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{54) Title: DICOPPER(I) COMPLEXES AS PRIICURSOR SUBSTANCES I'OR THE DEPOSITION OF METALLIC COPPER

(57) Abstract: The invention relates 1o

‘ dicoppen() oxalate complexes stabilised by
00 neutral Lewis base components and to the use
100 thereol” as precursors for the deposition of
metallic copper. ‘The neutral Lewis bases used
arc alkvnes or alkenes containing at least one
silvl or ester group, or mitnles, salurated or
unsaturated  nitrogen  ligands.  phosphiles,
‘ 80+ trialkvlphosphines or oxygen- or  sultur-
; contaning ligands.
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1Q 15 The invention relates to dicopper(l) oxal ate conpl exes stabilised by
neutral Lewi s base conponents and to the use thereof as precursors for the
deposi ti qgoohiMRben! | C copper. The neutral Lew s bases usedrapgno3mbssynes or

alskenes containing at |east one silyl or ,ester group, or nitriles,
saturated or unsaturated nitrogen |i ganaé,' phosphites, trial kyl- phosphi nes
or oxygen- or sulfur-containing ligands. 1. Prior art and obiect of the

i nvention N 20 25 30 35 For the deposition of thin copper filns on

substrat es, n r (o e § | . pper
conmpounds i nﬁ?ﬁépﬁéﬁﬁéﬁé%é‘?@ﬁﬁﬁ%ﬁ@; ﬁ?ﬁgugggr M§m¢églﬁ)§a@and a
neutral Lewis base L, such k_eX or al kyne, have
proven to be highly prom s.‘ﬁgpgéﬂé‘?ﬁréﬂ&g@!ﬂ&@ﬁ@% 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, WO 00/17278, US
6, 130, 345 or Chem WMater. 2001, 13, 3993; Inorg. Chem 2001, 40, 6167;
Chem ter. 1992, 4, 365; Organonetallics 2001, 20, 4001. Preference is
given to the use of fluorine-containing t3-diketonate 1|igands, such as,

for exanpl e, hexafl uoroacetyl acetonate, since the cor- responding copper(l)

compl exes hayRemiaicPEictbs ERUiGIAR ) Lt CirBpRKexCiptilisey byar

their fluorine-free anal ogues. uoril ee cop- per et onat e

conpl exes, shélitraFLeivis baseddriponkelis andtsithei wdithéredPad/greedrdors for
PCT/ EP%@OS/ 005897 -2 5 copper(l) acetylacetonates, are extrenely

oxygen-sensi they depdsitiony afemetaktic edoppPer.(Themmewreal L9485, basss Used) asd are
thus no longer suit- able as precursors for the CVD process. The deposition
“e coppedlkynes or alkenes containing at least one silyl or ester group, or nitriles,

saturated or unsaturated nitrogen ligands, phosphites, trialkyl-

phosphines or oxygen- or sulfur-containing ligands.
15

1. Prior art and object of the invention

20 For the deposition of thin copper films on substrates, many organo-
copper precursors have now been disclosed. Copper compounds in the
oxidation state +1 containing a B-diketonate ligand and a neutral Lewis
base L, such as, for example, an alkene or alkyne, have proven to be

“ 25 highly promising substances. 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 Chem. Mater. 2001, 73, 3993; Inorg. Chem.

30 2001, 40, 6167; Chem. Mater. 1992, 4, 365; Organometallics 2001, 20,
4001. Preference is given to the use of fluorine-containing 3-diketonate
ligands, such as, for example, hexafluoroacetylacetonate, since the cor-
responding copper(l) complexes have much higher thermal stability and

33 higher volatility than their fluorine-free analogues. Fluorine-free cop-

per(l) p-diketonate complexes, such as, for example, alkyne-stabilised




| ayer takes place in a thermally induced di sproportionation in accor- dance

with the follow ng equation: 2 LCu' (P-di ketonate) -> Cu" + Cu"

(P-di ket qpgtagasdodesg L @ so 10 15 20 25 30 35 The resul t anpCREP2003/005897

(13-di ketonate)2 and Lewis base L are volatile under the conditions used in
the CVD process and can thus be renoved fromthe system ldeally, a highly

pure copper filmremains. However, only 50% of the copper(l) precursor

enpl oyed can be converted into copper(0) in this reaction, the remaining

iﬁf"aﬁﬂih”gni CapOiqey BRatbiRes Are e T PN R sedsvel BRcbitunde) <, |
exa , (6%@ , 7166. Qg%ﬂ ' it=
disggvgntgge%ﬁéﬁgﬁ use?g?k¥vt§??r?§g§b§%?%in| gﬁg%égngP§ @?ggﬁgggfgnthat

t he adhesi Of‘aﬁl% hSepreRRibsors forl the CYDY Proeess sThetdepesitionfafciie toppet
perfect, which can probably be attributed to the van der Waal s forces of

the flgorinelayepnakes platepie-a ahesnallyvindaced disproportianatiospin sacoor-
interactions. 'In addition, there is a risk of contam nation of the wafer in
m cr oel ect r odanee withpthe followiog equeation:l i con with fluorine, which results in
t he waf er bei ng unusable. Conplete conversion to copper is achieved using
Lew s base-stabilised copper(l) alkoxides of the formula LCu' OR (EP

the formia Lo (g combp ORelarBLe T B bl SeGRaRER 2 4555, Some of
}_kr)\e e>I1<81rrpI es in the said patents are even fluorine-free and stable at 25C.
wever;

2004/ 0 108;5 ”E&}%&g@;@@f @ggg—?ﬁ&[{gﬂé{é)'z Ad &I BASe 10arPlokitife ERter the'O
“ conditions used in the CVD process and can thus be removed from the

system. Ideally, a highly pure copper film remains. However, only 50%

s of the copper(l) precursor employed can be converted into copper(0) in
this reaction, the remaining 50% ending in the corresponding
Cu"(B-diketonate),. The same result is obtained on use of B-keto esters
instead of p-diketones, as described, for example, in WO 00/08225 or

20 US 5,441,766. However, it has proven disadvantageous on use of fluo-
rine-containing copper(l) precursors that the adhesion of the copper

films to various substrate surfaces is not perfect, which can probably be
attributed to the van der Waals forces of the fluorine atoms in the pre-

“ 25 cursor molecule and thus to repulsive interactions. In addition, there is a
risk of contamination of the wafer in microelectronics, especially of the

silicon with fluorine, which results in the wafer being unusable.

Complete conversion to copper is achieved using Lewis base-stabilised

30 copper(l) alkoxides of the formula LCU'OR (EP 0468396) and Lewis
base-stabilised cyclopentadienylcopper(l) compounds of the formula
LCu'(n>-CsRs), described in EP 0297348 and DE 4124686. Some of the

35 examples in the said patents are even fluorine-free and stable at 25°C.

However, since the thermal decomposition reactions do not proceed in




10 M 15 20 a defined manner in these cases, free-radical species are forned
In the deconposition reactions, unfortunately resulting in contam nated
copper ﬁkgqﬁmﬁﬁm%gen about 5% carbon about 1% (MRS Bul pet/Ertobsigarsd? 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 nmetallic copper which are sinple and inexpensive to prepare, are stable
thermally and if possible to air and can be converted conpletely into

nmetal lic coppey (fil t. 0Qds. d_ ' W I i

reaction in $rdéfmﬁg§%éhqh§%e%u?%%aﬁggéb§matgﬁ or rraﬁ%odnirg{h%efi ned
nmol ecul ar, ¢ = | ' sGki St dosper

Furt her obje@?@ﬁb OspﬁgiH%%ggﬂﬁiﬁﬁ@gﬁPréﬁﬂg?§§gwﬁgggditigﬂhpgﬁﬁpprggess for
the prepar at fijpis ‘?6xygé‘r? abiotft 5% O tafhtis abote s % ¥ ¢(NIRS rBuliatin/Aagust ¢9940n

whi ch can be car- ried out sinply and inexpensively, also to provide a

sui tabke prog4¢sShieon Matee. p98Ra425678h of thin, highly pure copper filns or

| ayers"with the aid of these precursors and thus also inproved highly pure,
thin copper |ayers. The object is achieved by conpounds of the general

formul a (1) Fbexbjectof theupesentdovention was therefaredn rroypsia fluering-fre
oxidation state +1, and 30 35 L denotes R-C=C-R having at |east. pne _silyl

or ester grot@pper)Hpeesyrsessifry the depesitigne ofj matallic™ eeprer QWWGB are

2,2 by pyr Do R RP il e Bty STEbR ekl S ihtPsioie

R-QC2)nO R aiRand Ban Be Aridéndd BmplteOHit84réeiEdodpeL Aitn8OsPo /

.. thermal methods in a defined decomposition reaction in the temperature
range about 50 — 400°C with formation of defined molecular, copper-

free, nontoxic and if possible gaseous by-products. Further objects of

> the present invention are, in addition to a process for the preparation of
the precursor substances according to the invention which can be car-
ried out simply and inexpensively, also to provide a suitable process for
20 the preparation of thin, highly pure copper films or layers with the aid of

these precursors and thus also improved highly pure, thin copper layers.

