WD 2011/ 138621PCT/ GB2011/ 050888 1 Conposite El ectrode and Met hod of

Manuf acture Thereof The present invention relates, in general, to novel

nmet hods oWormanufBs&tiuri ng conposite el ectrodes PCT/GB2011/050888

wi t hi nprovedpl anarity, conductivity and transparency. The resulting
conposite el ectrodes can be used to nake 5 inproved devices requiring
transparent and/or highly planar and cdnduct i ng el ectrodes. Exanpl es of
such devices include, but are not |imted to, displays, photovoltaic cells,
thin filmt ransCohwesitecEJehtmﬂeeand, Melthotlroﬁrbtlgamﬁaatuwé‘hﬂrieelfdi ng,

bi osensors and transparent heater panels. Exanples of nolecular electronic
devi ces i ndaipgeesenmt ssverdiah sqjhmss in generalt hee notll weskodd ohmamygadiucing ght

emtting display (OLED | ectr gl um.nescen pl a displ ays, or
G spl nye ioreRsY i o vetroft el Mt "R PERY . P, PSR M
case of a tramgptenty. stiale desptiny eomposipt ayiRciidided tee erhigiat tbi gidke such
as reflective displays. O her displays are known such as bi-stabl e displays
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formed by depomh@g\@t e conponents of the transistor in thinfilnms to form
a thin fildisplegssi KoYarFary . aalsn athlra)rgf'dmc ransistais, | $ousked sreens,
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constructed fromnmultiple functl onal layers. A typical OLED structure
conpri ses Exdnaplesazfodeleebtanerlecteoaimcba/imn inotlel ccbmnidsiveldispildys, &% iorteni ¢
| ayer ,regi on between and ele tr| bot h el ectrpodes. The
or yanilE” | dae St Brpatts Aafs St RS ARk e Rra St se v,
materi al amgsrﬂ@edl@bl%%r Qi d|§@%§§%h|ch2@q@ﬂ*eeélt@éckﬂi@ﬁt Q)tr ﬂr@@@h%ﬁ@@ohr@ht
emtting material. The anode electrode is normally function

t r anspar ertUche?sain 8¢ dase Sichliadid errstan dlfﬁl?iamrd@'SP\a'V@)WhrFﬁeU%?a?ﬁM@
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Astructur Is nornmal Iy applied to a supporting strate such
as gl ass (ﬁlsmilaaStfoUnfng $0-CRlledgeleetraniedpbpghor "8oraasicsie ant hidnosbsleaseslr

t hrou the tr t rod D h t- ttln [
the eftgor 1) BHARBRRLRT 1S BPlisd e oty rubieridly TEMSRE6RS 0D or
pPLED. An GbEBewiByhdepbsighy tagidonmpenantgaititbe tWhsistor in thin films to form a
2011/ 13862%P / GB2011/ 050888 . N .
thin film transistor (TFT). When an organic material is used as the semi-
conductive material in such a device, it is known as an organic thin film

transistor (OTFT).

20 Organic light-emitting diodes (OLEDs) are constructed from multiple
functional layers. A typical OLED structure comprises a base anode electrode
and a cathode electrode with an organic layer region between and in
electrical contact with both electrodes. The organic layer region normally
comprises at least one hole transport material and one electron transport

25 material and at least one light emitting material. The anode electrode is
normally a high work function transparent metal oxide, such as Indium Tin
Oxide (ITO). The cathode electrode is normally a metal, preferably a metal
with a low work function. A structure of this kind is normally applied to a
supporting substrate such as glass or plastic film. The generated light

30 reaches the observer through the transparent electrode. An OLED with a
light-emitting polymer in the electroluminescent layer is also commonly
referred to as a polyLED or pLED. An OLED with a light emitting organic



2 small nolecule is commonly referred to as an OLED. Commonl y, additi onal

| ayers are added into this basic device structure in order to inprove the
ef fici encwp 2briyighézmess and reliability of the |ight em $ETEB200LEMRS8ar e
commonl y made using vacuum deposition techniques. Using 5 these techniques
results in very thin layers in the device. The typical |ayer thickness for
each layer in the device is between 5 fm and 60 nm So the total device

t hi ckness, including the | ow work function cathode el ectrode, is normally

| ess t han s20all mnolepulEDsdeamormnlnrrefatreédiivl 3s ehi OkeP. GoanmObBD aldditiorsl but
are still relativel 0.thin.(less than 500 nmtotal thickness). Typica
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t hi ckness dfficichey) baghtress tandnglipsl iy thayYight ietnissiohhe range 40 to 80 nm
The curve of the brightness as a function of the applied voltage of al

organic |i emtting devices js characterized by a threshold vo]tage,
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too great. addition'to I ght ness, e voltage op al so
| eads to anarethliyt iees than 200 ehf i ci ency of the OLED. The effect becones nore
pronounced the larger the area of emtting surface. Considering a square
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circuit). ing thin transparent conductin ilnms for the cathode, it can
be shown f kaé‘%éﬁﬁﬁag?%g‘@t%@/ﬂéo @Fbéf‘érZQ{?Bﬂ”-i hYRiGaT Wy SSoft kgl v

observed f&GhitdBYigpmBhedRertifen $ha@ah§89A0Nd So eingater than 6.5 cm (in the
case where the fransparent conductor 1s PEDOT: PSS with surface resistance

30200 ohm per square) or 20.5 cm (in the case where the transparent
he curve of the brightness as a function of the applied voltage of all organic

light emitting devices is characterized by a threshold voltage, above which
15 luminescence is observed, and a subsequent, very steep linear increase in
brightness. Efficient light emitting devices are characterized by a low

threshold voltage, and are operated at low voltages (<5V typical).

