be doppsited, prpfecably auanditativelye in a defined
Copdectﬁmmqm't&wrrsacﬁoncmhdrﬁgfrbt@htrheicfaifwmh | formistiorhief high-
corhiuity, 8PPpet g, FAE° VT of Hepciiteadimgiffic copper can thus be
(ClJp'EEEﬂSTd _(ﬁrcofn B0 db 190% cor)npared with the prior art. The high
tr . : I . . .
hes SRR, 4heY e AIRVEPOF ihe) compgunds, jn paicular the high
pr cexidatiop stabiityli enpnaousiy simpdify handling lofdhe aompoends in the
. f . . . . P H .
3o RSB feTaNE HerSS i AdnsiRiEErHns: 4AJ 5% reduce ghe costs
15 obthendepasition RIOSESBys to be increased and the
process to be carried out in a nore environnentally

f ri PReladvEmages &Q%%ﬁﬁogﬁdhftﬁ tﬁ%’@éﬁérefl %HHJA% ﬂi‘))compared

accor.di t he 1 nventioh contain gnh oxal ate di ahi‘on

thEgﬁﬁgrSL@&Weg useduiks aegarganseawith the priprar (CupraSelect®)
are thus: better physical properties, such as higher thermal stability,
better chemical properties, such as higher oxidation stability, simpler
handling, less expensive synthesis owing to the much less expensive
starting material oxalic acid compared with hexafluoroacetylacetone,
twice the yield of metallic copper in the deposition process, copper-free
and non-toxic by-products, fewer by-products and thus lower
environmental pollution. In addition, the compounds contain no fluorine
atoms which can result in fluorine contamination and thus in wafers

being unusable.

Overall, the synthesis of the copper(l) precursors according to the
invention is thus simpler and less expensive than that of the
commercially available copper(l) precursor CupraSelect®, which is
(trimethylvinylsilane)copper(l) hexafluoroacetylacetonate. At the same
time, the precursors according to the invention enable both the quality of
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bonded to the two copper(l) centres as a bridge in
p-1,2,3,4 node. The dicopper(l) oxalate unit CuC2Q2Cu
is stabilised by coordination oi at least two neutra
ligands L to the two copper(l)” Ehtres, preferably of
two identical ligands L, so that the two copper(l)
centres have at |east a pseudotrigonal - planar, possibly

or o pine € HEifis 73 el APERS e B A BRes X Broe carried outin

| i gamiore_envisonmentally fiieradlyonannee f ol | owi ng t ext
refers generally to the Iigand or the Lew s base L

" Pl o e Gerficri A Rt g L ilon conti

R can:axalaie dl;mlon; temcoppencenptresdn oxidatipre statlea+h and at least

" S (EUTIEEN, A i Belfons Wil e two
cycc@ppeq(l) cenatmeaw a l;dgleolal kdn)3,4anedeathe dicopper(l) oxalate
E‘L%ﬁ%'?”BeCaP%C@ is SRibiisBE By R Inatch of it RRRYtWo neutral
al k %" Ligrth @lwwppp% Sentees, preferald yrqf tmgllde@tlcal ligands

strigi g@! tiedtatie Qﬂvobbé eed) ‘é@?m@@ha%c bp3bk¥h @ pseudotrigonal-
preferabl y S hLﬁ.ﬂ |n or anched C10-Cl15 6
cyc saﬁl Ase 2 1 tety ahgnyirensoent. IHe| 6apRghatoms

dslentanrtlﬁs mﬁmlék%amm@bo@w@dottﬁmedlﬁerent Ilgands L. For

Cycﬂﬁ%ﬁ?adl ne, decie)ae %r}glr%l Iod §|e aghgniegang or the

br abewisd b@SeCROalth&ugblaﬂHl? krmay ralsb ebe_ktlakfaat Tcﬁmbar? dhmb:uhfferent

or oal kene, particularly preferably
@gﬂﬂ$%ﬁg&ﬁ§ﬂgiéﬁﬁ% t he serles consi sting of

cy clobutene cycl opent ene, cIo ent adi ene, cycl ohexene,

cycL dBeal- onenmk]ammlkynepR E(ycoronwaltcadl 20-alkyne or an
cyc L fn 0 e ---n n

nor%@?ﬁadl ene. m%h% F%u@ may 8 b&; I‘réapﬁ?éqwalkene R and R

br aM&yedn durmaondepyn eatlw of amq/ ammergrhe dhaiatkydr cycloalkyl,

S AR, SRS el AR R gpenty
2000f pogcAnother, becalkyl, cyclaalky!, ﬁikenyl cycloalkenyl, aryl, alkylaryl
or alkynyl.

Cyclic C10-C20-alkyne may be straight-chain or branched C10-C20-
cycloalkyne, preferably straight-chain or branched C10-C15-
cycloalkyne, particularly preferably C10-C12-cycloalkyne from the series
consisting of cyclodecyne, cyclodecadiyne, cyciododecyne and
cyclododecadiyne.

Cyclic C4-C20-alkene may be straight-chain or branched C4-C20-
cycloalkene, preferably straight-chain or branched C4-C15-cycloalkene,
particularly preferably C4-C8-cycloalkene from the series consisting of
cyclobutene, cyclopentene, cyclopentadiene, cyclohexene, cyclohexa-
diene, cycloheptene, cycloheptadiene, cyclooctene, cyclooctadiene,
norbornene and norbornadiene.