The object is achieved by compounds of the general formula (I)

OO,
L—'-CU‘ODIo’CH_L M

in which copper is in the oxidation state +1, and

0 L denotes R-C=C-R' having at least one silyl or ester group,
RHC=CHR having at least one silyl or ester group,
R3Si-C=C-R‘, R3N, R'2N(CH,).NR';, substituted or unsub-
35 stituted 2,2-bipyridine, 1,10-phenanthroline, P(OR')s,

P(alkyl)s, R-O-R’, R“O(CHZ),0-R’, R-S-R’, R-S(CH2).S-R’




-4 or anitrile fromthe group CH3-C=N, tBu-CN, C4HOC=N, Ph-C=N where 5 R
denotes A, aryl, alkylaryl or alkynyl having at |least one SiR 3 or COOR
group andyBeginedses R, H, A, aryl, alkylaryl or al kynyl, pRTEPLS3AESSZ0 25 30
35 where L, Rand R may each, independently of one another, adopt iden-
tical or different neanings in different '‘positions of the nolecule, A
denot es strai ght-chain or branched Cl-C30-al kyl, C3-C30- cycl oal kyl s,

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

C3- C30- cycl oal kenyl ar d - - keyl@r vhs_ahk Y =[Jenot es
C7-C 18-alkyl aryl s al k&mﬂ ﬁj}@L%?%@s@%@?%i%?ﬁ?ﬁ@ b?gncc:ﬁgd %@{%oﬂél kyny!|
Conmpounds accordi ng tophﬂﬁ=wnvention are therefore al so conpounds of the
general formula (I) in ch A denotes straight-chain or branched
Cl- C9-al kyl, straight- chain or branched C3-C9-cycl oal kyl, straight-chain or
branched C2-@WhehBkenyl or straight-chain or branched C3- ©9-cycl oal kenyl
aryl denotes phenyl or naphthyl, alkylaryl denotes tolyl or nesityl,
al kynyl denoRes st rai gdencted E‘\,Oarw,rfaikyla?ll%f kphily havingaral leask emel R
may each, independently of one another, adopt identi-

SiR‘3 or COOR' group and

R denotes R, H, A, aryl, alkylaryt or alkynyl,

10 where L, R and R’ may each, independently of one another, adopt iden-

. tical or different meanings in different positions of the molecule,
A denotes straight-chain or branched C1-C30-alkyl, C3-C30-
cycloalkyls, straight-chain or branched C2-C30-alkenyl,
1> straight-chain or branched C3-C30-cycloalkenyl
aryl denotes C6-C10-aryis alkylaryis
alkylaryl  denotes C7-C18-alkylaryls
20

alkynyl denotes straight-chain or branched C2-C30-alkynyl

Compounds according to the invention are therefore also compounds of
the general formula (1) in which
“ 55 A denotes straight-chain or branched C1-C9-alkyl, straight-
chain or branched C3-CS9-cycloalkyl, straight-chain or
branched C2-C8-alkenyl or straight-chain or branched C3-
C9-cycloalkenyl

30 aryt denotes phenyl or naphthyl, ‘
alkylaryl  denotes tolyl or mesityl,

alkynyl denotes straight-chain or branched C2-C9-alkynyls

and L, R and R’ may each, independently of one another, adopt identi-

35
cal or different meanings in different positions of the molecule.




cal or different nmeanings in different positions of the nolecule. WO

2004/ 000850 PCT/ EP2003/005897 5 5 10 N 15 20 Sub-groups are formed by
conpoundgwghmkmﬁmgﬁneral formula (1) in which 1. A denot eeTEPr@BgsIThai n
or branched Cl-C4-al kyls fromthe groupcnethyl, ethyl, n- and i-propyl or
n-, i- and tert-butyl, C3-C6-cycloal kyfé fromthe group cycl opropyl,

cycl obutyl, cyclopentyl and cycl ohexyl, straight-chain or branched C2-

C6- al kenyls fromthe group vinyl, propenyl, butenyl, pen- tenyl or hexenyl,

C3-C6-cycl o fr t Y i

cycl opent en%bswﬁ]@ e%?%{bgvgﬁrb@aﬁyﬁné%ﬁ?ﬁgl %hpeeﬁﬁ{ﬁgﬁ?ﬁﬁﬁgﬁ%” n

al kyl aryl aﬁ*%ﬁyl denot es phenyl, naphthyl, denotes tolyl or nesityl,
denotes stral ght-chain or branched C2-C6-al kynyls fromthe group ethynyl,
propynyl, bufynyl, pentynyl or hexynyl and R and R may each, independently
of one another, adopt identical or different neanings in different

0T Shed S Yoo gy Banh PG ol G

havi ng \q
group methyl, ethyl, n- and i-propyl or n-, i- and tert-butyl,

C3-C6-cycloalkyls from the group cyclopropyl, cyclobutyl,
cyclopentyl and cyclohexyl, straight-chain or branched C2-
Cé6-alkenyls from the group vinyl, propenyl, butenyl, pen-
tenyl or hexenyl, C3-C6-cycloalkenyls from the group
cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclopenta-
dienyl and methylcyclopentadienyl,

aryl denotes phenyl, naphthyl,

alkylaryl  denotes tolyl or mesityl,

alkynyl denotes straight-chain or branched C2-C6-alkynyls from the
20 group ethynyl, propynyl, butynyl, pentynyi or hexynyl

and R and R’ may each, independently of one another, adopt identical

or different meanings in different positions of the molecule,

‘ 25 or

Il.
in which L

30 denotes R-C=C-R’ or R'HC=CHR, each having at least one silyl or
ester group, and the radicals R and R' have the meanings given in

Claim 1,

35 or



ester group,

5 R denoyg>oid/ddesse CH3, C2H5, C3H7, C4H9, phenyl,
15 L is an al kyne selected fromthe group Me3Si-C=C-Si Me3, Me3Si-CC ' Bu,
McOOC- C=C- COOMe, Et OOC- C=C- COOEt and Me3Si-C=C-R, in which R denotes

and the radicals R and R have the nmeanings given in Caiml,
or II'l. WD 2004/000850 PCT/ EP2003/005897 6 L denotes R 3Si-C=C-R, where or

CH3, C2H5, C3H7, phenyl, COOWe or COCEt, or V. 20 a* 25 3a 35 L is an

al kene sel ec
and H2C=CHSi
C2H5, C3Hz7,

ted fromthe group H2C=CHSI Me3, H2C=CHCOOCH3, H2C=CHCOOC2H5

3, in whj » ¢ ok ngently of one another, denotes CH3,
Ho, H&Cﬁé,ﬁo{gﬁﬂ%r‘?ﬁ%’e—:&ﬁﬁ/r. L is a conpound selected fromthe

gr oup %-&%e}%u G- N, CAHOC=N, Ph-C=-N. N(CH3)3, N C2H5)3,

o

35

H2N- (CH2) 2- N CH3) 2N- ( CH2) 2- N( CH3) 2,
R* denotes SiMes, CHs, CoHs, CsH7, C4Hg, phenyl, COOMe or
5
COOEt,
or
V.
10 L is an alkyne selected from the group Me;Si-C=C-SiMe3;, Me;Si-C=C-
“ "Bu, MeOOC-C=C-COOMe, EtOOC-C=C-COOEt and MesSi-C=C-R’, in
which R denotes CHs;, C2Hs, CsH7, phenyl, COOMe or COOE,
V.
L is an alkene selected from the group H>C=CHSiMe;,
50 H2C=CHCOOCH3, Hzc=CHCOOCQH5 and H20=CHSiR'3, in which R‘,

independently of one another, denotes CHs, C,Hs, CaH7, CaHg, HC=CHz,
phenyl,

or
VL.

L is a compound selected from the group CHi-C=N, Bu C=N, C4HsC=N,
Ph-C=N; N(CHa3)3, N(C2Hs)s, HoN-(CH2)~NH2, (CHs)2N-(CH2)-N(CHs)s,
(C2Hs)aN-(CH2)~N(C2Hs)2, H2N-(CH2)a-NH2,  (CHs)aN-(CHz2)s-N(CHa)2,
(C2Hs)2N-(CH2)s-N(CoHs)2, 2,9-dimethyl-1,10-phenanthroline; P(OCHs)s,
P(OC2Hs)3, P(OCsHy11)3, P(OPh)s; P(CH3)s, P{C2Hs)3, P(C3H7)s, P(CsHs)s,
P(CsH11)s; CaHs-0-CzHs, CHi-0-C4Hg, CHzO-(CH2)-OCHs, C2Hs0-
(CH2)-OC2Hs, CH3-S-CH3, CoHs-S-CoHs, C3H7-S-CsHz, Ph-S-Ph, CH;S-

COOVE ecTAPtB/M048v7 N 10




(C2H5) 2N- (CH2) 2- N(C2H5) 2, H2N- (CH2) 4- NH2, (CH3) 2N- ( CH2) 4- N( CH3) 2,

(C2HS) 2N- (CH2) 4- N(C2H5) 2, 2, 9-di net hyl - 1, 10- phenant hrol i ne; P(OCH3) 3,

P( OC2H5) 3woRoédambsb) 3, P(OPh) 3; P(CH3) 3, P(C2H5) 3, P( C3H7p8T/HPLDANERSIT
P(C6H11) 3; C2H5- O C2H5, CH3- O C4H9, CH30O.(CH2)2- OCH3, C2H50- (CH2)2- OC2H5,
CH3- S- CH3, C2H5- S- C2H5, C3H7- S-C3H7, Ph-S-Ph, CH3S WO 20041000850

PCT/ EP2003/ 005897 -7 5 10 N 15 20 (CI—|2)2 SCH3 CH3S- ( CH2) 3- SCH3,

C2H5S- (CH2) 2- SC2H5 and PhS-(CH2)2 SPh. I n particular, the object of the

present inve 0 formul a
(1): di{[bi s@”%?%ﬁm%\%gc%ﬁ §§e*f5¢§§%'ﬂe5§§ F% Bg"ggeéﬁfé dritEPHER(THL),

di {f(trimethgpg|yl)(n-butyl)acetylene]copper(l)} oxalate,

di [ (vinyl-t- butyI di met hyl si | ane) copper (1) 1 oxal ate and

di [ (vinyl di et hyl met hyl si | ane) copper (1)] oxal ate. The object of the present

i nvention i sirapadiculdr,¢heblijechoptie peaséntrinventiomis pehiaveshby the mevel
conpougds of the general formul a (fl) as indicated by reacting Ce20 with
oxal i ¢ aci d aampounss of thesgemerah farmulgell): sol vent,  and isolating the
resultant product. In particular, the Obj ect is ach| eved by the particular
enbodi nents of the roces CI ai 11 t 21. In accordance
with the invent A4 (tﬂgl@gbf%b'uﬁ@ 0@9@@@@@5?% a (1) according to
Clains 1 to 9 are used for the productlon of highly pure, so 25 thin

metal |'i c copper di{frimethylSiipi(n-batyl)acetyleneldopperéi)poxalate.opper |ayers are
produc?g by a process in which conpounds of the general fornula (1) are

neat ed"causi ngyghjifyr+-Baty@fnathyldiBresebEpbBE okakitd 4iposi tion of metal i

copper through
.. di[(vinyldiethylmethylsilane)copper(l)] oxalate.

The object of the present invention is aiso achieved by a process for the

5 preparation of the compounds of the general formula (1) as indicated by
reacting Cu,O with oxalic acid and a Lewis base L in an inert solvent,
and isolating the resultant product. In particular, the object is achieved

, by the particular embodiments of the process as claimed in Claims 11 to

0

21.

In accordance with the invention, the compounds of the general formula
(1) according to Claims 1 to 9 are used for the production of highly pure,
“ 25 thin metallic copper layers.

Highly pure, thin metallic copper layers are produced by a process in

which compounds of the general formula (I) are heated, causing elimi-
30 nation of the Lewis base L and deposition of metallic copper through

decarboxylation.

