8 Decenber 2006 WD 03/106734 PCT/ GB03/02613 NETALLISATI%NEC[h‘+QO&g t he
I nvention This invention relates to photosensitive organonetallic
conmpounds which are used in the production 5 of netal deposits. In
particular, this invention relates to photosensitive organonetallic
compounW¥® BMHi34as bi s- (perfluoropropyl)-1,5-cycl oocP&AGRIF6I3t i num (1 1)
(i.e. (C3F7)2PtC8H12) which on exposure to UV radiation and then a
reducti on process fornms a platinumnetal deposit such as a 10 substantially
continuous thin '"sheet-Iike' figﬁigé&gﬂgﬁégatantially narrow | i ne which is
capabl e -of electrical conducti & D OF THE | NVENTI ON Thi n net al
lines are required in integrated circuitry 15 in, for exanple,

opt o-el ectroni cs, sem conductor technol ogies and el ectronic surgical

i npl ants. Eor_panpscale circyits, conventional nmethods using netallic inks
or mask anﬁiékgﬁﬂgﬁiﬁ%égggﬁa%gﬁot as yet possess the requirements which
can ensure the depositi,on of 20 accurate straight |ines of high resolution,

and the fornmatTRIF of PFEVEBELCORI ght*aRfiefs ratRer tRAAtFeNSidivEng

i nt egr at edoghhfghétABIRE ackpbandEUrkNel e uskl DhOPhe NASAudiion i s not
obt ai ned hl%h density interconnects ,cannot be manufactured. 25 It is an

object of Phe™pFRs&HPASATEN i OR PBTBLRH e thAd/ SRVEREIfatelagaenst this.

Summary of tbhehbiveshs O vAC COFgHitthet@1a il bohpasRe@st s@ént B8 prigsent
invention there is prOV|geg a nethod faqr fornlng#netal deposits on a 30
€

substrate BRPFFLRETORY LiepodTEYHPOLtHHOERR eRIRELDER ol GdNorfdt- & | i c 8
Decenber 2Q0fF,) WRQR/, 1 0B(Gh Ral/etB08iPL0s3 UV radiation and then a

reduction process forms a platinum metal deposit such as a
.10 substantially continuous thin ‘'sheet-like' film or a
substantially narrow line which is capable of electrical

conduction.

BACKGROUND OF THE INVENTION

- Thin metal lines are required in integrated circuitry
15 S in, for example, opto-electronics, semiconductor
technologies and electronic surgical implants.

- For nanoscale circuits, conventional methods using
metallic inks or mask and etch processes do not as yet
possess the requirements which can ensure the deposition of

20 accurate straight lines of high resolution, and the
formation of perfect right angles rather than arcs during
integrated circuit manufacture. Furthermore, if high

"resolution is not obtained high density interconnects
cannct be manufactured.

25 It 1s an object of the present invention to obviate

and/or mitigate against this.

Summagz—of the Invention
According to a first aspect of the present invention
" there is provided a method for forming metal deposits on a
30 substrate comprising: '

a) . depositing a photosensitive organometallic




i

_2- compound onto a substrate; b) irradiating the photos L1l
organonetallic conpound with UV radiation; c¢) reducing ?ﬁ%g%bﬁgpfg?ed

phot osensitive 5 organonetallic conpound to formnetal deposits adhered
to the Webstiserse£;, and d) renoving any degraded phot osgafichiiRe13
organonetal Ii ¢ conpound residue and unaffected photosensitive
organoretal | i ¢ conmpound from 10 sai@®-substrate. Typically, the reduction
process in step c) conprises: 1% a first heating and cooling stage; 2) a
second heating and codiRPWEEAGRLP N2 FPPSEGAERSI ng at nosphere; 15 3) flowi ng
an inert gas owyr the jsybsiibatiay eRE pHotesdnyitdvieatgagordthladel i ng stage
wherein a reducing gas flows oyer the substrate to form netal deposits.
The netal deposits mayfFRIPdHytRRheatiatsigv%onfi gurati on such as a
substantial ly entinuatauding ' Hheet - livkaaihtba or pRotodsisiivel | y narrow
line_ By appropriate focussing. of a UV be If is ssible t.o create
featfres wi th nanonet r%%%g&ﬂé‘? Wp&“a%%séw mggg‘i %)Wl nm f or
exanpl e may be formed (@hedrfe@ tubshe ahbstdatbyphadal |y, the netal deposits
are securely adhered to the substrate. The first heatjng and.cooling stage
may be in an i%grt atTiSYHECe suBY as FsgEadgss, epg?é?é%ﬂﬁﬁiﬁggn.

Conveni ently, the secwigaieaktall betmpounidredialiife aad3thaffidoreded in a

-di oxygen cont ai ni ng at g__phere.guch as air. T.'Y j call t he reducing gas in
' i telic | satpownd,

the third heating andPRO5@SERG 514G e FIRPPTE 8¥en. “Any
unr gact ed phot osensitissddocgbsesetal | i c conpound nay be renoved via a
sublimation st %‘pr?.lt’:aill\;\? Stq;en%eaaggion process in step ¢) comprises:
L a first heating and cooling stage;
2) a second heating and cooling stage in an .
oxidising atmosphere;
i5 3) flowing an inert gas over the substrate; and
4) a third heating and cooling stage wherein a
reducing gas flows over the substrate to form
metal deposits.
The metal deposits may be of any shape ox
20 configuration such as a sﬁbstantially continuous thin
‘sheet-like' film or a substantially mnarrow line. By
appropriate focussing of a UV beam, it is possible to
‘create features with nanometre dimensions. Metal lines of
“less than 70 nm fqr example may be formed on the substrate.
| 25 ' Typically, the metal deposits are securely adhered to
the substrate. _ :
‘The first heating and cooling stage may be in an inert
atmosphere such as noble gas, e.g. dinitrogen. ‘
Conveniently, the second heating and cooling stage is
30 . performed in a dioxygen containing atmosphere such as air.
Typically, the reducing gas in the third heating and
cooling stage comprises at least dihydrogen. _
Any unreacted photosensitive organometallic compound |
may be removed via a sublimation step or a washing step.

The pho_tosensitive"organometallic compounds disclosed herein




The photosensitive organonetal | i c conpounds discl osed hergbﬁceﬁlb g‘oer
2006 WD 03/106734 PCT/ GB03/02613 -3- can be conpounds whi Cch,” upon "éxposure
to W irridiation and subsequent reduction are converted to netals.

Typi cal I YO %/E%Hhot osensi tive or anonetal | ic conpound PGI/6BI®263p| ati num
organonetal lic. Alternatively, the ph_o§_95ensi tive organonetallic conpound
contains any of the followi ng netals: palladium copper, rhodium

tungsten, icaflidiNcombbitds W@alcd, atiflon tapoahe tdQudypical ly, the

phot osensi tjve, grganonetal | i c_conpounds are the conpounds of fornula (1)
as descri betFpeli@kiomn padt iSdRsgRuenhe FBIGSOnsi ¥Te e conyenbedt did i ¢
conpounds ai&-=81l.ected fromany of the follow ng: bis- : :
(perfluoropropyl)-1,5-cyclooctadi ene platinum(l1); bis 15

(per f | uor opr opyTyRicadiy| the pharosepsihiive rrgananistadhl i¢| ¢ompomd

bi s- (perfl ugd RPARYE hud blgian@tdmli-l,, 5- cycl ooctadi ene platinum (11). The
organonetal I'i c conpound,may be deposited using for exanple any of the
fol l owing: a valduFreghiveiy« echifquehotogensikivmi ngroaremetpddica surface

tensi on coalcn@uheckdnteénsOang SOl YL IRARG AREa1E0 WO LAY, a thin
filmof about 10mg to 500nmg of organonptallic is deposited onto a
substrate. RPPFFn fFT‘?rngm'adetnnggﬁg otrHdEhsefilveve 9Bdbr gadonetal lic
may be depasintadumnto a substrate.  Typically, the UV radiation has a
vavelEngin of aBHLCabBon Hie TR BV BT AL dISSIROVB3800] CnT2 of
W radi at iage thei éompibwidd ofEexinita SUPStdAtldscribed below.

' In particular, the photosensitive organometallic
compounds are selected from any of the following: bis-
(perfluoropropyl)-—l,5—cyclooctadiene§ platinum (II); bis-

15 (perfluoropropyl)—l-methyl—l,5~cyc150ctadiene platinum
(II); andg bis- (perfluoropropyl)-1-flucromethyl-1,5-
cyclooctadiene platinum (II).

The organometallic compound may be deposited using for
_ example any of the following: a wvacuum coating technique,

20 a spinning technigue, a surface tension coating technique

or a hot spray technique.
Conveniently, a thin film of about 10mg to 500mg of
organometallic is deposited ontoc a substi-ate.
A thin film of about 100mg of photosensitive
- 25 organometallic may be d.eposited onto a substrate.
' Typically, the UV radiation has a wavelength of about

150-400nm. )
_ Preferably, the UV radiation has a wavelength of about
260nm. .
-30 Conveniently, a dose of about 10-500Jcm> of v

radiation is irradiated onto the substrate. ‘ _
Preferably, a dose of about 100Jcm™® of UV radiation is
 irradiated onto the substrate. )
_ Conyeﬁientljr, a uv mésk is used to form a spedific
35 pattern of metal deposit. |




Preferably, a dose of about 100Jcsu2 of Wradiation is g | nto the
substrate. Conveniently, a UV mask is used to forma spec?iée%gljng%gg%agttern
of netal deposit. 8 Decenber 2006 WO 03/106734 PCT/ GB03/02613 - 4-
Alterna‘gvb\ﬁg)%sthe nmetal deposits are forned di rectl¥' with a Wbeamin a
"di rect " PEFY techni que. Typical ly, the reducti onPEFEB¥®Bonprises: (1)
heating the coated substrate from abgut 25C to 5 about 120C at a ranp rate
of about 2C per mnute; nmaintaining the tenperature at about 80C for

about 60 m nut A3terafditdie)) ¢Relhetal hRpcriRst s8¢ edrivel @bpedt BPC to about
25C at a ranp rate of apout 10Q0C per mnute; wherein N2 10 is flowed over

the coat ed’idiha: Pt B 1P @at"d1r8ft otk 2 nitepBRi®Sut e; (2) heating the

substrate fromrgBeukl2pC e Feaubtid®Oxsdesd toPrisds of about 5C per
mnute; maintgining the tenperature at about 250C for 15 about 60 m nutes;

and then cooling’the PSEESRY e FPBRFARSTEE6E FPmBbett 25CC &0 a ranp

ratesof about 5C per ribbutel20Mergl Nat hemp CoatLdoSUBBOEEL 2°0 Spdaxposed to
air; (3) flowng N2 at .abgu'g 25C over, the coated 20 substg%'ge f or about 10
mnutes; and (4) heat FgUrfe PoRREERS TG SEFPSRRENOCLI2R5PTY about 350C

at a ranp rate of abousio°c2(33_6rpabou1m6rwmnuﬂ§gntaa;@dni;m-ltdaalﬁ_ﬁgpﬁ{@ture at
aout (3506, 191, 2000 SR ILON o8 £ e R0l g 25 B Pustyate from
m xture of about 5% HZaapdr&B86d¥2 abaut! Q0EY pe@vainite; edairednsupstrate at a
rat JB.O of about is flowed over the coated substrate at a rate
of about 50ml per minute; |
(2) - heating the substrate from about 25°C to about
250°C at a ramp rate of about 5°C per minute;
maintaining the temperature at about 250°C for
15 about 60 minutes; and then cooling the
substrate from about 250°C to about 25°C at =&
ramp rate of about 5°C per minute; wherein the

coated substrate is exposed to air;

- {3) flowing N, at about 25°C over the coated
20 - substrate for about 10 minutes; and
(4) heating the coated substrate from about 25°C to

about 350°C at a ramp rate of about 20°C per
minute; maintaining the temperature at about
350°C for about 60 minutes; and then cooling
25 : the substrate from about 350°C to about 25°C at

a rate of about 20°C per minute; wherein a
mixture of about 5% H, and 95% N, is flowed
over the coated substrate at a rate of about
150ml per minute.