Alkyl groups may be straight-chain or branched C1-C30-alkyl, preferably
straight-chain or branched C1-C8-alkyl, particularly preferably straight-
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group consisting of methyl, ethyl, n- and i-propyl and
n-, i- and tert-butyl. Cycloalkyl groups nay be
strai ght-chain or branched C3- -cycl oal kyl, preferably

C3-C9- cycloal kyl, particularly preferably
C3- C6-cycl oal kyl fromthe group consisting of
cycl opropyl, cyclobutyl, cyclopentyl and cycl ohexyl.

oGt B MRy, TSI, GG iRe coralle ST Tsting, &l methyl,
02 &bk m-eam:l i- pmptyl aadan4, yi- apdeteet-buty. Sycluaikyl-grioaips may be

o SHSRERSHAT S CIGHD A e os.co-

Cy ctyioakiayy;| p@ﬁqplarlyaypneéemblw ﬁ]ﬁCcﬁaaycloalkycbr&mtneme group

par@gsﬁargldi%yé %gyyr%fd% %‘%&%F%H@C&Megyl'

grou consi sting of cyclo openyl cycl obuten l,
e@'SﬂUPSC)fUﬂMpg g'ua@m-ciaam Oh bfﬁﬂ%l’tgél@%@ﬁﬂaalkenyl

phgﬂﬁéllfe%ar ﬂﬁ?}é&\?—%h ) g?ylcﬁrﬂé?f ygz; Qefaﬁ{e?ﬁ)ly particularly
8- dplefeeatly 1RIN 06 ar@heﬁiegzm ameqmyirom dbgs group

Wayc&%lﬁimgl gbf AN Cﬁrobéﬂ Pheﬁuﬁwop@nﬁ/ﬁ%' ar\d hexenyl.

t ht h B
paré @#@S "% F‘Bﬁgkﬁﬁlﬁgs r?é}agﬁ‘ﬁhﬁ"brobrh d C3-C30-
Iehlk\elmyl ;fsre:feratﬂy @B@Q—cy@lﬁﬁlkéhyhQJaThcald‘FWWpl'eferably C3-

P OBK oI BRERNY R YR S Kbt L eblgpropenyl,

t hecydlobutényl R- C=C- Rbyclop eutce_ncpql kynesdcymerentaiflﬁnyl and
] R'HC=CHR'' and cyclic al kenes.

Pr;ﬁ1 I QC&)E)%&ft@g'%g the use of open-chain al kynes

fromthe group consisti % of RRC=C-R, and particularly

goofiryl @'oups may bﬂaCﬁ-Gé -anyl hpretfierably phenyRocnapRthylRAlkylaryl

?gqpi?? use op opén YI%W %‘[@oly mﬁﬁﬁ%sohz grven

consj sting of R'HC=CHR"' SR' and R'" =
HBHWHNH @fpsIpsc MAaKehes straightehaine mrabrqn@m 02 CA0- alkynyl

LRy Sy B R Ca, parieuay
ot Pigte xdsmghrqli@lm Ry thranched-&4C merte group

norémﬁsiaﬁn Bfeethpnwo Er@byﬁylt batyssiesentyhgr and fhd)dyhyl.s

pr ef er abl y pr epar ed

Particularly suitable neutral Lewis bases are open-chain alkynes of the
formula R-C=C-R', cyclic alkynes, open-chain alkenes of the formula
R"HC=CHR™ and cyclic alkenes. Preference is given to the use of
open-chain alkynes from the group consisting of R-C=C-R', and
particularly good results are obtained with the alkynes R-C=C-R‘ (R and

= CHa,, C;Hs, C3H7 or C4Hy). Preference is given to the use of open-
chain alkenes from the group consisting of R’"HC=CHR™ (R” and R =
CHj, C,Hs, C3H; or C4Hg) and cyclic alkenes, and particularly good
properties are obtained with the cyclic alkenes cyclohexene and
norbornene. Particularly good results are obtained with the alkyne Et-
C=C-Et and the alkene norbornene.

The compound of the general formula (1} is preferably prepared by
reaction of Cu,0, oxalic acid and the Lewis base L under a protective-
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a protective Saved: 29.09.2005 10.22:00 Printed:
29. 09. 2005 10: 22: 00 X004 P0O3071 PCT.doc 13/27 - 13 gas
at nosphere in an inert aprotic gﬁgani c solvent. For this
purpose, two different Lewis bases L in an equinol ar
rati o can be enployed as Lewis base L. The sequence of
addltl on of the conponents can be selected as desired.

c or éég %’ﬁmﬁ’@%ﬁt m&%{ %"JP@St @@%E'&%ﬁ?ﬁé\&e q:orf “%S'St [\)Aﬁ)rpose

pr ew aj@ﬁqrerﬂddeSsbasesdnamm gquimolar natiaccanrbenemployed as
or on?hé@écﬁl‘génc@%foéﬁdﬁfb\‘f/‘legﬁd%te' gﬁg}p;m-ge&ts gan be

star |n conpounds can'pe pre-drsso
a sselested asotesired.olf th&de&WlSsbaSed.l empioyed dsitd be armixture of

h
?eaﬁ’?ﬂ5 \éﬁ&gﬁgé,&ﬂgﬁd apropﬁﬁﬁqg ents %%é &re preferably
opeaddedisimsittangeusly to aea@thhmlxtwﬁe@r mixed with one another

hy dh8frebPies additic) TRE ?&rﬁﬁﬂéé’rhpb Hﬂbo %@?reotﬂlssolved or

ethers and yclic .

gi veMSReNd "as?esyftaé {salvgntmrxame a'aegt%pl@i or liquid without a

CyCé@lbéhﬂnSult’aBIeUsGWeri@‘fbb’ ka @b@n‘t 'tﬁé reactlon are inert aprotic
tric Frret a chl or obenze di et hy

or
tet? H?H Sf FU T A8e QPRRGRAN e Qjasc cat%‘ﬂ%ﬂﬁ*& eande Aromatic
canhydrotiarbogs, nmcrahm beTbarti%ﬂI?I Néibgénfatect eektiersfand cyclic

bacgheths P pRiEente s Biieh Tobing uitop] Hanifien hexane,
1: 1heptang, 1cyclehanane,stohue awieth Ianareiﬁlemlel wtrithlordmethane,