The elimination of the Lewis base L is carried out at a temperature in

the range from about 50 to about 200°C. The decarboxylation with for-

35 mation of metallic copper and carbon dioxide which takes place as the



decar boxyl ation. The elimnation of the Lewws base L is carried out at a
tenperature in the range from about 50 to about 200C. The decarboxyl ati on
with for-washimegh netallic copper and carbon di oxi de whech/epademogsbace as
t he WD 2004/ 000850 PCT/ EP2003/005897 -8,N 5 second reaction is conpleted at
a tenperature in the range from about '1§0' to 350C. The Lewis base L
elimnated is recycled and re-enployed in a process for the preparation of
t he conpounds of the general fornmula (1) and used for the production of

hi ghly pure, | L | t e
Moot i on' ©sSeid BERAIVLE EORRAEIETACH Tom Bt aRg SRR ERRE M AT i1
copper |ayer $5§3yi iyproved properties pro- duced using a conmpound of the
gener al fornu? q?:¥§?n the process according to the invention. 15 20 40 25

30 35 2. Description of the invention The present invention provides

conpounds of Thed awischase Lalimiratéd)is Pe€ycled; ardike-ethplo@edinlg processch of
whi ch, gi ndependently of the position in the conplex and of one another, L
stands” f or aforethEypfepBrﬁhﬂn Rf the campounds ebihe-general foapula(handaised ast

one silyl or _ester grou furtherrmreegﬂ n|tr|Ie R -C=N, a
saturated orfarBetRr Oﬁqurrl:lé@h’ Purgatin naetallic QOPRSTAAYSFS; 3 a trial kyl -
phosphi ne P(al kyl)3, an ether R-OR, a diether, a thioether R-S-R or a

dithioether. Tye]eot?)é' gE:t':gﬂjlﬁé % he néé}ﬁto(ﬁ)%oﬁw s échJ'iéved, in particular, by

10 highly pure, thin metallic copper layers having improved properties pro-
duced using a compound of the general formula (1) in the process
“ according to the invention.

15

2. Description of the invention

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

/O O,
I Cu\ )I /Cu -— |
0 0

20

(1

in each of which, independently of the position in the complex and of

one another,

L stands for an alkyne R-C=C-R' or alkene R'HC=CHR which contains

30 - .
at least one silyl or ester group. L may furthermore be a nitrile R-C=N, a

saturated or unsaturated nitrogen ligand, a phosphite P(OR')s, a trialkyl-
phosphine P(alkyl)s, an ether R'-O-R’, a diether, a thioether R*-S-R‘ or a

35 dithioether. The oxidation state of the copperis +1.




WO 2004/ 000850 PCT/ EP2003/005897 -9 N 5 R can be al kyl, cycl oal kyl,

al kenyl, cycl oai kenyl, aryl, alkylaryl or alkynyl having at |east one SIR 3
or COOR woaumooblsocan, independently of one another, be RCOEPRNIANIBYT
cycloal kyl, alkenyl, cycloalkenyl, aryl g _alkylaryl or alkynyl. The
conpounds of the general forrmula (lI) are prepared by reaction of Cu20
oxalic acid and the neutral ligand L or the two different neutral 10 |igands
in an inert aprotic organic solvent. The conmpounds of the gen- eral formula

(1) can be i ol B ARyl RYCRIEIRYY AIRRY, EpERBNKI Carl Aakglarghibeaiegs . | n

addi tion, the substanc btai ned are “di stinguished by surprisingl’y and

unusual I'y hi ggviﬁgi atldelasn opkeBiR‘s by COORY groeupbe handled 15 in air w thout
probl ens, which énornously sinplifies subsequent use of the substances as

precursors for the deposition of netallic copper. 20 09 25 30 35 |f the
conpounds of Rf heanyeindeperidently of (one aanothesn: &g R on dhi alkylr eyclagiows
mrrorsremains; all by-products are volatile and can thus be renoved from
the reacti onaHﬁelrlyLv@fCﬁO%likﬁﬂW.aWh@lKﬂ@Fﬂfﬂr K¥B¥posi tion proceeds in
accordance with the following equation: 0 X O L Cu; Cu L AT =2 Cu + 2 Q02

gﬁ?btn Od?og?5e°£$r&ph%§%t§;§fﬁez§%5%&$l IgiriAe b 30 R gafed . fe R b oo
t
deﬁoéi{’}“ﬁ‘n‘“o@q‘%@fa R BT ant i hBulral GBRCE o Bie MoPatcrERP BN | ¢
g"g ’ Epg‘gg 3/068@%@{;% %f@ R aptbtie! Sigente soffEhta The! Eamippudls FIIGeh000850
eral formula (1) can be isolated in the pure form as temperature-stable

“ substances. In addition, the substances obtained are distinguished by

surprisingly and unusually high oxidation stability; they can be handled
15 in air without problems, which enormously simplifies subsequent use of

the substances as precursors for the deposition of metallic copper.

If the compounds of the general formula (I) are heated, a highly pure

copper mirror remains; all by-products are volatile and can thus be

20
removed from the reaction site very simply. The thermal decomposition
proceeds in accordance with the following equation:
O )
AT
‘ 25 L-—*Cuij/l\:cu"-—L ————= 2Cu + 2CO, + 2L
O O

30 The only reaction products formed, besides metallic copper, are carbon

dioxide and the Lewis base L, which can be regenerated and re-used.

The compounds of the general formula (l) can be used as precursors for

the deposition of metallic copper. The deposition can be carried out

33 from the gas phase or from a solution of precursor and a suitable sol-




N.r 5 10 15 20 25 30 35 vent or fromthe solid state of the precursor

t hrough contact of the pre- cursor with a heated substrate. It is

advant ageggosumapssoed with the prior art that copper(l) pceErzmonsssy th
whi ch netal lic copper can be deposited {p the extent of 100%in a defined
free-radical -free deconpo- sition reaction with formation of highly pure
copper filnms are accessible for the first tinme. The yield of deposited
metallic copper can thus be increased from50 to 100% conpared with the

prior art. T@Q{;gﬂoﬁﬁ &!solid ¥tsafl‘gcbfitﬁé 'ddryénhrlahgh%rﬁlagy)apwé,prén

particul ar t oxi dat1 on bili1ty, enornously™sinp handl'i ng of

the conpoundgyrstr tWith 4 MRRAEd Subistidte. depsidvantagdouecanparecomiy tend t hus
have a favourable effect on the deposition process in terns of cost. The

advant ages ofridhart dnab coppeofl) tprecyesors awvithowhidha nietallio qopped can the t he
substance used in the prior arte"(ﬂCugra_Sel ect(re)“%3 are thus: better physical
propergi es, geposited tojherextent abl08Vain Bidsfinestiresrradical-rae degaspeet i es,

such as hi gher, oxi dati ility, sjnpl handl i nq, i .
Synthosi 5 oupign isadienwih 1ermauen &t Bl pUrs conper TR pie BBEPesEfar cd
wi t h hexaf | ugr oacet. to t [ - L In th
deposi t?(on g&)&c@sh}%ﬁﬁﬁﬁ' nf 'P%gﬂg%%ﬁoﬁ%%'ﬁéagﬁ%% %Ilﬁ)&pglrc?ér?vxgﬁﬁg b’ ©
by- pr oduct ' q,gw i 1BR- i dirhel high. -
cgrrgounds io%%%f¢ﬁ§¢{rgl1gp ons \/\hlacr%acgﬁl{hlrtggﬁ r'tldi'rl %ﬂf {I’ng_hlglﬁnsethbﬁ
contampat i Oﬂ‘%fﬁﬁﬂ qﬁ%ﬁnéiﬂvi‘t@%f%@bén‘ﬁﬁiumsﬂﬂﬁspéﬁi@:ul@/ﬂ‘f@high toxédstion hesi s
of the cCopper(l) precursors according to the inven- tion is thus sinpler and
| ess expensi stalilityn enbamouisly senplifynieandlitd wf the donapounds ipéhe [Propess ur sor
”aSel ect(r), which is (trimethylvinyl- silane)copper(l)

f 1 uor oact@nyihgcdepnsition of metallicageppemand; taisphave a favourable effect

on the deposition process in terms of cost.

> The advantages of the compounds of the general formula (I) compared
with the substance used in the prior art (CupraSelect®) are thus: better
physical properties, such as higher thermal stability, better chemical
20 properties, such as higher oxidation stability, simpler handling, less

expensive synthesis owing to the much cheaper starting material oxalic
acid compared with hexafluoroacetylacetone, double the yield of metal-
lic copper in the deposition process, copper-free and nontoxic by-prod-
. 25 ucts, fewer by-products and thus less environmental pollution. In addi-
tion, the compounds contain no fluorine atoms which can result in fluo-

rine contamination and thus in the wafers being unusable.

Overall, the synthesis of the copper{l) precursors according to the inven-

30 tion is thus simpler and less expensive than that of the commercially
available copper(l) precursor CupraSelect®, which is (trimethylvinyl-
silane)copper(l) hexafluoroacetylacetonate. At the same time, the pre-
cursors according to the invention enable both the quality of the copper

35

coatings to be increased and the environmental friendliness of the

process to be increased.



cursors according to the invention enable both the quality of the copper

coatings to be increased and the environnental friendliness of the process
t o be i noweasswhnosd® 2004/ 000850 PCT/ EP2003/ 005897 -11 N RCBEPDeseédset
description of the invention 5 Oorrpoundsl lof t he general fornula (1)
according to the invention contain an oXal ate dianion and two copper
centres in the oxidation state +1, where the oxalate dianion is bonded as a
bridge in a p-1,2,3,4 node to the two copper(l) centres. The di copper(l)
oxalate unit CuR2C22Cu is 10 stabilised by coordination of neutral |igands
L to one copper(l) centre each, preferably two identical ligands L, so that
the two copper(l) cen- tres have an at |east pseudo-trigonal-planar, if
desired al so3zaDetiile@esatiption\of teeimyéntiorhe copper atons present in the
conpl ex may He bonded I5 to two different Tigands L. For sinplification,
reference is generally nmade belowto the |igand or Lewi s base L, although
this may al sGobepourdsof the generahviormiula ¢heatcardinghtsthe inventionbeeniain . 20
25 30 35 L stands for an alkyne R-C=C-R or al kene R HC=CHR whi ch contai ns
at | east oneanioxalatg dianien gndutwo LCQRBETT centies by thepexidatian stalert =N, a

%:2‘&2&%?{ \WHare she Srilate. alaBTon is bReeed S8 Eﬁégeunpw ﬁ,ﬂﬁéﬁomoﬁ%o
DO o e o OSBRI Gl fES,) Tae HlcBpB¥r B ORRBE it EyBaoRcilis o "or
al kyl, yC' Oéﬂém'.seoﬁg}ygegbrmﬁé%%#ﬁamral léhdsaiB‘%' é'e‘oé;% erglt)%htfe

haV|ng at | east one group. can I ndep ly of one
anot her, R ogath, préferablyytde®adénticalal L, Goctha! thentwo c@?pbr(l)ibbw- aryI
kynyl Al'kyl "groups can be strai ght- chain or branched Cl-C30-al k
er a- tres have an at least pseudo-trigonal-planar, if desired also a tetrahedra

environment. The copper atoms present in the complex may be bonded

15 to two different ligands L. For simplification, reference is generally made
below to the ligand or Lewis base L, although this may also be taken to
mean two different ligands or Lewis bases L.

