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PCT/ CA95/ 0064 WO 96/15289 METHOD FOR DI RECTLY DEPW]"BMW7
METAL CONTAI NI NG PATTERNED FI LMVB Field of the Invention

This invention relates to nethods for fabricating patterned fil ns of 5
metal s  or nmetal containing conpounds on a substrate. The invention has
particular application in formng patterned films conprising nmetal oxides
and/or metals. Qther applications include the jnt erconnect i on_of conponents

on semi -custom chi ps ‘and t he kRO KOBDIRKCLLLRUYOSIING et her

i nst ead of or in conj uagirQaN CHNH S pNger ni ng. The
met hods of the 10 invention nmay De —certain VLS

devi ces. BHisidof thellnvention | nvent i on : United States patent

P i of “Super conduct AP NeRtin eI fRE Yo pioHR fod Plbricatine AR I
of a netallo organmetahtcrrmataleanmmlgsdomioanaﬂdnmmmtégrhe invenitiof Hdd m
with an el ectron beam, i.on beam or | The patterning is,

acconpl i shed by | oR&FtiFdaY AR ‘E?rm’é‘r?@r groe comprising mesal-oxides
i nvol ve a phot ochegi 8@k nietas (Oder app onsmciﬁ%@'t?é’%ﬁi‘&ﬁh?&%&o%ﬂ#&ﬁ%n&a”

be nade by depositing thin patterned materi a
different electriceah Smmmmhmwcdtbﬂpattmﬁantegratedurcm eﬁhermstead

techni ques for nman ctur S N

sui tabl e substrat e%%ﬂhcoﬁé&g%fvgﬁ?#g@ g{sgﬁﬁq@asfpm i %’Sr{n%"gﬂ"f the
materi al s 10 hairivegtioa m sy be &habiﬂthbahaﬁd&éﬁﬁbefc&tmﬁsvmméiWSI ted.
These current t echni ques are expensive because they generally include
many steps. Typical- 25 Iy, each step i nvol ves applying a photo-resist to
the surface of thegpa A4 e ] ging the properties of selected
areas of the photo-reslst b

exp05| gj hose areas to light, X-rays or
an el ectron beam renﬂmtng tes patent, Oekﬂ&;éiﬁ,Manteseetmh@mwamtho for of

chentcal Ly tr eat | niebbi BEBell A1k o anbHeoiGh: Habhials ThE sibpgivotyes
the substr at e; 1:nddepsitinigrfiinisiof aphetallo organizimatéridl Sacy sulistéste ahd patteriingy

such prior art technigyes .i§ that resolutlonc n be lost inwhat is . .
essentially a two- % Jbeam, 1on beam or laser. The patterning is

LZ

accomplished by local heating or energy deposit in the film and does not
involve a photochemical reaction.
Various electronic devices can be made by depositing thin patterned films
20 of materials having different electrical characteristics on a substrate.
Current techniques for manufacturing such devices generally begin with a
suitable substrate, such as a wafer of crystalline silicon, on which materials
having various electrical characteristics are deposited. These current
techniques are expensive because they generally include many steps. Typical-
25 ly, each step involves applying a photo-resist to the surface of the substrate;
changing the prohertia of selected areas of the photo-resist by exposing those
areas to light, X-rays or an electron beam; removing either the exposed or
unexposed portions of the photo-resist to expose portions of the underlying
substrate; chemically treating or depositing a material on the exposed
30 portion_s of the substrate; and remeving the photo-resist. A disadvantage of
many such prior art techniques is that resolution can be lost in what is
essenﬁall;t a two-stage masking process.
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prior art processes include depositing a |ayer of material on a by
substrate, applying a photoresist to areas where it is desirable to retain

t he material, and then etching-2he material away in places where it

I S not required. This nmethod has the di sadvantages set out above and
the further 5 disadvantage that the edges of the retained nmaterial can be
rough or Lsaméq;ﬁormpmssesl mdwdézaupéseﬁﬂgtanlwmméﬁm edna cause
the device to fail Anot her di sadvanf.age, of these processes

i's that thewmmm.@mlma@bptommmmpaa re il ¥s; able t mhe.ods

et er 3. el i o W A whBBARL WG RS U SEi£hel S,

pl anari zat i geqaired. This wmethodHas the disadvantageBREt bitabivetsnd thé furthepssary
to apply a netal film to a sem conduct or- material to make or connect

to an el Bct rdisadvaptagecthat the edges of the; &m%mtappl ywadybe Youghsopy
evapor ati on thesfihm.is be| ng
oo e | S aeRREE ST oA fisimblily TR Al whiel Bs Bablifuld 48R 7 0
evapor ated fgflal and the underlying naterial causes netal atons to
diffuse into the material and vice-versa. This results in a | ayer of

m xed netal andinethendisadwaniage n%thﬁgpaxrogegnetm@mabeymém preduce a whi ch

terf h th t ent
Sopl i cati on HeR-Pidhar, Sftihe TGS ety pteRls &% ofter, not RREERRIN, o
for makinpg Fepekited! raedr {hé Sufacof tishlivtiate T gBi&ally planak Bupfaress q{

depositing a netallic resinate, together with a photo- crossl I nki ng
agent, on argqmdathsn M@H&M@Mﬂ@%w& t hen exposed and

devel oped to y| attern whi. h can be red ced at of rret allic
25 wires by sk JRARY. IftRdeq i if ASeesasy 2. ef ek

reaction sen%ﬁrﬁihcﬁﬁ_"iﬁﬂ&rfhl 5 nfak 6 dtinect £ &ﬂ'%l/é?:ﬁomé‘ﬂ@vﬁe NPigk art
containing nmaterial, ~such as netal oxide, on a substrate. It requires

a hi gh t enpsechniguessapplzsugly films bysvaporatian Evapesation heatsithe materiakesses

No. 6228807 Jo o AR Rl i Y5iie, Bholind, e high PRARESnRE bibinaRl ol 65 | 0"
gecg'? lCAfQIS} (r)no é%%&fd&‘bﬁ?ﬁeéﬁﬁfe @apstaielhétad aad the under{fh hdfe#fil causes
metal atoms to diffuse into the material and vice-versa. This results in a
layer of mixed metal and semiconductor at the metal-semiconductor interface
which can interfere with the performance of the device. |
20 Japanese patent application No. 1004738, assigned to Fujitsu Ltd.,
~ discloses a method for making a patterned film on a substrate. The method
‘involves depositing a metallic resinate, together with a photo-crosslinking -
agent, on a sub'straté The photo-crosslinking agent is then e‘xpoéed and
developed to y1eld a pattem which can be reduced to a pattern of metallic
25 wires by smtermg This method does not disclose a photochemical reaction
which causes a metal complex to convert into a metal containing material,
such as metal oxide, on a substrate. It réquires a lugh témperature sintering
step which is not necessary in processes accordmg to the present invention.
| Japanese patent apphcatlon No. 62263973 Omura, discloses a method

30 for making a patterned th.m metal film. The method uses an electron beam
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- 3- to deconpose portions of an organonetallic thin filmto form
metal s. Thi s wo96/1528¢ hod does not involve a photochenical read®CTiGA9S/00647
Kest enbaum.et al., US. patent 5,064,685, discloses a nethod for making
patterns of netals. The nethod involves applying a netal-organic ink to a
5 substrate. The netal organic ink is tBen heated with a laser to pyrolize
t he ink to | eave a deposited netal film This nethod exposes the
substrate to high tenperatures and does not allow for the deposition

of material s ottoedecomposeiportions of an organometalBicahin filmeto form metals. Jhis e

phot ochem stry of rr]HL,err]JPt (N err as thin film 10 on S|(111)
surfaces J. cﬂ‘ﬁgﬁgﬁ #{b&‘d&"ﬁ '\L@f‘?@i’ﬁl’&“‘é'lr » 181-186 and Ho
et al. Solid stat r f :
(Clerr]H err] (Ph ??{%Werr y P papent 5,064,685, dis dml gees a method for making

surfaces J. Ph qiahtdmm ofinetalbi The nmthfiﬂenvolvésa appBﬁﬁg aaﬁetalaﬁ'gamc inki toca ose

oot ed Lo udorastRe ke matal orania i (ien heated sith A laserobgelige the,e
15 ligands asgag @&fému yﬁ@té@h@kﬁlﬁﬂﬁﬂ ?gsﬁ;eaﬁd L:gﬁos@g tnsts%smt&mo

wer e produced were ver | mpure erences do not disclose or

suggest direct high teppidratures@ana deesmgtiallow for the depositior of mapéxialssothehey
suggest that such nmet al conpl exes m ght be useful in photochem cal
vapour depositi metals. Some researchers have experi mant ed with

L3 B vy

phot ol i t hogr aphy Oﬁlfcgféfktgp Sl

of metals. These yener: R atter N0t O i
pol yner fi iy vaeSi(bil)awefaces J. PhMemIPhotobml h’eGhdmrL M(Iﬂﬁ%)slﬁll*/kﬁﬁambd
t hen reduci ng the remaini.ng 2 J
- pyrolysis. It iHo ghak Solidstale ph EHILEN AR - » Hftes

25 Summr el el arenyl Fhotochers, Plbliticl. o g?zyfg:wod
for making a p con al ning nateriral S

The net hod incldidaasetﬂmaéﬁaﬁnmfetalcompldepdspbmmlmaeﬁﬂicmsubs&atdnaﬁba
met al conpl ex onasurface of a su strate 30, plm ef| mjin a

sel ected at nospdased terindsxgeq e loss of the
PCT/ CA95/ 0Qg47 ligands associated with the metal eomplex. The films of metal which were

produced were very impure. These references do not disclose or suggest direct

patterning of amorphous films of metal complexes. They suggest that such

 metal complexes might be useful in photochemical vapour deposition.
| Some researchers have experimented with photolithography of metal
20 . containing polymer films to produce patterns of metals. These methods
generally involve patterning a photosensitive polymer film, washing away
some parts of the film with a solvent and then reducing the remaining parts
* of the film to a metal film by pyrolysis. It is hard to produce pure metal films

by these techniques.
25
Sums f the Inventi

This invention provides a method for making a pattern of a metal
i:ontaining material on a substrate. The method includes the steps of:
depositing an amorphous film of a metal complex on a surface of a substrate;
30 placing the film in a selected atmosphere; and exposing selected areas of the



filmto electromagnetic radiation, which is preferably ultraviolet Iight,
or to WO 96/e828¢t ron, ion or atom beans to cause the net @cCTOAIRbEsY7 i N _
the selected areas to undergo a phot ochenical reaction. Electron ‘¢
beans, ion beans or atom beans may be used to practise the
invention, if they are able to popul até-the desired 5 excited state of
the netal conplex and thus to trigger the photo-chenical reaction.

