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t he soyifi¢ fikn.. The photochemical deposition method differs from the above two methods in

that the reaction which drives off the organic component is photochemically activated.
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 matenials.
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 tempergggr .
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 i
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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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.
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not rea RY OF THE 'NVENTI ON"The present
|W§ﬁ@ﬁcﬁﬁﬂsla§eﬂlhr@%‘tw%fe& B{e st-free nethod for depositing filmns

conposed of a nmetal, such as copper, or its oxides frommetal conpl exes.
More specifically, the method invol ves appl yi ng an anorphous filmof a

ggmme. The conpl exes of the present invention are

y M LgXh, wherein Mis selected fromthe group

con5| . , K,
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rf:a?ésgnt invention are generally of the formula, Md Xy, 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, I,
and Os; L is a ligand of the formula (R;NCR’,CR”,0), wherein R, R’ and R” are independently
selected from H, CyH,, and C,H,, A 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 Ni, NCO, NO3, NO,, C1, Br, I, CN, OH, H, and CH;. In a preferred embodiment, the
metal is dinuclear copper, the ligand is 1-diethylaminoethan-2-01, and the anion is selected from N3,

- NCO, and NOa.

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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Ba, St, Mo, Ru, Pd, Pt, Re, Ir, Os and similar metals. One skilled in the art could detenmne the
corresponding stoichiometry for the particular metal and the general ligand formulations provided

) above.

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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E}p&enting cracking or to enhance another film property. Examples of such additives
include, but are not limited to, monoethanolamine and diethanolamine. One skilled in the
art could determine other suitable additives to suit the particular purpose.

The film is then exposed to a source of irradiation. Typically, the film may be

50 €xposedto light directed through an optical mask used to define a pattern 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 tf 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 1mplementatmn
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

30 field optical systems allow selective exposure of some areas of fhe 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

35
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

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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changing the humidity of the atnosphere, the anount of wat2g (g7t hepgfilm
may be changed. By elimnating oxygen entirely fromthe atnosphere, a film
consi szg,gggurran |y of copper may be fornmed. By increasigguédiaszéset ensity
of the ht, it is possible to initiate a thermal reaction within the

films 156(/@3 Féte product films. Exposure may also be carried out with ion

or el ectronpbgRMer elliB6&ithcal, Shd\REIBEdNpleklishRed Btk ddwith SBiddbondl | t € process.
The ion or electron beamis directed onto the. precursor fil causing a

react i BRemigel pEeRte destanehe piders Of SHNkags- S SZEUDBEB I WSsesTAstbnat ur e of

the FQ@&H{@ thy §Jd€ﬁﬁg fxﬂfch'r@sﬂ:h@'ﬁdth@sﬁﬁétﬁﬁﬁ IBRANHIINS. ©MeRxIApk Jfig3e are
normal Iy done with vacuum e deposit fromsuch a process mal\;
air is

depend?*‘i*l@gc&bb’chf’H’és E%ﬁ@dpftt%ﬁgiletb@c’ﬂ%ne mekGHthERpIHC dﬁ%ﬂslt@m&hﬁ me@

oxXi g' Z&ﬁnﬁ!@xés‘?ﬁéﬂ6&§rswik%prgbﬁiﬁﬁhe%ﬂﬁ%ﬂibnmy al so be used to convert the
precursor filns to copper based filns. This may find specific use if sone
areas are patterned to form copper layers, then in a thernmal reaction the
remai NExgMBtEki al is converted to copper oxide by thernmolysis in air.
Alternatlvely, t he copper regions nmay be photo atterned and the remaining
areas nay beruh%(gm@e& F‘\‘i’éx‘c%?ﬁé‘h(# @&E@H}ﬁ @b@éﬂnﬂldd be not ed,

howevego, @C 1] }Iﬁvagéhﬂ%h@tﬂn(?ﬂm s WleeAsivRGh6RRREA, 10BN n e ilmand this
filmmay bé th preferred use of this process. EXAMPLE 1 I'h a preferred

enbpali YEPE CORP e“@fr‘}é%ﬁo AEEPRRIEANINEQS 0) 2( N3) 2 was deposited on a
substrate- The Cu2(-Et, NCH2CH O 7(N3) , filmwas then photol yzed with

ul traviol et h 254 nm ..in anit en atnosphere. The progress of the
reaction magh%ﬁg# 1164 Hythg grt “ﬁH&PP@F‘afertgl?fqiaB?‘ﬂﬁ‘is ¢ B‘ﬁ@gﬂ"%ﬁ%ﬁff‘g‘?ﬁ% copy.