Uniform brightness over the emitting surface is important and to enable this,
the voltage drop over the cathode and anode must not be too great. In

20 addition to a reduced brightness, the voltage drop also leads to a reduction
in the efficiency of the OLED. The effect becomes more pronounced the
larger the area of emitting surface.

Considering a square sided device, the percentage drop in luminance from
edge to centre is determined by the sheet resistance of the transparent
25 conducting electrode (this being the dominant resistance in the equivalent
electrical circuit). Using thin transparent conducting films for the cathode, it
can be shown for example that 10% or greater drop in luminance is typically
observed for devices where the side length is greater than 6.5 c¢cm (in the
case where the transparent conductor is PEDOT:PSS with surface resistance
30 200 ohm per square) or 20.5 cm (in the case where the transparent
conductor is Indium Tin Oxide with surface resistance of 20 ohm per



conductor is IndiumTin Oxide with surface resistance of 20 ohmper WO

2011/ 138621PCT/ GB2011/ 050888 3 square). These sizes correspond to device
areas of WO 20mn138¢2d 420 cn? respectively. The resistanc@CofGR2hE/050888r i al s
commonly used to make the transparent el ectrode (such as Indium Tin Oxide
(I TO or PEDOT: PSS (dispersion of 5 pq]yethyl enedi oxythi ophene and poly
(styrene sulfonate)) is limted by theit intrinsic resistivi ty. For

exanpl e, the specific resistance of ITOis 1x10-4 ohm cm (equivalent to
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conpar ed t"§SBEEHMEYY: such as silver which has a 10 specific resistance of
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or periodic pattern of net a? el ectrodes can be used. The opti cal
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pitch used,g; al | -Whr S o t fmlde -&g%i e
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resi stivi tmakimgacheeVlaydri ghickar f butmiaty tbé lexpansenifs siedncingt ehei bpticdhi s
means that_ideally the nmetal wres should be.infinitely thick and
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geomet i Cale,qlkaNBRIBREs. Typical ITO films have surface resistivity in the range 300

to 10 ohm per square.

In order to reduce the resistance of the transparent electrode used in the
OLED device and hence produce a device with much more uniform intensity
20 of light emission, metal lines (sometimes referred to as ‘busbars’ ) can be
formed in contact with them or a grid-like or mesh-like or periodic pattern of
metal electrodes can be used. The optical transmission of the metal grid
depends on the width of the wires and the pitch used. Ideally the metal
wires should occupy the smallest possible fraction of the area of the device
25 while having low enough surface resistivity to achieve high uniformity of light
emission intensity. This means that ideally the metal wires should be
infinitely thick and infinitely narrow. In practice, the minimum wire width and
maximum aspect ratio (ratio of thickness to width) is limited by the method
used to make them. Also the resulting surface resistivity depends on the
30 bulk resistivity of the metal (or metals) used to make the wires and on their

geometrical arrangement.



WO 2011/ 138621PCT/ GB2011/ 050888 4 A transparent material, as referred to
herein, is a material which, at the thickness used, transmts at |east
about 60%W0eot /1384211 east about 70% at | east about 80% PaT/dBasl05e438ut 85%
of incident light at a wavelength or range of wavel engths used during
operation of the device containing it. 5Metal grids or netal busbar |ines
can al so be used in photovoltaic (PV) ¢ell's to reduce the resistance of the
transparent conducting el ectrode and hence inprove the efficiency of the PV
devi ce. Fok te&mnarenﬁeeatmiaé,aascmfénwgdoﬁo oeweini ds saolraateci@II Ivshichuabithe
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devi ce thickness they are al so comonly the sanme as COLED devices. Therefore
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phot ovol tai ¢ devi ces, such as dye sensitised solar cells for exanple, the
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net al s. r of grids
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t ranspar entoa 0sEliect 5 Ves@xicges. " PEpadtisf areatdbmmdénile dredialilaercomstictiahl @y can
be selected fromthe group conprising of netal from G oups Va, Via, Vlla,

VITI, 1b, QHEPs:| copprisipg @b 2 thanspapenh £IeHEORt ICRPERS %?”%fﬁé IBYET(S¥i ¢
Tabl e of t V,
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Sn, Pb, SHaye; thiekngys and @e\h@@/sthtdkeees)ﬂhewareyalsofcqmrrmﬁtby Weasganae s be
el ectropl aé%%régc% h@Pé’tVBe%] Pg%”g%?’ % E)Bﬁéggorp@saé\; ance and have been

studi ed as”a sUbsiStut e for CorrOSI1 On resi stance on
steel surfaces. " Front report from Europe on surface treatnent technol ogy.
Pl ati n§ t dohsmwhegypes oFNDgand: pBdt@asltaic devices, such as dye sensitised solar

cells for example, the electrolyte materials used to form the device are
highly corrosive to metals. Therefore, when making large area devices
incorporating metal grids or busbar lines, the metal(s) or metal alloys must
be chosen carefully to be resistant to chemical attack or must be
20 encapsulated to protect them. See for example WO 2008/053464 entitled
“Nickel-Cobalt alloys as current collectors and conductive interconnects and

deposition thereof on transparent conductive oxides.”