30 | Alternatively, the reduction process comprises:
(1) =~ heating the coated substrate from about 25°C to
| about 120°C at a ramp rate of about 2°C per
‘minute; maintaining the temperature at about
_ 80°C for about 60 minutes; and then cooling the
35 - - substrate from about 80°C to about 25°C at a




150mL per mnute. 30 Alternatively, the reduction procesgaé%gméé&g&é (1)

heating the coated substrate from about 25C to about 12 4 ranp rate

of about 2C per mnute; naintaining the tenperature at about 80C for
about 60 m nutes; and then cooling the 35 substrate from about 80C to about
25C at XOP¥rber 2006 WD 03/ 106734 PCT/ GBO3/ 0261FCISBIFGH r at e of
about 10C per m nute; wherein N2 ig.ﬁlflowed over the coated substrate at a

rate of about 50mL per minute; (2) eat i ng the substrate from about 25C to

about 5 350C al 2 raghepats il 20PdsE: MW, wiBLBLAIN Ng { he
t enperature at about or about 60 m nutes; and then cooling the

d
substrate from about 3s0Elewedisoer rbe aeated supstrate f &FANE 20C per

ninute; wherein the 19 eosiedsmibpbiahenitecxposed to air; (3) flowing N
at about 25C over the coated substrate for about 10 mi nutes; and (4)

heating the co42kd subsekire theosubBbERteSEMoabaRb A5 S5ET 3% ranp rate

of apout 20C per 15 Hife @ BR-BhEI At JfhapbeapEret gee Aimaut 350C for
about 60 m nutes; and then coolin the substrate from 32@@% tSSOC t o about
f

25C at a rate of aboBEiPBELRBEK HOFULEMPSFRIURS 2L aBPYY “%bout 5% H.

and 95% N2 is flowed g@og¥ersd hembaaiedrd swhat r ahenat caolidg afheabout 150m

per mnute. According to a second aspect of the 0pr sent g eq:tion there is
provi ded netal deposi ESPEBFRER T rdoHg £8%t%hee A 3 %‘i:cat %5 The net al

~deposits may be of anyzsBaRG&bf about 20°C per minute; wherein the

10 coated substrate is exposed to air;

(3) flowing N, at about 25°C over the coated

7 substrate for about 10 minutes; and
(4) heating the coated substrate from about 25°C to .

- about 350°C at a ramp rate of about 20°C per

15 minute; maintaining the temperature at about
350°C for about 60 minutes; and then cooling

the substrate from about 350°C to about 25°C at

a rate of about 20°C per minute; wherein a

mixture of about 5% H, and 95% N, is flowed

- 20 over the coated substrate at a rate of about

150ml per minute.

According to a second aspect of the present invention
there is provided metal deposits formed according to the
first aspect. _

25 The metal deposits may be of any shape or
configuration such as a substantially continuous thin
'sheet-like' film or a substantially narrow line.

Typically, the metal deposits are securely adhered to
the substrate.

‘30 ' ‘The metal deposits may be platinum.

' Alternatively, the metal deposgits are selected from
any of ﬁhe following: palladium, copper, rhodium, tungsten,
iridium, silver, gold and tantalum.

Preferably, the metal deposits are uniform and

35 continuous.




configurati on such as a substantiall y continuous thin s@seectehlbérkz%b filmor
a substantially narrow line. Typically, the netal deposits are gt el y
adhered to the substrate. 30 The netal deposits nay be platinum

Al t er na¥YQ0¥10§734t he netal deposits are sel ected from RITyGRIBAOLGI® f ol | ow ng:
pal | adi um copper, rhodium tungsten, iridium silver, gold and tantal um
Preferably, the netal deposits are U Torm and 35 continuous. 8 Decenber
2006 WD 03/106734 PCT/ 3/ 02613 -6- Typically, the | deposits may
have a width OS"YB’&HRS:}’ %me%@:gn %?1‘?%%% Nanehd i ﬁ%"?ﬂﬂ éﬁq‘a}i‘gp‘agi y have a
t hi ckness toR08mm to 20nm 5 By nmasking parts of a substrate netal deposits
in predeterm pned_patterns be .obt gi ned., Typically, the, netal deposits
have good conducty leﬁﬁg’ffeﬁyeeﬁetﬁlﬁ' gﬁgoﬁﬁ'ﬁ%d%%%?f’gtﬁe "‘f’r%e[ﬁ%vi ded
conpounds aicSamding20hm.the followng fornula (1): [AIx-R L M (1) [AXx-R
whergin: Mis y of .platinu pal | adi copper, .rhodj um_ .. 15 .tungsten,
iridium sil ver%:(} gf%a}sd&z?ﬁd Bhtal gAslﬁgsgﬁ?ggf m&)‘@ge ,ep&flup'ﬁur’jn an am de
gr oupi ng, mdeaamingdopmtir@:@ may et ebtgioeping; x is 0 or 1; Ris a
fluoroorgano OiguRra3iy, #Relmbtad HLHLS ddiWhoa WRARI Sy A 1S

oxygen.

properties.
In one embodiment, there is provided compounds according

to the following formula {(I):

N e
N / AR

wherein:
M is any of platinum, palladium, copper, rhodium,
15 tungsten, iridium, silver, gold and tantalum;
2 is any of oxygen, sulphur, an amide grouping, an
amine grouping or an ester grouping; . v
x is 0 or 1; o
R is a fluorcorgano group; and
20 " I is a bidentate ligand.
' Tvpically, A is oxygen.
Typically, x is 0.
The fluorocorgano group may be seleci:e.d from any fluoro
derivatives of the following: a C,,, alkyl, a C,.,, alkenyl,
25 a Cyy, alkynyl or a C,;; aryl grouping which may be
substitute'd‘ or unsubstituted and/or linear or branched.
The fluoroorgano group may be selected from any fluoro
derivatives of the following: a C,, alkyl, a C,, alkenyl, a
Cy.¢ alkynyl or a C,., a.;:yl grouping which may be. substituted




Typically, x is 0. The fluoroorgano group may be selecte | uoro
derivati ves of the followng: a C1_12 alkyl, a C, _12 al k%n@{cgm%%&)é 01 22

al kynyl @ (;% 11 aryl groupi ng which may be substituted or unsubstituted
and/ or VAT branched. The fl uoroor gano group nahCHEBEA261t ed fr om any
fluoro deri vatives of the following:.,a Cl.4 alkyl, a Cl-4 alkenyl, a Cl_4
al kynyl or a Cl1_4 aryl grouping which may be substituted 8 Decenber 2006
WO 03/ 106734 ReiaB34 036423 T {iie sS4, uged or linear or branched.
Typically, the fluoroorgano group nay be se ect ed from any fluoro
derivatives of ERECRLY oviifivg Tlreregrdang lyoupnmay hepyselerted pfogpy| |

n-Dut Yl , ' iaty lhitlro0tek SFdciR or. $HEORUEIORN].Y mekher | | HGEACT gANO gT OUP

may be a _perfluoroorgano_grou The bidentate |igand may be ‘cyclic or

non-cycl i cpo TORy - bﬁﬁ%rﬁ%lkl’@%%y%@nbﬂﬁe qroi:eé&m& two olefin

groups, and as ComoBniEycills 1,theCycE 8A6 Of fi,vajf,ln_,ves‘i of 't hereof
5-cycl ooct adi ene.

such as 1-nethyl-1,5 cl ooctadiene and 1-fl uororre hyI
Al t er nat.i \Peﬂrf%f’ﬁ%%%@ﬁa?‘ém igand may be cyclooctatetraene or

derivati ves thaheobiddntpitealtiyand mycwey@ﬂmsra&mo@ycja&@ul a (I) may be a
15 bi s- substlt ed or QQrga cl ooct adi ene platinu ) conpound.
Conveni-ently, %ﬁ%ﬁe&&ﬁg‘a ﬁ’d\ﬂﬁn ‘?atgnﬁP’ap’(’tE)e nESF h&*emRl_cttMP fr om any
of the foIOIle\ﬁALnggrbups( pend| asr Cqudblp)thay ﬁe51g5{c&ﬁg@b@dhgﬂ§ngl @trl num (11);
bi per f )i h cI 0 t| num ); and
Slo(( er Hg%%‘?%%fr)‘ggpél ﬁﬁ g%% #éfﬁyf" B1; @@rﬁﬂcg m(I1). In
anot he_r_ eﬁnddlnﬁluqrcudeehxelﬂsﬁmcwp.dedtmmcess for form ng conpounds
according to tAgelhidhuaspect B8 Nefirate  ligand  may  be

cyclooctatetraene or derivatives thereof.

Typically, the compound shown by formula (I) may be a
i5 bis-substituted (perfluoroorgané) cyclooctadiene
platinum(II) compound.

Conveniently, the compound shown by formula (I) may be
selected from any of the following: bis-({perfluoropropyl) -
1,5~cyclooctadiene platinum (II); bis-(perfluoropropyl)-1-

20 7 methyl-1, S-cyclooctadiene platinum (II); and  Dbis-
(perfluoropropyl) -1-fluoromethyl-1,5-cyclooctadiene
platinum‘(II).

| In-another embodiment, there is provided a procesé for
forming compounds according to the first aspect defined by

formula (I) comprising forming a reaction mixture of:

a) compounds according to formula (II) as shown
below:

k/




formula (1) Conprising form ng a reaction mxture of: a) zGaNp
according to fornmula (Il) as shown below Z 30 ~~ Z 8 Sece %qugBG WO

03/ 106734 PCT/ GB03/ 02613 -8- wherein: Mis any of platinum palladium
copper, . fum tungsten, iridium silver, gold and tantalum L is a
bidentdwgmﬁgﬁﬁﬁd; and 5 Z is an organo grouping; an8CTEBW¥BAFounds defi ned
as follows according to formula (ILgL: 10 h-[TA]x R (Il1l) wherein: his a
hal i de; A is any of oxygen, sul phur, an am de grouping, an ani ne groupi ng
or an estefeHsQupi Ng; 15 x is 0 or 1; and Ris a fluoroorgano grouping; and

subj ecting the_reaction m_xture,to condi&%&ns such that go ounds
according to f& mi a®EY) O&r PIESLREY: PRELATKFNg SPPRER r EAREHEH mi xture may

bﬁ perL Or][ﬁﬁigsﬁ:@nl}ﬁd)ﬁidﬂﬁﬁ,grﬁ_i&eﬁt b@:ll.@fﬂ}ic'eftfanﬁﬁmrliliionsh The conpgunﬁ
shown by fornula, may be in,a solvent. Typically, the compound shown
by fornul a (IIf’F% FH%ld%Rﬂﬁﬁﬁﬂ;lgénaadﬁﬂﬁto t he conpound shown by fornul a

(I11y. 25 Conwenkeanhl drgdrdie ggonpengd shown by formula (1) is obtained by
filtering off the precipitate and evaporating off any remaining solvent or
any ot her volaﬁpse substances. The obtained precipitate may be purified

b)

usi ng compounds defined as follows according to
formula (III):

10 h-[2],-R (TII)

wherein:

h is a halide;

A is any of oxygen, sulphur, an amide grouping, an
-amine grouping or an ester grouping;

15 x is 0 or 1; and

R i1s a fluorcorgano grouping;

and subjecting the reaction mixture to conditions such
~that compounds according to Formula (I} are Eormed.