D echpytetnteL AR el BE AARReR THRS Brbffbiye-es

wzatmasﬂremausedrcmrbeaaltrmgen e argoni The stoiphicmetric ratio of
0

an d Veryaﬁ!rg“mag(?nélg CV\JL%QP o%ﬁéeé%ér{drh hlL%ﬁmg base L is

i chetweers it2iand! i 4.oprefetablyr hetwesn THd 2 rand.t1:4/3 and is

t' aﬁ&dﬂﬁéfe}aﬁlyg 2142hWe5Le9ﬂ§fb%r§ég%§IJgﬂLgﬁ?61 B%aélfhed in

our er bet ween

ver
real@fsrso ap|the; § 8'@1 Mol withe fespeple te | @xalic agid and
col %é@e%@ﬁ'ebé@ml(ﬁh bé' Gﬁﬂri@d aut lﬁlasﬁﬁﬂﬁéﬂﬂure Jange of from

e le 3 el pradedbiy o 15 16 BB and Very prefarably between

i ns
Car20 @hd)dO"@yTh@ H'llghéBt gields arérobitaireid an rwmoﬁeh%erature The

o1 hctiofC it I HetieBRe T dhd 24 bitirs "prerafarly betheer'3 and 8

depleodnswgne(yem prbﬁerabhe betwéeni3ahdt hbuestpThe geacfibrn solution
CorpMigs Sorh 8 88181 ensih B4 chl ek, S BPEHHRN Buton or
thesmmmoekudependmgt ot dhe nature ofnthealcomplexe formed. The
insoluble constituents are separated off. This can be carried out by
filtration, centrifugation or other methods known to the person skilled in
the art. A clear colourless, yellow or red solution is obtained, depending
on the type of Lewis base L employed. The compounds of the general
formula (I) are subsequently isolated. This can be carried out by
methods known to the person skilled in the art after removal of the
solvent. Further purification is carried out if necessary. Instead of
mechanical removal of the solids from the reaction mixture by filtration
or other methods, an extraction can also be carried out for removal of
the product formed. The compounds of the general formula (l) are, as
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necessary. |Instead of nechanical renoval of the solids
fromthe reaction mxture by filtration 35 or other

met hods, an extraction can al so @e carried out for
removal of the product formed. The conpounds of the
general fornmula (1) are, as Saved: 29.09.2005 10.22:00
Print ed: 29 09. 2005 10: 22: 00 2004 P03071 PCT.doc 14/27 -

0 d d, ab
iﬁrélrr%%lj gl y%Faﬁ'Sg ﬂé@a %}}gﬁi& B? cto?r%"g\?/%ép@ -§tablge and can
i sothereforeeibe aisofated smélbt asc parensubstareseserang subseguently

ch pically.
CongiiateAzen B 4*?%9@%1:@8%%%% ding to the
invention OOL'-; Cul Cu L' 0 )X( 0" can be used
f or omwmeﬁmgenenalgbr a( )ancordmgmerthemmmlon
| ayers. L' is an open-chain alkyne RC=C-R, cyclic

al kyne, open-chain al kene RHC=CHR , cyclic al kene, CO
P(aryl)3 or |son|tr0I N}C RandR‘ may in turn,

i ndependent y__QI HP[I be ,H, al kyI cycl oal kyl ,
al kenyl, cycl oal ken Al kyt ar Wi.or al kynyl . The
neanlngs of al kyl, cIo kyl , alkenyl cycl oal kenyl ,

° Ve B o o R S GFe B0 b oS i ayers,

Q/cl oal kyne may be straight- chal n or branched
CloL'G%Oanmmlchnnealk e R CAg-R s tyslid Alkyre ldip@m-chaln alkene

o RIS R ARS8, S Ay f@%ﬁf "% and R

cycnrnweuyrﬁun,cyndependdnﬂyleof one angtheynde H, alkyl, cycloalkyl

S AREETERHFan b1 AERLEE L s~

- C20- cycl oal kene preferably straight-chain or

br aHaeu éﬁeantr@sof;gﬂqybaayc&wkybaikemyu aytipalienyleany) alkylaryl or
fﬁgﬁ?lcbeﬁje%ﬁﬁﬁdf {Pthé MRedRings if tHE' SomPoudlds of the general

ormula (

Cycloalkyne may be straight-chain or branched C10-C20-cycloalkyne,
preferably straight-chain or branched C10-C15-cycloalkyne, particularly
preferably C10-C12-cycloalkyne from the series consisting of
cyclodecyne, cyclodecadiyne, cycloundecyne, cycloundecadiyne, cyclo-
dodecyne and cyclododecadiyne.

Cycloalkene may be straight-chain or branched C4-C20-cycloalkene,
preferably straight-chain or branched C4-C15-cycloalkene, particularty
preferably C4-C8-cycloalkene from the series consisting of cyclobutene,
cyclopentene, cyclopentadiene, cyclohexene, cyclohexadiene, cyclo-
heptene, cycloheptadiene, cyclooctene, cyclooctadiene, norbornene
and norbornadiene.