Specifically, the metal or metal alloy can be selected from the group
comprising of metal from Groups Va, Via, VIla, VIII, Ib, IIb, IIIb, IVb, Vb,
25 VIb and the actinides of the Periodic Table of the Elements preferably
selected from the group consisting of V, Cr, Mo, W, Mn, Re, Fe, Co, Rh, Ni,
Pd, Pt, Cu, Ag, Au, Zn, Cd, Al, C, Si, Sn, Pb, Sb, P, Te, Th and alloys thereof.

Alloys of Co and W can also be electroplated and are known to have good
corrosion resistance and have been studied as a substitute for hard Cr
30 plating for corrosion resistance on steel surfaces. “Front report from Europe

on surface treatment technology. Plating technology of TNO and IST as



WO 2011/ 138621PCT/ GB2011/ 050888 5 substitute of hard C plating. Technol ogy
devel opnent of TNO "; Aut hor; SUZUKI KO CHI, Engineering Materials; VO.. 53;
NO. 9; PAGEVB20118382005) ; FI G 8, REF. 2, Japan. The net alPCriGB2811/0608880p oOf
the el ectrode for using in a photovoltaic cell can be 5 chosen so as to
enhance the device efficiency by selecting an el ectron donor netal such as
Pal | adi um or Pl ati numwhich is al so corYosion resistant. In some types of
nol ecul ar el ectroni c device design the transparent electrode is on the top
of the dewubstitetieheof t handt g bplatiovg. TrEchnogyhedewglopfrmntexempTBO;t h

single crystal sili cells.or int case o one. Iy tate
dye sensit"?%tgar;oqé@gge%ﬁs}&wh FHE@e@QEQ, @ﬁ‘éerﬁﬁg’nsggﬁ‘e%?’@gc%g%gs st be
provi ded i8v(@006) nFiEBaREF.2f Jdpeimg applied to the top of the device during
manuf acture and with a highly planar surface so as to ensure a uniform

electrical_contact. It is therefore advantageous to be able.to provide the
Cr amspar oriheoisnsl fiaish g trgh (P ech oiedonprR e Patevolc fef kot he can
15 be ki XeghdsBnRHrsst®@BnhBRCOths R VARVERRIcHY By68IckhfgGRT ElcREronudshdrat e

removed, leaving only the nmetal wiring pattern and the enbeddi ng dielectric

materi al enekdl rsuehlasyPa ey @oPleEnuAe Whigh i5f alsasog®siaeresiipst-has t he
advantage of mnimsing the thickness of the top el ectrode | ayer, thereby
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fl exi bl e sdegusdelis en tBaitvakifehecd @dsabathesthenrthedmtionl diés isotheesesepl e

Nitto Rev E. r al 9 . Reva a -4 Nitto
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contact pads connected either to the anode or cathode in order to provide

the cont actrifaror efsicicalrongactndt uthrieforenadvantageaonte hechledelnrevideor m ng
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patterning steps make an
15 be fixed in place on top of the device and then the carrier substrate

removed, leaving only the metal wiring pattern and the embedding dielectric
material electrically connected to the top of the device. This has the
advantage of minimising the thickness of the top electrode layer, thereby
increasing the transparency of the device and minimising the total thickness

20 of the device ensuring that it is as light weight and flexible as possible.
Suitable releasable substrates include for example Nitto Revalpha NWS-
TS322F SHT or Revalpha 31950E or Revalpha 319Y-4L (Nitto Denko, Japan)
thermal release tapes.

WO02007036850 describes a large area organic diode device and method of
25 manufacturing it so as to avoid the problem of poor uniformity of brightness.
They use metal busbar lines which are electroplated on top of a hermetic
barrier layer deposited on top of the device. Apertures must be formed in the
barrier layer and aligned to contact pads connected either to the anode or
cathode in order to provide the contacts for plating up the busbar lines. The
30 method involves forming the busbar lines after making the organic diodes -

which means separate patterning steps to make anode, cathode and



WO 2011/ 138621PCT/ GB2011/ 050888 6 busbars. Al so, inmmersing the whol e panel
in the plating bath at the end of the process risks additional corrosion,
cont am nawpan11ai38e2damage conpared to maki ng t he busbar s PpamgB20f1/0spgsher t he
anode or cathode. The density of busbar lines is also limted by the need
to separate the contact pads from 5 the light emtting regions. The method
al so requires depositing a plating bas® material after openi ng the
apertures and before plating, which needs then to be renoved after plating.
US 200301385barslellsoi hasnernseng bime evitalerneaén bd phtinandthcatuthengnd ofet al

mesh fil mwhere sh s of..copper_are coat W th a photoresist, 10
Cposed | GAgSHERks HEEL Sl Gl Reediidh "estaitthlidy 2rRLRARAEE' chpdiee
stripped abfmadkirey thé rbushiass wayt bheytheadeeléhode orcathodk, TAO dansitgnofm de,
300 micron pitch. Cu neshes. for uyse in electromagneti ¢ shi el di ng. However