The mixing of the reaction mixture may be performed

20 under darkness or in ambient conditiomns.

‘The compound shown by Formula (I¥) may be in a
solvent.
" Typically, the compound shown by formula (II)}) in the

_ solvent is added to the compound shown by formula (III).

~25- " Conveniently, the compound shown by formula (I) is
obtained by filtering off the precipitate and evaporating
‘off any remaining solvent or any other volatile substances.

‘The obtained precipitate may be purified using
recrystallisation and/or a chromatographic technique.

30 - The obtained - precipitate may be purified = by
redissoiving the obtained precipitate in a solvent and
rurming the obtained solution down a chromatographic column
and collecting the fraction containing the purified

compound of formula " (I) and then crystallising the.




recrystallisation and/ or a chromatographi c technique. ' ed
precipitate may be purified by redissolving the obtalneg preC|p ate in a
solvent and running the obtained solution down a chromatographic colum
and collecting the fraction containing the purified conpound of formula
(1) andwpr?é’i"f”%‘ystal lising the 8 Decenber 2006 WO O3CTGHIIML6I3CT/ GBO3/ 02613
-9- collected fraction from for exagple, a solution of nmethylene

chl ori de/ pent ane sol uti on. The sol vent used to dissolve the conmpound shown
by fOrwl@ol(lle@ceaanygc@{brpreeehc P eRkaBUER, Sy A ALRNBAI Cof 5 OF

al i phati c hydrocarbon or ke. In part|CJIar the organic sol vent may
be nethyléﬁémWHﬁﬁﬁlGbl%ﬁl@#ﬂﬂﬁﬂ§ﬁ§ﬁn$°1QWﬂPHeonpound shown by formula (I11)

may be sel ect edpef éafl‘g%ﬂié %fsetih%of Wika¥i P8 tRE ELIEERR g@mmcwde
per f 1 uor oor gano- br om per fl uoroorgano-chloride and 10

perf | uorooﬁ@ewéﬂf (G5} imRY brhanopgamalyselyest sweh faserosFgR}eiyr oup i n
formyla c{»( al‘i'bhfa?&E“h?iifeééu%bdfp%rb%héeifﬁé ed 4 Q¥RANVu2h: ! hene f Ol | oW ng:
a Cl 12 al keny | kynyl ora Cl.12 aryl grouping
~ which may @@gasussspimeea Y thes meshyiene ¢hlpsigadesrchloreforss br anched.
~The organo gr 0upicOkokiBul Obfloid! " Bl Iones nh§" U defbdids my _be
sel ected from any of | owm n a Cl 4 al enyl, a C
al kynyl orfzprc1 @var ypE githepi i@ Wéhgnaypsef%wqwedleqh@msubsutut ed
or . 20 'Irxle'ékfﬂ%reaaeﬁﬁeﬂbr&meor gag rGTLQéHEchLi drdee chh BRI &OT gagey group in
formul a or fornula éy+ \ e sel ecte from any conbi nations of
thelﬂolIcwW?RfluﬁiPﬁygan%n Orﬁéepropyl i so-propyl, n- butyl, iso-butyl,
tert-butyl, cyenhapgpbyho %r&if%@hefsalﬂu%‘éomeaﬁew@ 18hewmba T or mul a

(III) may be selected fromany of the follow ng: n-perfluoropropyl I odi de;
a (1) or formula (III) may be selected from any of

following: a C,..; alkyl, a C;;, alkenyl, a C;;; alkynyl or a
C,.:, aryl grouping which may be substituted or unsubstituted
i5 and/or linear or branched.
The organo group of the group in formula (II) or
formula (III) may be selected from any of the following: a
€., alkyl, a ¢, alkenyl, a C;, alkynyl or a C,.,; aryl
grouping which may 'be substituted or unsubstituted or
20 linear or branched.
The organo group of the fluorcorgano group in formula
(IT}) or formula (III) may be selected from any combinations
of the following: methyl, ethyl, n-propyl, iso-propyl, n-
butyl, iso-butyl, tert-butyl, cyclopentyl or cyclochexyl.

- 25 The compound shown by formula (IIT) may be selected
from any of the following: n-perfluoropropyl iocdide; a
perfluorobutyl iodide or the like.

Typically, the mixing of the reaction mixture takes
place under an inert atmosphere and comprises shaking for
30 five days.
Conveniently, the inert atmosphere is selected from
any of Ehe noble gases or nitrogen.
Typically, the compound shown by formula (II) is a
bis-substituted organc - platinum(IT) _eyclooctadiene

. 35 compound.




perfluorobutyl iodide or the like. Typically, the mxing . .Lhe LEaction
m xture takes place under an inert atnosphere and conprises shaking for
30 five days. Conveniently, the inert atnosphere is selected from any of
t he nob| ases or nitrogen. Typically, the compound shown by forrmula (11)
is a ngp ¥ t uted organo platinum(11) cycl ooct adiPEREBIERBopound. 8
Decenmber 2006 WO 03/106734 PCT/ GB03{p2613 -10- Conveniently, the conpound
formed according to formula (1) is Selected fromany of the follow ng:
ol (perfl uor edngkitatip, Crel ORGP RERLAI IR AL Jio formula
bi s(perfluoropropyl)-1-nethyl-1,5-cyclooctadi ene platinum5 (]1); and
bi s- (per f | Yor op¥dpysglactadyorfmem hpnyl, E cf@eoocfl%éépﬁh%gpl a+Frum (11).
Brief DescriditeioR BbrbBe1 AW Rge15000dh et s Ofp1tle sResentriywention will
now be described, by way of exanple only, with'reference to the 10
acconpanyi g exfilugsorroRint Ictl-mpithyt el 17 Taycd ocsprasent aplabi®M the film
obt agned oprrydepoSidrang dpiEt fﬂ?.!u@&'bﬁif" PN 1099138LRAEnPILD, S gl ass
substrate and subjecting the deposited filmto Wradiation according to a
first enbocPErctéfiene plagienm (Ffention; 15 Figure 2 is a thermal
gravinetric analysis of dinethyl-platinumcyclooctadiene; Figure 3 is a
representation of a platinumnetal film obtained on reducing a first

i pScxrybt bor toffl ithee Drawings substrate according to a first 20

di nmet hy|- HIZHE 2 s i 1O : B:X . ¢
enbodi ment _ of oﬁriﬁ‘\élggé. oV antd 0By FLUN §nGeLSs r%ﬁ?ifﬁy%ﬂatﬁ n of a

platinumnetal filTm obtained on réducing a second dine -plati num
cycl ooct adleswer idwsst, e dys wagt oft exawpbe dbmly t oridlf ineference to the

10 = accompanying drawings in which:

Figure 1 is a representation of the film obtained on
depositing dimethyl-platinum cyclooctadiene onte a glass
substrate and subjecting the deposited film to UV radiation
according to a first embodiment of the present invention;

15 Figure 2 is a thermal gravimetric analysis of
dimethyl—platinum cyclooctadiene;

Figure 3 ig a representation of a platinum metal film
obtained on reducing a first dimethyl-platinum
‘eyclooctadiene coated  substrate '-according to a fixst

20 embodiment of the present invention;

Figure 4 is a representation of a platinum metal film

obtained on - reducing a second  dimethyl-platinum

cyclooctadiene coated ‘substrate according to a first

' embodiment of the present invention;

25 Figure 5 is the result of measuring the thickness of
100mg of deposited bis-(periluoropropyl)-1,5-cyclooctadiene
'platinum (II) onto a glass substrate according to a second
embodiment of the present invention;

Figﬁre 6 is a thermal gravimetric analysis of bis-

30 (perfluoropropyl) -1, 5-cyclooctadiene platinum (II);

Figure 7 is the result of measuring the thickness of
film formed on exposing 100mg of deposited bis-
(perfluoropropyl)-1,5-cyclooctadiene platinum  (II) to UV

rad_iation ‘according to a second embodiment of the present




enbodi nent of the present invention; 25 Figure 5 is the asuring
t he thickness of 100ng of deposited bis- (perf Iuoropro%?%%gﬁfggmﬁp

5-cycl ooctadiene platinum (l1) onto a glass substrate according to a
second _enbodi ment of the present invention; Figure 6 is a therm

gr avi neYP'¥ %Ml ysis of bis- 30 (perfluoropropyl)-1, BCEGBI¥BEBadi ene
platinum (I1); Figure 7 is the resyht of measuring the thickness of film
formed on exposing 100ng of deposited bis-

(perfl uor epeeRY!dn;l, 5-cycl ooct adi ene platinum (1) to DV radiation
according to a second enbodi nent of the present. 8 Decenber %336 WO
03/ 106734 PCT/EEDHDEc1S 2 ACRFRISHALECLGUPE B RISLIMBHREh T on of a

pl ati num gpkaindd! M obt abaackioiy redeogy 186Ny aépelepas t edil-s-
(perfluoropropil)-l, §é§¥clooctadiene platinun1(li% 5 accor?& to a second
enbodi nent{PeEfiHerpPERRYE) T InRTRYGPOCHRAGERE 9 i BLEFE YRsul t measuring

t he g hi ckpeesr@ing e alsabbAd nemEd@inehit! BEf eliagitdsenti gwrentBonki gure 10 is
a representation of a further plaiinu€1 net al, fiIg]fﬁﬁnqg obt aizned using a
bi s- (perf | uor oB#EWyE )2 i thes reRL bRt AR B0 PRUPTHIESn ©f dif ferent
reduction tagpgmsgi?%@%ﬁangfumafém@ iesnb?ldﬁﬂ@lrﬂ; of the prlesfe_nlt f .
i nvention; Figure is a representation o ti pum film forne
conprising a 6D r kAR FRIRFTY J‘f"BuF’?‘hQL %Brgﬁ%ng%%:?m%ﬁ t he
Pr esegt | meeali enim e Jogatiainalcir apiﬁgwtmﬁq?eﬁlgommdmih—net al film
ormed conprising a 1nnd pad.of ,pl atipumretal_ .faqrnmed. according to a fifth

enbthii nentj"érc%’ﬁgo‘b‘?'%%rggrﬂrp% ﬁ’\}@}’rf‘ i (R ure al?ﬁf%egepiépjf%s%crﬁlgtrﬁ on of the
fil m obt aipiedegn 22Qc8epnsi tbna 1830IMl embodiment of the present
bis-(perfLuoroEno yl')-1,5-cycl ooct adiene platinum (Il) onto a substrate
accor di ng YR EPRt h  enbodi ment of the present invention;