Particularly suitable neutral Lewis bases L’ are open-chain alkynes of
the formula R-C=C-R’, cyclic alkynes, open-chain alkenes of the formula
RHC=CHR’, cyclic alkenes, CO, P(aryl); and RN=C. Preference is given
to the use of open-chain alkynes from the group consisting of R-C=C-R’,
open-chain alkenes of the formula RHC=CHR', cyclic alkenes, CO and
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2004 PO307TICRCTHOpeNt Bae, cycl opent adi ene, cycl ohexene,

cycl ohexadi ene, cycl o- heptene, cycl ohept adi ene,

cycl ooct ene, cycl ooct adi ene, norbornene and

nor bor nadi ene. Particularly suit{able neutral Lewi s bases
L' are open-chain al kynes of the formula R CSC-R
cyclic al kynes, open-chain al kenes of the formula
RHC=CHR , cyclic al kenes, CO, P(aryl)3 and RN-C

Fr oNite: cetinelfbadt IOl ol Belhinad Gaiife bfnes Recc-R
al keReand R ire Ohby,nBbls REGHF BT C44y)| Witrtheropen Ghamalkenes

SR i 02 L GE Gl B0 W v

resalkBSIBSr eyclohexend and marbememe/nwﬁhFCO and RN&a(ﬁd 'C4H,,

Ao Oﬁ%wgﬂw%'%&%@bwéﬂgw DRcusRH-5h8h: &halp alkenes

wi t fiomnthe group consistingsoLRHGHEKR e(&aadriar pdEHen8;Hs, C3H7 or
apde R o
Pr ePér%hceﬁ?ng ﬁb(glkerﬁ?"%clé% e égﬁg"r‘ﬁﬂrb nene, CO and

1 ohotindNae o apd-padiculany, g eg(aeaé&a%ee?%f& the open-
CA, cK&ik 1s?lk9ﬁe EAH8LC-Ehe tﬁéc'égfc O,e' g.gg\?@%l Hor Bﬁ-iié‘igf 36 and

B?L@&lu&gc ﬁfﬂ@&%ﬁ&@% Fesults (ﬂiﬁnObtﬂiBeﬂ wtayme alkyne Et-

Et - C=C-Et anidthecalkene rmoiboRengr bor nene, CO and 10
C6H11N—C Particularly good results are obtained with

T8 YR . 0 St G ba s i B Pestgatcn B To
i nv(eherrgagmmtnetﬁ‘&analmmchvmr(dlffera’at}ail scaanihg calori-

RS FNVERIGRlOPSTERHIRR A Bate bt dnat the decomposition of

dec thep compounds accordingrtouthls invention ntakes place in two main
|nwﬁ%b§on takes place in two nmain steps: OO0 L'--a- Cu
- L' AT - QuzouC2 O O -2L

A Y
\ / '
073 2L -2¢0,

Firstly, the Lewis base L’ is efiminated from the copper(l) complex. This
elimination can also take place in steps, depending on the compound,
and can be detected by TGA. In the second step, decarboxylation takes
place through an internal redox reaction of the remaining fragment
Cu0,C,0,Cu, with formation of metallic copper and carbon dioxide. The
first step takes place, depending on the precursor, in a temperature
range of from about 50 to about 200°C, and the second from about
150°C and is complete at about 350°C. However, it is perfectly possible
for the elimination of the Lewis bases and the decarboxylation reaction
to proceed in parallel at the transition to higher temperatures. The
residual content corresponds precisely to the copper content in the
corresponding copper(l) precursor, so that the yield of metallic copper is
100% with the compounds of the general formula (ll) and is thus twice
as high as that in the prior art.
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fromthe copper(l) conplex. This elimnation can also
take place in steps, depending on the conmpound, and can
be detected by TGA. In the secorfg st ep, decarboxyl ation
takes place through an internal-redox reaction of the
remai ni ng fragnent CQuR2C2A2Cu, with formation of
netallic copper and carbon dioxide. The first step

t erp0i% prfdent BREBM S, raBcfloR i i éhmaion g fewer by-

t hepeediscts wrtbrthemmnpomds aintive generall fermuta (Wpcompared with

ort the BIOE AL The. st REWiEHace BORE I in he:d8hasitign process
r eadndoean the pobiected by appropriate aquipmentasschias, fov example,

or SC8Id {raPRTh thil exhaubtair, ?'e'n'%“ageﬁﬁmee%?ﬁ@%e?n@%ﬁt formed
copEeG@lQOfb diexideor hesbyfpfaductsea;e éhds wiopperdree cnon-toxic and
?SP s 'I?srsi Méﬂpgﬂtﬁéﬁlp&?ﬁg%ﬂﬁsﬂ@ Slﬁﬂz@ "J\lehlchh copper(ll)
pr i H;Xaﬂwormeéﬂacgmwezeod the Lewis ase timethylvinylsilane are

29 f%ﬂn‘?é@éslﬁy %?G&QCtgo%eP@ﬁWémﬁGﬁtﬁoﬁoltkﬁ 03}7 is thtf Jéhs‘igerably

i en deco Lon reaction caus or mat |
VJQW ° hecemp Pi®gealener al

forrrula (II) corrpared with the prlor art. The free

Lew Nottitﬂ'ﬁlehe){(}u{@m has bmmROSbéggpﬁgﬁggtaﬁw and very
c cRater PReRLE BN ThE ARG, RSt 86 100°C
t heand canbéhandied dén a‘ilooueﬂanleadeadbd{peham iThis iglan enormous
), 869 S5RPals BT PR Bt e ' QPbasliletd ifcomposes
copglgv(ly ievenhisear a oub50éeyaaddhermmpaundt|Bealswmmdnbederapndly
Lo FF SIS bR SobPBFIT, Thid Red ey 1ALEH e Bapeiing, no
t ha@nlydndbe ijnthﬁSIScMaﬁmm theadepnmtpn pﬁooass 15 20

( Nor bor nene) 2Cu204C2 has proven to be a thermally stable

an dTMéfd%mWU%%'lggthé‘ g%%?cg'nﬁﬂﬁpgpfkghq yagyrsegga;y rﬂ)‘i‘ecursors

extﬁ}ﬁ%& B%@mm metallig cepReio @eBrfﬁataélac copper

Wi tﬂlmQQ:aw ber carried dut FromUthie? gaksephaseE &ioffBAT @S solution of the
precursor and a suitable solvent or from the solid state of the precursor
by contact of the precursor with a heated substrate.