t he met hoobtf%ari'metse'a IgofluBitee Y Kle Heedstn eFRgrate ep?%traﬁﬁip%ﬂsafﬁ%% t he

carri eg subgt ighte eRyiefilte rbrﬁ]idﬂér.‘eﬁ% el Gisof PEIRSS (daBoBRIHY élgwﬂ ron).
15 Such a mesh™fornmed by the method of US 20030136572 i s unsuitable for use
i n or gani daseghaterial aftay aesins the Fp@stures aargk befereup@tingul whick aeeads

shorts batW@ﬁQo%@%rﬁBQ&& a@treirsdlgntgnérom such a thick and rough nesh and the

need to deposit sufficiéent active fayers to cover a 10 micron thick nesh.
The sane problens arise if using printed netal conducting lines (e.qg.
silver) tdJ2020@30 365 hrelkscobed ubeacopetnternal sietlced tdfeynatufadtyrimgua@ of

h b b | ir thick int | d
dryi ng.  WBBTAODER00THT SIGERY st colt Pon AES contehalin g RRbHI%RE o
the eliect rogrsets riverdgddc alndy tikemtthet edpp@r as rextiabd i Hway rarwd whe tedisth as a

copper mesh). with a | ower resistance than the device. The nethods of
manuf act urriPpsd gif efferndt fhiswsatheyampdg 1AsMised iy uldd NIeFIE M4 nt i ng

of silver :Rﬂﬁrn%cffdhlt BittR AN ReMedRIPuSA M It @PdRE gHEQE \ShTel@ing| Al dWBGeOf

copper wires into liquid glass. Such nmethods of nmanufacture forma copper
mesh wi t h thehingtheiégs dienitdd sarfehcieatiogghnesigdtingdnssh wiiiokstding édove the

el ectr ol Ui peslbesN B53RCRA0Aaa (oPERTRAORR0ANLNRRE 218 Bfkon

sufficiently précrse ensur e that € surfac me%'h i's
suf fi abent$ychpbamasht foratesube heumdthot 6thuskpes830 D365V iis airsaithbledéposi t ed
on top and mnimse shorti n%ﬂt et ween, el ect

2011/ 1386HS8Ci) CE3NIE/ HHHs8 Ing diodes or Pr\/osdg(sa'causvéoits use would lead to
shorts between electrodes arising from such a thick and rough mesh and the

need to deposit sufficient active layers to cover a 10 micron thick mesh. The
same problems arise if using printed metal conducting lines (e.g. silver) to

20 form the mesh or busbar pattern, since they stand proud of the substrate by
an amount equal to their thickness after printing and drying.

W02005008800 discloses an electroluminescent device where one of the
electrodes is electrically contacted to a metallic structure (such as a copper
mesh) with a lower resistance than the device. The methods of manufacture

25 of the metal busbars and grids used include screen printing of silver paste
into 350 micron deep sand-blasted grooves or rolling of copper wires into
liquid glass. Such methods of manufacture form a copper mesh with a high
degree of surface roughness and so whilst used in electroluminescent
devices according to W0O2005008800 these are not sufficiently precise to

30 ensure that the surface of the copper mesh is sufficiently planar to ensure a
uniform thickness of device to be deposited on top and minimise shorting
between electrodes.



7 The prior art fails to recognise the inportance of having a highly planar
surface interface between an el ectrode and the device structure nade on top
of it. Thwe2os/B8¢aci ally inportant for polymer LEDs (pPREDSB2041&150888he
organic layer is deposited through spin coating, which is sensitive to
non-flat 5 surfaces. Also, if the int%{face bet ween the transparent

el ectrode and other the |ayers of the ED is not highly planar then

el ectrical short circuits can occur between the anode and cat hode,
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out of flatness by the thickness 150f the ink layer which is typically a
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and the la e 20 ot her S|d('=: O herw se, the turn-on voltage of the
I

OLED devi ‘?ft SEeLUBY T PUR IRIFAYTFibal efficiency of the device is

r educed. For exarrpl e, when using gold as a contact netal of the grid, the

grid wol | Fereering Worigiinenct 'aanat@frnuba‘bv&em&okcaﬁéhﬁma@eemtﬁ @EpeBtUrEacen t he
exact conpasition of the gold and its m)_lphol ogy) . 25Fi gure 2 shows an

energy | ewdl adPAgPAM AR éﬂuér@cﬁp&ﬁte@@d @\ilee Compises $gikesgdld. oer

Ni ckel t t p
e T8 o g R 5 Dl bR oL ot

| i ght eni tthigkgpepsl y@éherr apeﬂwozk%ot usékiggl meiet busbar,s t such( 2sphentingyefi di ne)

A um i um 3 aybinisE2f Rabaith MBh TR D oo S Rl G KERRe ne
current i rofehiink [agert whighaygitgpicahp mofeadnicramsthdclardssconposi t e el ectr odes
for nol ecular el ectronic devices. Inproved |ight erri tting devices have

oL 9N e T Ll L OB SRR RS RO, Bl Bl g8 e
manuf act urfang t&fretbgnigde \the 8mpyirearites OFi destting the work function of the layer
in contact with the metallic structure so as to minimise the energy
differences between itself, the metal grid on one side and the layer on the
20 other side. Otherwise, the turn-on voltage of the OLED device is increased
and the electrical efficiency of the device is reduced. For example, when
using gold as a contact metal of the grid, the grid will have a work function
of between 5.1 and 5.5 eV (depending on the exact composition of the gold

and its morphology).