' Figure 11 is a representation of a platinum metal £ilm

formed comprising a 60um track according to a fourth
15 embodiment of the present invention; '
| Figure 12 is a representation of a platinum metal film
formed comprising a lmm? pad of platinum metal Fformed
according to a Ffifth embodiment of the present invention;
Figure 13 is a representation of the film obtained on
20 depositing 150mg bis- (perfluoropropyl) -1, 5-cyclooctadiene
platinum (II) onto a substrate according to a sixth
‘embodiment of the present invention;
Figure 14 is the result of measuring the thickness of
the deposited bis—(gerfluoropropyl)—1,5-cyclooctadiene
25 platinum (II) shown in Figure 13;
Figure 15 1s a representation of the film after
- masking the left-hand side of the film shown in Figure 14
‘and irradiating the coated substrate with UV radiation;
Figure 16 is a representation of a substrate coated
K 30 with bis- (perfluoropropyl) -1, 5~¢yclooctadiene platinum (IT)
as shown in Figure 14 after a first reduction stade;
Figure 17 is a representation of a substrate coated
with bis- (perfluoropropyl) -1,5-¢cyclooctadiene platinum (II)
as shown in Figure 14 after a second reduction stage;

35 ‘ Figure 18 is a representation of a substrate coated




Figure 14 is the result of measuring the thickness of 0 d

bi s- (perfluoropropyl)-1,5-cycl ooctadi ene 25 platinum (I I%;%eg%gbvevr?\b‘itmgﬁ Fi gure
13; Figure 15 is a representation of the filmafter masking the |eft-hand
side of the filmshown in Figure 14 and irradiating the coated substrate
with WV24¥878Bn: Figure 16 is a representation of aPSHEBIYRFE coated 30
with bis- (perf I uoropropyl) -1, 5-cyglooctadiene platinum(ll) as shown
in Figure 14 after a first reduction stage; Figure 17 is a representation

of a substm@bagahﬁ@:fmotﬂa Qbﬁylxpfra‘-ameee&&c@yéae piatﬁnﬁwtfpct adi ene
plati num (I1) own in 01|ﬁflgure affer a second reduction stage; 35

Figure 18 #% %\hq»@’prlé‘sghg‘é‘{? @rft&rsabéwlattle IeSWCEIOB Sagahand2006 WO
03/106734 PCT/ @BQ#/x@2683i s lithe Welli101 6F :&éﬁﬁahh{z}oﬁﬁ@r@ﬂﬂkhesé of

5-cycl ooctadiene platinum (11) as shown in Figure 14 after a fourth
reducti on SEGgderesdtefguptrtiioums pgkat eshiprmed FraBurthey cpetedi ckness of

the deposi swibsitatld NEHBWIET B4 f‘.ﬂ%ﬁ@ igogries pRAESHnimy SHASTEGLL Shown in

Figure 14 after ,performng th our reduction stages. Detail ed Description
of the | nveR ‘i“iﬁ‘?‘c’?hétﬁgﬁ%nt invention relates to the use of

phot osensitive organonetal lic conpounds in formng netal 10 and, in
particul ar I ti num metal dep05| ts such as filns and narrow lines via a
reducti on he.Zryentian such as any of the follow ng

are suitable: lmh% (g&@sfehuor apkeRytdn- lyeDatcic! ogst a@'ﬁ@neué& ateu_ﬂum (re;
di et hyI pI at| num Q§C| ooct adi ene; bis- (perluoropro

et hyl - Ei?’@né’rﬁﬁ’a?ff'?ﬁﬁﬁl(‘icl COmRRYNEE s L0 f%mmg metal

“(penbl uor Oem@,pwln) :Jarfclluﬁwﬁptﬁwtllmi ﬁﬁeéﬁo&éﬁéﬂﬁ:@e suthahknEMAd ). The
structures % bi s- rfluoro opyI3 - cyclooctadi ene platinum (I1);
di net hyl - pc‘[tzé |rf?d:rﬁ° :mes v:. uctlon process Organometallic

compounds such as any of the following are suitable: big-

{(perfluoropropyl) -1,5-cyclooctadiene platinum (1) ;
dimethyl-platinum cyclooctadiene; bis-(perluoropropyl)-1-
15 methyl-1,5-cyclooctadiene platinum (II); and  bis-
(perfluorOpropyl)—1—fluoromethy1—1,5vcyclooctadiené
platinum (II).

The structures - of bis- {perfluoropropyl)-1,5-
cyclooctadiene - platinum (II); dimethyl-platinum
20 cyclooctadiene; bis- (perfluoropropyl) -l-methyl-1,5-
cyclooctadiene platinum (II); and bis-(perflucropropyl)-1-
fluoromethyl-1,5 cyclocctadlene platinum (II) are shown

below: '




20 cycl ooct adi ene; bis-(perfluoropropyl)-1-nmethyl-1,5 cygl Lepe
platinum (Il1); and bis- (perf luoropropyl) -1- quoronet%&%g%&ggb&%
cycl ooct adi ene platinum (11) are shown below 8 Decenber 2006 WO

03/ 106734 PCT/ GB03/02613 -13 Me, pt; f ~-Pt f B F~ ~ L3 F~ LHzF Pt 8
DecenbeWOBME4\W0 03/ 106734 PCT/ GB03/ 02613 - 14- The SEGHEBOHESRI |ic
conpounds are first of all deposited onto a glass substrate via any

suitabl e deposition technique. Usdtly a vacuum coating technique is
used. The organonetal lic platinum conpounds are then 5 exposed to W

radi ation, utilising a photomask if appropriate, and then reduced to, for
exanple, platinum netal via, a 4-stage reduction process. The 4-stage
reduction process first of all-involves a heating and cooling stage in an
at nosphere such as an iner 0 atnnsphzfeﬁée.g. N2) which dries the
organonetal Ii ¢ conpound. T i s the 4 &4t her heating and cooling stage
in an oxidising atnospher¢ . g8 ai whi ch acts to renove intercal ated
carbon noieties fromthe tal IPg “feature. An inert gas, such as N2 is

t hen bl own over the 15 cgftedsgubstate. There is then a further heating

and cooling step in a r=ﬁg v%g atﬁ%qusrqi(e.g. H2) wherein the oxidised
nmetal lic conponent is reéueeéd to a neta 3'THis process is found to reduce,
for exanple, the organonetallic platinum conpound to platinum netal which

forms, for




20 exanple, a filmwhich is continuous and uniform The gtbggéng@etrgg gcoat ed
with organonetal lic conpound may be masked so as to produce speC|(%|c
patterns of, for exanple, platinumnetal it has been found that the novel
conmpound bis- 25 (perf luoropropyl) -1, 5-cyclooctadi ene platinum (I1)

provi de¥0 03 Ye4pl ati num filns. This is discussed i n BEFEBPRA26I3  bel ow.
Exanpl es Exanple 1 30 First of all,jglass substrates of Corning 7059 gl ass
were cl eaned according to the follow ng process: a. Pre-cut substrates of 1

cn were addeddie lgegah¥hét00Q (& Bei ahrel eapigg negerapl ) and
exposed to_ultrasonic agitation for 30 8 Decenber 2006 WD, 03/106734

PCT/ GB03/ (3FCsited. pphot ed. Slaghe SWPRENAHSes Wér e 2MenSRER2RE i n warm

dei oni sed y@icyi thiapPEeshABhRl Y 42Gh109" alaciMUWRRing CechRBggaibst rates
were then brief Ic%/ rinsed in deionised water. d. Finally, blown nitrogen
*h

was used t¥° dised-he ThapopRosstaibbayPsRt MR APFROBRas | #ten B¥eR ooct adi ene

was mei ghedy iUty usiig 2aRabanse, (audbiidiey Tal edfobBrdsiS) and added to
a nmol ybdenum covered boat. The substrates were then coated {o a glass

sl i de” whi HPREEPTAEEGeh8BILFLPPI HRARFRAr EobefiGFe S*BEPAY, aPLAEHEE t0 a

‘rotatilt fable'vialhg figmidy eBlhatifHmpLycdpoct adi ene was then 15
deposited via evaporation onto a glass substrate. The evaporation

procedure conprfsed-prags medurEipBapretrEs Hérst| ehrdd dupsivesedin a vacuum
coating Unidarigb8hl ¢M1i38dstage in an atmosphere such as an inert

10 atmosphere (e.g. N,) which dries the organometalli:
compound. There is then a further heating and cooling
stage in an oxidising'atmosphere {e.g. air) which acts to
remove intercalated carbon moieties from the metallic
feature. BAn inert gas, such as N, is then blown over the

A5 coated substrate. There isg then a further heating and
cooling step in a reducing atmosphere (e.g. H,;) wherein the
oxidised metallic component is reduced to a metal. This
procéss is found to reduce, for example, the organometallic
platinum compound to ‘platinum metal which forms, for

20 example, a film which is continuous and uniform.

The substrates coated with organometallic compound may
be masked so as to produce gpecific patterns of, for
example, platinum metal.

It has been found that the novel compound bis-

25 (perfluoropropyl) -1, 5-cvclooctadiene platinum (II) provides
good platinum films. This iz discussed in more detail

below.

Examples
Example 1
230 - First of all, glass substrates of Corning 7059 glass
were cleaned according to the following process:
a. " Pre-cut substrates of 1 cm® were added to
Desgolvit 3000 (a commercial cleaning material)

. and exposed to ultrasonic agitation for 30




guard were then positioned, liquid nitrogen added to thesdegg@)egng(st he
chanber evacuated to 8 x 10-6 nb. A current 20 was then passed through the
boat and slowy increased until the pressure in the chanber increased. The
current. was then held until the pressure started to decrease. This
reduct i BR 940 Messure indicated that the evaporati onPRESBIHEAH ete. The
chanmber was then vented and the coatgg. 25 substrate renoved. The coated
substrate was then irradiated with DV radiation at a wavel ength of 260nm
An QAl J500/ VIS mask ndlrivgrer. was used to provide a total dose of 108.9JcnR

from a bulb wi,th a p r ou t of 16.5mJs' cnn?2 30 Figure 1 which is a
repr esent at i on <f the%oé”?"&’ggraﬁ?ﬁet‘?ﬁﬂe-pﬁ:a??nuﬁ’r od¢t a¥PERe after

exposure to DV radi atdedonileds watat t(appebikamaestf i doequakét y18s poor and
appears largely crystal,l ine. The dinmethyl-pl ati num cycl ooct adi ene coat ed
gl ass 8 Decenber 2006 ™R /106734 PCT/ GB03/ 02613 -16- substrate was then
reduGed to pl atd.num mette wshstgaaeWweke Stipge B yeFBduesihoss pigcess.
Referring to the therr%.g?lr.avi rret{:ic anal ysis shown in Figure 2,

di met hyl - pl ati num cyclSoSEAE EnE2 S shown to 5 start to subline at a

t enper at ure of dappr oxiFimiadlly, 1 AGwnwWhiieboden ties | soédetsaliryeoper ature for
Stage 1 in the 4- stage.r du%i on process shown bel ow. The 4-stage
reduction process is pe &Fived as fol l ows: St age 1. heating the coated
substrate from about 25C 10 to about 120C at a ranp rate of about 2C per

e T SRR S0t eaRh SR GIZIC LD R R0 T o
of aBout 10¢ pevingnianbabanasheleeMethlRer sSTdledocdBByes) tdarel addradrsubstrat e
15 at-a'rﬂéﬁmﬁEmEQBH&<§Qﬂ&eﬁ?£e£¥?“&%§ substrates were then coated

to a glass slide which was attached by iridium wire bafore .

being attached to a 'rotatilt table'.

