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Hybrid methods often use light as the energy source wherein the light used initiates
a thermal rather than a photochemical reaction. These methods have the disadvantage that

they do not directly result in the formation of patterned films but result in the unselective

deposition of the films. :
25 Additional disadvantages of the previously described deposmon mcthods are thal

they require the use of expensive equipment and many of them require high tempera;ur
processing. ' ' \
Because of the problems associated with possible contamination of clean room
facilities, a smgle chemical which may be used for different deposition methods is
30 desirable. Furthermore, the use of a single chemical for different deposition methods -
reduces the product development expense to the supplier.
Metals, such as copper, may be used as a conductor in electronic circuits. Other
metal oxides, such as copper oxide, are semiconductors and have found use as a conductor

in electronic circuitry. Accordingty there 1s much mterest in developing methods of
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Complexes disclosed by Chung et al. in J. Chem. Soc., Dalton Trans., 1997, p.
20 2825-29, which is incorporated herein by reference, also comprise a pair of metal atoms
bonded to bidentate organic ligands. The most general form of these complexes has the

following formula.
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130 In the above formula, the individual sites where sub_stitutibn may be used to optimize the - e
physical and chemical properties are shown. The organic ligand framework of these
complexes shows no obvious site for fragmentation under, for example, photolytic
conditions. Therefore, it is not clear that complexes of this formula should be suitable for
photolytic deposition of metals or metal oxides. In fact it could reasonably be predicted

15 that the photochemical reactivity should center about the groups X, and X, in the figure.



kn the above fornula, the individual sites where substitution may be used
to optimze the physical and chem cal properties are shown. The organic

| i gand framework of these conplexes shows no obvious site ch'fP 0CT 2@04
fragnentation under, for exanple, photolytic conditions. Therefore, 11 i
not clear that conplexes of this formula should be suitable for photolytic
deposition of netals or netal oxides. In fact it could reasonably be

predi cted that the photochenm cal reactivity should center about the groups

X O dhe n“)ﬁtplshé}fgﬁdt?ﬁfeﬁnstrng ? % l%(§ ?éhﬁx%d@leaﬁi _(Lfgdg? A L@l‘lé& alton Dal ton

Tifms 282@)213? 9 englof shidl bf ﬂ@kmt [to jeRpe éhﬁmhomhewmt shonlgk ywkbﬁo%@helm stry

g l&' dBaedtAOINE pridd (@ht) GRERYENd noBAGREE B Mo tHeEpdREILRY toPhde: thedeendvpul d not
exp to be possi bpe to use_t hese_new precursort? to depgsit rﬂicet al or

nﬁ‘leéﬂfs‘gﬁ rt‘aéenqﬂtrﬁﬁeta& orgmetal pridg dilmggt phods aniamarehns ile) rERRPE SChcdnpl ex,

heoEpI&N, hoWwbid, thes iDAbt thé Base ah& Cankktals fieinad, d lighl9uiethbecidhéslil y unexpect ed
result. It is therefore surprising that new precursors of the form shown

above Inavthefefrd sinptisidg thahewarecunses off the fordegnsi aboge hatabeendopad dalt of a

S.copper, or it X|de LU S I.b an
(it setaf G P RRES effadsbd of § R R3S (RBFer, B TEIGIRST By 0
f preenrsorPexdiibinan angxpeeted fmpmentation eitd theyicld theidgearsdsnethlaor mele! pxidadidmi n f act
QN S t €, oy
preéllﬂéL d%ﬁlhﬂ%ﬁ%@ﬂgw% és@ ma@hglgp;igingtn{] 1Eill %a\\eg?l(%elgggrﬁlelg sagildr eé}tleed to a
%?%B?%taiﬁﬁ*@é]hﬁé’lwtfe@ﬂﬂﬂﬂﬁ%ﬁqdr ng films conposed of a netal, such as
copper, or its oxides fromnetal conplexes. Mire specifically, the met hod

|nvoI ves apply| ng an anorphous filmof a netal conplex to a substrate. The

i nvention are generally of the fornmula, M LgXh,
mthe group consisting of Ti, V, C, Au, M, Fe,