Examples are given below for illustration and for better understanding of
the present invention. However, these are not suitable, owing to the
general validity of the inventive principle described, for reducing the
scope of protection of the present application merely to these examples.
Furthermore, the contents of the cited patent applications are to be
regarded as part of the disclosure content of the present invention,
which is based on the description.
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oxidised rapidly in air to give copper(ll). This
enabl es very much sinpler handling, not only in the
synthesis, but also in the deposition process. The
conmpounds of the general fornu1§*(ll) can be used as
precursors for the deposition of netallic copper. The
deposition of netallic copper filns can be carried out

frog;Eggpﬂgéiphase or froma solution of the precursor
and™ e solvent or fromthe solid state of the
precursor by contact of the precursor with a heated

substrate. 25 Exanples are given below for illustration
and for better understanding of the present invention.

se are not suitable, owing to the genera
vallgspwp%$fthe i nventive principle described, for

redu0| the scope of protection of the present
6351%&”%@@9‘1(6] oxaladeexanpl es. Furthernore, the
contents of the cited patent appllcatlons are to be 30

r egSrrHleéf E%CE@J”Et ahdt ‘f gﬂ i8 %eaagea tbhs susRenswn of

pre n vent escri pt
ii‘:,ivaolo é :_moa 1rv z@f meﬁtﬁem@ee hlosiglepdindgrs an inert-gas

10 éﬂn@Qpﬁ&@ FRBEE nﬁ%réoig sﬂﬂ@ at l@oﬁt fémperatire ¥oP4 hours.

3 i 6109 LRI sOhbyS bbb KA SIBHSE % sdeR, FiSugn a
SEanmtbnsglt:a gek andf tt@?@sndtue?@s htﬂvashedem;z:éeon the frit with
c I e i a er,e

o Blatbetendfder o SEailiESs” SHftel Is) Fhglpled and
r eno&ieurlllsslarbstals of (Bte=sCEthE€ LA ,0siare cnbtap'aext ati-30°C.
through a frit wth S|I|ca gel, and the residue is

LB Hi0hED Ty ol Mg B ENEARNARKIT, 443, H 5.3
C e Srad 2 i ) i&@éc}z[ 3f otgeoi 2068220260), ooz 1645
(vs), 1355 (w), 1314 (m). "H-NMR (CDCl,): 5 1.22 (t, 12 H, °J = 7.3 Hz,
CH3), 2.49 (q, 8 H, %) = 7.4 Hz, CH,). “C{'H}INMR (CDCl3): & 14.4
(CH3), 15.5 (CH,), 87.6 (C=C), 171.4 (CO0Q). MS (m/e (%)): 525 (7) [M +
Cu(EtC=CEt)]", 443 (7) [M + Cu]*, 227 (100) [M - CuO,C,]", 145 (96) [M
- (EtC=CEt)CuO.C;]". TG (30-1000°C, 5°C/min) three-stage
decomposition, 1st stage temperature range 60-120°C weight reduction
22% (EtC=CEt), 2nd stage temperature range 120-150°C weight
reduction 19% (EtC=CEt), 3rd stage temperature range 200-310°C,

weight reduction 24% (2 CO,), residual content 35% (2 Cu).

Fig. 1 shows the decomposition of the prepared di[(3-hexyne)copper(l)]
oxalate as a function of the temperature with deposition of a thin copper
layer on a substrate.
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44,3, H5.3, found: C44.7, H4.9. IR (KBr) [cm']: vc
2053, 2020 (w), VvVCO2 1645 (vs), 1355 (w), 1314 (m.
IH-NWR (CDCI 3): 8 1.22 (t, 12_H18:_%J=7.3 Hz, CH3),
2.49 (q, 8 H 3J =7.4 Hz, CH2). 13C(' HHNWR (CDCI 3): 8
14.4 (CH3), 15.5 (CH2), 87.6 (C=0O), 171.4 (COO. Ms
(mMe (99W): 525 (7) [M+ Cu(EtC=CEt)]+, 443 (7) [M+
Cul+, 227 (100) [M- CuO4C2]+, 145 (96) [M -

(Et G- CEt) Cu04C2] +. TG (30-1000C, 5C/ mn) three-stage
decgnposition, 1st stage tenperature range 60-120C

vei Gxampleudti on 22% (Et G- CEt), 2nd stage tenperature
range 120- 150C wei ght reduction 19% (EtC=CEt), 3rd

t 0C, weight reduction 24%

(o TAAGBRRNEhe)Conge Shdiatd S 0 By S ehowe t he

d iti f th d di[(3-h I
oL 8 AfnGIbOens Al 1 Bok oxls atid SréeAcsiadclsyel duspension

of tqh§ k n . d; i -
20 B 00k 0RO R I of AN LT Pourger Ao 0as
P03BAOSRNE, ANds 1he mixire isstired at sgorptemperatwse fop 5 hours.
? j I(morwfﬁgm@neeihébﬁdblggggam{ég%gﬂg%sdgtigﬁgﬁ%a(;s];%& gﬂéugh a
. (0.4 | C | . u . .
of "B HthsBisar08F; Snf fhe TRskuie is washisdeiwige on fhe it with
I nemetiygleneat chispider e Thendcoloirigsst usslutianstisr revdapdrated, and

| noaR pRRSs Zyafols O (roftEihine )t B daliobiii ot s30°C.

frit wwth silica gel, and the resi due_is washed tw ce on

t heCigh2CM0n (4031431 @/molphIR (KBr) [omne ]bubwﬁ#&%(g); veoz 1644
| e ' t 1 I t -

?20?"%,"%%? &%%%%%g (&%), ‘BENMRYCHOITBRRTT R Bkt s 76 Hz. 2

(4OU: n@)azn:b (g(.H)ZFKBrQ Hzcﬂ‘rg[l] Haﬁd?%ﬁ@ J\/\%;;(t%? 1 H, Hgyn),

1644.59( (4, 2J1262, ,,213934%\05, 3.08HsN 3% 245 2 H, =CH).