20 L stands for an alkyne R-C=C-R' or alkene R‘'HC=CHR which contains

at least one silyl or ester group. L may furthermore be a nitrile R'-C=N, a
saturated or unsaturated nitrogen ligand, such as, for example, RN,
R.N(CH2)nNR';, substituted or unsubstituted 2 2'-bipyridine or 1,10-
‘ 25 phenanthroline, a phosphite P(OR")s, an alkylphosphine P(alkyl)s, an
ether R-O-R’, a diether, a thioether R'-S-R‘ or a dithioether. R in turn
can be alkyl, cycloalkyl, alkenyl, cycloalkenyl, aryl, alkylaryls or alkynyl
having at least one SiR'; or COOR' group. R' can be, independently of
30 one another, R or H, alkyl, cycloalkyl, alkenyl, cycloalkenyl, aryl, alkyi-
aryl or alkynyl.

Alkyl groups can be straight-chain or branched C1-C30-alkyls, prefera-

bly straight-chain or branched C1-C9-alkyls, particularly preferably

33 straight-chain or branched C1-C4-alkyis from the group methyl, ethyl, n-



bl,y straight-chain or branched Cl-C9-al kyls, particularly preferably

strai ght-chain or branched Cl-C4-alkyls fromthe group nethyl, ethyl, n WO
2004/ 0008k0 26tH0édR8003/ 005897 -12 5 10 M 15 and i - pr opy| PEYEPIN3/M58Y7and
tert-butyl. Cycloal kyl groups can be strlI _ght- chain or branched

C3- C30-cycl oal kyl s, preferably C3-C9-cycloal kyls, particularly preferably
C3- C6-cycl oal kyl s from the group cycl opropyl, cycl obutyl, cycl opentyl and
cycl ohexyl . Al kenyl groups can be straight- chain or branched

C2- C30- al keryghg . fprBEEaﬁpalﬂ-y 1>ahateRLbGHR OyLloakAfroRps Car-Beastamits,

particularly pre st’ralg or bran - C6- al kenyl s fromthe

group vinyl chélhoé?"dr'ancbléﬁemﬁ Cmgﬁﬁﬁlkw@d ;inefeeabl C3- S aleloajkylgr oups
can be straight-chain or branched C30-cycl oal kenyl s, preferably C3-C9-

cycl oal keny! particatarly yreférabby dﬁ&@@qycﬁiﬂlmmcﬁ‘amaﬂheegyospf@yﬂiﬂpl’ﬂpylgr oup
cycl opropenyl, I éclobutenyl cycl opentenyl, cyclo pentad ienyl and
Q

met hyl gycl opeyalabityhycyclopentyy adpeydaRe®d. cs- C10-aryls, preferably phenyl
or naphthyl. A kyl- aryls can be C7-C18-al kyl aryls, preferably tolyl or

G- b al kyrhikeny! (oraibsise e SEHETERARR Gr iR 2 CabaRG AR,

e AN LSS R
S kenes.. ”e;‘gfam HignRRASM BF DrahiheaTOICA éyIiom feCgfo

al kene contain at least one Silyl or ester

group. (’!’r ef epRipemyl S bitersyl, tperﬂéqluaﬁdoﬁeﬁérmn@ydloathenyhfgraljﬁ@ car R

group, and particularly good results are obtained with

“ straight-chain or branched C3-C30-cycloalkenyls, preferably C3-C9-
cycloalkenyls, particularly preferably C3-C6-cycloalkenyls from the

group cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclopentadienyl and

15
methylcyclopentadienyl.
Aryl groups can be C6-C10-aryls, preferably phenyl or naphthyl. Alkyl-
aryls can be C7-C18-alkylaryls, preferably tolyl or mesityl.

20

Alkynyl groups can be straight-chain or branched C2-C30-alkynyls,
preferably straight-chain or branched C2-CS-alkynyls, particularly pref-
erably straight-chain or branched C2-C6-alkynyls from the group

‘ 55 ethynyl, propynyl, butynyl, pentynyl and hexynyl.

Particularly suitable neutral Lewis bases are alkynes of the formula
R-C=C-R‘ and alkenes of the formula R'HC=CHR which contain at least

one silyl or ester group. Preference is given to the use of alkynes from

30 the R'5Si-C=C-R' group, and particularly good results are obtained with |
the alkynes MesSi-C=C-R' (R’ = SiMes, CHs, CzHs, CsHz, C4Hs, phenyl,
COOMe, COOEt) and with the atkynes MeOOC-C=C-COOMe and

25 EtOQC-C=C-COOEt. Preference is given to the use of alkenes from the

R‘'HC=CHR group, and particularly good properties are obtained with



t he al kynes Me3Si-C=CR (R = SiMe3, CH3, C2H5, C3H7, C4H9, phenyl, COOwW,
COCEt) and with the al kynes MeOOC- C=C- COOve and Et OOC-C=C-COCOEt. Preference
i s given wop obgousse of al kenes fromthe R HC=CHR group, adqu/Rearsiewsbar!|y
goeod properties are obtained with WO 20041000850 PCT/ EP2003/ 005897 -13 the
al kenes H2C=CHSIi Me3, H2C=CHSI R 3, in which R, independently of one

anot her, can be CH3, C2H5, C3H7/, C4H9, HC=CH2 or phenyl, and wth the

al kenes H2C=CHCOOCH3 and H2C=CHCOOC2H5. Particularly 5 good results are

bt ol oo g o e acdary o 9c
rocecrs: et o PR RS TR IoMEE e GRS e R pege R e 68 S
sui tabl e as gRatambthefWcanbBe 8SH;NICH;! €5:HR, ©hH,, HO=EMaror phehigh G t Bu

C=N, C4H9C=N or Ph-C=-N, saturated or un- saturated nitrogen |igands R 3N,

such as, forwithathg alkeNesHBL,G=CHOCR8%3and HEGRCEHROOGH;. Radicutarly f or
exanpl e, H2N- ( CH2) 2- NH2, (CH3) 2N- (CH2) z- N(CH3) 2, ( C2H5) 2N- ( CH2) 2- N( C2H5) 2,

H2N- ( Cki2) 4- Ngaod eSiis2bre Qitained @th) the (alkynes WMeetirC4ONGiIes) MesSi
substituted or un substituted 2,2'-bipyridine or 1,10- henatnt hrol i ne or
2, 9- di et hyl C&C-0Bu@nshthe aH@ne:sdﬂz@th-p‘ﬁnﬁtg‘deonQ?@HE MeLBuP(OR )3, for
exanple P(OCH3)3, P(0OC2H5)3, P(OC6H11)3 or P(OPh)3; trial kyl phosphi nes of
the formula PR 3, for exanple P(CH3)3, P(C2H5)3, P(C3H7)3, P(CAHI9)3 or
P(CoHt 1) 3; eTherfollowingaareoalsa awitablecag neyteal fewisdrases - mtrilest BrC=bixanpl e
C2H5- O C2H5, CH3- O CAH9, CHBO- (CH2) 2- OCH3 or (2H50- (C. H2) 2- OC2H5;
t hi oet E\:ﬁés ofortexampleni e 0N SBr Calll aldeCeN 0§ PheR=N; $afurates or un-
CH3- S- , QH5-S-C2H5, C3H7-S- C3H7, Ph-S-Ph, CH3S (CH2) 2-S ,
CH3S- ( CH2) 3- m&% HBitrqae) baargss RN prsigho 8.2 f%bhﬁg‘amp?‘;? N(CHs)s,
o0 N(CzHs)s of R2N(CH).NR', such as, for example, HoN-(CHz)-NH;,
(CH3)oN-(CH2)-N(CHa),,  (C2Hs)aN-(CH2)-N(C2Hs)2,  HzN-(CH2)s-NH.,
15 (CH3)2N-(CH2)4-N(CH3)2, (C2H5)2N-(CH2)4-N(C2Hs), or substituted or un-
substituted 2,2'-bipyridine or 1,10-phenanthroiine or 2,9-dimethyl-1,10-
phenanthroline; phosphites of the formula P(OR‘); for example
P(OCH3)s, P(OC2Hs)s, P(OCsHi1)s or P(OPh)s; trialkyiphosphines of the
20 formula PR's, for example P(CHai)s, P(CzHs)s, P(CsH7)s, P(C4Hg)s oOF
P(CsH11)s; ethers of the formulae R-O-R' and R'O-(CR'),-OR’, for
example Csz—O-Csz, CH3—O-C4H9, CH30‘(CH2)2-OCH3 or CszO-
(CH2)-OC:Hs; thioethers of the formulae R'-S-R' and R'S-(CR';).-SR’,
@® 5 for example CHxS-CHs, CaHs-S-CoHs, CsHr-S-CsHy, Ph-S-Ph, CHsS-
(CH2)2‘SCH3, CH3S-(CH2)3-SCH3, CszS-(CHz)z-SCsz or phS-(CHz)z-

SPh.

The compound of the general formula (i) is prepared by reaction of

30 Cu;0, oxalic acid and the Lewis base L under a protective-gas atmos-
phere in an inert aprotic organic solvent. The Lewis base L. employed for
this purpose can be two different Lewis bases L in an equimolar ratio.