d Cs;
> ity oo R
iof drerpetﬁbl én@h s cgmeécqreas PKiges rfront:mqtal gRmplexes. - Moty SpRFig ar e
IM&@% Rirgy ar® Qlndfileds fmxarafti]mew@loampwmpa @hmm sm@oﬁpleges Bf the in, X
and th] gresear}gl\glégérg@;{(& tggr}dqrmﬂ@@ﬁ%ﬁ, %@gﬂﬁpen%ﬁﬁdaﬂ %ect ed from
enﬁmnﬂmgmﬁﬂ‘;,\f Iy, AugMal| Fe SchNl,L@lerr St Sopbt, N, Ke Baj §rmiMb, iRsy, Pd Pt, Re, Ir
t f d N2

ndl s} B4 ATRdANE de Fofifla BRNCIRSCRAD e %ﬁﬁiz‘f 'k PBeldepeiiaya s 2
'sﬂagredaﬁomclér@:é% @rui‘t?d{ranrBw a\{hemnf%@do&ﬁtfe@ cgpdersiyniglestedsm dhe wated | i ght

|é¥&hé1ﬂ§1 ah® "B, hL Al fn, "@dnd ?&@pfe@entﬂn@@érheﬁﬂ&%t i@ lanioh ﬁﬂé}&hdénﬁyde film

LTS

asﬂmffraﬁa@ REER NI SR Bl 5. O, OFERAShY CBE. "3 ofithe fockimgnCHRECT,

ittt iy dimuciean ndprichahe Hequisis i idiethplminvethaniZab s aod thervaiion isxeltetsd froonNsuch
. NS Yhe RIS, is a useful invention.

These films, upon either thermal, photochemical or electron beam stimulus ‘may be
converted to a metal or its oxides. By using either directed light or electron beams, this may lead to
a patterned metal or metal oxide film in a single step. The metal (e.g., copper) or its oxide (e.g.,
copper oxide) deposited by this method is conductive. Accordingly, these metal precursors and the

deposition of the metals or their oxides from such precursors is a useful invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The current invention describes the use of complexes of metals such as copper, to form films
which may be activated by thermolysis, charged particles (such as electron beams), or photons to

deposit copper containing films.
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Presently, preferred metal complexes include Cup(p-ENCHCH;0)(Ns),, Cua(p-
Et;NCH,CH;0)(NCO), and Cux(p-EtzNCHCH20)%(NO,),.

Typical films may be deposited on various substrates. These include materials as wide
ranging as simple salts, such as CaF,._ to semiconductor surfaces such as silicon. The nature of the
substrate is not critical for the process although it may affect the method of deposition of the
precursor film and the solvent for the deposition, if one is used. Applicable solvents include
acetone, dimethylsulfoxide, - dimethylacetamide, 2-methoxyethanol and the like. The most
commonly used substrate has been silicon but is not limited thereto. These silicon substrates may
have been coated with other layers such as dielectric layers, photoresist or polyimide, metal oxides,

thermal oxides, conduction
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The film 1 ts then exposed to a source of trradiation. Typically, the film may be
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20 exposed to light directed through an optical mask used to define a pattern on the surface.
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30

35

‘The mask consists of transparent and light absorbing regions. The mask may also include
an optical enhancing feature such as a phase shift technology. Exposure of the film with
this light results in a chemical reaction within the film which changes the film from
precursor to the product. '

The light does not necessarily have to be directed through a'tnask For example if it
1s not necessary to pattem the material, a flood cxposurc may be used Alternattvely, if -
patterning 1s desired, a direct writing approach may be used. In a common 1mplementatlon
of the direct writing process, a laser beam is directed in a serial fashion over the surface,
resulting in exposure only of the areas where the beam was directed. ‘Altematively, near
field optical systems allow selective exposure of some areas of the surface, oo

Normally, the atmosphere used for the exposure is air. It may, for a variety of
reasons, be preferable to change the composition of the atmosphere present during
exposure. One reason is to increase the transmission of the exposing light, if short
wavelength light is used, because 1t may be attenuated by air. It may also be desirable to
change the composition of the ‘atmosphere to alter the composition or properties of the

product fitm. For example, in air or oxygen, the exposure of a copper complex results in
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20 light (254 nm) in a nitrogen atmosphere. The progress of the reaction was monitored by
. Fourier transform infrared spectroscopy. Following exhaustive photolysis, the conductivity
of the film was measured. The films were found to have a conductivity of 1.8 pQcm. The
films were examined and found to consist of copper.
Alternatively, a similar precursor fiim exposed in air resulted in the formation of
25 copper oxide. This oxide film could be reduced by hydrogen or any other suitable reductant e

at elevated temperatures to yield copper films.

