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Since none of these methods are able to form the patterned structures normally used in the

construction of microelectronic devices or circuits, they must be employed with other

20 processes in order to pattern films of materials.

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 deposition methods are that
they require the use of expensive equipment and many of them require high temperature
processing.

Because of the problems associated with possible contamination of clean room
facilities, a single 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. Accordingly there is much interest 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.
HRG
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30 In the above formula, the individual sites where substitution may be used to optimize the
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

35 that the photochemical reactivity should center about the groups X, and X, in the figure.
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wherein M is selected 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,’CO) wherein R and R’ are independently selected from H, C,H,, and C.H_ A, B,

wherein A and B are independently selected from main group elements and f, g, h, n, m, x

20

and y represent integers, and X is an anion independently selected from N, NCO, NO,,
NO,, Cl, Br, I, CN, OH, H, CH,. In a preferred embodiment, the metal is dinuclear copper,
the ligand is 1-diethylaminoethan-2-ol, and the anion is selected from N;, NCO, and NO,
25 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

30 useful invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The current invention describes the use of complexes of metals such as copper, to
35 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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and (“éo Hm Although dinuclear copper complexes with bidentate ligands are exemplified in the

present disclosure, the present invention is not limited to copper complexes. Other suitable
metals that can be used in the present invention include: Ti, V, Cr, Au, Mn, Fe, Co, Ni, Cu,
Zn, Si, Sn, Li, Na, K, Ba, Sr, Mo, Ru, Pd, Pt, Re, Ir, Os and similar metals. One skilled in
the art could determine the corresponding stoichiometry for the particular metal and the
25 general ligand formulations provided above.
Presently, preferred metal complexes include Cu,(u-Et,NCH,CH,0),(N,),, Cu,(u-
Et,NCH,CH,0),(NCO),, and Cu,(p-Et,NCH,CH,0),(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
3 hature 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

35 dielectric layers, photoresist or polyimide, metal oxides, thermal oxides, conduction
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t hi ckness obt al ne process can be varied the spi n
20 exposed to light directed through an optical mask used to deﬁne a pattem on the surface.

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.

25 The light does not necessarily have to be directed through a mask. For example, if it
is not necessary to pattern the material, a flood exposure may be used. Alternatively, if
patterning is desired, a direct writing approach may be used. In a common implementation
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. Alternatively, near

30 field optical systems allow selective exposure of some areas of the surface.

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 it may be attenuated by air. It may also be desirable to

35 change the composition of the atmosphere to alter the composition or properties of the

product film. For example, in air or oxygen, the exposure of a copper complex results in
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alter the conposition or properties of the product film For exanple, in
air or c#){gg@ Et{]e exposure of a copper conplex results in -5 WO 01/83844
PCT/ USO1 é‘ he formati on of a copper oxide. By changing the humdity
of the at nosphemecienr¢rberabasiiment, »preuanser Cu,(u-EndGH,JIOH, Op(NDeweddapgsited By

o mar 157 oy R TR ERNCIRCH R RO PRERNES ren ool A AR HISIE,
| i ghtyg ilight €58@amiipRaitragen aimdsphere a Théiprogedss ofthe réastiomivasinonitéred by | ms t o
gener at &oafigtisfdrin il ared 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 film exposed in air resulted in the formation of
25 copper oxide. This oxide film could be reduced by hydrogen or any other suitable reductant

at elevated temperatures to yield copper films.

EXAMPLE 2
In another preferred embodiment, a mixture of two precursors composed of both

30 Cu,y(n-Et,NCH,CH,0),(N,), and Cu,(u-Et,NCH,CH,0),(NCO), was deposited to form a
film. This film was photolyzed to form a conductive copper based film.

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

a copper oxide pattern remained on the surface.
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Exposure may al so be carried out with ion or electron beans. These are
normally 5 directed in a serial wite process. The ion or electron beamis
directed onto the_ precursor film causing a reaction to produce the
product WPIOKBI844 t he exposed areas. The nature of the expBSHPEIEPEPens for
ion and gkR&iPI¢Y beans is such that these are normally done within a
vacuum The deposit from such a process may, dependi ng upon the conditions,
be the netallnAAPtBEr Wlf@%ﬁdbﬁﬂ@taﬂGOT&PkXQ?SsW@RPHK%W“génfl@#lﬁﬁmfﬂe oxi de. 10