. The reaction transforns the netal conplex in the selected areas into a '
new netal corfilai o electeomagndticxddiation, whichhiés préferablyciltfavioley lizhtptare

t he t enper.at ur f the substrate.is maintained |o t hgn t he
tenperature &8 ﬁme%afcompfqifemnti{eaqea%gépgg\asdgc g\_l\g{nq@-&emcal n one
enbodi nent  Ofeahii®on b3 - : ' :
oxygen and t REoau PR b frahRlnis he S IRA flok Iibleelected aveas o
conpri si ng atintssp nememetalwontaiming material adherentitothe sbsiragat t he

remai ni ng metal, c | ex J.s removed from.the substrate after the
step of e2posi ndBtdne embpdalﬁ)elftéqfé;ﬁpyave&}%ﬂmsqlﬁqefliqtm% grecamBREghet i ¢
radi ation or 8l theldeéW mé ainin }@5 Bl bR f '

enbodi nent ofo ﬁéeﬂ]?ﬁvetﬁtsi on, maé met at oxl Ején%t%o uc%g OSh(Peég*cic?r&%ﬁ\egr to

t he inventi oenbodinreteof the invention,ah| metdlconide| produeed wictoiding to the

at nosphere tQ redyce .the netal, oxide tq a metal. adherent to the substrate.
In a preferr daveRieRas Sﬁméimﬁt%s‘flﬁ%ﬁﬁmmal%‘éﬁﬂ le atmospheretaf t he
- new material JheudBPilY i of the new netal
20 contai rﬁ?% mat eﬁeﬁﬁﬁ%%%ﬁﬁ?ﬁgﬁé‘kéé‘g-té?ﬂg%gé#%&t he sel ected
areas of 10he fi [lma preferred methbd accordigmntd the inventioncnloesal teinpératateef ron,‘
ion or atom gﬁgrrs. e .The S&ﬁepl of exposing the selected areas is
preferably ath¢Bowdmaterial igmaintained below anagpealing temperamae ofithe new

i1l um natingn§ .gurface of the mask, which is away- from said
substrate, w el ectromagnetic radiation, electron, ion or atom beans. 25

Anot her aspect @ndtheriaspect iof rther imvieitionf provides fnp che tdeposition WP two
di fferent . MRtEeri al,aslsi,n a patterpn . This as g‘cdé of the jnventiogn
i nvol ves t he differpntgpateri mo%BBW-n'ghﬁrPWEﬁ mventiog inyolyes:ghe
conpl ex a f 2 S ' ' fl ' fler. st
CoD! 99, 2B folsng Ao o of QORI Sl ol Kb
t o el ect r omngubstrate; phiichig the, filvhir b first peleétedaitmosphers) \and &iposinghfirstt 0 30
cause the netal copplex in t first selected areas, to undergo a
phot o- cheni cfelected areas oﬁﬂy@g@q ¢lectromagnetic radiation, which is preferably
ultraviolet light, to cause the metal complex in the first selected areas to
undergo a photo-chemical reaction. The reaction transforms the metal
20 complex in the first selected areas into a first new metal containing material
adherent to the substrate. Subsequently, the film is placed in a second
selected atmosphere; and second selected areas of the film are exposéd to
electromagnetic radiation to cause the metal complex in the second selected
areas to undergo a photo-chemical reaction. The reaction transforms the
25 metal complex in the second selected areas into volatile components and a
second metal containing material adherent to the substrate. The method can
be used to make self-planar structures. _
In a preferred embodiment, the steps of exposing the first and second
selected areas of the film to electromagnetic radiation respectively comprise
80 aligning first and second masks over the substrate and illuminating surfaces

g
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-5 - reaction. The reaction transforns the netal conplex in the
first sel ect edhovsaasse into a first new nmetal contai ni NgpEBCAISIODE47
adherent to the substrate. . ¢ Subsequently, the filmis placed in a
second sel ected at nosphere; and second selected areas of the film
are exposed to el ectromagnetic radiati on-%e cause the 5 - netal conplex
I n the second sel ected areas to undergo a phot o-chem cal reaction.
The reaction transforns the netal conplex in the second sel ected
areas into vol apftife maskeaway froi theswlntaité with alechroni fpnetiedradidtton, avhich
adher ent . to the substrate. Electron, ion or atom beans may al so be
enpl oyed in t heig pyeferably ultraielet dighte second or in both exposure steps.

Wien the first sel gat e Q. ' ecte
areas, the first aﬁg‘%‘é@mﬁ‘éﬁ cogpanes r?ﬁ?g&%gme ﬁ%t%%gﬁ%?f@%e?ﬁd&ojxe éjr
pl anar struct ur g8 ligaads Unsdriedspect of the invention! 4t 1eas¥ s ligan & domppines amnt |
the steps of exposing the first and _second sel ected areas of the

filmto el edronsigesrpup,Rreferablythedigandsiave s¢lected fram t¢he group consisgng of:
first first and _secqnd ,masks overpthe substrate d illumnating surfages
15 of the naéﬁ%tyia&%ﬁ“fag‘?ﬁ t he @ﬂ&t r at® il ect Pﬂaagnevpgg"%ta{‘%ﬁ?ﬁ n,
which is didlkgidethisdarbanbiedy ba¥ Tate] pyridinesCaminds? didRindss ardines;

i on or atom bearns. . The netal conpl ex conprises one or nore
net al atoms bondiarseresypbosphines; diphesphenes;rrenes; alkoxy ligandsy alkyl ligands;

cro er it Sy, V€ o R e BSREGE oo and BB, e

el ectromagngy i Chgﬁﬂﬁﬁtﬁﬁ‘pra%?aHQ”Ehﬁﬂ ARA0AE ndtheimptiky W%&i@c}("%ﬁdﬁﬂshi S

ligand is renove I'n one aspect "of the invention at |east "‘one o
ligands cantaiiing mene than 26 carbapatobis: Mosh preferdbly) if she digaads do not
sel ected fromthe,gto consi sf i of,: ;acetyl acef onates (both
substit ut ed and%@é%guﬁﬁﬁgg)nps%ﬂen eﬁ%&?ﬂ?ﬂﬂﬂoﬁmm&rﬂy ganic groups

carboxyl ate; py ﬂaﬁﬁ' R0 S5an 12 3FBGES: 5ines; 25 di-ar senes;
phosphi nes; di pﬁ%sp enegs; ar enes; gﬁoxya I gands; al kyl 1igands; and

aryl ligands. For depositing netals, netal oxides and netal sulfides, the -
| i gands | e .| and do not conprise any organic groups
cont ai ni ng W r oBrief Description’of the Lixawings v  \ost preferably, if the

[ gands o 1ot | nckiitapliin Dusedionit et bt g tivdion bn
which should not be construed as restricting the spirit or scope of the
invention in any way: '

Figure 1 is a block diagram outlining the steps in practising an

20 exemblary method according to the invention; | '

Figures 2A through 2E are schematic diagrams illustrating intermediate
steps in the creation of a patterned film on a substrate according to the
method of Figure 1; and |

Figure 3 is a block diagram of a first alternative method according to the

25 invention.

This invention provides a process for making a structure comprising a
30 film on a substrate. The film is patterned and has areas comprising different
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Bri ef Desayppénge of the Drawi ngs In the draﬁgaﬁ,%;ﬁqh '
illustrate specific enbodi nents of the invention, but I ch should «
not be construed as restricting the spirit and scope of the present 5

i nvention in any way: Fig@re 1 is a block diagramoutlining the
"steps in practising an exenpl ary nmet hod according to the invention;
Figure 2A through 2E are schematic diagramnms illustrating i ntermedi ate steps

in the creawaarmls &Imkéﬁ{d%eérfdﬂ Eﬁo@s&bb%héﬁi&eﬁﬁﬁﬁééﬁhﬂgré thdet hod

of 10 Figure 1; and ure 3 is a bl ock diagram of a first
al t er nat i ve stenshofianplydngiang removiag a photo-reswtgnr istmilar material toDtheni | ed

Description r.ef odi nent 15 . _ This i nvention
provi des a %85%‘ E ﬁrﬁk ﬁég)structure conprising a film on a
ngst rate. w)e %dlwmmemwm@rwm il gtphehl B0 of 20
PCT/ CA953 00 metal complex 41 to a substrate 44 and then selectively converting portions

of film 40 to different metal containing materials by photo-chemically

reacting selected portions of film 40 in a selected atmosphere. The metal

. complexes which may be used to practise the invention are discussed below.
The material of substrate 44 may be any one of a wide \}ariety of
10 - materials which are compatible for the purposes of the invention with film _ ‘
40 and the metal complex 41. Substrate 44 should be a material which does
not impair the photochemical reactions described below, ‘is capable of
adhering to film 40. If the device being manufactured will be exposed to large
thermal variations then substrate 44 should have a coefficient of expansion
15 reasonably well matched to that of the material to be deposited. However;
because this invention does not require high ’ténipe:ature brooess steps, it is
not as important for the coefficient of expansion of the sﬁbstrate .to be
matched to that of the material being deposited as it is in prior art methods.
Substrate 44 may be, for example, a clean silicon wafer or chip which may be
20 etched or may have an oxide coating, or a quartz slide. |
Figures 1 and 2A through 2E, illustrate the use of the process of the
invention to create a patterned film. The process begins (step 20) by applying
an amorphous film 40 of a selected photo-reactive metal complex 41 to a
. substrate 44. Film 40 may generally be conveniently applied to substrate 44
25 by'spin-coating and typically has a thickness of between 20 nm and several
pm. The thickness depends upon the desired end product. Where the goal is
to deposit a very thin layer of a material, such as ti_tanium, for use as a
binding agent then film 40 should be very thin, for example, in the range of
20-50 nm. Where the goal is to deposit a conductor approximately 0.5 ym
30 thick thep film 40 is most preferably in the range of approximately 2-5 pm
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- 6- materials. Unlike nost prior art processes, the process does
not require tyWooenszge Steps of applying and renoving a phot o- rECIVCAISBNG64T
simlar material to the .. Structure being fabricated. The
process of the invention involves applyi'ng an anorphous film40 of 5 a
metal conplex 41 to a substrate 44 and thén sel ectively converting portions
of film40 to different netal containing materials by photo-chemcally
reacting selected portions of film40 in a selected at nosphere. The netal

conpl exes whi ch thitk. Wherealelgoabisttiprodutéda layercefia dielevtricahatenisatiehdilow.
The material of substrate 44 may be any, one of _a wde variety of 10

materi al s whi ch 40 prefepghlyihasa %8 briwesndhese ranges. In any easeyitis best m