Fol | owha@odbatsby ¥e-up RethehyEdpasting Tnt MR dbgie ofitite/in®éntiohe fil m was neasur ed.
The filnms were found to have a conductivity of 1.8 pflcm The filns were
exam ned and found to consist of copper. Alternatively, a simlar precursor

fi I@ exposed in air resulted in the formation of 25 copper oxide- This
oxi de filmcould be reduced by hydrogen or any other suitable reluctant
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at elevated tenperatures to yield copper filnms. EXAMPLE 2 I n anot her

preferred enbodi nent, a m xture of two precursors conposed 02 Bb@tpdT 2?
Cu2(tt-Et2NCH2CH20) 2(N3) 2 and Cu2(t - Et 2NCH2CH20) 2(NCO) 2 wa osited to
forma film This filmwas photolyzed to forma conductive copper based
film 35 EXAMPLE 3 In another enbodinment, a film of

Cu, (g-Et, NCH. CH1O 2(N3)2 was deposited and photolyzed through a

| it hography mask. The resultant filmwas rinsed with ethylacetate and a

co I oﬁ% pattern remained on the surface. -6 2 6 O CT 2004 5 WO
01?5%5{‘4% /USO /13659 EXAMPLE 4 I n anot her enbodi nent, the netal

conpl exes were mxed with an additional chem cal agent to | essen the

ef fect of shrinkage. Such agents may in sonme cases act by preventing the

or%gﬂlgglaﬂgé(gﬁ results in the structured layered filnms. One exanple of such
an agent which has been tested is diethanolanne. The |ithographic

deposi t1i, on of mbhed MitRdduc a@?éﬁfedtﬂ]ﬁrbf%“rﬁéiﬁlscomﬁﬁlng PﬂMéﬁéﬁQn b BkErate
replication. EXAVPLE'5 I n anot her enbodi nent, a m xture of

Cu2( - Et , NCHE@RPEFBE-N3) 2 and U02( R2CC5H,1)2 was cast as a thin fi I m This
rater 2l v BR S SHl SRS o { bl AR SnOR St Ll of @
vari ations l\/bLgX}.eMbmueMjissserebtadcﬁomﬂtd@dqb oongistiny (ﬁd[duV Ot Ao WndEpart i ng
fromthe scegenpicyt 8f ¢iM¥ET RE k.18, 40 M3, RY PR PL 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.



2 6 OCT 2004 THE CLAIMS What is clained is: A method for producing a
patterned filmof a netal containing material on a substratg fo"',‘?n:ﬁfﬂi’ﬁi ng:

a) depositing an anorphous filmof a nmetal precursor conplex of the fornula
M LgXhwowheasein Mis selected fromthe group consistingeafudizséy Cr, Au,
M, Fe, Co, N, Cu, Zn, Si, Sn, Li, Na, K Ba, Sr, M, Ru, Pd, Pt, Re, Ir,
and Gs; Lis aligand of the fornmula (RZNCR 2CR 20) where R, R and R’
are i ndependent Ithe seduese @ 14ihiQMWhdrein Gaid: irrddi8tin{g stép iscafiell out B2 Wherein A and
B are independently selected fromthe main group elenents and f, g, h, n,
m x ant*¥represent integers; and X is an anion independently sel ected
fromN3, NCO NO3, N2, C1, Br, I, CN, OH H CH3. b) irradiating said
anor phous film cause said netal conplex to undergo a reaction which

t r ansf or ms 18ai dtfﬁevsqt%oé&fﬁia&e ljwhegein saig dRpdidyig S6F Gy OBY A adherent to
sai d subsdiledtabnosphele€am 3. 4. beam 5. beam 6. visible light. The nethod
of claim1 wherein said irradiating is acconplished by directing a | aser
The nethod of claim1 wherein said irradiating is acconplished by heati ng.
The met hod19f ciThé MethoddEERIM 16 Wt@rdink §a§<ﬂii:@l{t}dlll§dia§n@s?ﬁ&€ﬁ§ii§hed utilizing an
el ectron The nethod of claim| wherein said irradiating is acconplished
utilizing an ion The nmethod of claiml1l wherein said irradiating is

acconpl i shegl ut Thé Feh@d df SRIH ¢€ whikreln saldEorBAIB dirtdsphraidRidopdpcr i n sai d
irradiating is acconplished utilizing a source of wultraviolet light. 8.
Thaonet hod of claim 1 additionally conprising the step of reducing said

net al 13. The method of claim I additionally comprising the step of covering said