" The sequence of addition of the components can be selected as

desired. If the Lewis base L to be employed is a mixture of two corre-




The conpound of the general forrmula (I) is prepared by reaction of Cu20
oxalic acid and the Lewi s base L under a protective-gas atnos- phere in an
i nert aprwbizofidgsni c sol vent. The Lewi s base L enpl oyed POT/EPRRBH0OSAT pose
can be two different Lewis bases L in an fqui nol ar ratio. The sequence of
addi tion of the conponents can be sel ec't!ad'as desired. If the Lewis base L
to be enployed is a mxture of two corre WD 20041000850 PCT/ EP2003/ 005897

- 14 spondi ng conpounds, the two conpounds are preferably added to the

o ! o : .
Laarti on. reebafiaig KOMTRRKE. ¥netw KBt Bfe Tigidiabladed tithe
sui tabl e sol i B@S&ﬂﬁé 3 m%ﬁecﬁsélx%ﬁ niiged@ wihi sh@rarldther bef&ie thad! e

sol vents whi ch can used for carrying out the reaction are inert aprotic

sol vents, sugHdam e statingwompolinds @anpbatpre-dissolvednat suspended in
carbons, which may be partially hal ogenated, or ethers and cyclic 10 ethers.
Particyl ar paesuitable saleent oraddedtwithoyksolvept asam solideoraigyid.

cycl ohexane, toluene, nethylene chloride, trichloronethane,

chl or obenzen80lvgnts mhic@mb%useetfpamwm;%lhqﬁ%a%m ace ii"\?é?n _@ﬁOtiC
the ot Q?Ej ?négﬁ?r@z@%ﬁagﬁc&%%?&h%ﬁ@% Facualf: alenedt d Aomafic Rykbicon
1:1:2 1:1; g -4 2 c 1 - i .

or ef er abl y. 1‘%‘?'45?&%&{'@& %ﬁ%@?ﬁﬁ’f’;ﬁahdﬁ@%@%@qe effrs antcgelie
Suneol O cefers Purbicllanbictef@REE T8 difeR® e Ae! hsbrfafe, hEMaNE)

reacti can be carried out" at a tenperature in the ran om-30to

+100C, pref enaptand,r @gtl_&hbﬁaﬁé,ct@ménee,rmamﬂteﬁeabhwrim vgiohlGometthané0C. The
ai ned at roomtenperature. The reac- tion tine is

st yields are ob
men | andhibtobenzene prdietindbethdretone tetrahyardfigramouil be2 pratettivergas
preferably between 3 and 6 hours. The reaction sqolution changes begi nning
froma red sapesphere used can he NEERISN 5ragens i hes staichigmetrics (ate #fi on,

eparalsq of e Totalliie MaeBRlS ol by iORRCH Bcich AR et b Wi BSFLbaS o or
oL oL CheHBUR, 1:4 MRETSF A0 PEtiER bRl T2 LTI B PR
enpl oyed. ThgGRFRPPRéferably! 19:9THeALewis base L should not be added in a
sub-stoichiometric amount with respect to oxalic acid and Cu,O. The
20 reaction can be carried out at a temperature in the range from -30 to
+100°C, preferably from O to 50°C and very preferably between 20 and
40°C. The highest yields are obtained at room temperature. The reac-
tion time is between 1 and 24 hours, preferably between 2 and 8 hours
and very preferably between 3 and 6 hours. The reaction solution
changes beginning from a red suspension to a colourless or brownish
solution or suspension, depending on the type of complex formed. The
insoluble constituents are separated off. This can be carried out by fil-
tration, 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 (l) are subsequently isolated. This can be carried out after the
removal of the solvent by methods known to the person skilled in the art.
If necessary, further purification is carried out. Instead of mechanical
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faoarnmula (1) are subsequently isolated. This can be carried out after the 35
renoval of the solvent by nmethods known to the person skilled in the art.

| f necessaipyondmingdaer purification is carried out. |nsteagcofEprmahasscal WO
2004/ 000850 PCT/ EP2003/ 005897 -15 N 5 15:.10 separation of the solids from
the reaction mxture by filtration or other nethods, it is also possible to
carry out an extraction in order to renove the product forned. The
conpounds of the general forrmula (1) are, as already described above,

L2 SR S0 S0, A0S o R b i et e

subst ances an sequen ana ytical

spect r oscopi ﬁiﬁthﬁdsTRQStéT% FRIssiiseay Gérfyr@ijt taheeﬂ@émmmﬁﬁomﬁr teeremove

i nvestigated investi- gated by neans of t her nogravi netric anal ysis) and
DSC (di f f er - trenpradustcformed Theaaompounils daﬁwmgegeraloimﬂar(ll)ear@uas have
shown that the deconposition of the conpounds according to the invention

t akes s5pl acealreadynwlascsibges: abavesT surprisingly tammtatune-stab_te yand coan- L .
-2L -2C02 20,40 25 30 35 Firstly, the Lew s base i S ellmnateﬂfromthe
copper (1) cofhgreforerhesiso tﬁﬁ\ W§{”| 8% RUHE %'P%%‘aﬂﬁﬁﬁ #nd Subseguently Chpendi ng

on the conpoun det cted b In the second step,
decar boxylmz;t a s(ggﬂgna ytlca ahd” spe&roé(coptcally P

The thermal behaviour of the compounds can be investigated investi-

10
gated by means of TGA (thermogravimetric analysis) and DSC (differ-
“ ential scanning calorimetry). Investigations carried out have shown that
the decomposition of the compounds according to the invention takes
s place in 2 main steps:
N AT AT
L—= Cu/ X ,Cu-*— L —— Cu0,, —» Cu
0% =0 -21L -2CO,
20

Firstly, the Lewis base L is eliminated from the copper(l}) complex. This

elimination can also take place stepwise, depending on the compound,
‘ 25 and can be detected by TGA. In the second step, decarboxylation takes
place with formation of metallic copper and carbon dioxide through an
internal redox reaction of the remaining fragment CuQO;C>0;Cu. The first
step is carried out, depending on the precursor, at a temperature in the
range from about 50 to about 200°C, and the second from about 150°C
and is complete at about 350°C. However, it is entirely possible for the

30

elimination of the Lewis bases and the decarboxylation reaction to pro-
ceed in parallel on transition to higher temperatures. The residual con-
35 tent corresponds precisely to the copper content in the corresponding
copper(l) precursor, so that the yield of metallic copper is 100% with the



pl.ace wwth formation of nmetallic copper and carbon di oxide through an

I nternal redox reaction of the remaining fragnent Cu2C2Q2Cu. The first

step i s cawyieesoasde, dependi ng on the precursor, at a temperatrasos szt he
range from about 50 to about 200C, and _tW second from about 150C and is
conpl ete at about 350C. However, it is ehtirely possible for the
elimnation of the Lewis bases and the decarboxylation reaction to pro- ceed
in parallel on transition to higher tenperatures. The residual con- tent

corresponds | 0 Gt ' er(l)
brecur sor s SOTHAUAde, O i GeBeRATRRM BY arkdis'thes SRAIIAERAAE b the pAee
2004/ 000850 BHT/ EP2003/ 005897 -16 conpounds of the general formula (1) and
is thus double that of the prior art. 5 10 N 15 20 go 25 30 This efficient
deconposition reaction results in fewer by-products with the conpounds of

the general Thisngfficién) decopapesitiont fedctienpresuitsain fewéhdyrpeuatsiwitihase L
re-forgs in the deposition process and can be collected by appropriate
devi ces, suctheasponipoundsafithe general fapmula (Hheompanedwithithe pmar ag- used:;
the second by-product formed in carbon diox- jde. Conpared with the prior

art, in whi chheoligerkewis Rasgr b Usriesns: i the dapasilien pracess andcanphte
Lt ! 1 gL L0 ot TEe b BUEFUR, o RS PEGRGBs  fue,
(veas - coc SFx38aloand eiaEa tisSpE0R PRI ol QRredi digy; g
100G and can R I e B g B K s
“106 conpatetbrvdtehahdether Lewisrthase namethpivinylsilane are formed as by-

products, the by-products are copper-free, nontoxic and thus safer. The

-

s environmental pollution is thus significantly less than on use of the com-
pounds of the prior art.

(MesSi-C=C-SiMe;),Cu;04C; has proven to be a thermally stable com-

pound which is extremely insensitive to oxidation. The compound is

20 stable up to 100°C and can be handled in air over a period of weeks.

This is an enormous advance compared with the prior art since Cupra-

Select® decomposes slowly even from about 50°C and the compound

is also rapidly oxidised in air to give copper(li). This enables very much

‘ 25 simpler handling not only in the synthesis, but also in the deposition

|
|
|
process. ‘

The compounds of the general formula (1) can be used as precursors for
30 the deposition of metallic copper. The deposition of metallic copper
films can take place from the gas phase or from a solution of precursor

contact of the precursor with a heated substrate.

35

and a suitable solvent or from the solid state of the precursor through




Sel ect (r) deconposes slowy even from about 50C and the conpound is also
rapidly oxidised in air to give copper(ll). This enables very much sinpler
handl i ng wotoesdoysson t he synthesis, but also in the deposPCTHER200308BREs. The
compounds of the general formula (1) cam-e used as precursors for the
deposition of netallic copper. The deposition of netallic copper filns can
take place fromthe gas phase or froma solution of precursor and a
suitabl e solvent or fromthe solid state of the precursor through contact

of the precugrgpriystratien v §6r PEtr ahgerstandifg? @P4he0pRsgent invention,
PCT/ EP2003/ Ogégégﬂgﬁ%%@?\l 5 10 15 20 so 25 30 359|2:or iIIEstration and for

better undergxampiles apé dgiven betownHowesert bwing tethegjererat ealiditye of the ow.
However, owi ng to the general validi t%/ of the inventive principle

descri bed, timveatizeeprincipiei dasgribedyr theseuaragnethsuitablepfonregueingcthen of
the present application to just these exa rt.he{ nmore, the contents

of thescit edSgop@rmf ﬁ@ﬁ%@ﬂi@n&%@%@%%bﬁéﬂéﬁ’gzﬁ jyst these &xam@les.
di scl osure ceghﬁnt of?tegﬁepr eﬂgms Ild}Vﬁ_{E[ 'c?t'%d""'ﬂ'a?é'nt Eﬁbﬂﬁaﬂgﬁs bé\:g %o 068t he

descri ption.

Di {jbis(tri i ? ( fi ‘W}gm—@& 3 and
2.14 g of o;rgéd%d%?i #?%gé%g@&{so%%a&gés%%a&?HE#O%P%B%XR g';n Cu20 1 nwgo m
of met hyl enef i OIHIBaYRASr thedés&ifticRs atnosphere, and the mixture is
stirred at roomtenperature for 4 hours. |In order to renove insol uble

residugg, the solution is passed through a

“ 4. Examples

Example 1

15
Di{fbis(trimethylsilyl)acetylenejcopper(l)} oxalate

8 g of Me;SiC=CSiMe; and 2.14 g of oxalic acid are added to a suspen-
20 sion of 3.4 g of Cu,0 in 30 mi of methylene chloride under an inert-gas
atmosphere, and the mixture is stirred at room temperature for 4 hours.
In order to remove insoluble residues, the solution is passed through a
frit with silica gel, and the residue is washed twice with methylene chlo-
‘ 25 ride on the frit. The colourless solution is evaporated, and colourless

crystals of (Me;SiC=CSiMe;),Cu.0.C; are obtained at -30°C.