B
40 and the netal ; Al i.ch:
not inpair the ﬁhgfggh%%?s%g?%@%b%@%%% %?I%ﬁ?% f‘l‘seédc?g'p%b ee('ég]feq(}&s
adhering to fil rpe4Btiohl bylpodustscre fiffuze omwtof ahin fiiths 40| ad it ipcsasiert to

| ar ge thermal variations then substrate 44 should have a coefficient

of expansi on515 completely exposecthin fmsi#dita ighhat of the material to be

d ited. Ho , . b .t hi_S. 1NV ' d ' high .
Cemper at ur e pr ocessTlg B SiqHIE s chrkied it hy Plhetid didp of & aludonof phatal,
of expansion of cohifhlexdItincd chémidaily compdﬁﬂdléibﬂlfbem ohb6 tsubstriate 4apdrR] tleén

being deposited as it is in prior art nethods, Substrate 44 may be,
for exanpl e, a aotatingisubstratesfde dInothe alternative; ardyom of netabcompdex 4 Ininy

e & P ety ot o eatntigmay téd¥opped B Sinping substrate, Thepin chiang of merat 0"
patterned fhpm ciRplek 91 8a% AMdtidte 424RAy %@heﬁmﬁwﬁaﬂoﬁﬁbnéshed WHthakR/sa!s

film40 of a selecfed photo-reactive netal conplex 41 ta substrate
44. Film 40 nmay egmipmentyused tooapplyi films yof phwitoxesist dnspiior raxt prodesdes. Bor

spin-coating and typi.cally has a thi ckness, of befween 20 nm and ver al
BT Tho t hi ERABGRE] @, bomierpiah SR CHRLE BIAEHIAG,, of A BPeRERIAR R cLrgB)
S to depogi ' oﬁ@gtq'g#,ﬁel , ' ?ﬁz&' r
use as a bﬁ%ﬁ%ag%r#%etﬁ?f?n?%%?s oul é(%/%lrlflﬂ(_tlfﬁ‘e%,% or g)?a‘tlr%ﬁé,
‘in the range of The thickhess offilm Whanay bé adjystdd, ias is knovep dn ithe spincroditintgoart,
approximately 0.5 [grr]lm 30 thick the i1lm40 is . nost prefegrably in the
range of app oxhﬂ%‘ﬁ%é‘ﬁ%&@m§ e%@%@s@& ty o .thesgiunon,and
PCT/ CA95/ 00647 ¢he concentration of the solution. In some cases, thie rate of feed of the
solution is also a factor. The spin coating may be carried out at room
temperature. For example, where metal complex 41 is Ni(CO),(PPh) ,
(wherein Ph represents a phenyl group) the solvent used may be methylene

20 chloride. With a solution having a concentration of 1.57x102M and a spin
speed of 725 R.P.M. a film having a thickness of approximately 90 nm (90
monolayers) is formed. After the spin coating is complete, the resulting film
40 is allowed to dry. _
~ Next, in step 22, a first mask 48 is aligned over film 40 and film 40 is

25 placed in a first atmosphere 50. First mask 48 has both opaque areas and
transparent areas 58. The transparent areas 58 correspond to areas 60 in
which it is desired to convert film 40 into a different material.

In step 24, the side of mask 48 away from film 40 is exposed to light from
a light source 54. Light source 54 emits light of a wavelength (typically in the
30 blue or ultraviolet wavelen'gths)' which is absorbed by metal complex 41. In



thick. Where the goal is to produce a |layer of a dielectric material then

film WO 961832 abl y has a thickness between these rang@CT/CA9S00847 case,
it is best that film40 be as thin as possible to achieve the desired
goal. It is easier for reacti on by-products to diffuse out of thin

films 40 and it is easier to 5 conple®ely expose thin films 40 to |ight.
The spin coating is carried out by placing a drop of a solution of netal
conplex 41 in a chem-cally conpatible solvent onto substrate 44 and then

rotating subgenenab shorter wavelengths avepreferred hicapse shoxttwiavelengthsxoffer i n

| uti be dropped ata] trate. Th ' ' f t al
ol it on Ty et SRR AR 0, AUESL U, pTU 201 T conti il et
same - eqpy iFPcticiCsr (e 1ghY from light Sturbd' 8l Ur6thd madk #81 O art

processes. For exanple, a commercial spin coating nmachine, of a type
avai | abl e from For theiexamplesdiscuasedhhéerein, ightstitcéS54anay bemcXe Gmnjpaord

Texas nay, be ed. The thj cknes Qﬁl jlm40 ma Bi)g;a adjusted, .,as is
known in & heaﬁgﬁ"(ﬁ?&filﬂﬂ‘palsﬂ P38 pyialy P&Fsﬂﬁﬁg ‘éaRf{’“r 3t aPhe
substrate, t g RS gefqﬁigbgavﬁg{?&#%%%ﬁeand quﬁ%ﬂ 'tﬁf t he

solution. In some cases, rate o IS also a
factor. The guartzooptidsnd\ Helfdlasenemitting lighttatr 326mm andiendi8 amuhas For

exanpl e, where tal conplex 41 is Ni(CO[err] (PPh[er r] wher ei n
B bpr esent USef b RERmETHAR foF jSE1AS & HEhE SPUFEUD MAPUREIONLVI Bsey etal
chloride. W ﬁle?@%%tgi.on having a concentration of 1.57x10[err]M and a

spi n speed o R'P.M a filmhaving a thickness of approximtely 9

nm (90 10 nonlightdrom lightsouresi54 plasses thirougly transparemigareasG8 fiist, th
resulting film s gllowed to Next, i.n ep 22, a

first mask 4mask 48 ?éa iiZgiinntes sasna S0.4Ffilm 49, Qtherarpes 6 AR axef j r st
at mosphere 50, ééﬂd&@ﬁfﬁi‘& ﬂgggggt;h&m&ﬁﬁ;@raggg 60 nt ranspar ent

areas 58. The transpare ar eas correspon which it

is desired to cMutal coinplér 40 inrillantindtdd arest 607ef filmad0 reacts under/thest ep
24, the side of mask 48 away fromfilm40 is leﬂﬁ)osed to light from

l'i ght sourcea@lﬂnlﬁfbﬁt%m . hgrqﬁma .. _ hotochemiedl| y ?n
the 30 lty u%&%&%@gm&%ﬂe@ WY 3 SRSEREE QibdtFdid' a£0 P! ex

41. In

PCT/ CA95/ 006Rgr example, the first atmosphere may be air and first nevdmaterial 70 wmageral ,.
shorter wavel engths are preferred because short wavel engths of fer

hi gher patt he1armetal exide. InrnenriluminateshargasiGle metal complex 43 doeamop

limted react with first atmosphere 50 because the light necessary for the chemical
reaction is not present. |

20 The time required to complete the photochemical reaction varies with the

' thickness of the film and the intensity of the applied light. The speed varies

from metal complex to metal complex. Typical exposure times vary between

2 minutes in light from a 50 W Hg vapour lamp and several hours under light

from a 100 W Hg vapour lamp. Light from light source 54 should be as

25  intense as possible to speed the reaction without interfering with the reaction

itself. The light used should not be so intense as to unduly heat the substrate.

In general, the temperature of the substrate should be maintained at a

temperature lower than the annealing tem_peratlire of new material 70. The

temperature should also be maintained lower than the temperature at which

30 metal complex 41 thermally decomposes. In most cases the temperature of



by diffraction of the Iight fromlight source 54 around mask 48.

For the exanplygeflisagsissed herein, light source 54 may be a XePCEHAISN0064D
atHg vapour |anp, such as a 100 W hi gh pressure Hg vapour lanp in an
Oiel[err] housing equi pped with condenser |enses and a 10 cmwater filter
wth quartz optics. A HeCd | aser emi®ting light at 325 nm and/or 416
nm has useful properties for use as a light source in association

wi th many net al - conpl exes 41. 10 Light fromlight source 54
passes through t{legsabsteate sharda ol extedd 820 °C or sonmi@idweiBtennplerathrerilods as
areas 60 of film40. O her areas 61 of film40 are in the sglgdow of
first mask 48 anfeaguee ofgheiinventioncthas, if necessary, magyuseful ey mater: may

in fire at mospni? depgeid o Fatin EREEFaRR W hicHia imngeslit pifh Blosk BEacs

forma first newpiiik @t procéSseshi ch is adherent to substrate 44. For
exanple, the first atm)sEhere may be air and first new material 70 may

be a netal o8 de. | Asnbdicatednbyarrowa26.a8teps, 22@7&1 zéomWehe@PG%@;d,rmth

react with first nospherg 50 C t ecessar chgmi.cal

reacti\cl)mn i s InotS H&ﬁﬂs{)maégs. s #S%Hoﬁgh?‘? u @ %r%@gﬁgpﬁgegqmﬁg grials in

phot ochem cal regphi 46114‘6? ?l/é ‘a3 shbém in Figues ZDosdd 2E, fiha 40 isrmaaéuixhﬁ
I'i gh

intensity of the applied The speed vari es from net al lex to

metal conpl ex. Twondlatmopmeneé?&amba secongd waskJ6ris aligned quenﬁtlmsm gcoght

I T W L T
i bl

possible 10 g h?“@‘?&?ﬁ%%ﬁ’ a&g Sshﬁtseéafdﬁmmdanamuﬁﬁﬁsfés%easvs

itself. The e so intense as to unduly heat the
substrate. offilpe 401 Bi xllmhmatedmmmt'w of fillm 40ametdl complex 4lh<raactsbmder

o Tt or 1l 70, the,action of the Hebk th he perond APIPBERe TAdoSORBA PEUEE R
the tenperature ﬁat@@iﬁ?@@o?ﬁ&%ﬁl&? M&oﬁ mﬁm;eéddﬁ%amm Ronpsat

cases the tenperature o
PCT/ CA95/ 00647 unaffected. The result as shown in Figure 2B-is a planalrhstructure

substrate shoul d not exceed 320 ]C or somne h wer te rature It é&
feature of tHe | pUMPTISHNE regions ﬁ%\ @\ﬁ“h’é‘@é?‘i‘ﬁl
may be deposit t o] g{ﬁh
practi cal prio ta‘1 0] eggén&%g%%mg%égn#ﬁ#gg%ﬁ@%

~steps-22 and 24 gpfiliae40 49 dheiatel invial Selected atmosphere (step 25) after step 24 to a
' temperature at which first new material 70 is stable but metal complex 41
is unstable. The areas of film 40 which comprise metal complex 41 react at

20 the increased temperature to form a different material. The chemical

. composition of the areas of film 40 which comprise material 70 are either
substantially unaffected by the heating or affected differently by the heating.
The result is a film 40 in which areas 60 and areas 61 have different prop-
erties.