The dimethyl-platinum cyclooctadiene was then

15 deposited via evaporation onto a glass substrate. The
evaporation procedure comprises placing the boat and the
cleaned substrate in a vacuum coating unit. 2 bell jar and
guard were then positioned, liguid nitrogen added to the

~ trap and the chamber evacuated to 8 x 10" mb. A current

20 was then passed through the boat and slowly increased until
- the pressure in the chamber increased. . The current was

then held until the pressure started to decrease. This
reduction in pressure indicated that the evaporation was
-complete. The chamber was then vented and the coated

25 substrate removed. _

The coated substrate was then irradiated with UV
radiation at a wavelength of 260mm. An Q&Y J500/VIS mask
aligner was used to provide a total dose of 108.9Jcm™® from

- a bulb with a power output of 16.5mJs *cm=2.

30 . : Figure 1 which is a representation of the deposited
dimethyl-platinum cyclooctadiene after exposure to UV
radiation shows that the obtained film quality is poor and
appeafs largely crystalline. |

'The dimethyl-platinum. cyclooctadiene coated glass




Stage 2: heating the substrate from about 25C to about np rate
of about 5C per mnute; maintaining the tenperature at éggeg?rﬁ%g@’eﬁor

about 60 mnutes; and then cooling the substrate from about 20 250C to
about 25C at a ranp rate of about 5C per mnute; wherein the coated

subst r aP@ Pd% ¥y nosed to air; Stage 3: flowi ngN2 at PEBEHRIMSE over the
coated substrate for about 10 m nuitgs. and 25 Stage 4: heating the coated
substrate from about 25C to about 350C at a ranp rate of about 20C per

monute; nRisdidatiengaknénd L FRALALE S Mhatbeuth aRQAE L8in@ROUEV6Q. M nutes;
and then cool i n%;t he substrate from about 350C to about 25C at a rate of

about 20C PERATEHYt ESBOLHPRRTITEES xt ure of about 5% H2 and 95% N2 is

flowed over thereeatay sdhsle ehermdl grhdifefiABaHlyd SO Bhoparin M nut e.
Figures 3 apd 4 are representations of the platinum netal film obtained.

However, tPEWRRal #1y GgthdhaRlanimr arrioestaiaerdukst i $499s ¥t her poor
Wi t hst he egghit adlhtd iRecerber t &R0 2 \WP03F 1 967 A REH-E5031 096,13 - 17-

failing the Scotch Tape Test. anal ysing Figures 3 anqd 4 _it is clear
fromthe d‘f’%’é’g’nﬁsn&é‘ﬁs 158F’(’%¥‘Ha,q]tbr%"tpe5aﬁﬂ1g? oﬁlf‘i’ﬁ HEES ﬁ-u&{}st?l?lq'ﬁ i s not

produced. MRoOveBuctiofrigicesd thowmtRREawsS Thatl 4lbeadd aklinvalsetal has, in
fact, curled up. § Usi ng a 4-poi %grobe the resi stance of one of the
pl at i num fPFfESRaSSnBEEEPEmed 2% P¥®t results were taken, and averaged,

as follows: R sthd89160hedfiddy thé200266@ sukEttatsd 2OomRusux GBC+ Rz + R3)
3 :181299' 6+ %%)O%.}:Jgu-t:Ir Z?(}% %}:/g ramp rate of about 2°C per minute;
maintaining the temperature at about 120°C for about 60
ninutes; and then cooling the substrate from about
120°C to about 25°C at a ramp rate of about 10°C per
minute; wherein N, is flowed over the coated substrate
15 at a rate of about 50ml per minute;
'Stage 2: heating the substrate from about 25°C to about
250°C at a ramp rate of about 5°C per minute;
maintaining the temperature at about 250°C for about 60
minutes; and then: cooling the substrate from about
20 -~ 250°C to about 25°C at a ramp rate of about 5°C per
minute; wherein the coated substrate is. exposed to
air;
Stage 3: flowing ‘N, at about 25°C over the coated
substrate for about 10 minutes; and
25 ' ‘Stage 4: heating the coated substrate from about 25°C

to about 350°C at a ramp rate of about 20°C per minute;
maintaining the temperature at about 350°C for about 60
minutes; and then cooling the substrate from about
350°C to about 25°C at a rate of about 20°C per minute;
30 - wherein a mixture of-about 5% H, and 95% N, is flowed
over the coated substrate at a rate of about 150ml per
minute.
Figures 3 and 4 are representations of the platinum
_ metal film obtained. However, the quality and adhesion of
35 the platinum f£ilm ig rather poor with ﬁhe end product -




= 3673.8 0 15 An average resistance value of 3673.8 0 wa

obt ai ned. The resistance value of 3673.8 0 is very high gsndcfgg'éﬁ%\%g&i hat the
platinumnetal filmproduced is either contamnated with inmpurities and/or
i s ext r@&%lx gQi nin places. The latter seens likeli. as both Figures 3 and
4 20 shoR % '¥E¥ where there appears to be only a fla®RUSBHY28E of pl atinum
met al deposited. These areas are allqyinterlinked and appear around the
thicker netal regions thus creating a 'paving stone' effect. in sunmary,

the plati nggiigigakher gdoeed FaenrkBe. &P dRdysthene Rfudapesihed
di met hyl - p] at,i n;& Cﬁl ooct adi ene doges not produce a continugus Pt netal
filmand hHs YSeftrerefiopddie dARESrbYcRs Pethrats Shafsfr RO anmpl e 2 30

Bi s- (perfedntdmpiuep¥iim-is dtcyeboaséddi eneeblrat] insibhle yastthen used
to coat aqqslrass su stra%e.e%fl s.-nfjél‘perf Iuoropr,op)lél) -1, 5-cycl ooct adi ene

pl ati num (F89°5Fa S ipFe pae SR 1B PEHRL Besyoiidt B8Rt of Wi led¥Phy| pl ati num 8
Decesber 2006 Ud@ng3/al 06634 nRCHLE68H93tR26%3s1dGmdd |9F o et ggli ene (2. 69)
was di ssolved ., n 3c of dr nmet h¥I ne_chloride (i.e. dichloronmethane) to
whi ch 2. 4O Suo¥opr BEFFUTTR df EREEo\Ry BRRIAFSINERFS an i nert

at nospher eca¥ergr gad. at8eagehClasoioMdswshaken for 5 days in 5 anbi ent

condi tions under an argon atnosphere, during which tine a yellow cream
precipitate formed. The reaction miture was filtered off and the sol vent -
renoved by evaporatdama e€sulting in a yellow product. A solution of the

produyct in nmethyle | orjde was then filtered through 10 a short
fl ugp‘osi | col u%."%@‘r@gi ons containing the desired product were

conbi ned and aRgredrfiaMe e product crystallised out in a nmethyl ene
chl ori de/ pentane sol utio 2Q. 5% vyi el d of
bi s- (perfluoro ‘bp‘yl( 41*: %—%@@ﬂd@ct adi ene

= {1299.6 + 2209.6 + 7512.2)/3

= 3673.8 Q

- 15 An average resistance value of 3673.8 Q was therefore
obtained. The resistance value of 3673.8 Q is very high and
shows that the platinum metal film produced is either
contaminated with impurities and/or is extremely thin in
‘places. The latter seems likely as both Figures 3 and 4

20 . show areas where there appears to be only a flash coating
of platinum metal  deposited. These areas are all
interlinked and appear around the thicker metal regions
thus creating a 'paving stone' effect.

In summary, the platinum metal produced from the

25 reduction of deposited dimethyl-platinum cyclooctadiene
does not produce a continuous Pt metal f£ilm and has

extremely poor adhesion to the glass substrate.

Exanple 2
30 Bis- (perfluoropropyl) ~1, 5-cyclooctadiene platinum (II)
was then used to coat a glass substrate. '
Bis- (perfluoropropyl) -1, 5-cyclooctadiene platinum (IT)
was prepared as follows.. A solution of bis-methyl platinum




platinum (I'1) was obtained. 15 A glass substrate was then gcgrﬁb %@Gnd
coated as before using 100ng of bis-(perfluoropropyl)-1, cyc 0ocCt adi ene
platinum (Il). As shown in Figure 5, the coating was neasured to be about
1260nm t hi ck. The thermal gravinetric analysis of bis- 20 (perf

| uor opr BRYPHZ3¢ 5. cycl ooct adi ene platinum (11) is sREMEBOIARGIS gure 6. It

is clear fromthe thermal gravimetri anal ysis that the

bi s- (perfl uoropropyl)-1,5-cycl ooctadiéne platinum (I 1) subl i mes and does
not deconppgg dUS: LE! uer (o]o)VAM)! oqgt i num 25
(I'l') coated gl aslg&substa&igt%egwa%? t%%n%f c()i;l(as§°§¥8 Qﬁ | at [ on 260nm (as
descri bed TF | ghlgride (das. dhﬁ#h%émehmne)héwfwﬂlmfoﬁ t ¢rg’ ‘gf ass
Ssubstrate ?ﬁlﬁl‘é% dos | DEROS: NS &S 0 e ace
profile |nn i gure 7 gh(())ﬁ\/\gI that the |Imth| c\lgldgég \?\lgggﬁom éﬁ%fe% by

approxi nmat&Fiespieger eErardas -a Wmoafwa%wennfe&@ﬁam im W
radi gtion. mmc&@aehalelén§tﬂ%ﬁ aﬂugégmtal%@a gér@’a%&gﬁg iciretal i se the

fllmasfoIJOWS 1: heating the Toa strate bout 25C 35
to about 12W¢E af d’er /FaeamofPresanitabr Formadnut eThe @@aebrm 2006 WO
- 03/106734 ML@O?’&ngSlﬁlt%%ed”%f‘f alaBngeide soeast At ut 120C f or
about 60 mnutes; and then cooling the substrate froma out 0C to about

25C at a reVAPIACEOBf rapRLEingdmdr Yeklant Broduai e b Iﬂ?lll!‘fl‘fﬂllo‘)\%d over the

coat ed subgid @8dbeolid medh§lohe étb%trlée%é)%ew B Gorcl bB-Sh@e results
2: heating the Substrate

ir#bl I mation of on-exposed area; :
fro about® 2891t %ROS@S Ly, ¢ ke r%f{ac? Pn&bGQFlt'?ﬁEﬂW Bt e;
mai nt ai ni ngedihed eroatatuyerat calvite B fPorahat BA+d0ppbaytes; and then

cool i ng the substrate from about
crystallised out in a methylene chloride/pentane solution.

A 20.5% yield of bis-{perflucoropropyl)-1,5-cyclooctadiense
platinum (II) was obtained.

15 A glass substrate was then cleaned and coated as
before uging 100myg of bis~ {perfluoropropyl)-1,5-
cyclooctadiene platinum (II). As shown in Figure 5, the
coating was measured to be about 1260mm thick.

The thermal gravimetric analysis  of bis-

20. (perfluoropropyl) -1, 5-cyclooctadiene platinum {(II) ig shown

' in Figure 6. It is clear from the thermal gravimetric
-analysis that the bis-(perfluocropropyl)-1,5-cyclooctadiene
platinum (II) gublimes and does not decompose.

The bis-(perfluoropropyl)-1,5-cyclooctadiene platinum

25 (IT) coated glass substrate was then exposed to UV
radiation of 260nm (as described in Example 1).

It was observed that the film on the glass substrate
experienced shrinkage during the UV exposure. The surface
profile in Figure 7 shows that the film thickness was

- 30 reduced by approximately 40 percent to a thickness of 750nm
on exposure to UV radiation.