C18H3sCu04Si4 (555.92 g/mol). Analysis [%]: calculated: C 38.9, H 6.5,

found: C 38.7, H 6.6. IR (KBr) [cm™}: ve—c 1935, vcor 1642, 1354, 1309.
%0 'H-NMR (CDCls) [ppm]: 0.30 (s, 36 H, SiMes). ’C-NMR (CDCl3) [ppm]: |
0.0 (SiMes), 114.2 (C=C), 171.8 (CO,). MS (m/e (%)): 788 (25) [M +
Cu(Me;SiC=CSiMe;)]", 618 (10) [M + CuJ", 403 (68) [M - CuO.4C;]", 233
(100) [M - (MesSiC=CSiMe;)CuQ4C.]". TG (30-1000°C, 5°C/min) two-

step decomposition, 1st step temperature range 100-170°C, weight drop

35




frit with silica gel, and the residue is washed tw ce with nethyl ene chlo-
ride on the frit. The col ourless solution is evaporated, and col ourl ess
cryst al s wd 2daBBsC=CSi Me3) 2Cu204C2 are obtai ned at - 30C. PCLERIBGIEBATS 4
(955.92 g/mol). Analysis [%4: cal cul atedjg C 38.9, H 6.5  found: C 38.7, H
6.6. IR (KBr) [cm1]: vc=c 1935, VC021642, 1354, 1309. 1H NMR (CDCl 3)
[ppn]: 0.30 (s, 36 H SiMe3). 13C-NWR (CDCI3) [ppnl: 0.0 (SiMe3), 114.2
(C0O, 171.8 (C02). M5 (mMe (%9): 788 (25) IM+ Cu(M3Si C=CSi Me3)]+, 618

(10) [M + Cupso idAes; , : 0-290°C,
(Me3Si C=Csi @§{°@A®Z£?§lqy?§@é%%hd g@én trﬁﬁ%tﬁﬁ ergnggcg%osi tion, 1st
Step temer agigntidioge) 1AXACTS) HAYighal GETenY@4%002/000850

PCT/ EP2003/ 005897 - "18 65% (2 3Si C=CSi Me3), 2nd step tenperature range
230-290C, weight drop 11 % (2 CO2), residual content 24% (2 Cu). N5 10 15
Fig. 1 showsFighel showsitheidecompositioa of theodifbis(tnimetiyylsilylyagelytenglene] -
copper§l)} oxal ate prepared as a function of tenperature w.th deposition of
athin Coppe$OPQQE(HE)@Xa£at§LM§W@@.335@ functignebteraperature withdspesition | o o

Si Me3 Si Me3 Efaqﬁle 2 20 so 25 30 35

Di ([(trimeth§! & W??W@uéﬂﬂé’&e@?ﬁ SUR®pper (1)) oxalate 5 nl of

Me3Si C=C'Bu and 1.13 g of oxalic acid are added to a suspen- sion of 1.8 g
of Cu20in 400 m of nethylene chloride under an inert-gas

10
SiMe, SiMe,
® T
'\dI — /
SiMe, SiMe,
15
Example 2

20 Di{J(trimethyisilyl)(n-butyl)acetylenejcopper{l)} oxalate

5 ml of Me;SiC=C"Bu and 1.13 g of oxalic acid are added to a suspen-
sion of 1.8 g of Cu,O in 400 ml of methylene chloride under an inert-gas
‘ 5 atmosphere, and the mixture is stirred at room temperature for 5 hours.
In order to remove insolubie residues, the solution is passed through a
frit with silica gel, and the residue is washed twice with methylene chlo-
ride on the frit. The colourless solution is evaporated, and colourless
30 crystals of (Me;SiC=C"Bu)>.Cu,04C; are obtained at -30°C.

ConasCU204S|2 (52377 g/mol) IR (KBF) [cm'1]: ve=C 1986, veor 1643,
1355, 1311. "H-NMR (CDCls) [ppm]: 0.29 (s, 18 H, SiMes), 0.93 [t, 2Jin
=7.0Hz, 6 H, (CHy)sCH3], 1.3-1.6 [m, 4 H, (CHz)QCH2CH3], 1.5-1.8(m, 4

35
H, CHoCH:CH,CHs), 2.58 [t, %Jun = 7.0 Hz, 4 H, CH{CH.).CH,]. °C-



at nosphere, and the mxture is stirred at roomtenperature for 5 hours. 1In
order to renove insoluble residues, the solution is passed through a frit
with siliwa0&loossnd the residue is washed twi ce with nmet RgTERZOGMBIT ri de
on the frit. The colourless solution is gyaporated, and colourless crystals
of (Me3Si C=C'Bu) 2Cu2M4C2 are obtai ned at ~30C. C20H36Cu204Si 2 (523.77
glmol). IR (KBr) [cm1j. vc=c 1986, Vc021643, 1355, 1311. 1H NWR (CDCl 3)
[ppn]: 0.29 (s, 18 H, SiMe3), 0.93 [t, 3JHH = 7.0 Hz, 6 H (CH2)3CH3],
1.3-1.6 [m ( 2 1. . 8 Hy3GH2 ( , 20%87[t,
a3 = 7.0 tOMB LECHGELAAPITL - %18 M50 odebo eT a0tk obager -
19 N NMR ( : | AH 3RS, 85 4 (SO LCS]
22.5 (CHZCI%M@E%B'SQ %ngch%éby .4 ﬁw 12. gg?Si C=C)«, 171.4
(C02). M5 (g2 [SiCAG) (2971 [aM U(MESSIF7EBYAY: T8T (20) [N+ ] -,
371 (93) [Mﬁ?%gmgﬁq%égﬂw(loﬁc[@ﬁﬁ] (NESEi C=C§u))ZUO4C2] +@1lG ['(MC‘%O- 1000C,
5C/ m n§ two- Q(EBEP)""[ g8V (20} [ 9P CugTPBT #t MRgEU )Q17ei ght
drop 53% (2€‘I\J/§g|§|390—3§CBu), nd stép le[npergttﬁre ra_n(gcea?l[m- SOOQ%Pth drop
10 23% (2 QO@I)OO)VW'-C’%M& sm&eehg@émo%rom (38-f000°C, 5hOMir)hgvo-step
deconposition of the di {f(trl m et hyl silyl)(n-butyl)acety- |ene]copper(l)}
oxal ate prepgdeesmpdsitidnndti stepaenpenature rargevi70x1 50D oweightndip &3%i n
copper layer on a substrate. SiMe3 Bu 0 0 20 _CU cu---1 | Bu SiMe3 so 25
Exanpl e 3 Di (2 WesSiC=0Bu),i 2ndrstép | temperatureprangel 1700300 HE cwanght drop  of
H2C= 6M92 Bu and 1.13 g of oxalic acid are added to a suspension of 1.8 g
2

of Cu20”in 428%{2 &Ogneresideabcentent 2430 (Aded).an i nert-gas at nosphere, and
the m xture is stirred at roomtenperature for

“ Fig. 2 shows the decomposition of the di{[(trimethylsilyl)}(n-butyl)acety-

lene]copper(l)} oxalate prepared as a function of temperature with

15 deposition of a thin copper layer on a substrate.

SiMe, Bu
O 8
20|l —c I@u— |
o) 0
Bu SiMe,
o
Example 3

Dif(vinyl-t-butyldimethylsilane)copper(l)] oxalate

30 4.8 ml of H,C=CHSiMe,'Bu and 1.13 g of oxalic acid are added to a
suspension of 1.8 g of Cu,O in 400 ml of methylene chioride under an
inert-gas atmosphere, and the mixture is stirred at room temperature for
5 hours. In order to remove insoluble residues, the solution is passed

35 through a frit with silica gel, and the residue is washed twice with

methylene chloride on the frit. The colourless solution is evaporated,



5.hours. In order to renove insoluble residues, the solution is passed 35
through a frit with silica gel, and the residue is washed twice with

met hyl enewghloiddgsoon the frit. The col ourl ess sol ution i scenepacabad; VO
2004/ 000850 PCT/ EP2003/ 005897 -20 and c?é ourl ess crystals of

(H2C=CHSi Me2t Bu) 2Cu204C2 are obtai ned at“*-30C. 5 10 N 15 20 so 25
C18H36Cu2M4Si 2 (499.75 g/nmol). IR (KBr) [cm1]: vc021647, 1344, 1312.

1H NWVR (CDC13) [ppm: 0.14 (s, 12 H, Si(CH3)2), 0.90 (s, 18 H C(CH3)3),

30 L% 3" il oodfieds Fvetie of (€S0, B TG EF brg piffindsidy Jons

2.5 Hz, 2 H, _fgjdgr=CH2). 13C-NMVR (CDC13) [ppmi: -5.8 (SiMe2), 16.8 (CMe3),
26.2 (CMe3), 91.0 (=CH2), 97.4 (=CHSi), 171.6 (C02). MS (Ve (%): 347 (62)
[M- Cuo4C2]+, 206 (80) [M- (H2C=CHSi Me2Bu) CuO4C2] +. TG (30-1000C, 5C ni n)

three-step @WO' 498 755§ /nol) e RYKBITENT gnegoy 96430034421 @HR drop
39% (l5IZC:CHS? t Bu, 4%0\/&92),92nd‘)ste§ ter'r)lrgera?urgozr?ange 130- 170C,

wei ght " drop HNMRQTBGIAEpHmM]3ral 14t ¢, tehpdr aSBCe1)AndR.90118; 31D, wei ght
drop 19% (2 Q02), residual content 27% (2 Cu). Fig. 3 shows the
deconposi t i o (GHa)eddQ (dd,ntanst = I8 § 1R, ndth A 2i5 Hize P-HeSifpi=GHI). 8x&8 at e

Payor on o slbiates T8 BHZ,/Br 1153 Heu 20 STOH NG 80 i obestd S s
PCT/ EP2003/ 0415897 '~ 95 Hz, 2 H, SiCH=CH,). *C-NMR (CDCl) [ppm]: -5.8
o (SiMe,), 16.8 (CMes), 26.2 (CMes), 91.0 (=CH.), 97.4 (=CHSi), 171.6
“ (CO2). MS (mfe (%)) 347 (62) [M - CuO.C,]", 206 (80) [M -
(H2C=CHSiMe,Bu)CuO4C,]". TG (30-1000°C, 5°C/min) three-step
decomposition, 1st step temperature rahge 70-130°C, weight drop 39%
(H.C=CHSiMe;Bu, H.C=CMe,), 2nd step temperature range 130-
170°C, weight drop 15% (H,C=CHSiMe,H), 3rd step temperature range
170-310°C, weight drop 19% (2 CO,), residual content 27% (2 Cu).