25 Figure 2 shows an energy level diagram 200 of such an OLED device
comprising a gold over Nickel metallic structure 202, a PEDOT:PSS hole
injection layer 204 (CLEVIOS™ HIL 1.1, H C Stark), a poly(vinylcarbazole)
(PVK) layer 206, a light emitting polymer layer 208 (using Irppy3 - facl/
tris(2-phenylpyridine) iridium dopant), and a bilayer cathode of a Barium

30 layer 210 and Aluminium layer 212.



In relation to the novel nmethods of manufacturing, it is the an object of
this invention so show an i nproved process for the rapid manufacture of

hi ghly plwoapiiznsge2tir ansparent circuit boards using a comdiaB2011/056888i er
substrate, electroplating and transfer nmethod. It is also an objective of
this invention to 10 show that the novel nethods of manufacturing can be
used to optimse the surface of the cor?posite el ectrode so as to optimse
the electrical and optical properties of the interface between the
conposi t e A5l eatjeodteofatide dewirers ioventien issitdgpiravidet impredeslo teansplajent i ve

of this invention t h hat novel prod s are created. b hi [ocess.
A though Sompasttt., SeBuBlied Bir IbfocydySlodafier SRR bttt ot
descri bed dmittihg deniicds Bave birigey, affiriehtl died emiform Beveealisdi@y oxepestae from
t he processes descriql?ed herein and these differences are as foll ows. The

first diffH¥FanEBOIY ARG dEMiErs d1avet iRoyad &lTiBiRNGY Ve darde BLRaS: hbavels

rat her st hafefidid & @ aR0escta8nYRIFlthasd dvidistar@N@sscribeyS means that they do
not 20 have to be concerned W th bending, curling and out of flatness of

the final boards due to stress |ocked into the thernosetting or _
t her nopl aghi el fethadavel aethgdePfimanpfectudnentidadba arephiect idkisng
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shrinkage during cure of the ernosetting polyner resin (e.g. pheno
f or mal dehymlenar anfif easspaent rcirc2i bbardsalisiagpainductogf darcieersubstrateeen

t he conduct,i car.rier he thernpseit.in ol vner.resin .and the final
carrior suiefParating g bBstatharisd, gt "8R8, d8 ShidE Vel oo e teRdan ove.
Typi cab t hgiovekhsuttee hevpleneths&s obehagufaot @xtessn e LBOE.to Topirpisebdrem i s
wor st when using thin thernoplastic carrier filnms (<0.2 mmthickness) and

adhesi ve rtEIGERISther COTOPATIEK RIESEradS %0 AR OPERISE thA&ledricrhaad opficehe
carrier fidighertidd %?,1t1={e1%%?f%%gg%#/tﬂéoéﬁ%p8si¥@ee|§@&8&é‘ Shd TRIvgase 1s

that they use photolithography, et printing or screening to pattern the
enbeddi ng aieatascusing itmelsks misad apevhjenkiee @bghishingentiorrioi grovugbat povel

enbossi ng I S ] f ent: S I pr Lot IS ¢S | rtant
because |t A PER ! Pt VLTS Brhfedt” Ao Ry S Brosi toh HARfe.
patters atcineity bbagls havel béérordddecaibedain tieatprie sz eheyl@rarndifferentaimd

Wi t hout excessive heating or_pressure or chem cal devel opnent processes, by
OV cur§ ng SMETdH dielc 98Tk GPITE) T RGIESRE i et el 2% ofTase:  er
Thi s al | owsfifbhshdek eSS follokg. operated in a roll to roll manner which is
critical for achieving | ow cost and high vol une of production of the 10

product. Patterning of the nmasking |ayer by UV enbossing has the further
benefit tHdte gt differepse @eflat ey diulte RIGLGE ARlverBihFirGHE BORTdece

texture ! yBen&athdiPngkibi6REs As WBR SAAEBid bAEs 2PndShenAt RAd: By A sat face

relief pattern on the noulding surface. erence is that this
i nven20on haveubedet commekeed witlyHendind curingpama rut cofr Batinesh or e, fisal we

need to c fully sel t he, e in i,electri.c ter] n he
adhesi ve (;%oogé}rgé c%(.\engq ?@éﬁ??oe&eélu@g? Eﬁ?gﬁégﬁ?g‘é@ﬁgcﬁ tme«{%pﬁ%%tgé ngg?érl S
t ransf er r atlatdrinlbarsedhiogfix apti erabetl d e etz neyckilMp sy gl eiesinal capiari al s
are col ourqd far exanPI e and so wi ]l not be suitabf(e fOJ our process.
plate. These stresses occur primarily due to shrinkage during cure of the
thermosetting polymer resin (e.g. phenol formaldehyde), differences in
25 thermal expansion coefficients between the conducting carrier, the
thermosetting polymer resin and the final carrier substrate materials and the
use of pressures of 1000 psi and above. Typical thermal cure temperatures
being in excess of 150°C. The problem is worst when using thin
thermoplastic carrier films (<0.2 mm thickness) and adhesive materials of

30 thickness more than 25% of the thickness of the carrier film.