25 In general, metal complex 41 is a complex of the formula M,L,,, wherein
n= 1, 2, ... and m=1,2, ... and wherein M represents a metal atom and L
represents a ligand. Coﬁxplex 41 may be completely inorganic, organometallic
or metal organic. M may be an alkali or alkaline earth material (for example

' Ba), a transition metal (for example Cr), a main group metal (for example Al),

30 or an actinide (for example U). In general, metal complex 41 should_ be as



different masks in different atnospheres, to formareas of other materials
in T ipbodeifdzsoror exanple, as shown in Figures 2D and 2pcT/Ciabsnodsy i s .
placed in a second atnosphere 74 and a second mask 76 is aligned over
film40. Second . mask 76 is then exposed to light fromlight source 54.
The light passes 10 through transpar¥t areas 58 in second mask 76 and

I 1lum nates areas 78 of film40. In illumnated areas 78 of film 40
nmetal conplex 41 reacts under the action of the light, in the second

at nospher e 7¢mall a®possibiewdhile having the pabpértivs BécesBary k@ prabfisd ither 40 in
non-il um nat ed areas 79 of film40 are unaf fected. The result, as

shown in Fi g‘@ﬁ’én s a planar-structure 15 conprisinng regions of first

met hod accor di rHERaoD Roiiad A FRRBEAI Y gy be differany. LiBafll 4B HRRN", ¢

heated in aﬁﬁt&éﬂ@h?mpbﬁibe(ﬁmadmmﬂfe Brtids ﬂihtal?n:canbe

tenperature at which first new material 70 is stable but metal conplex 41

i s unst aBl e.denositeddnsanamonphons flm on asgubstrste, 2 tthe amephous/filmdact- at

composi t1 on RO & BRRE bidifstaRle; 8 B Ak 1l SF3 Rpitted vSefeuh ([,

substanti al |in d/gdéétedtatthdapheiethchiln dan de t@iﬁﬁei-ﬁdddnw & defférent Ryetall©

heat i ng. The result is a film40 in which areas 60 and areas 61 have
di fferent prqaptammgmawmdsthrgggh aphotonn@mdrduemmlmacmmpand 4)any a

O and whertDiRFORRPis, BE L hdpo dbioed WHeRiRH reactitn phatd. mormdll PR p

Conpl ex 141 rmfﬁaﬁnwlam to bé sérfiaved frofi flrdAlfR! Tb akhieve the(ﬂrsﬂ%a lof
organic. Mmay be an alkali or alkaline earth material (for exanple

Ba), a - trandheserresuits) metal mmmxeftt:rgho\ddnhave & dow pelaxity( and lowanpl e
élhz)m S’Obeogg%rt' acgi q;%r s 2§g U&roups l%ur;ilryaflhvenfow mterglpoagéulg%
PCT/ CA95/ 00Gg¥ces, ligands having organic groups at their outer perightries tend to B&®! | as

p055|ble while having the properties necessary to practlse t he
i nventi on. sansfactorymtjmmec;m}neeﬁmstmolrdetmemntmr may be different.

Iﬁiggg?fl ésa'[ﬁat ose so ttﬂah Ié g&m 41 . cgn bﬁ f or med fﬁ(pj has the

substrate; Zf ﬁﬁs mﬁfeﬁﬁbﬁm@ plété may be & %béﬂ gis aﬁﬁoéqu&& aﬁ“»‘f?aééé‘b' e,

3) on absorbing l'ight of a required wavel ength sel ect &
at nospher e  tcontdining axeatiive ehméntramﬁmpmmdaouaf\tmam met al

containing matefl B ied above, fitm 4t fuust BE hsorphous. 1 Hlm 40 Were crystatline” any
~ then it would be difficult or impossible for the ligands, or portions of the
20 ligands to diffuse out of the film after they are severed by a photochemcal
reaction (for example, the reactlon in step 24). This would cause the process
to be very inefficient. Furthermore, in a crystalline material, the resolution
of the process would be limited by the non-homogeneity of a crystalline film.
To make metal complex 41 resistant to reverting to a crystalline state,
25 ligandsL pre_ferably-are such that metal complex 41 is asymmetric. The size
and shapes of organic portions of the ligands may be selected to optimize film
stability and to adjust the thickness of film that will be deposited by the
selected film deposition proéess. Metal complex 41 may be made asymmetric

by using a ligand which itself has two or more stereoisomeric forms. For



bfproducts of the photo induced chem cal reaction should nornally be 10
sufficiently W&g to be renpved fromthe film To achieve PEEChbS R4 WO

ok t hese results, netal corrpl ex 41 should have a |ow polarity and | ow
i nternmol ecul ar forces. As organic groups usually have | ow internol ecul ar
forces, ligands having organic groups at.ifeir outer peripheries tend to - be
satisfactory with respect to the first two requirenents. 15 The

at mosphere in which the phot ochem cal reaction steps of the process of
this invention té{fﬁu %‘&P’ SPHE YEsultine matdFomple
containing a reac |v€! %begi‘richgaéﬂu ,m%riag&%cgh oS g As ncﬁ e’él
above, film 40 Mhabseae!al}ﬂiﬁ'umntlsteﬁeoisummmscryst alline then it
woul d be difficult i mp ible for t nd portionS- .the 20
ligands to diffuse The sia M%W snﬂﬁn to gXy’s tion may

phOt qenem ca Bg%ﬁhhﬁ&(‘%}?{%ﬁ@% I’ nepfl crent. Qﬁ)lé%ﬁi%ﬁﬁﬁs sa?éfal

woul d cause the process ernore
crystal | i ne’ sat edifférent ligands attached to each niethhetqm Bwcts metal cbrhplekesrhhed

b h h T |1 fl

compl ex 41 1 051 Rralisomene ity Fo cxsmpla the reassion of CHLANCHL B NetGH,
f bl t T ' : d

Chapes of *or gan it pftbrEEh Bf A"SRRREID e Sod RACR tbads 17 e Rhefuction of i1

stability and tmhu;etofﬁgtﬂnéﬂslmmieﬁﬁgohefonmgat wi |l be deposited by the
.selected filmdeposition process. Metal conplex 41 nmay be nade asymetric

by using a ligand which itself has two or nore stere0| soneric fornms. For

WD 96/ 15289 . -~ PCT/ CA95/ 00647
- 11 - exanpl e, L gray be racem c 2-ethyl hexanoat e. The resultl ng

met al conpl ex 41 hag several different$stereoisoneric f

The stability of an Y phdyaefi | mvmthh;.e,s egt t 0 Cryst akd 4aqc|/ﬁ)n may

al so be enhanced by maKis he film of a a' corrpl ex 41 ﬁyi has sever al
5 different ligands a d to each net & m Such net Iexes have
several isomeric fornt ® ¥anpl e, the,, cingn of Me H

CH err]HNCH err] CH err] NHCH err] : vmth m xture of anldkel(ll) sal t
and KNCS | eads to the production of a fi xture of isoners including the
fol | owi ng: -

10 The chemical properties of the different isomers generally do not differ
significantly, but the presence of several isomers in film 40 impairs
crystallization of metal complex 41 in film 40.

Metal complex 41 must also be stable in the sense that it will not rapldly

and spontaneously decompose under process conditions. The stability of

15 complexes of a given metal, M, generally depends upon the oxidation state

of the metal in the complex. For example, Ni(0) complexes are generally

unstable in air. Consequently, a process for depositing Ni based films, which

includes processing steps in an air atmosphere, should include a Ni(Il)
complex in preference to a Ni(0) complex.

20 To achieve the last requirement, at least one ligand must be reactive and

be attached to complex 41 by a bond which is cleaved when the complex is

raised to an excited state by the absorption of a photon. Preferably the



[err] 10 The chemical properties of the different isomers generally °
do not di fwemes/15289 significantly, but the presence of severpgr/¢EsH®64s | N
film40 inpairs crystallization of netal conplex 41 in film 40.

Metal complex 41 nmust also be stable in the sense that it will not rapidly
and spont aneously deconpose under pred@ss conditions. The stability of 15
conpl exes of a given netal, M generally depends upon the oxidation state

of the nmetal in the conplex. For exanple, N (O conplexes are generally

unst abl e i n peactiveogrmxuisiséyered firomc tiss complelepo photbchientiegletedetions ,

D) DRSPSt b el e i s i B o L °
1 oy | SO S0l W B o BES S el

rai sed to antleadactive prohp idyevered ivanstableoandspontiinionsly dinvieetstdl thet he
WO 96/ 15289 ' ' ' ' - PCT/ CA95/ 00647

- 12- %PPWG‘“@FM 7%a§é\ye1aéﬂefhwm4‘!ﬁsconpl ex in a photochenical

ti L1 d Q- 4 . . hot ochem,cal
Cfeps in the prilekd UreCadierd dheHaishg b hich? s BiEabIa pRAREREMIEC®
i nt er medi at erqaction mhayocdy.c Someexamples of shitabkardaction HhedchariisSmsSvigicRd i S

unst abl e and spqnt anfio,usly converts to the 5 desired.new material 70 and
vol atil e bypmd¥ke exploited accordmg fo.the inventionareasfellawsns by which a

eaction hocinrRebagn ofa photdiighl HacleRl epinple 47 i) Mkl GroBlcn: | on
are as fi | ows: charge transferhneitpdisoatedh whithod aivtaBo REa6d boRAdh metd! ex §

inaligand to netal 10 . charge transfer excited state in which a netal
to |igand bond $9mpie¥fl is unstable. The bond breaks and the remaining parts of

‘metal complex 41 spontaneously decompose;

(b) absorption of a photon may place metal complex 41 in a metal to ligand

charge transfer excited state in which a metal to ligand bond in metal
15 complex 41 is unstable. The bond breaks and the remammg parts of
metal complex 41 spontaneously decompose; '

(c) absorption of a photon may place metal complex 41 in a d-d exdited state
in which a metal to ligand bond in metal complex 41 is unstable. The
bond breaks and the remaining parts of metal complex 41 spontaneously

20 decompose; S _ '