1. , =7 , He *1.03 (d/” =y 5 "

o CeURINIR  fobCiss @emb, 24@?’%%%@@%;%%9. 45.7
(CHCH,CH), 109.2 (=CH), 171.4 (COO). TG (30-1000°C, 5°C/min) two-
stage decomposition, 1st stage temperature range 100-150°C weight
reduction 46% (2 norbornene), 2nd stage temperature range 200-
300°C, weight reduction 23% (2 CO,), residual content 31% (2 Cu).

Fig. 2 shows the decomposition of the prepared di[(norbornene)-
copper(l)] oxalate as a function of the temperature with deposition of a
thin copper layer on a substrate.
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5.25 (s, 2 H =CH). 13C( "HYNWR (CDCI 3) [ppn]: 24.4
(CH2CH2), 42.7 (CHCH2), 45.7 (CHCH2CH), 109.2 (=CH),
171.4 (COO). TG (30-1000C, 5C1g2?l t wo- stage
deconposition, 1st stage tenperature range 100-150C

wei ght reduction 46% (2 norbornene), 2nd stage
tenperature range 200- 300C, weight reduction 23% (2
C()Zi_lstroef ég content 31% (2 Cu). Fig. 2 shows the
deconposi thon of the prepared di[ (norbornene)-

copper(l)] oxalate as a function of the tenperature with
deposition of a thin copper |ayer on a substrate.
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F%Sf’%@é“’é%dqécﬁﬂ%%{f@?aﬁﬁ)@ngi@ fRensionprthbxaiate
d| [ PeEpARd-as ed)ipn bxample:1 38 arfanétlola@fdhederrtmfature
i N Ao él i8f 0’7’ af Hﬂﬁ%og.'{?é?flagéneoﬁ %‘E&‘bé\‘gﬁ eegt'@"
dep03|t|on o hin co er on a s
neaBlgaswgment ﬁl g. 2 shows the deconposition of the
di [ (nor bor nene) copper(l)] oxalate prepared as descri bed
in Exanple 2 as a function of the tenperature wth
deposition of a thin copper |layer on a substrate (TGA
measurenent). Saved: 29.09.2005 10.22:00 Printed:
29. 09. 2005 10: 22: 00 2004 P03071 PCT.doc 20/27 -20 5
PATENT CLAIM5S 1. Use of conpounds of the general fornula

(11Fig.@ showshediecompositiorhobthendi[(rorbbmene)copper(l)] oxalate

COPBfdpdiekitas bB%EfiBed in Example 2 as a function of the temperature
with deposition of a thin copper layer on a substrate (TGA
measurement).
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2004 PO307TIOCCIc L' Q2) ~ \/Cu F L ~ 11 (), OO in which copper is
in oxidation state +1, and L' is an unsaturated
hydr ocarbon containing at | east one olefinic or
acetylenic group or CO P(aryl)g.1 or isonitrile RN=-C,
where 15 Ris A, aryl or alkyl le and Ais
strai ght-chain or branched Cl-C30-al kyl, C3-C30-
cycl oal kyl, straight-chain or branched C2- C30-al kenyl ,
or 20 straight-chai - 2CxCl oal kenyl ,
aryl is C6-Cl0-aryl, @%xgmrﬁgﬁﬁ% % al kyl aryl .
25 30 2. Use according to Caim1l1 of conpounds of the
gentr aUseafragmpoungisiof thetgerteral formula (lip$et theaprstiuction of

hydr og on & | [ sting of open-chain
C2- Cso@ﬁk@r'm@ an'EE@?@ﬁF{ﬁ%ﬁ@@% kenes, open-chain

5 (C2-C30-al kynes and cyclic C10-C30-al kynes, CO P(aryl)3
and RN-C, where R is A _aryl is phenyl 35 and Saved:

29. 09. 2005 10. 22: ?23 zfx ed: 29.09.2005 10:22: 00 2004
e Seaowasy ,

P03071 PCT.|deem2{} \7
O 0
in which copper is in oxidation state +1, and
10 L s an unsaturated hydrocarbon containing at least one
olefinic or acetylenic group or CO, P(aryl); or isonitrile
RN=C,
where
15 R is A, aryl or alkylaryl
and
A is straight-chain or branched C1-C30-alkyl, C3-C30-
cycloalkyl, straight-chain or branched C2-C30-alkenyl, or
20 straight-chain or branched C3-C30-cycloalkenyl,

aryl is C6-C10-aryl,
alkylaryl is C7-C18-alkylaryl.

25 2. Use according to Claim 1 of compounds of the general formula (Il) in

which
L is an unsaturated hydrocarbon from the series consisting of
open-chain C2-C30-alkenes and cyclic C4-C30-alkenes,
open-chain C2-C30-alkynes and cyclic C10-C30-alkynes,
30 CO, P(aryl); and RN=C,
where
R is A,
aryl is phenyl
35 and
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C3- C30- cycloalkyl. 3. Use according to Claim1l of
compounds of the general forrmula (I1) in which L' is an
unsat urat ed hydrocarbon fromthg, series consisting of
open- chai n C2- Cl15- al kenes and 'cgkl i c C4-Cl15-al kenes,
open-chai n C2-Cl5-al kynes and cyclic Cl10-Cl5-al kynes,

CO, P(C6H5)a and RN=C, where Ris Aand Ais

cyel oyl a® SrAGBECRER, P Brafchth 1 Cidhlin or op3-C30-
the general feyctoalkyl.l1) in which open-chain