15

20 Fig. 3 shows the decomposition of the di[(vinyl-t-butyldimethylsilane)-
copper(l)] oxalate prepared as a function of temperature with depaosition
of a thin copper layer on a substrate.

| tBu

/S!ﬂ /O /O\ |
—Cu I o1,
4

30

35



-21 N Exanple 4 D[ (vinyldiethyl nethylsilane)copper(1)J oxalate 5 4.4 m of
H2C=CHSI Et 2Me and 1.1 g of oxalic acid are added to a sus- pension of 1.8 g
of Cu20 iwo40éuuabssef nethyl ene chloride under an inert- geeTaPrm3péfssE, and
the mxture is stirred at room tenperat_uye_ for 5 hours. In order to renove
I nsol ubl e residues, the solution is passed 10 through a frit with silica
gel, and the reS|due I's washed twice with nethylene chloride on the frit.
The col ourl ess solution is evaporated, and colourless crystals of

(H2C=CHsi Et 2#’?3&@%%02 are obtained at -30C. 15 20 25 30 Cl16H32Cu2M4Si 2
(471.70 g/ nol). (KBr) [cm1]: vC=C 1496; v(C021645, 1343, 1310. ' H NMWR
(el 3) [ppm: 0.12 (s, 6 H Sime), 0.65 (g, 8 H 33 = 7.8 Hz, CH2), 0.98

t,12H3J 5 Hz, Jg.n, = 3.6 Hz, 2 H,
(SI CH=CHH) , & ('g%l*ﬁ Y ﬂ%bshyiﬂa%;éegpegw %a’agéo Hz, 2 % "5 CH=CH2), 4.81

(dd, Jas:130Hz Jgem= 3.5 Hz, 2 H, SICHECHH). 13C- NMR (CDCI3) [ppni:

-5.5 (& CH3)4.4n8 c(f&H@ECIHﬁlEtQME ar(l<$|1CH-Iz;ZHBPXaBe acig meﬂqed 96.% SUBRC=CH) ,
171.5 (COO). TG (30- 1000C, 5C -step deconposition, 1st ste
t enper at ur e pengion afol 859 of Qtdﬂcblﬂ 4996!3" obmethylene-chioricdewnger Qﬂdn&%p

STPE LS ohd Srashora and T ot i ik SPRbont TShbibuE TR 27

Femper at ur e 0Pdts. dpgeder 1 8 PRskluts s PR SR 18 pddsed °0

2004/ 099850 {pb(,GR240/1tOQAE1 ilics?gel, and the residue is washed twice with
methylene chloride on the frit. The colourless solution is evaporated,

“ and colourless crystals of (H,C=CHSIiEt.Me),Cu,0,C; are obtained at
-30°C.

15
C16H32Cu204Siz (47170 g/mol). IR (KBr) [cm'1]: ve=c 1496, vco2 1645,

1343, 1310. '"H-NMR (CDCls) [ppm]: 0.12 (s, 6 H, SiMe), 0.65 (g, 8 H, °J
= 7.8 Hz, CHy), 0.98 (t, 12 H, °J = 7.9 Hz, CHa), 4.48 (dd, Jyans = 17.5
Hz, Jgem = 3.6 Hz, 2 H, SiCH=CHH), 4.75 (dd, Jirans = 17.7 HZ, Jois = 13.0
Hz, 2 H, SiCH=CH,), 4.81 (dd, Jus = 13.0 Hz, Jgem = 3.5 Hz, 2 H,
SiICH=CHH). *C-NMR (CDCls) [ppm]: -5.5 (SiCH3), 5.3 (SiCH:CHs), 7.3
(SiCHCHs), 89.7 (H.C=CH), 96.6 (H.C=CH), 171.5 (COO). TG (30-
‘ 75 1000°C, 5°C/min) two-step decomposition, 1st step temperature range
50-150°C, weight drop 50% (2 H.C=CHSiEt.Me), 2nd step temperature
range 150-320°C, weight drop 23% (2 CO,), residual content 27% (2
Cu).

20

30 Fig. 4 shows the decompaosition of the di[(vinyldiethylmethylsilane)cop-

per(l)] oxalate prepared as a function of temperature with deposition of
a thin copper layer on a substrate.

35



\.Cu Et 510 N15 20 25 30 U -0 Sim /f Et 35 WO 2004/ 000850

PCT/ EP2003/ 005897 -23 PATENT CLAIMS 1. Conpounds of the general formula (1)
5 L Cu Ovbhosdioo@soL (1), 10 N 15 in which copper has thBCHEPHUSNEISE at e

+1, and L denotes R-C=C-R having at |eagt_one silyl or ester group,

R HC=CHR having at |east one silyl or ester group, R3S -C=CR, R 3N

R 2N(CH2), NR 2, substituted or unsubstituted 2,2'-bipyridine,

1, 10- phenanthroline, P(OR )3, P(alkyl)3, R-OR, R-QCH2),0R, R-SR,

R-S(CH2)" S-R m@r a nitrile fromthe group CH3-C=N, tBu-C=N, CAH9C=N and

Ph- C=N 20 where igg 25

Et/SI /O -0,
| —cu :I\ Gu— ”\ _Et
0] o) Si
d
Et

10
15
20
‘ 25
30

35



30 35 R denotes A, aryl, alkylaryl or alkynyl having at | east one SiR 3 or
COOR group and R denotes R, H, A, aryl, alkylaryl or alkynyl, where L, R
| and R maygodsboodsgdependent |y of one anot her, adopt i derCT/aatooanosddT fer ent
meanings in different positions of the _r% ecule, and A denotes
strai ght-chain or branched Cl-C30-al kyl,”C3- C30-cycl oal kyl s, straight-chain
or branched C2-C30- al kenyl, straight-chain or branched C3-C30-cycl o-
al kenyl aryl denotes C6-Cl0-aryls al kylaryls WD 2004/ 000850
PCT/ EP2003/ 005897 -24 al kyl argyl -1C | aryl s al kynyl denotes
strai ght-chain or branched Q-%@ﬁgﬁwgl Cél&'?l@“? Conmpounds according to
Claiml, in which A denotes straight-chain or branched Cil-C9-alkyl,
strai ght-chajn = O Rﬁhlm J4Nnstraight- chain or branched
C2- C9- al kenf/uf', g?@bg’ﬁﬁﬁgﬁgfﬁéegeﬁggnc e b(@ C9- cycl oal kenyl aryl denotes
phenyl, naphthyl, alkylaryl denotes tolyl or nesityl, alkynyl denotes
strai ght-chain or branched g@ Kynyls and R and R may each,
i ndependent|y of onelanet gy, opt Cuden— [tical or different nmeanings in
different positions of the np . 15 20 2§30

in which copper has the oxidation state +1, and

10 L denotes R-C=C-R’' having at least one silyl or ester
“ group, R'HC=CHR having at least one silyl or ester
group, R’3Si-C=C-R’, R'sN, R':2N(CH2).NR'2, substituted
or unsubstituted 2,2"-bipyridine, 1,10-phenanthroline,
15
P(OR'),, P(alkyl)s, R-O-R‘, R-O(CH2),0-R’, R-S-R’,
R-S{CH.),S-R' or a nitrite from the group CHs-C=N,
'Bu-C=N, C4sHsC=N and Ph-C=N
20 where
R denotes A, aryl, alkylaryl or alkynyl having at least one
SiR‘; or COOR' group and
. R* denotes R, H, A, aryl, alkylaryl or alkynyl,
25
where L, R and R’ may each, independently of one another, adopt
identical or different meanings in different positions of the molecule,
and
30 A denotes straight-chain or branched C1-C30-alkyl, C3-
C30-cycloalkyls, straight-chain or branched C2-C30-
alkenyl, straight-chain or branched C3-C30-cyclo-
alkenyl
35

aryl denotes C6-C10-aryls alkylaryls




35 3. Conpounds according to Claim1, in which A denotes straight-chain or
branched Cl-C4-al kyls from the group nethyl, ethyl, n- and i-propyl or n-,
i - and t efyb20biaousse C3- C6- cycl oal kyl s from the group cycl eprmpydo3nsg97

cycl obutyl, cycl opentyl and cyclohexyl,_f&faight-chain or branched

C2- C6- al kenyl s fromthe group vinyl, pro- penyl, butenyl, pentenyl or
hexenyl, C3-C6-cyclo- al kenyls fromthe group cycl opropenyl, cyclobutenyl,
cycl opent enyl, cycl opentadi enyl and net hyl cycl openta- dienyl aryl denotes
phenyl, napht hyl

yl ar S 1 sityl, al kynyl denotes
straight-chain c?gkﬂrgbﬁchedd@&%%?%?%/m%kw?%get he group et hynyl, propynyl,
butynyl, pentynyl or hexynyl 2004/ 000850 PCT/ EP2003/.Q0 7 .-25 and R and
R may each, indkEment | ﬁ%ggﬁt@iggﬂgﬁ?'%eﬁHamé@gac&'ggl%"ﬁwyaﬂ'ferent

meanings in different positions of the nolecule. M5 10 15 4. Conpounds
according to Caim1, in which L denotes RRC=C-R or R HC=CHR, each having

at | eagt one2si |ompoundstaccardingto Ehaim Heimadiiclal s R and R have thje
meani ngs given in Caim11. 5. Conpounds according to Claiml, _in which L

denotes R 3Si-CAC- R, whedenstesdestraightsshain, o3 branehed c3bit-CoAlsyl,
phenyl, COOMe,  OOCEL. straight-chain or branched C3-C9-cycloalkyl, straight-
chain or branched C2-Cg-alkenyl, straight-chain or

10 branched C3-C9-cycloalkenyl

‘ aryl denotes phenyl, naphthyl,
alkylaryl denotes tolyt or mesityl,

15 alkynyl denotes straight-chain or branched C2-C9-alkynyls
and R and R’ may each, independently of one another, adopt iden-

tical or different meanings in different positions of the molecuie.