Ther mal @@ﬁﬁ&y%&vméa’%@nﬁﬁ $361h isRrifQRY e ShicH HRnB MBS 36khe badeSBetlby COPPper
based fil ns. is my find specific use if sonme areas are pattefned to

f or m coppeyenfing theordsringwhich regulsis thesgtrucires lnysied Alins: Prg wrapplanftsieh al i s
convert e dgentGARBIChasHebll st id MehaRdSine. Mhe BtHographlctRpBatiby 8t e nlch copper
regi ons may be photo-patterned and the renmaining areas nay undergo

unsel £ctGomPlexge gROCsws with dmproved YngRs TePIK8NPMdt ed, however, that sone

oxi dation of 15 the deposited copper nmay occur and this filmnmay be the
preferrg&(@@g this process. EXAMPLE 1 In a preferred enbodi nent, a
precurs -%_tZNCHZCHZO) 2(N3)2 was deposited on a substrate. The

|®2§1 g- (Et 2NCHAR S e d¥thodirhédta mauxtemrmum%tghmgct{;@)gm |ah% aviolet 20

i ght i.h.a nitrogen_ atppsphere. rogress of the regction was
nonitorégéﬂg’%ﬁﬂi)ewaﬁaéh %WHH&‘HE}I“@H‘%?F@@WB% phyzeds aﬁ@&itﬁﬁ%@?haustive
phot gws\mosetmpMMBmdw'fwoppafmtahﬁnfb)tidre.was measured. The filnms were

f oun o have a conductivity of 1.8 gf2cm The filnms were exam ned and
found to consist of copper. Alternatively, a simlar precursor film exposed

in air resul tRosé skilldieinftid a0 Bpprécitb tiead paetiodx todkle abdviesdeseritdd fi | m coul d

b d by . hyd . th i tabl tant . at el ted
AT T T R A N

enbodi nent, a m xture of two precursors conposed of both 30

Cu2( - Et 2NCH2CH20O) 2( N3) 2 and Cu2( g- Et 2NCH2CH20) 2( NCO) 2 was deposited to form
a fildbm This fil mwas photolyzed to forma conductive copper based film
EXAMPLE 3 I n another enbodinent, a filmof Cu2(g-Et 2NCH2CH20) 2( N3) 2 was
deposited and 35 photol yzed through a |ithography mask. The resultant film
was rinsed with ethylacetate and a copper oxide pattern renained on the
surface. -6 WO 01/83844 PCTI USOL/ 13659
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EXAMPLE 4 |1 n anot her enbodi nent, the nmetal conplexes were mxed with an
additional chem cal agent to | essen the effect of shrinkage. Such agents
may in sone cases act by preventing the ordering which results in_the
struct ur @ 91&¥ded filns. One exanple of such an agent WRFEASAHB6ERen
tested is diethanolamne. The lit ephigdeposi tion of the metal 5

conpl exes then occurs with inprove eplication. EXAMPLE 5 In

anot her enbodinent, a mxture of Cu2(g-Et, NCH2CH20) 2(N3) 2 and
UOZ(OZCCIme)t?Sa\Qﬁlegqsst as a thin film This material was phot ol yzed,
leading to a film 10 whose conpl ex was that of a copper uranium oxide.
Those skilledlin tAenethed {griprodapine adrteraed fill ofametl centaining material on a
above-descri bed ngifieael.09¥ridRY occur without departing fromthe scope of
the invention. 15 20 25 30 35 -7 WD 01/83844 PCT/US01/13659 THE
CLAI M5 What is cl aphdsgositing an amporpbousdtiny ofia raetaliresurspraoppioxafiteed film of a

metal containing ”Rirﬁl'hl@M(L wh%#é'i}?M@ts&e&@drHBinSth@grouﬁ céﬂmﬂ %f%?'ﬁ g an
anor phous filmof a netal p ecurs conplex of the “formula:

Xh,
or o e oy ot MRl Dot S Thala i, B, Sy Mo.&a, PAt \h, Fe.
Co, Ni, Cu, Zn, SiReSR ankiOs, f)l%ail{ﬁanﬁ%f tlﬁrforrﬁ@la (ﬁWCl?dC%hereﬁﬁR ahd R’and Gs,

Llsallgand of t he .formul erein._R.and

i ndependent |y sel egﬁé%ﬂepF@?Pﬂb(’s@Ctﬂ#%é{ EnBmand G- ik & dibsrem AadB 10 are

i ndepi ndent |y sel eglegstiehemiEhiiRbdlecdédOofidin RN BRNup chiiibnts and.f, h, A, mM and and Y
repre i ntegers and wherein Xés an, an| on i ndepende tl%/ sel ected from
r

N3, NCO NOB, NCR2, Y F§presgit infegergpfid ¥herein 4 jsandgmon '&HEPGB enthysalertad fHORF sai d
anor phous filmto NaueEOSKOY N®} al, B}pnp:lw,om,qwﬁuiempm

b) irradiating said amorphous film to cause said metal complex to undergo a

reaction which transforms said metal complex into a metal containing

15 material adherent to said substrate.
2. The method of claim 1 wherein said irradiating is accomplished by directing
a laser beam.
20 3. The method of claim 1 wherein said irradiating is accomplished by heating.
4. The method of claim 1 wherein said irradiating is accomplished utilizing an

electron beam.