20The fourth difference is that in this invention we carefully select the
conducting carrier to have very |ow surface roughness so as not to

i nt roducevamyitiageli nto the finished transparent circui PCHEB201120308880
ensure the best possible flatness. This surface roughness is |ower than
found on a standard finish stainless steel sheet or foil for exanple. 25The
fifth difference is that when not using a parting |ayer, we nust fornul ate
the dielectric material to have the optimum anount of stick and release to
the | ow ron@ﬁee@d:@Irifdemnicegscmartimeyamb tpivetelithegiraphyof off$et diistiegtoer c

Chem cal sRTSuRnGyR; HEtRE A8 SraBo e s e n R R L b8 s
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sol derabi Ity n ci oard IS |nven I on
function gfattére. |Td51hsalalld’>\ivaitlsh prscess mﬁberot,n.)eoapllteidmmna cblaltgeoﬂ rnamrﬂerrwbejhween

th t b dt t t ly,
the CLoohis il BT aLBeVIT JoMheottrEie B gEr a1 R iions T Ly on

using 18 Cqiddakt. nl@at@éi*rfh%rof ﬁhleahddéﬁl@%%é’r%‘ﬁw lehitfodsitey GlakCet flpthed t and
does not address the whi ch arise when trying to operate this

process wQQﬁe(ﬁ'th@FeQﬂe coamiang denth of feetwiesand/au MPrai Heer ene sHifags al s
for the e@?gﬂ%’lﬂg@'cea'ne & Hr&d Gy é@@wé‘%‘ﬁ%‘ tYﬁe“e?s‘ES‘e@PmtuH@d ‘nyftiﬁweXILLF;? <

substrate f1na arrier strate) . to provide
scrat ch rewlist patern dhégheonpulding spefiatées or Iarger operating tenperature
range. Another object of this invention is to overcomne the probl em of the

conducti ngreardter OHLCK % %Cmtnghga%ﬁﬁ & Fredi e T erfdeLd ﬁ?iaﬁ%r

provi de the tonducting carrier as a ro ! eI Cer

exanplie Zearaspzlraatlcwwtrbearcfg I $ovv|w@ acogt ad caeﬂfurllg splett ebetth othet op or

a thin netal or a mna of et Eml .vplastlc %”'er% In the
frivé Ei

roll to rcﬁmbﬁﬁ?%'{:‘@s '?‘ﬁé é%n BriAg eadr it viRftad ¢ Ringlig s

machi ne angyseReat néd vitieh OthéCWn‘ingF%‘I/@* 1 'tfﬁiﬁ?er@@@oﬁé%\/énh@H bptithe
action of winding the filmthrou he machi ne ensures a fresh regi on of

t he condudfamgParaney.eMast nj’gyégresst materials are coloured for example and so
will not be suitable for our process.

20 The fourth difference is that in this invention we carefully select the
conducting carrier to have very low surface roughness so as not to introduce
any haze into the finished transparent circuit board and to ensure the best
possible flatness. This surface roughness is lower than found on a standard

finish stainless steel sheet or foil for example.

25 The fifth difference is that when not using a parting layer, we must formulate
the dielectric material to have the optimum amount of stick and release to
the low roughness conducting carrier and the adhesion of the dielectric
material to the conducting carrier must be high enough to withstand
chemical attack by the plating solution and mechanical attack due to rinsing

30 and film handling.



25 each tinme. After transfer, the conducting carrier remains conveniently
on aroll of film ready to be re-used. If the surface of the conducting
carrier rEeds1i38d2e additionally cleaned or treated (or PEXAIRIDH/S0888
re-passivate the surface) then this can be conveniently done rapidly with a
roll to roll process. Large area |Ight|89 panel s (above about 10 x 10 cm
size) require netallic 30 busbars or ids to have good uniformty of

bri ght ness. The OLED device is normally built up on top of the netallic
busbars orThg is'd@'h(diffEMCebtst tloah &me trrodgctdeof this. invantjont e dasighedgto

oy ony iBidid bR odkin Ao BE obmBhet BF on& etk deaies M G S0B 8%, e

| ayers of thlkem Cﬂaﬁﬁbtd&henem Toher ebo¢ eofam @@hwanﬂdnwt I‘clrcallt bassi waliichnid ayer
nust be de 05|ted on top of the device before the top el ectrode can be

deposi t ed &l Rt M G YbEHRBRT BRE RAOYECaiCtIRENEatiIRdRILENEE) is 5
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conpared to devices o éﬁ/pe described in this invention. Therefore, a
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and cat hooge eV| C invention 1s | usi
organic | |fghtt|emndftuhegm&ttabﬂnmlhs is eo leingbte @lptrlrmunrngcluiawglecafaofsfdrhlmem/\gqm

descrlbed an _.al so, be made |no nlc material s such as. Si, Zn, Ga,
O HERrc Bt p8rd e i Rhraal FverS shatehaD Fakoldr “Sirmlaryf ey