(d) absorption of a photon may place metal complex 41 in an intramolecular

charge transfer excited state in which a metal to ligand bond in metal
~ complex 41 is unstable. The bond breaks and the remaining parts of
- metal complex 41 spontaneously decompose; o '

- 25 (e) absorption of a photon may place at_least one ligand of metal complex 41
in a localized ligand excited state. In the excited state a bond between
the excited ligand and the metal complex is unstable. The bond breaks
and the remaining partsof metal complex 41 spontaneously decompose;

(f absorption of a photon may place metal complex 41 in an intramolecular

30 charge transfer excited state such that at least one ligand of metal



q
complex 41 is unstable. The bond breaks.and the remaining parts of

met al conpl exwhilesaszmet aneousl y deconpose; (b) absor pti on RET/GAHE64IN
may place nmetal conplex 41 in a netal to |igand : charge transfer
excited state in which a netal to |igand bond in netal 15 complex 41 is
unst abl e. The bond breaks and the renai rrih‘i]' parts of . metal conpl ex
41 spont aneously deconpose; (c) absorption of a photon may pl ace netal
conplex 41 in a d-d excited state in which a netal to |igand bond

in metal conpl ex 4iconsplexdidsumstableand decomposks iftdrthaligamdidedomposesithe ng
parts of netal conplex 41 spontangously 20 deco e; d
absorption of a ph&%ﬂ?&?gm%&%oﬁﬁéﬁm%ﬁhﬁ Hng'%?’iﬁfpgrﬁé’l"é‘éﬁ‘%%ﬂ“dy

charge transfer exc%g[c%ﬁl ale in which a netal to ligand bond in netal
conpl ex 41 is unstable. e’ bond breaks and the remaining parts of

met al conpl ex 4Xg¥pabsoaption ef 3 petonmay plact At l¢as) ondligapdiof metal compplexosl
may pl ace at _| east one_ligang of petal .conpl 41 . i.n a,l.ocaljzed
li gand excit®d st atmalmﬁﬁ%fkmﬁw@dﬁﬁﬁeﬁw&?%@wd ilgand 18 “Pﬁ@ﬁe

excited |ligand and [ b ; .
and the renaini ng pﬁ?ﬁ?ﬁkggﬁm%ltgg%?p%%?yggﬁg%gﬁg%éggms of
(f) absorption of ampbtalicomplex 41 arecinstable axubhypontadéously decomposeyangcul ar

30 charge transfer excjted state sych that, at |l.east .one I|i nd, . of
met al 8\0 /al 10D o% a pgoton may pLiace metal complex 41in a metgf‘ todhgand

PCT/ CA95/ 00647 - . . ch oo 13 - .

conplex 41 is unst a‘bh%rggnga&g?:egnﬁ%%%eg s‘f&ft%elP WH(lad\ F&gﬁ%&d%%%n%aggso{ ﬁ%etal
remai ning pagts of ¢opipslex ddi®uaxstable and decomipdsbs: Aftet the digandedecdmposes the
deconpose; (g) .absorption of a photon may place at _|east one |igand of
metal conpl ex 41 Sremainingparts et metakermplgx il aze-nnsiable and spontanepy
excited ligand is u&sta e _ and deconposes. After the |igand
deconposes the rema ?ﬁoﬂﬁ;oﬁgﬂs of . netal conplex 41 are unstable
and spont aneous|y jisbeoadaSpecds the inventivh iskfod) Réweverplinditdt 6 theseapastiic e
metal conplex 41 in a netal to |igand : charge transfer excited
state in whi ch smethanismsne |igand of nmetal 10 conplex 41 is unstable

and deconposes. Aft he | gand feg Qs th 1 i ni ng..parts of

nmetal conpl 41 arﬁﬁkﬁﬁg‘ﬁgrﬁﬁ_ e&%ﬁ‘ee@%%‘f% which meet %ﬁhﬁ‘é"sg’?&ana&l n

its broad aspectghelghbup cMfipisiit: asetyliicetoRaVdd\(Bsth substit@iddidnd ReschstRacéd)on
dialkyldithiocarbamates; carboxylates; pyridines; amines; diamines; arsines;

diarsines; phosphines; diphosphines; arenes; alkoxy ligands; alkyl ligands;
and aryl ligands. |
20 To enhance the desired photochemical characteristics, including the
tendency of the prodi:cts of the photochemical reaction to spontaneously
~ thermally decompose, ligands from one or more of the following groups may
be used alone or in combination with the ligands listed above: oxalato;
§ halogens; hydrogen; hydroxy; cyano; carbonyl; nitro; nitrito; nitrate; nitrosyl;
25 ethylene; acetylenes; thiocyanato; isothio_cyahato; aquo; aiides; carbonato;
amine; and, thiocarbonyl. |
For example, if it is desired to make a patterned Ni film then one may
start with a metal complex 41 having the formula
Ni(CH,(H)NC,H,NH)CH,),(X), where X=NO,. While the inventor does not



mechani sms. 15 The ligands are selected fromligands which neet the

above cri twhisg/i1519 the group conprising: acetyl acet onatmsr/Eo3iobes7

substituted and unsubstituted); di al kyl di-t hi ocar bamat es; car boxyl at es;

pyri di nes; am nes; diam nes; arsines; di ar si nes; phosphi nes;

di phosphi nes; arenes; al koxy |igands;- Hkyl |igands; and aryl I|igands.

20 To enhance the desired photochemi cal characteristics, including

t he tendency of the products of the photochem cal reaction to’

spont aneousl| yrish to behddverkely bdtadhoasy partiaulds thésry, &is balieved ¢hatf tHde

follow ng gro ps may be used alone or in conbination with the |igands

_listed aboveP calreacunernfg@@seﬁfallegen hydr oxy; cyano; carbonyl ;
nitro;, nitrifggy; Nlmﬂgﬁ.ﬁn@éﬂ‘ﬂtﬁ)bﬁéx*) Jﬁl(cﬁtqu(gmﬁmmtdd enes; thiocyanato;

i sot hi ocyanato; aquo; azides; ¢&rbon and, thiocarbonyl.

For exanple, if it is desi red to rrake’f&‘opatterned Nr fil mt-hen one may

start @ Ni(C ﬁb’HT >€X) 41z formul a o
wh = Whi |
HGTals ok e Callimb gt e F AL
PCT/ CA95/ 00647 . i sh
to be adver sépy ropuate B‘{/bw Bl}fr N"(N?&Po{lﬁéhw a thermally ePPeﬁﬁl’&e lrﬂ%ﬁt“f%e >
phot ocheni cakadigalisifesined.d6 oses into Nickel metal

N|(Gﬁ[err](querr]H[err]NE“ibéiﬁCgﬁerr [err ?X)ferr] err|
Ni (CH err] (Hpmpeﬁhqpi[eeenqa\rqﬁmmk el oxid er eletached gands diffuse away.

gaseous By procgude e e WHRGE Y Bt Ad e s Hséﬁn%h o of

light of an ghiRiftion of a FHutéedHensical tzeaéﬁe&lkwmﬁxhlhn

thermal | y unstabl e reactrve : radical is fornmed. In step (2) the

radi cal rapi atstylenesapdasmoi(Fi.0) ligands aregenierally useful to canselthepreduntse of
“air, nickel i d The detached | s _diffuse Azi de, gr oups
are particul 3#(? ﬁﬂ%ﬁﬁﬁm‘% Hcfgqﬁeg;g ﬁﬁﬁb tg%mecausetheee FOHPEAP of a
phot ochem cahofﬁgﬁuyq;b,m tdmesnetRlsal s. Et hyl ene, acetyl enes and
aquo (Herr]O ligands are generally useful to cause the products - of

a phot ocHeni caI Wehave found that theepmessycembe albbé ﬂbdmﬂy depesis agmetgls do
nol 1 0N BRCr) fed b S5ACht ) S VG0 St GRS
metal films htpa'tﬁerﬂé‘d‘ﬁie%ﬂ okide e by'the abav&ﬁeaidas and w%h@ﬂtti'ﬁﬁéﬁfhx%"ea'
oxi de filmby the above nmethods and to then transformt
metal oxide into a metal by reaction with a smtable reagent such as
- hydrogen gas. This approach cannot be used to depo_s1t films of metals such
20 asaluminum which have very stable oxides (ALO; is very stable').' Aluminum
films may be directly deposlted as described above
Duectly deposited metal films tend to have relatlvely poor quality
because metal is opaque to hght. Metal formed at the surface of film 40 tends
to block hght from reaching deeper portions of ﬁlm 40. The metal film also
25 tends to interfere with the dlﬂ"usmn_ of gaseous reaction products out of film
40. Directly deposited metal films may be useful as resistors ahd where high
conductivity is desired, can generally be made mto better conductors by
annealing. For example, where the conductor i 1s copper annealmg may be
camed out at 300 °C for % hour. In general where an annealed film is

30 desu'ed, films made accordmg to the mventmn may ‘be annealed at



metal oxide into a netal by reaction with a suitable reagent, such as
hydrogen gas. waieg;ngdaproach cannot be used to deposit filnms of FEWEAS0864TIH
20t as al um num whi ch have very stable oxides (A [err]Jerr] is very
stable). Al um num films may be directly deposited as descri bed above.
Directly deposited nmetal filnms tend to havld+el atively poor quality
because metal is opaque to light. Metal formed at the surface of film40

t ends to block light fromreachi ng deeper portions of film40. The
netal filmalso Zempepatitresatithedowosad of the Fhegelof geiserally Giccgptedoaitnealing
reaction products out of film 40. Directly deposited netal filnms may

be useful as resﬁgmameng’%@ﬁtamcm%!@m&ctlV|ty is desired, can

general 1y Do e ! ok galiEh' e UM ol by s IR Bh e o 4T
[err] C for [err] Hokénerkl] WRSRS tHe nibonatsHaloB e aletdl fd istab ofille, 40 pridal

films nade accordi n%nt o the invention may be anneal ed at V\D 96/ 15289
PCT/ CA95/ 0064% sul ide the ligands should not include any organic groups copgprising more

tenperatures at t the ra 0 eral | ted anneal i n

t enperat ures for ag’gﬁgﬁéfﬁ‘ffh"flca :ﬁ%g?i:g&:&'s&o ym%ﬁ@eep ﬁﬁ’bﬁﬁ@' ups,
ligands L shoul dthén%kéh:g’ahﬂbﬁf&fe@hbm@m ¥ fewes, "Barbon atoms ddehgener al ,
where the new material is netal, a netal oxide, or a nmetal b5 sul phi de

the |igands shoul d A8 it ts:daagabhytooa i metpl nomples 4 tos substwatecd4 by spin

t han about 26 Cﬁ:&ﬁg at? abggqlekglﬂ?%s Mngtéll‘ﬁglqtide a%é he Llﬁm
groups, t H;%Wg?
each. 10 reswciwﬁsel%hfamebreqoﬁasun cg‘ﬁ? §ué19s i;ﬁ'