25 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 utilizing a

source of visible light.

30
7. The method of claim 1 wherein said irradiating is accomplished utilizing a

source of ultraviolet light.

35 8. The method of claim 1 additionally comprising the step of reducing said

metal containing material after said irradiating step.
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reacti on which transforns said netal conplex into a netal containing 15
materi al adherent to said substrate. 2. The nethod of claim1 wherein said
irradiating is acconplished by directing a |laser beam 20 3. The nethod of
claim 1%8*@8# said irradiating i s acconplished by heat iH{g/US®/1368e et hod
of claim1l wherein said irradiating is acconplished utilizing an electron
beam 25 5. The nethod of claim1l wherein said irradiating is acconplished
utilizing an9-i on Theapsthal oflimpewherdinsriddiradigiing stpeiseamiedputiinia r adi at i ng
is acconpkighed utilizing a source of visible light. 30 7. The nethod of
claiml1 wherein said irradiating is acconplished utilizing a source of
ultraviolet light. 35 8. The nethod of claim1l additionally conprising the
step of reduqiong S@eGneth®d ¥ clGMN RhéeRGaliBibadiaghe &5 &catRidbul fn\r,a:d' ating
step. -8 WD 01/83844 PCTI USOL/ 13659 9. The nethod of claiml erein said
i rradj atOREodsdAmPspheEg ri ed out in a vacuum 10. The nethod of claim1
wherein said irradiating step is carried out in a 5 controlled atnosphere.
11. The method of c¢laim 10 wherein said controlled atnosphere is air. 12.
The nethod ofllel aithererthgdeefelamstd wheseinsaid copgolipd Aapspbere 16 airnj t r ogen. 10
13. The method of claim 1l additionally conprising the step of covering said
anorphous filmwth a mask that | eaves said patterned area exposed. 14. The
met hod of cl di*m 1 WE&REhod efirdamdlO hereig spid|cantrelled agppsphersds gwrogens 15 The
met h?h% of claim1 wherein said netal, M contains Cu. 16. The nethod of
claimd wher ahn Al e ik ofldain adaitonally corbleing the 5iep of covering said 00 O
amorphous film with a mask that leaves said patterned area exposed.

14. The method of claim 1 wherein the resulting film is a metal oxide.
15
15. The method of claim 1 wherein said metal, M, contains Cu.
16.  The method of claim 1 wherein said metal is a dinuclear copper.
20 17.  The method of claim 1 wherein said anion is 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 dinuclear copper complex of the
30 formula Cu,(u-R,NCR,’C0O0),(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 is an anion selected from the group consisting of N,, NCO, NO,;
35 and



18. The nmethod of claim 1l wherein said group Ris Ethyl. 19. The nethod of
claiml1 wherein said substrate is silicon. 25 20. The nmethod of claiml
wherein said substrate is CaF2. 21. A nethod for producing a copper

cont ai ni‘ﬁ@“ﬂfﬁsﬂ‘? on a subst rat e conprising: a) depositingf@HUEHIPHous film

of 2, di nucl ear_congsr. AR Al e,dlal R Guiial 6 RENGER 10002 2

wherein R and R el ent sel ect e consi sting of

H C, ,Hmand CnHTA%Byh tmmf@m smd@nnpersomphexunt@@p@ng@rwnsalw watedd from main
group el ements and,gferefB to%ai@Rlbfrate’ EPr €sent integers, wherein X is an anion
sel ected fromthe group consisting of N3, NCO NOG2; 35 and -9 WO 01/83844
PCT/ US01/ 13659 b) irradiating said filmto cause sai d netal conplex to

undergo a reagtion smHsde Adh &l 18 WHEcHSiR bfl amB RIS ﬁHHBf@dbpbmdﬂta?mﬁQpper
contai ning materi al herent {0 said substrate. . A substrate adhering

t o whi chmatgrizwhenein stié metglicoptipingsnpipasl hag heen fﬁrmgi bb@“@ﬁ%f’ﬁl af amher ei n sai d
net al C%ﬁ&bﬁﬁd@%lﬁ%ﬁfp‘rﬁing*&@ﬁn&%ﬂﬂe&ﬂ BEepRRY offHeethﬁﬂlh @'il (El:ﬁfz an anor phous