l nventlloon FHoraaROfROSES & ey @Rk I RdRerkaleRforl B hkOprardYs bEzeADb @SR a

el ectronic device in which a highly planar, highly conductive surface is

desired. TIESEICHRY €UEIErnPlaNg anghtragsfartinggthfe gireui Wi &F ertch & orp ghat
tt h f
em tting e U ¢ae p% %%Néh'ar‘nste ﬁ/h%ﬁz‘lﬁyﬁ’\sg ! p(ega%é' thid (E)TJ'BE@%”guth

display, or require a ack i ght source su he case ul d
crystal didiffeegnt C(tom!DmdtlspisayJﬁ anetalknoon witbh difetdntstrabtarials smraythe

form ng sa 20 cal L.e | r er and _th a uant

t echnol ogyenaﬂ‘ag%'ﬁﬁeg'eg‘?ﬁ%f'g r?aoor!f'h%e%ﬂg >4ve 'Hsﬁh ?riet(?B Sﬁgpé’rhhqﬂg H#PE% ' cated
on thesel e(@lhe ofiteal EheleposGisdtramel egigal ® cpa@vube flgkibiited sarstchi edsiggonae,
activity sensed. Ot her aspects of this invention relate to novel processes
for the ﬁ'ﬁ&tﬂQJPEoQﬁm?ﬁé’ri%rr%ﬁﬂeéa‘én%%m@éatuf%fﬁ@g%f ocess preferrably

operates in a continuous, in-line manner with rolls of materials being
processed.another object of this invention is to overcome the problem of the

conducting carrier quickly becoming damaged by re-use. To do this we
provide the conducting carrier as a roll of thin flexible material (for example
20 a plastic carrier film with a metal coating sputtered on top or a thin metal foil
or a laminate of metal foil and plastic carrier). In the roll to roll process the
conducting carrier film is wound through the machine and repeats of the
circuit pattern image embossed onto it. The action of winding the film
through the machine ensures a fresh region of the conducting carrier is used
25 each time. After transfer, the conducting carrier remains conveniently on a
roll of film, ready to be re-used. If the surface of the conducting carrier
needs to be additionally cleaned or treated (or example to re-passivate the

surface) then this can be conveniently done rapidly with a roll to roll process.

Large area lighting panels (above about 10 x 10 cm size) require metallic
30 busbars or grids to have good uniformity of brightness. The OLED device is
normally built up on top of the metallic busbars or grids (normal bottom
emitting device). In bottom emitting devices made without the benefit of the



The first flexible conducting | ayer needs to have | ow surface roughness and
must be conducting enough to be able to initiate uniform el ectrodeposition
of the nmeweal201ms@racti ce this means that the surface ceadGR20M/59888f t he
first 30l ayer should be nost preferably |l ess than 1 ohnisquare (preferably
|l ess WD 2011/ 138621PCT/ GB2011/ 050888 ﬁ than 10 ohni square, ideally |ess
than 100 ohnf square and at |east |ess an 1000 ohnif square). In order to
sel ect suitable conducting carrier substrate naterials, neasurenents were
made of t heursantf Bventionghhesmetdllidifusbaenar gaddiinks erowateratxve akathes t he

oot o lER e S DLEB, Bl R IRER g Blected PR T
(0. 25) 10EDnugt e thposited 2mumdp hifcREHavide |béfbr'eath€e top electrode can be
deposited to prevent shorting between the anode and the cathode. This is
5 costly and adds extra processing steps increasing the chance of failure
compared to devices of the type described in this invention. Therefore, a
light emitting device according to embodiments of the present invention
eliminates the need for an electrical passivation layer between an anode and
cathode of a device.

10  Although the invention is illustrated using organic light emitting materials, a
light emitting device of the type described can also be made using inorganic
materials such as Si, Zn, Ga, In, Al, their oxides, nitrides and other

compounds thereof.

The present invention of a composite electrode can be used for any
15 molecular electronic device in which a highly planar, highly conductive
surface is desired. These devices include light emitting devices where the
light emitting medium can be emissive in the case of an organic or plasma
display, or require a backlight source such as in the case of a liquid crystal
display. Other displays are known such as bi-stable displays forming so-
20 called electronic paper and those based on quantum dot technology and
other suitable materials. Transistors may also be fabricated on the electrode.

Biological materials can be cultured and biological activity sensed.

Other aspects of this invention relate to novel processes for the manufacture

of the composite electrode.

25 The process preferrably operates in a continuous, in-line manner with rolls of

materials being processed.

The first flexible conducting layer needs to have low surface roughness and
must be conducting enough to be able to initiate uniform electrodeposition of
the metal. In practice this means that the surface conductivity of the first
30 layer should be most preferably less than 1 ohm/square (preferably less



366 (perpendicuar to rolling direction), 271 parallel to rolling direction.
2280 perpendicular to rollingdirection. 1710 parallal to rolling direction.
GISMat er iviD2p11Vi8B@3s Sputtered Ni chrome/ Cuon Teonex Q65FRCPEM2DiN0508886 113
CPl, WIlton, UK Low oughness el ectrodeposited N ckel foil 16 89 Foil

12

than 10 ohm/square, ideally less than 100 ohm/square and at least less than
1000 ohm/square).

In order to select suitable conducting carrier substrate materials,
measurements were made of the surface roughness of different candidate
5 materials. Ra is the arithmetic mean deviation of the profile.