EXAMPLE 2
In another preferred embodiment, a mixture of two precursors composed of both :
30 Cuy(1-Et,NCH,CH,0),(N,), and Cu,(pi-Et, NCH,CH,0),(NCQ), was deposited to forma -« "« =%
fitm. This film was photolyzed to form a conductive copper based film.

EXAMPLE 3
In another embodiment, a film of Cu,(gt-Et,NCH,CH,0),(N,), was deposited and
35 photolyzed through a lithography mask. The resuitant film was rinsed with ethylacetate and

a copper oxide paitern remained on the surface.
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Al ternatively, the copper regions nmay be photo-patterned and the renaining
areas may undergo unselective thermal reaction. It should 2§ [qu‘eggm
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filmmayo bgsskdye preferred use of this process. EXAMPLE Jpdmusvipseberred
enbodi nent, a precursor Cu2(K-Et, NCH2CH20) 2(N3)2 was deposited on a
substrWﬁ‘h@“OJZ( Et , NCH2CH O 7(N3) , filmwas then photol yzed with

ul traviol et i Adogidt; eﬁ%édmnm thd M@l rhplSeRR Rt AR&ARAIELn dduidapgr ess of the
reacti on was nonitored Fourier transforminfrared spectroscopy.

Fol | owfhgried Rgemitte %S%B@ gif§d o6 shrinkase oHUO REFNT 19Y BF SoMMecasss aet s neasur ed.

The fi bieniizahd tdRAnd AR EsuRks Wﬂx@%ﬁ{léﬂﬂeﬁh)@fedjﬁ]t%s Phk eRmPIB® f shdnl M5 wer e
exam ned and found to consi st of Al ternatively, a sinilar precursor

film eXpddsHvhichdps beepdestedig cthﬁhfm@ma? hkg bifogerhic dwﬁ&n ab ghegaetalrh s

oxi ge Edthpler@Uhsh RRufsRAUrBEbraYVed ik eMicRionany ot her suitable reluctant at
el evated tenperatures to yield copper filns. EXAMPLE 2 I n another preferred
enbodi ment, a m xture of two precursors conposed of both 30
QJZ(ttEﬁhmg@HZO) 2(N3)2 and Cu2(t- Et2NCHZCHZO) 2(NCO) 2 was deposited to
forma film This filmwas photolyzed to m_a conductive copper based

film 35 EXAvPriRenenhodimsniya migioel Gh-Et afqﬂ CHE)(N,), and
Cu, (9-BD, ﬁiﬁtﬁ:@i‘%@%@'ﬂé&t%sa‘fﬁﬁ fﬂ.ﬁpqsﬁst:ﬁdteﬁﬂ%s@h%Waqéa&ﬁg QUORINR

I |thogr The resultant filmwas rinsed with ethylacetate and a
copper ¥ 9&‘3&8 1SRt AiCRBRET SFRHHB oXisef ace. -6 2 6 O CT 2004 5 WO

01/ 83844 PCT/ USO /13659 EXAMPLE 4 I n anot her enbodi nent, the netal

conpl exes re m with an additjon chemi cal ent to | essen the
effect of s qsﬁﬁgg%‘g’@t}}e&"é’@gﬁf’?&ﬁ’&? tﬁ?f vapiens 1 e agﬁ‘(e fgsscrifgbyvent i ng t he

or der i mgthwdid 168y heP bEdus withokh®patiing Gloni 8@ sbapeastae ihvém®n. One exanpl e of such
an agent which has been tested is diethanolam ne. The |ithographic

deposition of the nmetal conplexes then occurs with inproved inage
repM cation. EXAVPLE 5
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I n anot her enbodi nent, a m xture of Cu2(-Et,NCH CH O 2(N3)2 and