44 by spin coating, It |si)referabetha ex 41
in and be st abl e kiown. Shme espmples areanetliylens clﬂnnﬂabaetbne andetoluempu n

coating. Many suﬁ sollve[lts are ' known. Sone exanpl es are nethyl ene
chl ori de, aceton uene. Exanple 1 An anor phous film

of Cu[err]((err] CR)Ax?riﬂxoﬁﬂ{ogfr r?ﬂ:"&ftdfhz'ibgéﬂﬁzﬂb Qﬁmrﬁ;(dE\i GH %avmg a

TABLE 1 err

Oxi de At m)sphere TABLE 1
Mat eri al . e Sy
Cu[err]O air M,,L R—(CH[err])[err]) xudle] Atmosphere |
Cuferr] (Jerr]CR [ e r]2Herr]O |Material |  CQu[efr]O
arr 1 Cu,(O,CR),2H,0 Cu,0  |air 7
1 | R=(CH,),CH, ' j
| Cu,(O,CR),2H,0 Cu,0 air !
I R=C(C,HIH(CH,).CH.,
Cr(CO),(CH,CH,).N(C,H)NH, Cr0: air 1
Y Ce(O,CR), Ce,O, air/oxygen
] R=C(C,H)H(CH).CH, _
f i Y(O,CR), Y,0, | an'loxygen
: . | R=(CH,),CH,
| Y(O,CR), _ YO, airfoxygen
i R=C(C,HOH(CH,).CH,
Ba(O,CR), Ba,O, air/oxygen
R=C(C,HOH(CH,),CH,
UO,(O,CR), | |u,0, air/oxygen "
{ R=C9H40C9HK
| UO,(O,CR), U0, air/oxygen
R=CH.OC,H; _
I! AKC.H.0,), : ALO. air




R”=C(.C[err]H[err])H(CI—l[err])[err]CH[err] '
Cr (CO [ewio bdisesy r] CH err] ) [err]N(Clerr]Herr])NH err] PCT/CADES064T] er 1 |

g

air Ce(gerr]CR[err] "
Ce[err](err] ai r/ oxygen ' - '
R=C(Cerr]Herr])H CH err])[err] CH el6} Y(Jerr]CR)[err]
Y[err](err] _ ai r/ oxygen "R=(CH[err])[err]CH err]
Y(Jerr]CR)[err] : o Y[err](err]
gi E/ ox?/gien. thickness of 2 u/an@é(debsitdrKdﬁ-ﬂSilﬁdn wafer by spin coatiagCH an air

a[err err ai r/ oxygen

RO br ]| HASHOSPIGEERL ar el RarARe €291, portions of the Blapavene exmssed ¢x) [err]

Uy o ] 0187 ght havidd & W4veRAgth of 254 nm. opbdeH pbifds RS H WAL |

ai r/ oxygen converted to Cu,@-TtWss pdssilile to bolivart the Cu,O films to copper metal
A (Cderr]H rr]lgerr])“ferr] '

Allerr] § er y expgsing them to gyhydrgegen agmosphere at a temperature of 300°C

PCT/ CA95/ 1 . e -

t hi ckness 9)?%?% err‘Ttr%s'V\'/glée § oegi?g%?lcgr%m % gax'iorllugeodnhagfb (‘alrlk yggtplﬁ\tyboati ng. In
an air atnosphere at a tenperature of 20C, portions of the filmwere
exposed to | i ght having. a wavel ength of 254 nm exposed portions of
the film were Amorph ‘éghem@a%mﬁ@eahs%mg‘eblﬂ ﬁh@w beeusedt the

Quier 1O !ty Thedtd e BRfes Hitellin Fopid 1 Adforin PR b G, W sRalppdiqoer
metal 10l mbyotincvedablesshbsctilsts £ abd'y, thé ¥toichiometry of somdef hudesoxidié 5 off

the netal conplexes listed_ in Table 1 have been_ used to create the
oxi des 11 Eltreg&mm‘goqﬂa@%bwmsthmmmbﬁf QW?AQ thecatmosphere by
e al o ERASHRETHR g0 R che phOfcRRALGH ARG 1k e BB WS, TR e e

sur roundi nGuitabld magkpattérnisel lines bfweta oxidefilinsHavink aswidthGf 0.5bh 2

sui tabl e mask, patterns of |ineg, of netal oxide filnms having a wwdth of 0.5

[err]m haveheenydenosited on 2 silicon subsinate #s despribedabovess descri bed
above. 415 T ' ' f ath ot gehem cal , reagtions vary
dopendihy TR CTeRElEeiRRR AR I Bl clic B RRPAREN AT depBRling . o)
conpl ex i s upon thé (sthitieg mhétallRiiglek] Whidre| the' bfdrEing’ methecombldbeis] it is
t hought that the el ectromagnetic radiation ' -
. Cr(CO)(CH,CH,),N(C,H)NH, it is thought that the _electromagnetit_: radiation
places the metal complex in a d-d excited state such that one or more of the
metal to ligand bonds in the complex is unstable.
20 Example2 | | -
An amorphous film of Cu,(O,CR), 2H,0 with R=(CH,),CH,, as described
in Example 1, was placed in a hydrogen atmosphere. Portions of the film

were then exposed to light having a wavelength of 254 nm The exposed
portions of the film were converted to copper metal. Aft_er_ 'aimeah'ng the

25 resulting Copper metal films in a hydrogen gas atmosphere at 200 °C for 4
hours fhe films had a condﬁctivity of 1.8 +/- 0.25 pllem. Wi__thouf l.umtmg the
generality of the foregoing, it is believed that the absorption of tht places
the metal complexin a ligand to metal charge transfer excited state in which .
the metal to ligand bond is unstable. |



pl aces the rret al conplex in a d-d excited state such that one or nore of

t he sfsﬂ &d?gand bonds in the conplex is unstable. 20PCHGAINOEATS
nam)rphousfl Culerr](derr]CR[err]2H err]Owth

R=(CH err])[err]CH err], as described in Exanple 1, was placed in a
hydr ogen at nosphere. Portions of the fikif- were then exposed to |ight

. having a wavel ength of 254 nm The exposed portions of the filmwere
converted to copper netal. After annealing the 25 resulting Copper netal
films in a hydrBgamylag at nosphere at 200 [err]C for 4 hours the films

had a conduct|V|ty of 1 8 +/ - 0. ZStLgrr ]cm Wt hout Ilmtlns t he .
generality of the A thickfilm of Im%ﬁﬂbﬂomnbﬁxNF@Eé:@s@\T@ p grasodenasified

Ciate in which o8 gﬁwﬁﬁﬁﬁﬁ#&ébﬁ B GO PFneohhe Bkl BaK Bipdil o

PCT/ CA95/ 00647 lightha¥ings’Wavelength of 336 nm in vacuum for 24 hours. The substrdié -
Exanple 3 AOl[err]mthlckfllmof the metal conpl ex

Ni ( PEt [ err])d er tamppeyainre Was mpingainer 96 ypemgtemperatune (approxisatelsyB4fCht e

wavel engt b of | STespPROE aftrdeiofths FE R ERRB e @ Wi metal' O D0VLTE 2
was mai nt ai ned &g@ﬂ@emerat ure (approximately 24[err] Q). : The
exposed portions of the filmwere converted to Ni netal. Exanpl e

The nethod of the ffheemtbm%yhgenmlm map ke used to makﬁﬁlmsutsﬂxgatenals
t diff t |
F e, e 10eoHatHing pef Btal MiReSiE RtalS SR bmple; YRR G0y, Engiann: be
precursor ngj al made by Qgﬁ@ni) @&wﬁhﬁﬁéﬁic@iﬁ&é]&%@ﬂﬂe@mor metal
err
87 €y (0ef

B CR d
Rég:(qC[e ;]r] H% E:re;éc;mpg:p &#@9 #G(QM)W%@&%@RE&WO@@I out, as

descr ) bed abor RUCHICHELEEL. el BHao s 8 BREF bl i 5

The nethod of tEﬂahiﬂ@mtm&lrmbybhaisBQpiﬁﬂ&U%%ﬁM&xtfthhéfﬁmcE%m an

exanpl e, an anorphous fil m of m xture of
Cr(CO)[err](H[eOmysmHﬁeeera}mmhew(m[err]CH)[err]) and |
Ni (PEt[err] (zﬁ “%_%Serr](Et [err] CHerr]CHerr]) was applied to a

substrate. o] is with 254 nmlight in an air 20 atnosphere the
exposed porti onFhefmetifod bf the'Biveriivih fidyche ‘u@e&'%o%ﬁ?ké"&ﬂ&bi-phous films. For

example, an amorphous film of a mixture of
Cr(CO),(H.N CHchzN(CHcha),) and Ni(PEty),(NO,), (Et = CH,CH,) was
applied to ‘a substrate. Upon photolysis' with 254 nm light in an air
20 atmosphere the exposed portions of the film were convc_arted to an amorphous
material of the stoichiometry Cr,0,-NiO.
Example6
The method of the invention is not limited to making metal and metal
oxide films. With suitably chosen ligands, patterns of molecular materials

25 | may also be deposited. Some such materials have application in non-linear
optics or as dielectric films. Using the methods of the invention to produce
molecular materials produces pure chemicals as end products, unlike the
impure end products which are produced by the photochemical reactions of
polymers. For example, a film of the metal complex

30 Ni(CH,d)NCHN®H)CH,),(NCS), was deposited by spin coating a solution



material of the stoichionetry Crierr]Jerr] N-O Exanpl e 6

The met hodwa ogriegeei nvention is not limted to nmaki ng -netal peffchssodbar

oxide films. Wth suitably chosen |igands, patterns of nolecular materials g
25 may al so be deposited. Sone such materials have application in

non- | i near optics or as dielectrit8filns. Using the nethods of the
I nvention to produce mol ecul ar material s produces pure chem cals as
end products, unlike the i mpure end products which are produced by the

ph?t |OC hem C?IOfrtgg%lr\llp%&G-l i?fme?hylen&%[bmm]&lﬁ.[on E?P\I%cl?i)ﬁma-l[ i;ﬁ]tt)a ratat}ﬂéNﬂCtS 1000 ] t he
metal conpl ex | err err]H err CHerr])[err err

was deposi t edByMs EPFPQ%Rfi.th %s“ﬁ?t%ﬂsed to ultrayjoletdightt a 300 Vz’[Hg

PCT/ CA95/ 006 - : - . o t he
Compl ex 1 n_nalRoE Jamp in an Oriel Housing with, condenser optics and Hljered throueh ' "¢
R P.M Porti and0oémt watér filtensvith quastzcoptics. THer éxposkd tportighs of thefilmd 00 W

Hg vapour _lanp in apn Ojel ,HQusing with condenser qptics and filtered
through 9 underwent, aopbptachemical,reae ito zfoxm jthe molecwdapoeamplex: t i ons

L A S e Ty
ngﬁ {)S\Z?t I on bystzlbWBfimNﬂS)hgaﬂdasfoﬂohy; cl eavage of an NCS ligand as

3
trans- N (CH éB)]t@vm@W&waemm] Ylerr] (NCS)[err]-
Ni (CHerr](HHNC[err]H err] N(H) mﬁ‘ﬁ(cﬂdﬁl@éﬁ%ﬁ@m&ﬁﬁ‘hﬁ PHCS 10 The -
aﬂ; reque 7

nol ecul ar _conpl ex forped may depend upo e ncy of light used
to irradifte lecular complex formed aay depend rpow the,frequencyof Kghtusedne |

possi bl e poi Of t.he: hi [ Lnidial.netal npl ex.