Once again a 4-stage reduction process was used to

. metalise the film as follows:
| Stage 1: heating the coated subgtrate from about 25°C
35 ' to about 120°C at a ramp rate of about 2°C per minute; -




350C to about 25C at a ranp rate of about 5C per m nutegherel Bydshe
coated substrate is exposed to air. This stage is a netalli1sation step;
Stage 3: flowing N at about 25C over the coated 15 substrate for about 10
m nut eSy %nd Stage 4: heating the coated substrate from about 25C to about
350C atVR%Wi¥F4rate of about 20C per minute; maint aPRTGEYRES: erper at ure
at about 350C for about 60 m nut esiq nd then cooling the substrate from
about 20 350C to about 25C at a rate of about 20C per mnute; wherein a

i xture of aboylsifiihiARGIONBelstdeouBdndtesibecsR BT Spst rat e at a

rate of -about 150ml per ~m nute. | owi n -stage reduction process a
sheet nmetal 25pr&ePhudPdetliens comlwag SBeaishbatrare Sr@etaleutal pl ati num

filmis shown iyoft Os Caloutl 58l aEKa! LRG| Safe SO Aidhe tiad made
foll owing the evaporation of the filmto allowthe filmthickness to

measured. The fHREkReswhereihNg iS5 IEAPHAS FerRmMEbeocoried sHhFBEAtE0 shown in

Figuse 9. The resist kukby dfS fedhvill 86:0d Ber hahlews: Prmd nkddge?) x (V/1)
where: (V/1) = R 8_Decenber. 2006, WO 03/ 106734 PCT/ GB03/ 02613 -20- p =
resistivity of TESRAFESAR)sSullimatipn-of apgp non-erppied Mx8diess (n) R =

resistance of fithie(9) Hedtivg £185isababesrdTach SHRN 25vERE Lkan from the
sanpl e at variqus_pl aces, the average of which was used to calculate the

resistivity: REEG2 376G oray Takg 2884 gpout 5°C per minute;
maintaining the temperature at about 350°C for about 60

10 minutes; and then cooling the substrate from about
350°C to about 25°C at a ramp rate of about 5°C per
minute; wherein the coated substrate is exposed to
alr. This stage is a metallisation step;

Stage 3: flowing N; at about 25°C over the coated

15 substrate for about 10 minutes; and
Stage 4: heating the coated substrate from about 25°C
to about 350°C at a ramp rate of about 20°C per minute;
'maintaining the temperature at about 350°C for about 60
minutes; and then.cooling the substrate from about

20 350°C to about 25°C at a rate of about 20°C per minute;
wherein a mixture of about 5% H, and 95% N, is flowed

over the coated substrate at a rate of about 150ml per

minute.

Following the 4-stage reduction process a sheet metal

25 platinum metal film was obtained. The sheet metal platinum
film is shown in Figure 8. The black line is a scratch
that was made following the evaporation of the film to
allow the film thickness to measured.

The thickness of this film was found to be 7.8mm as

.30 shown in Figure 9. The resistivity is calculated as
follows:

p = (mt/1ln2) x (V/I)

where: {(V/I) = R - : . o ' . ' -




10 R3 = 10.9215 0 R4 = 14.5243 0 R5 = 11.4818 0 Ray = ( + + R4 +
R5) /5 12.675 0 15 The deposited sheet netal platinun1f?%ﬁ??ﬁ%¥g?§$e has
an average resistance of 12.675 0. The resistivity is therefore cal cul ated
as follows: = [4.532 x (7.8 x 10'") x 12.675] fan 20 = 44.81 x 10'8 San
The re§W9@WyWRV of the deposited platinumfilmis th&ST/GEA®BE3 10°0m The
sheet resistance of the filmis calggl.ated as 25 follows: Rs = p/t where,
Rs = sheet resistance of film(0'1) p =resistivity of film(Sat) t =
thi ckness of film () o 30r&sistiddtflor #9018/ ¥ x 10--' 8 Decenber 2006 WO
03/106734 PCT/ GB03/02613_-21- g? =.57.45 01 The sheet resistance of the
deposi ted platinun1fiﬁﬁYF§2)fﬁ ‘8Fdre 57.45 52-1. 5 The bul k val ue of
resistivity for platigus gild aifckxhespermiure is 10.7 x 10'8 Omn so the
cal cul ated value is approximately-4 t%nﬁ$ &ge bul k val ue. This can be
expl ai ned due to el ecBr onFeEHRTAENGE FOI g¥%i n boundaries, the netal
surface and the substrate. A bulk value for 10 resistivity is not expected
where measuring such a thin film, The cal cul ated value for. resistivity
Shok ¢ natiketeRiahated Ml ureRrtis o onEREEAl S P8 RESOH ty. and a

: : various places, the average of which was used to calculate

the resistivity:

R, = 12.1870 Q
R, = 14.2604 Q
10 Ry = 10.9215 Q
R, = 14.5243 Q

Ry = 11.4818 Q
Roe = (R, + R, + Ry + Ry + Rg) /5
= 12.675 Q

is5 " The deposited sheet metal platinum film therefore has
' an average resistance of 12.675 Q.

The resistivity is therefore calculated as follows:

[4.532 x (7.8 x 107°) x 12.675] Cm
44.81 x 10 Qm

L]
)

20

L]

The resistivity of the deposited platinum film is thus
44.81 x 10°® Qm. |
The sheet resistance of the film is calculated as
25 follows:
Ry = p/t
where: = sheet resistance of f£ilm (Q1)
resistivity of f£ilm (Qm)

thickness of film (m)

Rg
P
t

i

30
Re = 44.81 x 10°%/7.8 x 10°°




uni form and conti nuous coverage with a thickness of about
Exanpl-e 3 A glass substrate was cl eaned as before and 105H§%§P&y§8&§

bi s- (perfl uoropropyl)-1,5-cycl ooctadi ene platinum (I11) was deposited onto
t he sub‘svﬁ?g} e, 20 The coated gl ass substrate was exposed to Wradiation as
before. 19633 owi ng 4-stage reduction process was FREFBIYFE to reduce

t he deposited bis-(perfluoropropyl)=435- cyclooctadiene platinum(ll) to
platinum 25 Stage 1: heating the coated substrate from about 25C to about
120C at a ranp rate of apogg gscdngr m nute; nmaintaining the tenperature at
about 80C for about 6625 nmnutes;” and then cooling the substrate from about
80C to about 25C at a ranp rate of about 10C per mnute; 30 wherein N2 is
fl owed ovelr thqr&oahéfltw_ tsltathea&f a;herdéﬁo&il‘taglbpm&tﬁﬂﬂis f[iam2m';ﬂute_. Thiﬁ
stage results i S | ion of any non-exposed area, Stage 2: heating the
substrate W%‘?ﬁ%ﬁ&utg 23%5' about 250C at a ranp rate of about 5C per

m nuge; 8 Deceriiey BNA6 vadeOIFl GaeddtReILEBESL 03EaCind? - atraratmi ni ng t he
tenperature at ahout 250C for about 60 mnutes;, and then_cooling the
substrate FFERA-RGGE 155%&'?0xa8§3t91§5€3%tt Y r%ﬁ%ggoyagﬁ%ufSSC per

m nut e; wenetoxima¢etgated tdmbst r she imildxposkaet o Bhiadr cabhibeis a

netal li-sation step; .Stage 3: flow ng N2 at out 25C qver .the coated
substrate ?f#h%ﬁ%%ﬂdﬁﬁqgﬁﬁg?%é?o%ﬁﬁggFgﬁénﬁ5gﬁghgfﬁﬁn?ﬁ@ngggfgé'subStrate_
f rom about tR5Gretal adpmiiackbmdt the r anpstrete .of Zbbulk 2081 per foxrnute; 10

i gbal ning_the Lamerat Wre ot abous 3R0C.T S BH0H, 0l Nt Egjgand ther

coo
film.

The calculated value for resistivity shows that the
process produced platinum metal with a high purity, and a
uniform and continuous coverage with a thickness of about

15 7.8nm.

Example 3

A glass substrate was cleaned as before and 100mg of
bis- (perfluoropropyl) -1, 5-cyclooctadiene platinum (II) was
deposited onto the substrate.

20 The coated glass substrate was exposed to UV radiation
as before.

The following 4-stage reduction process was then used
to reduce the deposited This-(perfluoropropyl)-1,5-
cyclooctadiene platinumR(II) to platinum:

25 Stage 1: heating the coated substrate from about 25°C
| to about 120°C at a ramp rate of about 2°C per minute;

maintaining the temperature at about 80°C for about 60

minutes; and then cooling the substrate from about 80°C

to about 25°C at a ramp rate of about 10°C per minute;

30 wherein N, is flowed over the coated substrate at a
rate of about 50ml per minute. This stage results in
sublimation of any non-exposed area;

Stage 2: heating the substrate from about 25°C to about

250°C at a ramp rate of about 5°C per minute;




350C to about 25C at a rate of about 20C per minute; wherel pxt ure of
about 5% H and 95% N2 is flowed over the coated substrgt[géch&é%rﬁa%;e of
about 150mL per 15 minute. The 4-stage process listed above is the sane as
that in Exanple 2 apart from Stage 2, which has a reduced i sothernal
terrpera\vgr"%/lqg%“ZSOC and a reduced ranp rate of 5C p@CTIGBAM2613 20 Figure 10
is a representation of the platinumggtal filmproduced. It is clear that
the produced platinumfilm is of a continuous and uniformnature. It was

not possible {@igBASH Ky the E&g&&?ﬁﬁeoét@%u@!ﬁdﬁuféﬁ%ﬁo@htféd mas the
substrate was cqQnpl etely covered. 25 For conparison purposes, the
resi stance of PRBUERPmM 20Rs theRs Goediadt Ebesengeratanfram ofbeHe

netal | isation zgpacess asddld idve 4tPal Hampl 9Bge BH wrRuBestdBRdy shoved
that Stage 4 of ;the netallisation process is a necessary step as a marked

reduction in rB4PeEahcEhgEe e BEr £825RC bR | bh 8FP99a% & age. The

resistance of the.fitiafiera metagesseasl step@ds approximately 72 0 and 5
0, respectivelﬁg.@ﬁghs process of Stage 4 is believed to firstly, renove

any surface ox Sm PAing: A Ald THNdPYC RO eCOREEd he net al

nanoer yot al | i t eabsBpibe ofod REBRALEbemiSuTduaaa8 Decenber 2006 WO
03/ 106734 PCT/ @B03/ 02613 -23- the resistance and hgnce the resistivity of

the metal. To is?_"rﬁgﬁv * {PRATIEGLIHRE 6R2ERY rtREd bR at Y TR AP Me 2 &ubst rat e may
~be partly tapedo(absut BEOREHL aFigib erakk of eiensC deOnpibtdack forned

ot 0 Eanpl cnaaba b, che GruSTER. o ShRuIS0T Sk pEpBbcG one
platinum(11) miadueed ah@uthan7%0bMihdi kel ELbr{ e pEeoR) about

350°C to about 25°C at a rate of about 20°C per minute;

wherein a mixture of about 5% H, and 95% N, is flowed

over the coated substrate at a rate of about 150ml per

15 minute.

The 4-stage process listed above is the same as that
in Example 2 apart from Stage 2, which has a reduced
isothermal temperature of 250°C and a reduced ramp rate of
5°C per minute.