U02( 2CC5H, 1) 2 was cast as a thin film This material was 2 @ieyrz?gm
|l eading to a film 10 whose conpl ex was that of a copper ura oxi
Those skilled in the art will appreciate that variations to the
above-descri bed nethodol ogy may occur w thout departing fromthe scope of
the invention. 15 20 25 30 35 -7 2 6 OCT 2004 THE CLAI M5 What is clained
is: A method for producing a patterned filmof a nmetal containing naterial
on bsi@te conprising: a) depositing an anorphous filmof a nmeta
precursor conplex of the formula MLgXh, wherein Mis selected fromthe
group consisting of Ti, V, O, Au, M, Fe, Co, N, Cu, Zn, Si, Sn, Li, Na,
K, Ba, Sr, Mo, Ru, Pd, Pt, Re, Ir, and Gs; L is aligand of the fornula
( REMNGHs eeihed €0) Where R, R and R' are independently selected from H,
CH and C ,H , At By wherein A and B are independently selected from

the maiin  grAOMBthel EsPaRbduciiith ;Sauegxedfmmrbfarﬁletél Rthiding ﬁm&ﬁﬁaﬁalsﬁﬁs%% s; and
X is an anion independently ‘sel ected from N3, NCO c1, Br, I,

CN, OH H, °‘€§'r]B“S‘E§ i rradiati ng said anor phous film to cause sai d et al
et Bl cont afhiSFRPNEe P RO i 66 3 SHY] BABUTatutpst Yol fog boam
5. beam 6. MiLglsbwheteight is sclected from the group consisting of Ti, V, Cr, Au, Mn, Fe,

Co, Ni, Cu, Zn, Si, Sn, Li, Na, K, Ba, Sr, Mo, Ru, Pd, Pt, Re, Ir, and Os; L is a ligand

of the formula (R;NCR’,CR”,0) where R, R’ and R” are independently selected from

H, C,Hm and C,Hy, Ay By wherein A and B are independently selected from the main

group elements and f, g, h, n, m, x and y represent integers; and X is an anion

independently selected from N3, NCO, NOs;, NO,, C1, Br, I, CN, OH, H, CH;.

b) irradiating said amorphous film to cause said metal complex to undergo a reaction
which transforms said metal complex into a metal containing material adherent to

said substrate.

2. The method of claim 1 wherein said irradiating is accomplished by directing a laser
beam.

3. The method of claim 1 wherein said irradiating is accomplished by heating.

4. The method of claim 1 wherein said irradiating is accomplished ﬁtilizing an electron
beam

5. The method of claim 1 wherein said irradiating is accomplished utilizing an ion
beam.

6. The method of claim 1 wherein said irradiating is accomplished wutilizing a source of
visible light.

7. The method of claim 1 wherein said irradiating is accomplished utilizing a source of
uitraviolet light. -

8. The method of claim 1 additionaily corhprising the step of reducing said metal

containing material after said irradiating step.



The met hod of claim 1l wherein said irradiating is acconplished by directing
a laser The nethod of claim1l wherein said irradiating is%gcgqpljmped by
heating. The nethod of claim1l wherein said irradiating is acconplished
utili avagi/sas4el ectron The nmethod of claim | wherein saimciusadsabi ng is
acconplished utilizing an ion The nethod of claim1 wherein said
irradiating is acconplished utilizing a source of 7. The nmethod of claim1l
wherein saigl i r ra@inddthdih fichiRGCO0RREh SHAdmbdiblidZia0isRagRUGEINGf Ul travi ol et
light. 8. The nmethod of claim1l additionally conprising the step of
reduci’ig"€%i d netal containing material after said irradiating step. 2 6 O
CT 2004 WO 01/83844 PCTJ1JSO1/13659 9. The nmethod of claim| wherein said
irradi ati nq step.is carri eg_‘éout in_.a vacuum _The nethod of claiml wherein
said irradil8ti ng‘hgi‘ﬁbhqdé’fé il ophestin spif 1Badighingsitens cafried Quiffos pher e.