3. Compounds according to Claim 1, in which

20 A denotes straight-chain or branched C1-C4-alkyls from

the group methyl, ethyl, n- and i-propy! or n-, i- and tert-

butyl, C3-C6-cycloalkyls from the group cyclopropyl,

. s cyclobutyl, cyclopentyl and cyclohexyl, straight-chain or
branched C2-C6-alkenyls from the group vinyl, pro-

penyl, butenyl, pentenyl or hexenyl, C3-C6-cyclo-

alkenyls from the group cyclopropenyl, cyclobutenyi,

cyclopentenyl, cyclopentadienyl and methylcyclopenta-

dienyl
aryl denotes phenyl, naphthyl,
alkylaryl  denotes tolyl or mesityl,

alkynyl denotes straight-chain or branched C2-C6-atkynyls from
the group ethynyl, propynyl, butynyl, pentynyl or hexynyl



20 6. Conpounds according to aim1l, in which L is an alkyne selected from
t he group Me3Si-C=C-Si Me3, Me3Si-C=C-"Bu, MOOC- C=C- COOWe, Et OOC- C=C- COCEt
and Me3SypGabaddessel N Which R denotes CH3, C2H5, C3H7, plremyirz00340s885 COOVE
of COOEt. 30 35 7. Conpounds according to.Claim1, in which L is an al kene
sel ected fromthe group H2C=CHSI Me3, H2C=CHCOOCH3, H2C=CHCOOC2H5 and
H2C=CHSI R 3, in which R, independently of one another, denotes CH3, C2H5,
C3H7, C4H9, HC=CH2, phenyl. 8. Conpounds according to Claim1, in which L

N o) 3, N Coro Pl ﬁ%?ﬁ%ﬁﬁéﬁﬁﬁf%&'¥m&m P s
() 2N-(02) 2 MeBr) Bt AN BN NGB eiof (i oot

(CH3) 2N- ( CH2) 4- 2) 4- N( C2 -di -
met hyl - 1, 10- phenant hrollne P(G:HB)B P(m2H5)3 P(OC6H11) 3, P(OPh) 3;

P(CH3) 3, P(CQHS5)Go U%)a’tcd?d eJaum @6H11) 3; C2H5- O C2H5, CH3- 0- C4H9,
CHSO-( P) 2- OCH3, 0- (CH2) 2- OC2H5, CH3 S-CH3, C2H5-S- C2H5, C3H7- S- C3H7,
Ph-S-P ms-(mwmcsctHs CHSS—(CHZ)S SCH3, C2H5S- (CH2) 2- SC2H5 and

PhS—(CHZ)Z SPh. N 10 15 20 9. Oorrpounds of the general formula (1)
di {[ bis(trimet hﬂ@Q'@S)B&%Qan@[& biterCHR. @3ch hawing at least one silyl or

i [ (Vi nyl -t~ but et aroup And 65 cHpfait I Ara| hius e eanings given in
di [ (vi nyl di et hylérlgtlrgq si | ane) copper(l )] oxal ate.
10

5. Compounds according to Claim 1,

‘ in which L

denotes R'3Si-C=C-R’,

15 where
R* denotes SiMes, CHis, CyHs, CsH7, C4Hg, phenyl, COOMe,
COOEt.

20 6. Compounds according to Claim 1,

in which L is an alkyne selected from the group Me;Si-C=C-SiMes,

Me;Si-C=C-"Bu, MeQQOC-C=C-COOMe, EtOOC-C=C-COOEt and

MesSi-C=C-R‘, in which R' denotes CHs, C.Hs, CsH;, phenyi,
‘ 25 COOMe or COOEt.

7. Compounds according to Claim 1,
in which L is an alkene selected from the group H.C=CHSiMes,
H,C=CHCOOCH;3, H,C=CHCOOC,Hs and H,C=CHSiR'3, in which

30
R’, independently of one another, denotes CHj;, C-Hs, C3H7, CaHo,
HC=CHz, phenyl.
8. Compounds according to Claim 1,
35 in which L is a compound selected from the group CHs-C=N, ‘Bu

C=N, C4HsC=N, Ph-C=N; N(CHs)s, N(C:Hs)s, H2N-(CH2)>-NH-,



10. Process for the preparation of the conpounds of the general for- mnula
(1) according to Cainms 1 - 9, characterised in that Cu20is reacted with
oxal i ¢ aok@ raéwhodssbewi s base L in an inert solvent, and POFEPRWABOENT
product is isolated. 11. Process accordiqg_to Caim 10, characterised in
that an inert aprotic organic solvent i'S used which is open-chain or cyclic
aliphatic or aromatic hydrocarbons, hal ogenated aliphatic or hal ogenat ed
aro- matic hydrocarbons or linear or cyclic ethers or m xtures of these

hydr ocar bons. 3 . c cor gt - 10, No(GH,) 4-
characterised i gC?ﬁgﬁéCﬂngﬁﬁg‘%Z@ eg?ge}gs)%'?o@}?ﬂgj%@dﬁpsﬁ%enﬁéne(, hg);(‘ane,
hept ane, cycl o- a LeTie IW(TGH ne(c NGE H) 5-N{D - bs e thardd;

chl oro- benzene,mg%ﬂe%wg)g![\lher 7("));'4 tetr!él)zyd(r oﬁ?ﬁanqi S %igg 2V\¢5)9¥2f804/ 000850
PCT/ EP2003/ 00589iiethy?1, 0-henamntiveiineac R(QCHE)1 o RIQCHMA)p, B¥@Ctteki sed in
that it is carried out under a protective-gas atnosphere. 14. Process

according to O &(ORAR)s; BfEHss, 67 (CGakts)s, P 7)Y ad(Gethab2 Dyeﬂ i s
it . 15, P ' [ 0 ' '
) 'Perfgvem:sorbgigo Hes Qlﬁmrol it Rt tE Eol oD RERER R E HEL ¢t o
10 . ! A ! . ! . o
otoi ohi onetr o 1SGIG. et St 5 ook, ThaEl S ErRpAsChk o
2o and Low s (HESTCHRSSORE CHISIEHAISCHNd PHIGH,RISPRIZO. oxal i c

10
9. Compounds of the general formula (1)

‘ di{[bis(trimethylsilyl)acetylene]jcopper(l)} oxalate,
di{[(trimethylsilyl)(n-butyl)acetylene]copper(l)} oxalate,
di[(vinyl-t-butyldimethylsilane)copper(l)] oxalate,

b di[(vinyldiethylmethylsilane)copper(l)] oxalate.
10. Process for the preparation of the compounds of the general for-
mula (I} according to Claims 1 - 9, characterised in that Cu.O is
20 reacted with oxalic acid and a Lewis base L in an inert solvent, and

the resultant product is isolated.

11. Process according to Claim 10, characterised in that an inert aprotic

‘ 75 organic solvent is used which is open-chain or cyclic aliphatic or
aromatic hydrocarbons, halogenated aliphatic or halogenated aro-

matic hydrocarbons or linear or cyclic ethers or mixtures of these

hydrocarbons.

30 12. Process according to one of Claims 10 to 11, characterised in that a
solvent selected from the group pentane, hexane, heptane, cyclo-
hexane, toluene, methylene chloride, trichloromethane, chioro-

benzene, diethyl ether or tetrahydrofuran is used.
35




enployed in a stoichionmetric ratio of from1 : 1 : 2to 1 : 1: 4. 17.
Process according to one or nore of Clains 10, 15 and 16, charac- terised in
that two wohbew@msoLewi s bases L are enployed in the sanecTPa003@0888MtS.

18. Process according to one or nore of aims 10 to 17, characterised in
that the reaction is carried out withina reaction tine of from1 to 24
hours at a tenperature in the range from-30 to +100C. 19. Process according
to one or nore of O ains 10 to 18 characterised in that it is carried out

at room tenpgga e?ﬁggn FH d0nanhfaciBAsed |ﬁ‘l’ﬁ§t ifis @bﬁiéﬂsoﬂiﬂ to

19, characterise reaction Is conplete, insolub

constituents ar @ndgfpraapﬁjtgdn@é_f sa;gm(ﬁg]gqe;@act I on product is isol at ed from
the solution and, if necessary, purified, or in that the reaction product

I s separated fromthe reaction m xture by extraction, isolated and, if
necessary, pldi mrecesmmdmugmammamm:n tres thesprotectivercess
accordgng to one or nore of Claims 10 to 19, characterised in that

i nsol ubl e const igasceAplayed s&-a&mearuoaafgm filtration. 22. Use of the
conmpounds of the general formula (1) according to Cains 1 to 9 for the

b1 oducti on of SniFgAcksBuRGcorald FE A 8o pRBracteSBL in dnat thECERMS o6y i
heat ed, causi ng AT ST RO T ExPegs LepARE B e ShiEhRinu ttidofil) | o

copper jhrough qdReatart Ha?léhﬁrs chéoZQn%xaﬁ&ca“@éSbapaprecastqmtméé fhen 23,
characterlsedlnthat the elimnation of the Lewis base L is carried out at

a tenperature i stoiehioraetec fation 50 to about 200C, and the decarboxyl ati on

“ formati on of netal -

16. Process according to one of Claims 10 and 15, characterised in that

s the starting materials Cu;O, oxalic acid and Lewis base L are
employed in a stoichiometric ratioof from 1:1:2to1:1: 4.

17. Process according to one or more of Claims 10, 15 and 16, charac-

terised in that two different Lewis bases L are employed in the

20 same molar amounts.

18. Process according to one or more of Claims 10 to 17, characterised
in that the reaction is carried out within a reaction time of from 1 to
‘ 55 24 hours at a temperature in the range from —30 to +100°C.

19. Process according to one or more of Claims 10 to 18, characterised

in that it is carried out at room temperature.

30 20. Process according to one or more of Claims 10 to 19, characterised
in that, when the reaction is complete, insoluble constituents are
separated off, and the reaction product is isolated from the solution
and, if necessary, purified,

15 or in that the reaction product is separated from the reaction mixture

by extraction, isolated and, if necessary, purified.



lic coppeis conpleted at a tenperature in the range from 150 to 350C r. 25.
Process according to Clainms 23 and 24, characterised in that the elimnated

Lewi s ba budsanigagycl ed, re-enployed in a process accorpggrioos/asasms 10

to 21 and used for the production of highly pure, thin netallic copper
| ayers. 26. Highly pure, thin netallic ¢Opper |ayer produced using a
conpound of the general fornmula (1) according to Clains 1 to 9. 0 25 30 35

21. Process according to one or more of Claims 10 to 19, characterised

in that insoluble constituents are separated off by filtration.

22. Use of the compounds of the general formula (l) according to
Claims 1 to 9 for the production of highly pure, thin metallic copper

layers.

23. Process for the production of highly pure, thin metallic copper

10 layers, characterised in that compounds of the general formula (1)

according to Claims 1 to 9 are heated, causing elimination of the

‘ Lewis base L and deposition of metallic copper through decar-
boxylation.

15
24. Process according to Claim 23, characterised in that the elimination

of the Lewis base L is carried out at a temperature in the range from
50 to about 200°C, and the decarboxylation with formation of metal-
lic coppeis compieted at a temperature in the range from 150 to
350°Crr.

20

25. Process according to Claims 23 and 24, characterised in that the
eliminated Lewis base L is recycled, re-employed in a process
‘ 25 according to Claims 10 to 21 and used for the production of highly
pure, thin metallic copper layers.
26. Highly pure, thin metallic copper layer produced using a compound

of the general formula () according to Claims 1to 9.
30

*

35