C2- Cl15-al kene is selected fromethene, propene, the
i soners of butene, pentene, hexene, heptene, octene,

n0nSnosaciRRANG (P 1 UANREINGL BRSNS formuta (1) i
cycl oh\é'btcéhe, cycl o- octene, cycl opentadi ene,

cycl ohexadi eng, j 7 i ‘ot

ot borfad: ene® A isatiiatey HyAropafkis fionf Mo Series consisting of
hydr ocar bon, Omlfépé&%&alk@ﬂeﬁlm iepedici £4-C15-alkenes,
sel ected fromygeRIcHaMCC2-01 SPXIRFnes Nand SEYEICS (10-C15-alkynes,
but yne, penty &1 m hap&&;@ octyne, ~ nonyne,

decyne or di p& ﬁ 551! 8Re RBIFYor cyclic

Cl10-Cl5:al kyne is selected from cycl odecyne,

cycl od¥P&yne, cycl ododecyne or cycl ododecadi yne,

whi ch y be g%%&\l({ uted by a hydrocarbon, and/or L' is
one of "t he i s'8i es cycl ohexyl isonitrile or phenyl

the geherai 15 maiBAfEhel 2ot “oiadied, E1-CEERI“Br °C3-ct0-
(1), O Saved: cydoalkyR005 10.22: 00 Printed: 29.09.2005
10: 22: 00 2004 P03071 PCT.doc 22127

4. Use according to Claim 1 of compounds of the general formula (ll} in
which open-chain C2-C15-alkene is selected from ethene, propene,
the isomers of butene, pentene, hexene, heptene, octene, nonene
or decene, and/or cyclic C4-C15-alkene is selected from
cyclobutene, cyclopentene, cyclohexene, cycloheptene, cyclo-
octene, cyclopentadiene, cyclohexadiene, cyclooctadiene, norborn-
ene or norbornadiene, which may be substituted by a hydrocarbon,
and/or open-chain C2-C15-alkyne is selected from acetylene,
propyne, the isomers of butyne, pentyne, hexyne, heptyne, octyne,
nonyne, decyne or diphenylacetylene, and/or cyclic C10-C15-alkyne
is selected from cyclodecyne, cyclodecadiyne, cyclododecyne or
cyclododecadiyne, which may be substituted by a hydrocarbon,
and/or L' is one of the isonitriles cyclohexyl isonitrile or phenyl
isonitrile.

5. Use according to Claim 1 of compounds of the general formula (1)

0= 0,
L—cu ( ou=—1 0,
0% 0
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is a hydrocarbon fromthe series consisting of
open-chain al kyne of the formula RRCCR and cyclic
C10- C20- al kyne and open-chain internal al kene of the
formula R'HC=CHR'' and cyclic C4-C20-al kene, where R
and R are H, A alkylaryl or alkynyl, R' and R'' are
A, aryl, alkylaryl or alkynyl, where L, R, R, R' and

oo TR SOPORPE U A BB, SO o

C1- Caobal k1 - 8 hifearhon fomy i, 38le; BofiBfind G 6BER-chain
branched C2- GBtkyaekehthe formularR+GsC-Bhand oyclier G1Or620-alkyne
s Cr- cib-al kIampen-Efin itefrhal et i tne ofinild RPHC=CHR™
branched C2- CBUdaﬂy@ﬁﬁ‘l-Qé)-aﬂ(Qﬂe,Pr ocess for the

production of high-purity thin copper-netal |ayers,
char acWd€f€ed in that conpounds of the general fornula

[ ' I t f d ai 1to 6
gea% ed,ﬂcéclgélgjﬂg :g@aﬁbﬁﬁhﬁg%@?‘@lkyﬁﬁl?ﬁew sobasgr E'
and depqsi tiap, of talli opper. 7. Process according
to da @d g%a??cgﬂe@ﬁﬂﬁ?ﬁ’g’ﬁgf Al i mi nation of
the Lewi s _bas . iS.carried out in a tenperature range
of 1 1 OMNBES L ReBo R HECR i eachaadeppadently o Ga¢ another,
f or mat adopbfiderticall or differsstr mearsings! it elifferer positions of the

I
t enper L&, fe2nge of from150 to 358§C. 8. Process
fecy

accord eat | east one of Clains 6 and 7,

characéﬁai sed in that the elimnated Lewis base L' is
recycl ed, re-enployed in a 35 process according to Caim

6 or 7paand usgd : :0d [ i egp hi

net al |IAC coppig'r %@é@@%ﬂl\?eﬁ[ 2@%%5% :'%)‘g(ﬂ' €3-C3o-
cycloalkyl, straight-chain or branched C2-C30-alkenyl or
straight-chain or branched C3-C30-cycloalkenyl,

aryl is C6-C10-arvl,
alkylaryl is C7-C18-alkylaryl,
alkynyl is straight-chain or branched C2-C30-alkynyl.

6. Process for the production of high-purity thin copper-metal layers,
characterised in that compounds of the general formula (I1)
according to at least one of Claims 1 to 6 are heated, causing the
elimination of the L.ewis base L' and deposition of metallic copper.

7. Process according to Claim 6, characterised in that the elimination
of the Lewis base L’ is carried out in a temperature range of from 50
to about 200°C, and the decarboxylation with formation of metallic
copper is completed in a temperature range of from 150 to 350°C.