As will be a%%al?%an‘?%@%%@%@ﬁ%ﬁ?‘ﬁ?ﬁ@% g’g‘uekgttﬁ?aﬁ fsgﬁ“}&‘o’ftﬁ?ﬁeme
foregoing  possible pbintiofeleavagy of thelighn d9in thwliniticl hietal édiiplex. € possi bl e
in the practice of 15 this invention w thout departing fromthe spirit or
scope. t her eof Fahs will be appavemtdo those skilledindbe aagutthedmhtaﬁdhgfmmque

masks to bl o I ) . i ons:eof a fi 0 - __Apy

nmet hod for sg#%élc%’l éﬁlﬁﬂa}it&r%tﬁn%gﬁd 8%?%%%%8%ﬁgllﬁ%§r%§aﬁﬁﬁer ned
whi | e | eaBi nghi¥ invention Swithout rde?di-ﬁhgd&Om the t 2"Scoplet theérebfiEFGEOPE
of the invention. Sonme exanples of such nethods 20 include_ direct |aser .
witing, contXample d ahoveruseopague masks to block-light fromsses

Conpl exes {oPOgHaRy of i Blip Widle pA¥erifa" Anf bl dok offecively, irepffEfle,
films by usi pertionsefhilaybeingPatterpied wividé learing othiviaiteas fohrifadiatsd and
also come within the scope of the invention. Some examples of such methods

20 include direct laser writing, con_tact_ masking and projection printing.

The proceéses described above have used spin coating to deposit films of
metal complexes for practising the invention. The ability to create suitable
films by using commonly available spin coating equipment is important and
adds to the commercial value of the invention. However, other methods of

25  depositing films of met_al complexes come within the broad scope of the
invention_. Such ﬁethodé includé dip-coating, sprayin_g, and other methods
of depositing amorphous films '0f meta_l complexes on a sﬁb_strate.

This disclosure has described processes in which light is used to trigger
photochemical reactions in a metal cbmplex_ which yield a metal or a metal

30 containing material. The ﬁ'eq_uency of the radiation required depends



adds to the comrercial value of the invention. However, other nethods of 25
deposi ting fiwgpepésset al conpl exes come within the broad scopgg 7
itnvention. Such nethods include dip-coating, spraying, and other nethods

of depositing anorphous filns of netal conplexes on a substrate.

Thi s di scl osure has described processes-il®-which light is used to trigger
phot ochem cal reactions in a netal conplex which yield a netal or a netal
30 containing material. The.frequency of the radiation required depends

PCT/ CA 95/ 00647 primarily upon 48ie- metal complex Yha§uéstidnl. aVisible| Snfrared, and
1. A nethod for nmaking a pattern of a netal containing naterial on a
substrate, sai duliramisletcthght mayhe uses withomitable metal complexes t¢ practise the

Guborrat o) o AERGRHN Othilhieels BibA as SREEIOR e 154 beRRE & atbmepme.
and " may glso bEubEE to' ratisecthednvertion o they dre AblEtbPopulate the

el ectromagnetic radiation or . . to electron, ion or atom
beans, whi chd ar desired excitpd statet(be: ifghey waise metal complex 41 de sinrenergy skated

state of said ngtal lex, 40 cause said wetal .
conpl ex in sai g%éoé?e Wgaa’scqlﬁpaiéﬁd‘éf &Fag%ﬁ&l’&-se b the,path of the desired
reaction, said pRgtdchemit4lereaciol Ny said netal conplex in said

sel ected areas into a new netal containing material adherent to
sai d substrate, 15The methods of the inventimnnmeyrbercombinesluinevarieus svgysrwithr e

o oL pespimae. For x4 S ok A e b
g o L8 Bkl 8L st ol 58 R o e
of the film may be converted to a first new material, such as a metal, by
exposure to a focused ion or electron beam according to prior art methods.
Subsequently, portions of the film adjacent the first new material may be
converted to a second new material, such as a metal oxide, by the methods
15  of the invention, as described above. The resulting structure is planar and
utilizes the high resolution of the electron beam to accurately define the area
of first new material. | _
As will be apparent to those skilled in the art in the light of the foregoing
disclosure, many alterations and modifications are possible in the practice of
2(_) this invention without departing from thé spirit or séope thereof. Some of
such alterations and modifications are discussed above. Accordingly, the
scope of the invention is to be construed in accordance with the substance

defined by the following claims. -

-
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3. The met hod of claim2 wherein said sel ected atnosphere is air.

4. The newlbognssgocl aim 2 further conprising the step of I GREAYC AYB/00647
remai ni ng 25 metal conplex fromsaid substrate—after said step of

exposi ng said sel ected areas of said filmto electromagnetic

R R e | |1} e

conprising the step of reacting said rretal * oxi de W|tha

sui t abl e chenWWHAT IS €IAIMBD IS:at nosphere to reduce sal d
netal oxide to a neta qE]@aaqperen to said sub trate.. 6. The net hod
of claim 1 whdreAme Or {13 g paitem q chﬁa]d qqa&tglmng material on a

cont ai ni ng mat er ig tenperature of said
new netal cont ai nlair{gﬁarrté ro%@%%@%&%%& exposi ng sel ected
areas of said fila)to eﬂepésiﬁﬁggliﬁmerpmmwarmémaamﬁl@kGﬁfarsiﬁfadeon or

at om beans. 10 The nmet hod of claim6 wherein said | ocal
t enper at ur® is maintai ngﬁasubstrate, - bel ow 320 [err] cC _ 8. The

net hod of cl ai m jwher ej t “Bg i t areas of 15 -
said filmconprisés al |Bir.1h|Ci Ségaﬁl over%&gg gff tagﬂiand I I'lum nating
a surface of sai g)mask axposing afirss aarbasoftaid film toidléctédmegnetic radiation
el ectronmagnetic radiation or said electron,_ ion or _atom beans.
to cause said metal complex in said first area to undergo a
photo-chemical reaction, said reaction transforming said metal
10 complex in said first area into a first metal containing material ‘

adherent to said substrate.

2. The method of claim 1 further comprising the steps of:
(d) placing said film in a second atmosphere; and
15 (e exposing a second area of said film to electromagnetic radiation
“to cause said metal complex in said second area to undergoa

photo-chemical reaction, said reaction transforming said metal
complex in said second area into a second metal containing
material adherent to said substrate; i

20  after said step of exposing first area of said film to electromagnetic

radiation.

3. The method of claim 2 wherein said first area is adjacent said second
area and said first and second metal containing materials form a planar

25 structure on said substrate.

4. The method of claim 2 wherein said steps of exposing said first and
second areas of said film to electromagnetic radiation respectively

comprise aligning first and second masks over said substrate and

e i




9. The nethod of claim8 wherein said el ectromagnetic radiation conprises

20 W dGishey et radi ation. 10. The net hod opceicabsmoss?

wherein said net al*mﬁtl—e*‘eemm_ses_on or nore - nmet al atons
bonded to one or no ands at | east one of said one or

nore ligands is bon corrpf?.éx by a chem cal bond which 25
I s broken by the ab romagnet I c radiation, wherein said
conplex i-s thermally unstable en said at |east one ligand is renoved.

11. The nethod of fhahifatthgfiafaies ofaamﬁhsksawfaycm&nlsaﬁ&sdbmmwmmd
azi de group. 30 - PCT/ CA 95/ 00647

12. The method of elegtnomagngticradiation.d | i gands are sel ected from t he
group consisting of: substituted acet yl acet onat es;
unsubsti tut ed acetyl acet onates; di al kyl di t hi ocar banat es;

car boxyl ate; pyrgdi fmamethod of claim 4 whexii mdmmu@fﬁaﬁan comprises
di arsenes; phosphi nes oE)hosphenes 5 arenes; al koxy |igands;

al kyl 1i gand55 and t;ravn 13. The nethod of claim 12
wherein said |igands do not conprise any organic groups
containing nore than 26 carbon atons and preferably do not

conpri se any or ggni Themethsd of daih ¥ ﬁheféih%ai@ﬁﬂsﬂ&tﬁéﬁﬁl%te&bﬁi’ﬂ‘nsesj&ygen
14. The method of claim 13 wherein said at |east one |igand corrprl ses

(Jerr]CR and doesandtsaidfirst metalcontaining maferinbis a L oxided (O err] CR
ligand preferably being (Jerr]C(CHerr])[err]-CHerr]).

10 7. The method of claim 1 wherein said first atmosphere comprises oxygen
and said first metal containing material is a metal oxide.

8. The method of claim 7 wherein said first atmosphere is air.

15 9. The method of claim 7 further comprising the step of removing
remaining metal complex from said substrate after said step of exposing
said first area of said film to electromagnetic radiation.

10. The method of claim 7 further comprising the step of reacting said metal
20 oxide with a suitable chemical in a suitable atmosphere to reduce said
metal oxide to a metal adherent to said substrate.