20 Figure 10 is a representation of the platinum metal
£ilm produced. It is clear that the produced platinum £ilm
is of a continuous and uniform nature. It was not possible
to measure the thickness of the platinum metal £ilm as the
‘substrate was completely covered.

.25 o For "comparison pufposes,' the resistance of the film
was measured after Stages 2 and 4 of the metallisation
- process using the 4-point-probe. This experiment showed
that Stage 4 of the metallisation process is a necessary
step as a marked reduction in resistance was measured on

30 completion of this stage. The resistance of the film after
Stages 2 and 4 was approximately 72 Q and 5 Q,
respectively.

The process of Stage 4 isg believed to firstly, remove
any sﬁrface oxygen from the metai and secondly, homogenise

35 the metal nanoeryotallites. Both of these effects reduce




It was assuned that 150ng of bis-(perfluoro)-1,5 10 cycl ' | at i num
(I'l) would produce a filmof approxinmately 1200nmt hi ck%%%ezgﬁoggsl y
descri bed 150ng of bis-(perfluoro)-1,5- cyclooctadiene platinum (I1) was
evaporated onto a Icm glass substrate and subjected to Wradiation. The
15 evap¥Pa¥¥§™ i Imis shown in Figure 13. As shown i RCEGHI®61314 a film

t hi ckness of approxi mately 1300nm was obtai ned which was therefore in |ine
with the assunption. A further si i 7431 y prepared, bis-(perfluoro)-1,5-

cycl ooct adi.ene pl.ati num coated gl ass suhstrate was .20 then partly
masked, o btené'eg?'ﬁl%’fu-lﬁ%ré)“]a;i)hﬁé‘?emf??\ estlrﬁtrjrvﬁiigc‘é o'fh‘?wé"[e&f“?and t hen exposed
tobW radi at :c onTas igfrorve. tid s 1lkioa a:v\%emﬁmtpliﬁn}mi;, tire gl asg f
substrate after _exposure to radi ati,on.wherein on the_l eft-hand side o
The subst rETERLE Mow H APy, GBet Gina, BaRksiy! o s A, OO0 2

t hen perf areprésastbokl 60spm Stage fbrmbdadbhnichd mbetabed. subgtum e from
abou% 250 to zji:bout 120&f at .a r%r%tr te 8f igout 2C ggi m nut e;

mai nt'ai ni {78 Fgﬁﬁg?a?‘ &t PHh 6 P5HE: B SHET T66% i nut es; and then
cooling the substrate fromabout 30 120C to about 25C at a ranp rate of
_about 10C%er gm' Eute; wherein N. is flowed over the coated substrate at a
rate of a per mnute; Stage 2: heating the substrate from about
25C to about 250Q0ginga ofabpsr fher FfucabauwopdD) persraydbectsdiacenber 2006
WO 03/106734 _RCT/ 02613 - 24- I nt al ni ng,t.h enperat ur about 250C
or about BEIRPRLL BRHREReen Pnie (i Cougt: FEIR Eralad " 280c co
about 25C it awgsanpasainedf tEnout Bi@Egperof m bld-e(pesidnera) the&-coat ed
subsprate §%i85eesslehd Matlihim™ A% Sioll8"idalBea 208t ZC over the

coated
approximately 1200nm thick.

As previously described 150mg of bis- (perfluoro)-1,5-
cyclooctadiene platinum “(II) was evaporated onto a lcm?
glass substrate and subjected to UV radiation. The

15 evaporated film is shown in Figure 13. As shown in Figure
14 a film thickness of approximately 1300nm was obtained
which was therefore in line with the assumption.

A further similarly prepared, bis-(perfluoro)-1,5-
cyclooctadiene platinum (II) coated glass substrate was

20 then partly masked, on the right-hand side, with a thin
piece of metal and then exposed to UV radiation as before.
Figure 15 is a representation of the glass substrate after
exposure to UV radiation wherein on the left-hand side of
the substrate platinum metal is to be formed.

25 - A 4-stage reduction was then performed as follows:
© Stage l: heating the coated substrate from about 25°C
to about 120°C at a ramp rate of about 2°C per minute;

maintaining the temperature at about 120°C for about 60

minutes; and then cooling the substrate from about

30 : 120°C to about 25°C at a ramp rate of about 10°C per
' © - minute; wherein N, is flowed over the coated substrate
at a rate of about 50ml per minute;

Stage 2: heating the substrate from about 25°C to about

250°C .at a ramp rate of about 5°C per minute;




substrate for about 10 minutes; and Stage 4: heating thegepaled.s trate
from about 25C to about 350C at a ranp rate of about 208 per mnute; 10
mai ntai ni ng the tenperature at about 350C for about 60 m nutes; and then
coolin the substrate from about 350C to about 25C at a rate of about 20C
per m MiP&1%%Herein a mixture of about 5% H. and 9586NEBIE26Bowed over
the coated substrate at a rate of abﬂet 150nmL per 15 mnute. This final
stage results in formation and densffication of Platinumnetal. Pictures

were taken aft cond and four S s.in _the reduction
process -and ar gc{as %\%ﬁkfﬁalﬁhe Ee%‘peﬁ urﬁagr‘?é’% é?%?p a\%’é’ &go The
resi stance of tkigwftiebm emdt héleaulnsntorlang whe smibashnses ﬂsdnmgabdmer.

4- poi nt - probe 3, the AR alli rocess. The
resi st ance vvas%lstgu‘?ld % 9%8111?1; g &n d 7 respecf 5?&?; F_E',(? F¥ t herefore
obvi ous that Stiagéses Uhetrlaenptheessatedesebatraﬂ:e|i\sthﬁpcmelre&s. 25 The
t hi cEness of tt}ﬁrpl atinumnetal filmwas found to be approximtely 16nm

as shown in Figure 19. This resistance along with the thickness of the
metal film all dkadet Fe Floiigg Wi yatndbeliee5tksowdmnce: vadaesit o be

calculated as J@lshe R nt 4l Vi where: (VIl1)' R p =
lt S% rr?gr abou@. ;l.{) Iﬂix)t%%s(, }i

resistivity of film (n/1n cenber 2006 WD 03/106734
PCT/ GB03/ 02613 Stage d: heating ttlhc!kneefseq juiRtratesfstmedeuaf 26/Em (0) The

fil mthickness t.)e,ag BRe g Rd att? bg | et 2 X (16 X
log) X aaE SRR 4P afp LR BB QLY 909 pelt fifu s
: maintaining the temperature at about 350°C for about 60

minutes; and then cooling the substrate from about
350°C to about 25°C at a rate of about 20°C per minute;
wherein a mixture of about 5% H, and 95% N, is flowed
over the coated substrate at a rate of about 150ml per

15 : minute. This final stage results in formation and

densification of Platinum metal.

‘Pictures were taken after the first, second and fourth
stages in the reduction process and are shown in Figures
16, 17 and 18, respectively.

20 The resistance of the F£ilm on the substrate was
measured using the 4-point-probe after Stages 2 and 4 of
the metallisation process. The resistance wag found to be
12 Q and 4.4 Q, respectively. It is therefore obvious
that Stage 4 of the process is essential in the process.

25 The thickness of the platinum metal film was found to be
approximately 16nm, as shown in Figure 19. This resistance
along with the thickness of the metal film allowed the
resistivity and sheet resistance values to be calculated as
follows: |

30 p = (mt/in2) X (V/I)
- where: {V/I) =

p = resistivity of £ilm (Qm)
(m/1n2) = 4.532




The reéistivity of the filmis therefore 31.91 X 10'8 52 The et
resistance is calculated as follows: Rs = p/t where: R gk?ﬁg%er?ggistance
of film(52"1) 10 p =resistivity of film (O t = thickness of film(m
RB = 31.91 X 108/ 16 X 10-9 19.94 Q' The sheet resistance of the filmis

t heref WRWYYPSG4 52-1. 15 The obtai ned val ue of resi BETGBIIP2I3
approximately 3 tinmes that of the glk resistivity value for platinum (i.e
10.7 x 10.8Qm and is an inprovenent on the resistivity obtained in

Exanple 2. The_rea for, this ipprovenent is that electron scattering
effects-are'IeEs‘b&gﬁ%ﬁﬁﬂﬁ%Peﬁﬁ e 20 filmthickness increases. 8

Decenber 2006 rWO Odildiahsé PETELBO3N2613 -26- CLAIMS 1. A nethod for
form ng netal deposits on a substrate conprising: a) depositing a

phot osensitive organonetallic 5 conmpound onto a substrate; b) irradiating
t he phot os@es i ivetinlgarseerak| neaswoh dentiewappraximediedyi ddumc) reduci ng
the irradi ated photosensitive organonetallic conpound to form netal
deposits 10 adhered to the substrate; and d) renoving any degraded

phot osensi ti vep ergafivet allléi & topoXindl 4 esi due and unaf f ect ed

phot sensitive_o§9 gthygkﬁlconpound from said substrate. 15 2. A nethod
for Tormng nefa ggg Fts on a substrate according to claim1l wherein the
reduction process in step c) conprises:

The resistivity of the film is therefore 31.91 X 107° Qm.

The sheet resistance is calculated as follows:

Ry = p/t

where: Rg; = sheet resistance of f£ilm (Q™)
10 ' p = resistivity of film (Qm)
t = thickness of film (m)

Rg = 31.91 X 10°/ 16 X 10°°
= 19.94 Q7*

The sheet resistance of the film is therefore 19.94 Q™.

15  The obtained value of resistivity is approximately 3 times
that of the bulk registivity value for platinum (i.e 10.7

x 10°Qm) and is an imprbvezﬁent on the resistivity obtained

in Example 2. The reason for this improvement is that
electron scattering effects are less predominant as the

20 . film thickness increases.




1) a first heating and cooling stage; 2) a second heati ngn%ggl cep%deng st age
in an 20 oxidising atnosphere; 3) flowng an inert gas over Tthe Substrat e;
, and 4) a third heating and cooling stage wherein a reducing gas flows
over the substrate to form netal deposits. 25 3. A nethod for formng
netal d¥ReHEH4on a substrate according to any of cPETEBOX02E 2 wherein
the nmetal deposits are of any shapesgr configuration such as a
substantially continuous thin 'sheet-like' filmor a substantially narrow
| i ne of naggimid e di nensions. 30 4. A nethod for formng netal deposits on
a substrate according to an%/ precedi ng _clai mwherein netal lines of |ess
than 70 nntare % JPRERPONEPhel ARG fiotalg demasiser C20G6 SUROED3F 06734

PCT/ GB03/ 0281 A kig:>. A method for forming netal deposits on a substrate
according to any of clainms 2 to 4 wherein the first heatin and cooling
stage are in arf)inert RDASIHEGe JucPhOSENHiSEVE gasganemgtadliiftrogen. 5
6. Agmethod of form ngedmiAinadeResi & Sskadagbstrate according to any of
clains 2 to 5 wherein {he secqoqnd heating and ,cqoling stage is,perforned in
a di oxygen coMai ni ngtEfafbSiAEgetie PhoicsgnEitIve poRgAKBREEL LS mi ng et al
deposits on a substrat @omgdlindC GREHI th Afnid¥oal clains 2 to 6 wherein the
reducing gas in the third heating and ,cool_i ng?stage conpri ses at | east

di hydrogen. 8. R net hGEFHIGr ni fFemet 4F*88pBEPEs oPRAE tF4Y® according

© . to any gr ecedi n? cl ai %ﬁ&lﬂ{o@de&aﬂ.mﬁffdbi{pgﬁﬁgstéiﬁé&én ﬂafét?I Griporetsl | : c
conpqund is a platinum grganoneta) lic.. 9. met of formng neta
depddits on a substrat heg"c‘"@ortﬂiﬁ et%ﬂéﬁﬁfaﬁe;cﬁﬁgm 1 to 7 wherein the

d) removing any degraded photosensitive
organometallic compound residue and unaffected
photosensitive organometallic compound from

said substrate.