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 ! 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



containing material after said irradiating step. 2 6 O CT 2004 WO 01/ 83844
PCTJ1JSO1/ 13659 9. The nethod of claim| wherein said irradiating step is
carried out in a vacuum The nethod of claim!l vvhereln s |d i rradi ating
step is carried out in a 10. 5control |l ed at nosphere. & BT ntidhof claim
10 wherein said controll ed atnosphere is air. 12.The nethod of claim 10
wherein said controll ed atnosphere is nitrogen. 10 13. The nethod of claim1l
additionally conprising the step of covering said anorphous filmwith a

mask t met hod
o ol aithGREE AR RALEL BRE pRIARoRRA1E Mnaddo Se o it etk O
c|saidroppexteemgiex lstaladsomr&bntamlng:mﬁteaakﬁﬁh@@m togaidprbstia hod of claim 1
wherein said netal is a dinuclear copper. 17. The nethod of claim!]l
wherein said anion is N3 18. The nethod of claiml wherein said group Ris

Et hyl 19. The nethaod of clajm]l wherei upstrate is silicon. 20.
The meRhod df SWsitiaadhopng: €1 Whishiie 28 GBOTRhaNS & 3@ ?ﬁq@z’pﬂ optaipnggbeRel or

grvﬁﬁ':%ir% RidacopPRPEdntAifmp &?ﬂt’eﬂ& hasl meﬁnfoﬁnédJ b tiratatien rmransamg?)h?@s) ﬁh? |

eposli.t.i n us m X Q ornul a

OB HRER OIS TRE PRRS Compler it She- o B RN IRBER A HORE eredh Re &5 il O

t fRé’ a¢ imdppendastlysselevteddftorhlH, ©,Hil andaBdHOMHy,. wiieinwh @nd iBnard iadegendsntdy e
qdene §ﬁ},lﬁ%se§%ugceﬁﬁﬂe&£ 200 F8h " B PY Rerftb EAERR AN nd X iTan SR Yeibcted

presen
ﬁ'om the group consisting of N3, NCO, NO;.

. 23. A substrate adhering to which is an amorphous film of metal containing material
| ) wherein said metal containing material has been formed by irradiation of an amorphous film
comprising a metal complex of the formula MgL,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, I,
and Os; L is a ligand of the formula (R,NCR’;CR”;0) wherein R, R’ and R” are independently
selected from H, C,H,, and C,H,, A, 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, NO3, NO,, C1, Br, I, CN, OH, H and CH;.

24. A metal complex precursor of the formula Md 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’>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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‘wherein X is an anion selected fromthe group consisting of N3, NCO NO2;
and =9 2 6 OCT 2004 b) irradiating said filmto cause saPd it al208brml ex to
undergo a reaction which transforns said copper conplex into a copper

cont aiwh fgg3gef eri al adherent to said substrate. 22. A swhawseatizssadhering to
which is an armrghous filmof copper containing materjal wherein said

copper conai ni Age mathedichFiaimad vHsERn rdfiteg By Poendied dhe BF%hn anor phous
film  comri SififedodnpileqR qualiBl dliherRamlaxiRh. the formula

CuZ(RBNCR‘ 2CR"20) 2X2, "wherein R R and R' are independently selected from
H ChH and C HmA,, By wherein A and B are independently selected from
mai n group,el engpt .08 ofclaifh 1 XwhRsh the fRIAIGERINs onBbeERESmMeaNd X is an anion
sel ected fromthe group consisting of N3, NCO NO2. 23. A substrate

adher ¢omplexesvin raditipn tosadameieb e | m of netal containing material }
wherein said metal containing material has been forned by irradiation of an
amdr phous film conprising a nmetal _conplex of the formul a LgXh, wherein
Mis sel ec?®d fThmmethed gf daisn | dseinan silise iypsedyo ipprovathe W "Fe  Cp, Ni |
Cu, Z@mﬁg, wallyy. Li» Na, K Ba, Sr, Mb, Ru, Pd, Pt, Re, Ir, and Gs; Lis a
i gand of the formula (RZNCR 2CR "20) wherein RR, R and R' are