filmconprisin di nucl ear netal conplex of the farnula (-
R2NCR2' AONKBy) mé\fhﬁrem Rgd R’ aEFrléd‘?H?aé'i%lbréélﬁﬁqu’/ from) tBe SEMPICPBHFINGe gr oup

consi stidyg, @ _Hnd € H Rx@ vherdit B H"ﬁ%rxﬁdéﬁeﬁdeﬁﬂﬁ sEleAELbRMIRAR BARM Pt ly
in

sel ected from ffain group ' el enents and x and y represent egers

and horGeTHeNS F1sl i A TEBICSRY BHeEerG AT wéeremngr Bianiemyeletad; frpm

ogﬁconelsﬁyggn\r;\}ﬁm(acm@gl ng to which is an anorphous fi I m of rret al
cont atthi ng material erein said netal containing material has been forned

by irradiation of an anorphous filmconprising a netal conplex of the

{lorgul aAM LgXi3, V\mg@s&awauﬁerﬁ@tswm 135nﬁﬁ@?ﬁlfoh§ﬁﬁﬁ@ﬂﬁ1efb@8ﬁitﬁhin@g %L T.P 3
]

Pt, Re, rrl?ter"@m‘efgn sqid Pget%l cpmam 'B?te{lﬂglaf BFW&“%%N&Q? a&eﬂomr ein R and
R are ids@psiddiinl confpelsigtaatiethl offpiéx dnineformdia® LK), Avheben Whisrseletted\ and B

SO i R e N
from N3, SriNMo, RM®Bd, PN®e, IfChnd Os, L is a ligand of the formula (R,NCR,’CO) wherein R
and R’ are independently selected from H, C H,, and C H_, A, B, wherein A and B are
independently selected from main group elements and f, g, h, n, m, x and y represent
integers and wherein X is an anion independently selected from N,, NCO, NO,, NO,, Cl,

20 Br, I, CN, OH, H and CH,.

24. A metal complex precursor of the formula: M X,, wherein M is selected
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,’CO) wherein R
and R’ are independently selected from H, C,H,, and C H,, A, B, wherein A and B are

independently selected from main group elements and f, g, h, n, m, x and y represent

25

integers and wherein X is an anion independently selected from N,, NCO, NO,, NO,, CI,
Br, I, CN, OH, H and CH,

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

copper.

26.  The metal complex precursor of claim 24 wherein the metal is a dinuclear
copper, the ligand, L, is (u-Et,NCH,CH,0), and the anion, X, is selected from the group

35 consisting of N, (NCO), and (NO,),.
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20 Br, I, CN, OH H and CH3. 24. A netal conplex precursor of the formula:
M LgXh, wherein Mis selected fromthe group consisting of Ti, V, C, Au,
M, Fe, Co, Ni, Cu, Zn, Si, Sn, Li, Na, K Ba, Sr, Mo, Ru, Pd, Pt, Re, Ir,
and Os, WO DK83844 | gand of the formula (RRNCR2' CO) wher ei n PRTASOIASR are

i ndependent | y,sel ected..fr,om H J B are
independentlé7'sel 2@? rélgthpflggdﬁ%anll?@%ﬁ%%&éﬁr@g‘%}g&%@gﬂoqﬁ %&gm x and y
I epr eseptecuisot @garlex @nohpraverties quakty of thewreawltanh filmdependent |y sel ected from
N3, NCO NGB, N2, d, Br, I, CN, OH Hand CH3 30 25. The netal conpl ex
precursor of claim?24 wherein the netal is a dinuclear copper. 26. The
met al conpl e28,pr eGhe methodfof clain mveherein thedilm qontainsang|or morgmegtahucl ear
copper, i s | S:d = HCH?20) 2 and the anion, X, is selected
fromthg&gﬁl(‘)%%&ﬁggdlgg%g %%‘.‘%’5*% 0 %"( NCO 2 and (NO2)2 10 WD 01/ 83844
PCTI WSO /13659 27. The nmethod of claim| wherein additives-have been added
to the netal ,grec t Quil : i ul t ant
Fim 26, Themet AoasHoa e | g e oo I R ore. meta
conpl exdéemiing qudity.i on to said netal conplex. 5 29. The nethod of claim1
wherein an additive is used to inprove the film formng quality. 30. The
met hod of claim1l wherein the netal is a transition netal. 10 31. The

net hod of cl 30m 1 Tammethiod of glaim il wheagin thergetakis asrapsitien Bgtal.by phot ol ysi s.

15 2(1)0 25 30 35 -11

(-

31.  The method of claim 1 wherein said irradiating is carried out by photolysis.

15

20

25

30

35
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