8. Process according to at least one of Claims 6 and 7, characterised
in that the eliminated Lewis base L’ is recycled, re-employed in a
process according to Claim 6 or 7 and used for the production of
high-purity thin metallic copper layers.
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-23 10 15 20 25 30 35 9. High-purity thin nmetallic
copper |ayer produced using a conpound of the genera
formula (11) according to at |least one of Cains 1 to 5.
10. Conpounds of the general foffula (1) in which copper
is in oxidation state +1, and L is a hydrocarbon from
the series consisting of open- chain al kyne of the

opeft: o gt B Refallic copper lavei ekt HiBa g gompound of
and cythe generaiformula (t) actanding ko abteddt aneofiClaims 1 to 5.
al kylaryl or alkynyl, R' and R'' are A, aryl, alkylaryl

i@ atRoYgE O the Bereal Al ([T | (7Y ol o

different neanings in different positions of the

nol ecul e, and A is straight-chain or branched

Cl- C30-al kyl, C3-C30-O Gﬁlkyl, strai ght-chain or
branched C2-Q§0;altﬁﬁylél orggt&al ght-chain branched
C3- C30- cycl oal kenyl , ™ i C6-ClO-aryl, alkylaryl is
C7-C18-al kyl aryl, al kynyl I*s strai ght-chain or branched
C2- C30- al kynyl . 11. Conpounds of the general formula (1)
according to Claim10, in which Ais straight-chain or

br anchwWﬁicH:aobevls instxidatibh-stA #1, ahdbr anched
C3- C9-cycl oal kyl, straight-chain or branched

C2- C9- Bl kenyl , ois at hydedtarboai from theaseties consisting of open-
G- Co-eyel oal kemghoinGlifle 6f 1RE oA R E2ER' and cycic C10-
C20-alkyne and open-chain internal alkene of the
formuta R"HC=CHR"” and cyclic C4-C20-alkene,
where

Rand R’ are H, A, alkylaryl or alkynyl,
R and R are A, aryl, alkylaryl or alkynyl,

where L, R, R’, R” and R may each, independently of one another,
“adopt identical or different meanings in different positions of the
molecule,

and

A is straight-chain or branched C1-C30-alkyl, C3-C30-
cycloalkyl, straight-chain or branched C2-C30-alkenyl,
or straight-chain or branched C3-C30-cycloalkenyl,

aryl is C6-C10-aryl,

alkylaryl  is C7-C18-alkylaryl,

alkynyl is straight-chain or branched C2-C30-alkynyl.

11. Compounds of the general formula (l) according to Claim 10, in
which
A is straight-chain or branched C1-C9-alkyl, straight-chain
or branched C3-C9-cycioalkyl, straight-chain or
branched C2-C9-alkenyl, or straight-chain or branched
C3-C9-cycloalkenyl,
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-24 aryl is phenyl or naphthyl, alkylaryl is tolyl or
mesityl, alkynyl is straight-chain or branched

C2-C9-al kynyl, and L, R R, R"%gnd R'' may each

i ndependently of one another, ~5"adopt identical or
different neanings in different positions of the

nmol ecule. 10 15 20 25 30 35 12. Conpounds of the genera

f or mul ) acco in which Ais
strai gﬁp&chai n O{SW&J&%MRM kyl fromthe group
consi salkytaryt neisiplyl artrhesityln- and i - propyl and n- i -

and tegf XHW @%t%gﬁi’ﬂ'ﬁ Q"bréﬁa‘i%a%?z éﬁ& yl'and

consi s obutyly ™ cyc

?yC' Ohawg'* 'Fi* @“ aDHaRi ma)beaﬁhhmdmememﬂlwaﬁ;one another,
pent ¢ etréﬁ Bt %'ﬁ’éxenyf’ﬁtddf'g@‘o@%’i'[‘g | PoSerenb bésltons of the

group @@eewei ng of cycl opropenyl, cyclobutenyl,
cycl opentenyl, cycl opent adi enyl and nmet hyl cycl o-

peandc@,m ouridy ' of Fq(é’r%'ﬁélra!”foﬂﬁﬂ r(}')' ccé*diﬁbafd’ 'r%lﬁﬁa 10, in

toly sityl, s stral a|n or~bra
C2- Co6- yl fromthe group conS|st|ng of ethynyl,

pr 3%%' mabuze Zgﬁis Isrﬁg gﬁghaur}ar& Msrarhed {?{gr@' -atk I lffom the

i denti cal gr di fg%F g‘if mﬁ"&ﬂqf Fa'”anf“ b, 'tﬁ"@ﬁ’yl and n-,

of the nolecul ei- Hhd Ctm‘pbutsds cB- CBecyﬂﬂnal( / frormuthe group

(1 acoording oo abhdCor SodBlei - chicBlnP BBty and
cyclohexyl, straight- chaln or branched C2-C6-alkenyl
from the group consisting of vinyl, propenyl, butenyl,
pentenyl and hexenyl, or C3-C6-cycloalkenyl from the
group consisting of cyclopropenyl, cyclobutenyl,
cyclopentenyl, cyclopentadienyl and methylcyclo-
pentadienvl,

aryl is phenyl or naphthyl,

alkylaryl is tolyl or mesityl,

alkynyl is straight-chain or branched C2-C6-alkynyl from the
group consisting of ethynyl, propynyl, butynyl, pentynyl
and hexynyl,

and R, R’, R” and R may each, independently of one another,

adopt identical or different meanings in different positions of the

molecule.

13. Compounds of the general formula (I) according to Claim 10, in
which L is an open-chain alkyne selected from the group consisting
of Me-C=C-Me, Et-C=C-Et, Pr-C=C-Pr and Bu-C=C-Bu.

14. Compounds of the general formula (I) according to Claim 10, in
which L is a cyclic alkyne selected from the group consisting of
cyclodecyne, cyclodecadiyne, cyclododecyne and cyclododeca-
diyne.
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Conpounds of the general fornula (1) according to Caim
10, in which L is a cyclic alkyne selected fromthe
group consi sting of cyclodecyng cycl odecadi yne,

cycl ododecyne and cycl ododeca- Fy Saved: 29.09. 2005
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20. Process according to Claim 18, characterised in that it is carried out
under a protective-gas atmosphere, where the protective gas
employed is preferably nitrogen or argon.

21. Process according to Claim 18, characterised in that the Lewis base
L is employed in excess relative to the stoichiometric ratio of the
starting materials Cu,O and oxalic acid, but at least in twice the
stoichiometric ratio.
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