15 2. A method for forming metal deposits on a substrate
according to claim 1 wherein the reduction process in step

¢} comprises:

1) a first heatiné and cooling stage;

2) a second heating and cooling stage in an
20 oxidiging atmosphere;

3) flowing an inert gas over the substrate; and

4) a third heating and cooling stage wherein a
' reducing gas flows over the substrate to form

metal depoéits.

25 3. A method for forming metal deposits on a substrate
according to any of <¢laims 1 or 2 wherein the metal
deposits are of any shape or configuration such as a '

substantially continuous thin ‘'sheet-like' film or a

substantially narrow line of nanometre dimensions.

30 4. A method for forming metal dJdeposits on a substrate
according to any preceding claim wherein metal lines of

less than 70 nm are formed on the substrate.




phot osensi tive organonetal | ic conpound contains any of t | gmi.ng

netal s: palladium copper, rhodium tungsten, 20 iridi u%%eg%ﬂ/eé?&sgol d and
tantalum 10. A nmethod of form ng netal deposits on a substrate according
to any of clains 1 to 7 wherein the photosensitive organonetallic
conpount® ¥¥1%¥onpounds of formula (2) as describedPd /02915
-------------- 8 Decenber 2006 WO %_106734 PCT/ GB03/ 02613 -28 r /[Al x-R |

L M[AIXx-R () wherein: Mis any of" platinum palladium copper, rhodium

ctungsten, 411 diUMetloa! Hor $RA1ARINENI Akiibattd SNy Slniygan. sul phur,

an am de grouping, an amne grouping or an er grouping; Xis 0 or 1;
Ris a flmrwsddagotgraoup ofantains i2ste divhemesdnethe dagat Beatimgret hod of
form ng nmetal PESIL S ; ‘ c i 0 f aims 1 to 7
wherein the pﬁ%t osgtnssl%b\?g %rég}%%faf%%@c%%ﬁp%uﬂr%%?arsg&&%esctcc{ed from any
of the folhakkiengashi s-¢pedinikapopropyl)-1,5- cyclooctadi ene platinum (11);
bi s- (perfluoropropyl)-1- nethyl-1,5-cycl ooctadiene platinum (Il); and bis
15 (perfluoropropyl)-1-fluoronethyl-1,5-cyclooctadiene platinum (Il1). 12.

A neShod of- f oAmimethest £ déposing wetal sderesifis omceoFHPARrate any

preceding Ll a:4ae &l NahPe ofr ARAMRL a1 | k6 sCAMROIAG | Ehdlepasdigd using any

of the.follow ng: "a vacuum 20 coating technique, a, spinning technique, a

- surface tematgmyg and cooling stage is performed in a dioxygen

containing atmosphere such ag air.

7. A method of forming metal deposits on a substrate
10 according to any of claims 2 to 6 wherein the reducing gas
in the third heating and cooling stage comprises at least

dihydrogen.

8. A method of forming metal deposits on a substrate
according to any preceding claim wherein the photogensitive

15 organometallic compound is a platinum organometallic.

9. A method of forming metal deposits on a substrate
according to any of claims 1 to 7 wherein the
photosensitive organometallic compound contains any of the
following metals: palladium, copper, rhodium, tungs{:en,

20 iridium, silver, gold and tantalum.

10. A method of forming metal deposits on a substrate
- according to any of claims 1 to 7 wherein the
" photosensitive organometallic compounds are compounds of

formula (I) as described below:

25




coating technique or a hot spray technique. 13. A net hOda‘He rﬁ’ﬁemz met al
deposits on a substrate according to any preceding claimwnéreirn a thin
filmof about 100ng of photosensitive organonetallic is deposited 25 onto
a substrate. 8 Decenber 2006 WO 03/106734 PCT/ GB03/02613 -29- 14. A net hod
of fornWRE¥HET4AI deposits on a substrate according PEVERI/BEcedi ng cl ai m
wherein the Wradiation has a wavelgpngth of about 260nm 15. A nethod of
form ng netal deposits on a substrate 5 according to any preceding claim

t he reduction proces conprises: (1) heating the coated substrate from
about 25C to abouf& at a ranp rate of about 2C per m nute;

mai ntai ning the tefperat®&e at_&fdyt-A0 80C for about 60 nminutes; and then
cooling the substfate frompout 80C to about( 5C at a ranp rate of about

10C per mnute; wherein ié\*w$¥quOver the“Coated substrate at a rate
of about 50m per ﬁ%gyt ;15 (2) ating the substrate fromabout 25C to

about 250C at a ra ate of about 5C per minute; maintaining the

tenperature at about 250C for about 60 m nutes; and then cooling the

substrate from about 250C to about 25C at a 20 ranp rate of about 5C per

- mnute; whgn&tdint.he <coated substrate is exposed to air; (3) flowmng N at

~about 25C over _the coated_ substrate for _about 10 minutes; and (4) heating
the coated subdh rit e2RY oRfaB@EIRER, ¢ ®2138d3EBut COBBErT oXRABBW: 60 m nut es:

and then gaqldtea,t heiguhs! rgtiechks ogbaoaia 3BREal gmabout 25C at a rate of

about 20C per ninute; . .
A 1s any of oxygen, sulphur, an amide grouping, an

5 - amine grouping or an ester grouping;
x is 0 or 1;
R is a fluoroorgano group; and

L is a bidentate ligand.

11. A method of forming metal deposits on a substrate

10 according to any of claims 1 to 7 wherein the
photosensitive organometallic compounds are selected from
any of the . following: bis—(perfluoropropyi)Hl,S—
cyclooctadiene platiniuvm (II); bis-(perfluoropropyl)-1-
methyl-1,5-cyclooctadiene platinum (IT); and big-

15 (perfluoropropyl)-1-£fluoromethyl-1,5-cyclooctadiene
platinum (II).

12. 2 method of formiﬁg metal deposits on a substrate

according to any preceding claim wherein the organometallic

- compound is deposited using any of the following: a vacuum

20 ‘coating technique, a spinning technique, a surface tension
coating technigue or a hot spray technique.

13. A method of forming metal deposits on a substrate
according to any preceding claim wherein a thin film of
about 100mg of photosensitive organometallic is deposited

25 onto a substrate.




wherein a m xture of about 5% H2 and 95% N2 is flowed O‘é?fec%]nli% @t ed
substrate at a rate of 30 about 150nml per m nute. A net of form ng
net al deposits on a substrate according to any of clal ns 1 to 14 wherein
t he reductron pr ocess conprises: 1) heating the coated substrate from

about 2% ¥6B4Decenber 2006 WD 03/ 106734 PCT/ GBO3/ BSEHEBIYEHS ahout 120C
at a ranp rate of about 2C per mn_ 2, maintaining the tenperature at

about 80C for about 60 m nutes; then cooling the substrate from about

80C to about, 22Cal1R g}sﬁ f@%ﬂ&tﬁe&{l e%s ]t%C&e gﬂg&ae@er ein W is

fl owed over the coate strate at a rat per m nute; 2)
heati ng ofaqaeEddngstpaney f PERRHG Cé&@“t'@hemtﬂ‘%@@ gedsatiam rate of

about 20CHar 5 $9v81 Jeai %ﬁtnb he tenperature at about 350C for
about 60 m nutaes v %tﬁhen cgol I ng e substrate from about 350C to about

25C at a ranp rate of about 20C per m nute; wherein the coat ed Substrate

i s exposedigd 0 @ kjethead)of |M§.919N e@atl MUY i12C qver &

substrate for about 10 m nutes; %L heatl ng the coat eﬁﬁ su strate from
abou? 25C A5OrgpBat tSS@@YatPr&’creéﬁfﬁgr§ aiwf ibBsuredoctper PROGRMse;
mai nt ai ni ngnikeskgpperature at about 20 350C for about 60 minutes; and then

cooling the substrate from about 350C to about 25C at' a rate of about
20C per i nutefthher ePf2EI0g She Feabed Mystrate Hramabsu2PCit 1| owed

over the coated subst gbftat28ed ahe of rahgutatdSo .%SQE&ueezwgmﬂe 17.

Met al deposrts fornmed_according to any of clains
minute; maintaining the temperature at about

+ 10 : 80°C for about 60 minutes; and then cooling the
substrate from about 80°C to about 25°C at a
ramp rate of: about 10°C per minute; wherein N,
is flowed over the coated substrate at a rate
of about 50ml per minute;

15 - {(2) heating the substrate from about 25°C to about
250°C at a ramp rate of about 5°C per minute;
maintaining the temperature at about 250°C for
about 60 ‘minutes; and then cooling the
substrate from about 250°C to about 25°C at a

- .20 ramp rate of about 5°C per minute; wherein the
_ coated substrate is exposed to air;
{3) . flowing N,  at about 25°C over the coated

substrate for about 10 minutes; and

{4) ~heating the coated substrate from about 25°C to
. 25 : about 350°%C for about 60 minutes; and then
cooling the substrate from about 350°C to about
25°C at a rate of about 20°C per minute;
wherein a mixture of about 5% H, and 95% N, is
flowed over the coated substrate at a rate of
390 about 150ml per minute.

16. A method of fo_rming. metal deposits on a substrate
according to any of claims 1 to 14 wherein the reduction
process comprises: ‘ : -

1) 'hea’_cing the coated substrate from about 25°C to




: : : : (s
16. 18. Metal deposits according to claim17 wherein the taIID &%om
hgve a wdth of gbout 60nmto 20nm 30 19. Metal. deposi ts g%rgoerrgl ng to any
of clainms 17 and 18 wherein the nmetal deposits have a thickness of about

5nmto Q,g/ Ner34 PCT/GB03/02613
~30-

about 120°C at a ramp rate of about 2°C per
minute; maintaining the temperature at about
80°C for about 60 minutes; and then cooling the
‘ substrate from about 80°C to about 25°C at a
5 ramp rate of about 10°C per minute; wherein N,
is flowed over the coated substrate at a rate
of about 50ml per minute; _

2) heating of the substrate from about 25°C to
: about 350°C at a ramp rate of about 20°C per
10 minute; maintaining the temperature at about
| 350°%C for about 60 minutes; and then cooling
the substrate from about 350°C to about 25°C at
a ramp rate of about 20°C per minute; wherein

E the coated substrate is exposed to air;
i5 3) flowing N, at about 25°C over the coated

substrate for about 10 minutes: and
4) heating the coated substrate from about 25°C to

about 350°C at a ramp rate of about 20°C per
minute; maintaining the temperature at about
20 : . '350°C for about 60 minutes; and then cooling
the substrate from about 350°C to about 25°C at
- a rate of about 20°C per minute; wherein a
‘mixture of about 5% H, and 95% N, is flowed
over the coated substrate at a rate of about
25 150ml per minute.

~17. Metal deposits foxrmed according to any of claims 1 to
16.
18. Metal deposits according to claim 17 wherein the metal

deposits have a width of about 60nm to 20nm.

30 19, Metal deposits according to any of claims 17 and 18
' wherein the metal deposits have a thickness of about 5nm to
- 20nm. '