11. The method of claim 1 wherein a local temperature of said first metal -
containing material is maintained below an annealing temperature of
25 said first metal containing material throughout said step of exposing first
area of said film to electromagnetic radiation . |

12. The method of claim 11 wherein said local temperature is maintained
below 320 °C.
30 | —_—
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15 15. The nmethod of claim 12 wherein said nmetal conplex conprises nore

than - woogns2ge One |ligand and at |east one of said 'igaféflchﬁuiﬁlﬁ‘:t ed
fromthe group consi sting of: oxal at o; hal ogens; hydrogen;. N

hydr oxy; cyano; : nitro; nitrito; nitrate; nitrosyl;
et hyl enes; acew:mmmuumulllum[o; - -22- i-sot hi ocyanat 0; aquo;
azi des; carbonato:* afink; %nd t'hi ocarbonyls. 20 16. The nethod of
claim 10 wherein said absorption of said el ectronagnetic

radi ation pl a4geSTheintethBl Vf AP Whdrtir saidoitep of @xpbiiak safd ArSEdba bf

| igand charge transfer excited state in which a netal to |ligand bond in
sai d netal conplsaid flmiteelectromaphetic radiation comprises aliguing adfizet magk

wherein said absorptio Olf) sai d e‘*eirtra netic . radi aki on
. 2 hux d mask away from

pl aces said met AV SAHt &% sftﬁgif%@u’ e %%f’gpgfaﬁf’ of §ai

i ntranol ecul ar @ﬁdbﬁﬁs&hﬁﬁmwdu@su&g?&éﬁciﬁihﬁeand bond in said

conplex is unstable. 30 PCT7 CA 95/ 00647 - 23 -

18. The &ethod of claim 10 wherein said absorption of said el ectromagnetic
radi ati on pl ggesmsai d tal comlex.d nan intrangol ecul ar charge transfer _
excited stat gisﬁ'?hetwﬂf%fn%‘fsﬁ%xﬁ gvéﬁ?f%nﬁmagegegﬁ?n&w rad abl e.

5 19. . The nRbififisds WtdivieltPlipgher ei n said absorption of said

el ectromagnetic radiation places at | east one of said |igands
in a localized |igand excited state wherein a bond between
said excited,Li gand_a aid.netal conpl ex. -~ 1s unpstable. 10
20. The et H3d XHe & 1© @’r‘%ﬁ]w&%naiﬂér‘ﬂﬁ%ﬁ°mpl§§i°8m&r§f’?r%%et iC
10 more metal atoms bonded to one or more ligands, at least one of said one (

or more ligands is bonded to said metal complex by a chemical bond
which is broken by the absorption of electromagnetic radiation, wherein
said complex is thermally unstable when said at least one ligand is
removed.
15 . _-
16. The method of claim 15 wherein said at least one ligand comprises an
azide group.

17. The method of claim 15 wherein said ligands are selected from the group
20 consisting - off substituted  acetylacetonates;; unsubstituted
acetylacetonates; dialkyldithiocarbamates; carboxylate; pyridines;
amines; diamines; arsines; diarsenes; phosphines; diphosphenes; arenes;
alkoxy ligands; alkyl ligands; and aryl ligands. |

25 18. The method of claim 17 wherein said ligands do not comprise any organic
groups containing more than 26 carbon atoms. -

19. The method of claim 18 wherein said ligands do not comprise any organic

groups containing more than 12 carbon atoms.

30 _
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radi ati on places said netal conplex in an intranol ecul ar charge transfer
excited Stat'egﬁimﬁ@t at | east one of said ligands is unstabpgrerésnoss?
degr ades. 1 . aim 1l wherein said absorption of

sai d el ectromagnetic latton places at | east one of said

ligands in a |locali ziﬂ!ﬂllgﬂﬂl“ﬂﬂ&"mﬁ -23- ~ state wherein said
excited ligand i-s unstaDl N S. _ 22. The nethod of claim

1 wherein said absorption of said el ectromagnetic 20 . radi ation

pl aces said net aboc eyl ﬁi%thﬂgaoﬁ’&hﬁh is)vdﬂeeamdsﬁal at LR the Hgand comprises

metal charge transfer excited state such that at |east one of said |igands
i s unstabl e and deg(@gER) wherein R is a3horfithainmrganicgroupai m 1 wherei n said
netal conplex has two or nore 25 i soneric fornms and said

anor phous filmconprises a m xture of two or nore of said

i someric forns obhisa SRS : . PCT/ CA -
95/ 00647 21°71fé H§HH0d GFIRINE 20 vf’%?ren&h%lﬁgg(cg%‘zﬁ}tlﬁrn of a metal

containing nméerial on a substrate, said nethod conprising
Lhe Steps of - @ 23 Themethod of Haim 17 PRSI S8 0efal R eobbyntlel mdte Tl
one ligand and at least one of said ligands is selected from the group
consisting of: oxalato; halogens; hydrogen; hydroxy; cyano; carbonyl;
nitro; nitrito; nitrate; nitrosyl; ethylenes; acetylenes; thiocyanato;

10 isothyocyanato; aquo; azide_s; carbonato; amine; and, thiocarbonyls.

23. The method of claim 15 wherein said absorption of said electromagnetic
radiation places said metal complex in a ligand to metal charge transfer
excited state in which a metal to ligand bond in said metal complex is

15 unstable.

24. The method of claim 15 wherein said absorption of said electromagnetic
radiation where the electromagnetic radiation places said metal complex -
in a metal to ligand charge transfer excited state in which a metal to

20 ligand bond in said metal complex is unstable. '

25. o The method of claim 15 wherein said absorption of said
| electromagnetic radiation places said metal complex in
a d-d excited state such that a metal to ligand bond in -

25 said complex is unstable.

26. The method of claim 15 wherein said absorption of said
electromagnetic radiation places said metal complex in
an intramolecular charge transfer excited state such that

30 _ - ametaltoligand bond in said complex is unstable.
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5 (b). placing said filmin a first sel ected atnosphere; ‘and

(c) expovo ve1shey St sel ected areas of said filmto el ectr oopgiA08/00647
radi ation or To electron, 1on or atom beans, which are able to

popul ate the d ate of said netal conplex, to cause
sai d netal nﬁmmmm“m"aﬂﬂct ed aldas to undergo a phot o- 10
chem cal react | &N, ¢ sas d weactron transform ng said netal conplex
. in said selected areas into a first new netal containing materi al

adherent to 2% d substrat e, The method of claim( 3§ wherbiacsaid abaorption of saida
second sel ected at nosphere; exp S|ng se

c
sel ected areas of said fil W&%ﬂ?@glg aces at east one °fnsald

radi ation or to el ectron, t&mﬁﬁ stﬁg

popul ate the desired exci teg state of sal m conpl ex lv\?xérgénugémnd
said nmetal conplex in said betwesh mdaaxcitedlhgkmbmdspﬁmmtal complex is
chem cal Jeaction, said reaction.transformng said netal conplex

in said cond areas into a4® new netal containing material 20
adherent to said substrate, wher ei n dur| ng exposure the
tenperature of said substrate is maintained ~ - lower than the

t enperat ure 28. Theahethuvd ofxtlaim dowhémn dgaitbapsurption of said electfomaghieticnet hod
of claim?24 wherejn said firsg se cted, areas ,are aqdj acent_to 25
sai d second sel ;Pi%(’&s cpmplax in Ay in chargs ansfey

s &ag; , ggg " axatﬁaatégdcmut &t %sé@ﬂéjoﬁ'éﬂf&{ RSt one ligardfs is unstable

10 ~ and degrades. | _ ‘

29. The method of claim 1 wherein said absorption of said electromagnetic
radiation places at least one of said ligands in a localized ligand excited
 state wherein said excited ligand is unstable and degrades.

15 | -

30. " The method of claim 1 wherein said absorption of said
electromagnetic radiation places said' metal complex in
ametal to ligand dtarge transfer excited state such that
at least one of said at least one ligands is unstable and

20 degrades.

3. The method of claim 1 wherein said absorption of said

electromagnetic radiation places said metal complex in

- aligand to metal charge transfer excited state such that

25 at least one of said at least one ligands is unstable and
degrades.

32. The method of claim 1 wherein said metal complex has two or more

. isomeric forms and said amorphous film comprises a mixture of two or

30 more of said isomeric forms of said metal complex.

T
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26. The nethod of claim 24 wherein said steps of exposing said first and
second sel ect edogmmg of sai d filmto el ect romagnet I ¢ radi at i oPCTREA968064D| v
te ultraviolet |ights rise aligni ng first and second nasks
over said substrate surfaces of said masks away from5

sai d substrate with E}!‘iﬂlm M@Btic#%f ati on. 27.  The net hod
of claim24 wherein here conprises oxygen and
said first metal containing rrateri al is a netal oxide. WO 96/ 15289
PCT/ CA95/ 00647  33. AmethBﬁ-formakmgéSﬁlan&rmthmlof ametak comtainingzmaterial on

pattern of a netal cont I ni d subgtrate, said nethod
conprising the steps?® 'f‘ strate] s 5@" comprising P3Phg an amor phous

filmof a rret al conp{azx on a depoFltm%g zan %rp])xousﬁlﬁ'ﬁf?(iﬁe@canglelﬁona

substrat e; acl I'min a tirst atnosphere;
(c) exposing a first esm'ﬁacefofmasubstrdte;u to an el ectron beam or

an ion beamtqQ cause,sai d netal o.I SaldEII’

area to be tra&nsfor into a fiid hatmpsphere;

to said substrate; (d) I safd

at nosphere; and 1&) (e) exposmgaﬁzl'odgsiﬁ?g’(ﬂ' seco tg?gaag?“ggﬁﬁgﬁﬁn
adj acent said first an ion beam to eaese s:ndehetalrmnmlezeuhcsaxd first
radi ati on of a wavel ength Sui le to cayse gai d
metal conplex in said second areageatobetransformedmtoakrst %%ﬁ%égﬁfﬁ’&
phot o-cheni cal reaction, said rqaghi®Bubstrate: transform ng
said netal conplex in said second area ’ into a
second mnet al 1Qont ai n{d)g nat er i alplacingrsaid fiha ina second atmosphere; and
substrate. 34, A nethod for nmking a p|lanar patfe of ..a net al
containing material @ 20 9&“’985‘&?%?@"&1%9& éﬂasa‘h%%%tl%é‘élﬁrﬁt
this patent application. area to. electromagnetic rad1at10n of a wavelength

suitable to cause said metal complex in said second area
to undergo a photo-chémical reaction, said reaction

15 . transforming said metal complex in said second area
into a second metal containing material adherent to said
substrate. |

34. A method for making a planar pattern of a metal containing material on
20 a substrate substantially as described in this patent application.
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