11. Theoﬂiﬁill}adﬁﬁ&fﬁbx@j m 10 wherein said controll ed atnosphere is air. 12.The
method of claim 10 wherein said controlled at nosphere is nitrogen. 10

13. The nethod of claim1 additionally conprising the step of covering said
anor phous il M Whi fhethod®¥ Kialrh 20 WHRRAYE §aid abifirddRl bk Her@i€ar eXposed. 15 20
25 30 35 14. The nmethod of claim | wherein the resulting filmis a netal
oxide. 15. The nethod of claim| wherein said netal, M contains Cu. 16.
The nmethod1of cirhé MethoddEERink 16 dihgreiPéadd corfroliebitSsbRAE iCARREN. 17. The
met hod of claim| wherein said anion is N3 18. The nethod of claim1
whapein said group Ris Ethyl. 19. The nethod of claim| wherein said
substrate t% si Thembthod 30claihh ¢ additibRAlyPonprRin®he WoLbLidvesdd shigubstrate is

) CaFZ. ot BB D L RO A SRR e G "0 T Tm 0N @ substrate

14. The method of claim 1 wherein the resulting film is a metal oxide.
15
15. The method of claim ! wherein said metal, M, contains Cu.
16.  The method of ciaim 1 wherein said metal is a dinuclear copper.
20 17.  The method of claim 1 wherein said anion 1s N,.
18.  The method of claim 1 wherein said group R is Ethyl.
) 19.  The method of claim 1 wherein said substrate is silicon.
25 _ -
+20. . The method of claim 1 wherein said substrate is CaF,.
21. A method for producing a copper containing film on a substrate comprising: ... -
a) depositing an amorphous film of a dinuciear copper complex of the
30 formula Cu,(p-R,NCR,’CO0),(X), wherein R and R’ are independently -
selected from the group consisting of H, C,H,, and C H, A B, wherein A and
B are independently selected from main group elements and n, m, x and y
represent integers,
wherein X 1s an anion selected from the group consisting of N,, NCO, NO,;
35 and



a) depositing an anorphous filmof a dinuclear copper conplex of the
formul a Cu=(-R2ZNCR2' 000) 2(X)2 wherein R and R are independently selected
fromthe group consisting of H C' H, and CnHMA XBY wherein A and B are
i ndependent|y sel ected frommain group el enents and n, mé & @&o 2604
represent integers, wherein X is an anion selected fromthe group
consisting of N3, NCO NO2; and =9 2 6 OCT 2004 b) irradiating said filmto
cause said nmetal conplex to undergo a reaction which transforns said
copper

subst r 4 Srhe Bl BORRSE (TN BRIt Bhidh A1AHBR wiich Bfforms per
c gatdaioppergomplexrintgla cmmentalm@g ma@upkﬁéiher@@trtpémdlsngsm erial has been
formed by irradiati on of an anorphous film conprising a dinuclear netal
conplex of the formula Cu2(R2NCR 2CR’ 20)2X2 mherein R, R and R' are

i ndependently selected fromH . CnH andq& By wherei.n A and B are

i ndepeR&ent Ay subsisate adbering Wnvhish ds gr smorrhow s°fa‘f?@p?F cqpfaining Jppterial

rﬁbﬂfgme @iudl aeééhtmﬁimg ﬂiatbﬁalamsameﬁnfoﬁﬁkcﬁ<b§raﬁadfatleﬂmdffm ghophoeOfitmst | ng

D pRprise o SO il FompIen of T fH LG RER A CR hebaxs WERRE ROR gt L0 ©"

b@&&rard klepshdontlyi selezcidafiorm M, AT, Hhnamn@y Hh duB,f whereincd mpd iBsamgndepemdeatlyconpl ex

of - i i . - i.sting of
Lkl BTGRPk SEBEEHPATMLR 958 gRion P03 110
Pdiconrthe grap copsistingred NasNCO, NOza | i gand of the fornula (R2ZNCR 2CR "20)
wherein RR, R and R' are independently selected fron1H CnHm and C,, Hm

_ A, By2hherdi wbﬂre&mdl@ra%etol Whish @8 Pl dilme a1 et qoRiainiag material | p

)eh‘gai@ﬂ;t gm@trnldetm c&Ttalhm gm?ﬁhaP( haGedh F&rRicaSBN irraditRGEDHH ,anadiﬁbriﬁ)%ﬁ ﬁlg:annH on .
| haepenaden sel e e ro an
ORPSHE R mbtel SSmBfesy 8t e Bt NipiXy niborsinn 0 s spiektefl Sroub, Browp <
sedmsistinglof FioW, CheAu, M fie, Conlsi, €, #g, Sif ST,iLi, Na, KrBa, &n, MivhRu,FRsd, PERe, li,, Cu,