i ndependently selected fromH ChnHmand C,,Hn A, By wherein A and B are
i ndependenid y seh&EaL@ed br 88t DVheRimthe SieAlRs SlrgmRWsmaad f, g, h, n, m x
and y represent integers; and X is an anion independently selected from
N3;o NCO, NGB, N&2, C1, Br, I, CN, OH Hand CH3. 24. A netal conplex
precursor of thendpembd af Mhiko Kivhemhtedaai firalilakifg sedagéddasht by phvdogis. gr oup
consisting of Ti, V, C, Au, M, Fe, Co,” N, Cu, Zn, Si, Sn, Li, Na, K, Ba,
Sr, M, Ru, Pd, Pt, Re, Ir, and Gs; L is a ligand of the formnmula (

R2NCR 2CR'20) wherein R, R and R' are independently selected fromH, C H
and C.H A By, wherein A and B are independently selected fromthe main
group elements and f, g, h, n, m x and y represent integers; and X is an
anjon independently selected fromN3, NCO NG, N2, d, Br, I, CN, OH H
ant CH3. 25. The netal conplex precursor of claim24 wherein the netal is a
di nucl ear copper. 26. The netal conplex precursor of claim?24 wherein M i's
a dinucl ear copper; Lg is (- Et2NCH2CH20O) 2, and Xh is independently
selected fromthe group consisting of (N3)2, (NCO2 and (NQ2)2 2 6 OCT
20C? WO 01/83844 CT/USO /13659
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27. The nmethod of claim| wherein additives have been added to the netal
precursor conplex to inprove the quality of the resultant film 28. The

met hod of claiml wherein the filmcontains one or nore netal conplexes in
addition to said netal conplex. 5 29_ The nmethod of claim Izﬁha(,‘ql mngn
additive is used to inprove the filmformng quality. 30.The nethod of
claiml1 wherein the metal is a transition nmetal. 10 31. The nethod of claim
| wherein said irradiating is carried out by photolysis. 15 20 25 30 35 -
Il 2 6 OCT 2304 Title: METHOD FOR DEPCSI TI NG METAL AND METAL OXI DE FI LM5
AND PATTERNED FI LM5s The invention is directed to a photoresist-free nethod
for depositing filnms conposed of netals, such as cooper, or its oxides
frommetal conplexes. Mre specifically, the nmethod involves applying an

a "Pi'ill%‘h (ME'IfHd)WFQfR PEFOSATINGMEFAL AND MRTATAOKIDE FILMS ANpgonpl exes have

he fornula MLgXxh, wherein Mis selected fromthe group consisting of Ti,

V, Cr,IﬁurTﬁﬂuqmﬁﬂqnmqs Ni, Cu, Zn, Si, Sn, Li, Na, K Ba, Sr, M, Ru, Pd,
Pt, Re, Ir, and Gs; L is a Iigand of the formla (R2ZNCR 2CR"20) wher ei n

R, R and R' are independently selected fromH C' Hn, and C' HmMAXBYy.
wherein A and B are independently selected frommain group elenents and f,
g, h, n,. m x and y represent integers; and X is an anion independently
selected from N3, NCO NO3, N2, d, Br, 1, CN, O4 H and CH3 . These
fil s, Thpdnyention lteﬂanqtté to tahdmmsmt@m wethodifondepnsitaigefims pompesed  of t hi s

TBeth1E 3ok £ GoPa bEI\GAdEHth ni¥ial ThidlexBX 1 HBrd dgcBiicRly? (5 AEIHSd Hhvdllves
applying an amorphous film of a metal complex to a substrate. The metal complexes have the
formula ML Xp,wherein M is selected from the group consisting of Ti, V, Cr, Au, Mn, Fe, Co, Nj,
Cu, Zn, Si, Sn, Li, Na, K, Ba, Sr, Mo, Ru, Pd, Pt, Re, Ir, and Os; L is a ligand of the formula
(RoNCR’,CR™0) wherein R, R’ and R” are independently selected from H, C;Hy, and CiHnAxBy
wherein A and B are independently selected from ‘main group elements and f, g, h, n, m, x and y
represent integers; and X is an anion independently selected from N3, NCO, NO;, NO,, Cl, B, I,
CN, OH, H and CH;. These films, upon, for example, thermal, photochemical or electron beams,
this may lead to a patterned metal or metal oxide film in a single step.
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