Z£hd ﬁ% L §‘a lg'a?d g er fls ,\@i C&C%&O\}g@erﬁ R, 16 ﬁeand RY a@@@n@mdenﬂ? a

e feren &1, )Pnlélelaéét% mfAodiPn herem A and, & gre HldeAenfhpﬂy \mgfftai Frosze the dpai ar e
@;P%I@:ﬁﬁﬁfsl s €M, 6 mf k Gt Y @epTBicht Bitepiens; @ha et Snadidor indgperdently m X

a”i’e el B3 e, NS OS2, L) B RO P S T e ol
pr ecurygor ‘-}i nfhdl! cghﬁsor §1§ch} ﬁiﬁ&ﬁﬁa WfLﬁéi{}S%erﬁr?g{ CURGE fréfl-thd N€

met al “conpl’e ar_ copper; Lg is
(£rowR ST RES Y, ¥, Car, ini Ko, Cog B o By Sackiodiac . Bro, Mio Rey Bt

RIS khd DL L (D3 Figand NEQE RRslulal BONCER,CR?,0) wherein R, R’ and R” are
independently selected from H, C;Hy, and C,Hy, Ax By, wherein A and B are independently selected

from the main group elements and f, g, h, n, m, x and y represent integers; and X is an anion
') independently selected from N3, NCO, NOs, NO,, C1, Br, I, CN, OH, H and CHs.

25.  The metal complex precursor of claim 24 wherein the metal is a dinuclear copper.

26.  The metal complex precursor of claim 24 wherein M is a dinuclear copper; L, is (u~
Et;NCH,CH,0), and X,, is independently selected from the group consisting of (N3),, (NCO), and

(NOz).
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'2 6 OCT 20C? WO 01/83844 CT/USO /13659 27. The method of claiml
wherein additives have been added to the netal precursor2dprilex2fd i nprove
the quality of the resultant film 28. The nethod of claimI| wherein the
film eanhpdass one or nore netal conpl exes in addition Parssitdieset al

complex. 5 29_ The nethod of claim|l wherein an additjve is used to inprove
the film faFni nghemathedpf clapn Trdermt ptit ge barabsen OgRPehqMERd netal is a

tran_s'glt b@ lex HqmplovEhige ﬂgﬂli tRd reGhl@inMilmWherein said irradiating is
carriéd out y photolysis. 15 20 25 30 35 - Il 2 6 OCT 2304 Title: METHOD

FOR DEPCSI TI NG METAL AND METAL OXI DE FI LM5S AND PATTERNED FI LMS The

invention be di TRCHEHOY QT 2RO bdeRSh HeimeoniiBishad of Roréigeasi ting filns
conposed of " netal s, such as cooper, or its oxides fromnetal conplexes.

Mor e eqrerletdsdaridition ipesaibmpigbcamilet-ves  appl yi ng an amor phous filmof a
nmetal conplex to a substrate. The nmetal conpl exes have the formula M LgXh,
whérein Mis selected fromthe %roup consisting of . Ti, V, C%; Au, M, Fe,
Co, Ni, Q- znThegpethggof glam fpvheremn gpaddigve iggsedig imprpveghe filgy |+ and Os;
Lis ﬁan]a;ir%ac{lﬁliﬂzf. the formula (R2NCR 2CR'20 ) wherein R, R and R' are

i ndependently sSelected fromH C' Hn, and C' HmMXBy. wherein A and B are
i ndependently selected frommain group elenents and f, g, h, n, m x and vy

represent idgit egefSmeRbd olcihitn WheRiDMe A ReNtaRiton mekect ed from N3, NCO
NO3, N2, d, Br, 1, CN, OH Hand CH3 . These filns, upon, for exanple,
t hgg mal , photochem cal or electron beanms, this may lead to a patterned

metal or rptal -pidA&hbd biibith 8 wheregl ®idiRiating is carried out by photolysis.
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