Material Surface Maximum height | Supplier
roughness (Ra) | of the roughness

in Nnm profile, Rz in nm

GTS5500 366 2280 GTS  Materials,
(0.25)10ED, 9 um | (perpendicuar to | perpendicular to | Wales

thick Cu/25 um | rolling direction), | rolling direction.
thick PET film | 271 parallel to| 1710 parallal to

laminate rolling direction. | rolling direction.

Sputtered 16 113 CPI, Wilton, UK
Nichrome/Cu on
Teonex Q65FA PEN

film.

Low roughness | 16 89 Foil
electrodeposited Technologies,
Nickel foil Hereford, UK

The sputtered Nichrome film and the electrodeposited Nickel foil are both
suitable for use in the manufacturing process because the surface roughness
is less than 20 nm and because the maximum height of the roughness
10 profile is less than 150 nm. The optical haze of the final composite electrode
is proportional to the square of the rms surface roughness and the surface
roughness on the top of the composite electrode is replicated from the
surface of the conducting carrier. Optical quality thin plastic films such as
Melinex ST504 PET film have haze values of less than 1% and a total light



Technol ogi es, Hereford, UK The sputtered N chrone filmand the

el ectrodeposited Nickel foil are both suitable for use in the manufacturing
process bEOaosé3gdre surface roughness is | ess than 20 nRCAGB2OEHAAEMSS t he
maxi mum hei ght of the roughness 10 profile is less than 150 nm The opti cal
haze of the final conposite el ectrode ig proportional to the square of the
rms surface roughness and the surface ¢ ughness on the top of the conposite
el ectrode is replicated fromthe surface of the conducting carrier. Optical
qual i ty t Hranghisstarc of imaee shah 83%Melti inefor i 4ePEM fthhinfharearnspacemal ues
of less than 1%.
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conposi t e iglpeefdrpele so HReinrtie wngeal o r3ughnassrebréfieeradimtsd tangd estior ode
is preferred to bg in the range 5 to 30 nm nore preferred in the range 5to
f

20 nm and 4R8N BPEMePFeRr & e é”rtaﬁdénger'?nﬁ“ﬂ"otolk MW 5The naxi num hei ght of

t he roughness profile of the conducting carrier surface nust be | ess than

the tokal THY eagkiaiurdl BelgHRNbE tHeVaRHHYsSkprsTRe O hRE WedtRIUdNRGE chEridhe
chance of shorting between the top and bottom el ectrodes in the device. It

i's for thigirfacgsBristhke lesk tharthgetarakmelarwar glectapmiced@yiee thicknkes,
conduct | ”%tﬁé@&ﬂs@rtﬁ'g fsestHlat 541&“8?0 $fingy ‘B%H’v@?h g R %Hbfgﬁcﬁnq)?tgo%o m

preferred to range nmto nm-or e range
or in the ela¢tged<§s o the device. iIn is Her rthrsgee&sdmtlza hing alepegelimgxionuthe
desi gn of the

cul a ctronic .devic ace_ o I b] e
conduct | nd 9 g BRI TR EREE of oRE oBPLEH AT et Ry Aaf <EHUHAG Thehn fa TR o
t he mapal @Irfd&h@prél‘ér@a’d b@ib&gincl&‘iéot%rtg%dlméts 13D nm or in the range 5 nm
to 100 nm or in the range 5 to 50 nm or in the range 5 to 25 nm, depending

on the design of the molecular electronic device.

The surface of the flexible conducting layer must also be of a suitably
dissimilar chemical state to the metal or metal alloy being deposited so as to
15 ensure that the metal can later be mechanically removed without damage to
either to the metal features or the conducting carrier layer. This can be
achieved for example by passivation of the conducting layer prior to use or
by careful selection of the metal or metal alloy type of the conducting
carrier. Examples of passivation methods known in the art and which can be
20 used are immersion in a weak solution of potassium dichromate, anodic
treatment (electrolytic treatment to form an oxide at the surface of the
metal), corona treatment or plasma treatment in an oxygen containg
plasma. Passivation may be achieved for example by the incorporation of a
small percentage of chromium in Nickel. Nichrome alloys with chromium
25 percentage in the range 1 to 5% are most preferred (preferred 5% to 10%,
also possible 10% to 20%). Other Nickel metal alloys containing the
elements Cr, V, Mo, W, Co are also preferred. These alloys are conveniently
deposited by means of metal sputtering for example. Other metal alloys
which give a passivated surface include stainless steels of different
30 composition (e.g. 302, 316). Self assembled organic monolayers such as

thiols can be used to passify gold.



15 ensure that the nmetal can | ater be nechanically renoved w thout danmage
to either to the netal features or the conducting carrier layer. This can
be achi ews0 20r138eeanpl e by passivation of the conducti n@CragBp11spsss t o use
or by careful selection of the nmetal or metal alloy type of the conducting
carrier. Exanples of passivation net hog% known in the art and which can be
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greater than 1 and nost preferably greater than 2. Aspect ratios up to 30
or nore haeeligredyr 6pbE twide i embRssingt eihede Whethidnesagofr dpe iresslting | i ght

cure enbossi . -1 hi i | tr i
typicall y%ﬁ%{?ﬁggérgﬁg‘}pi%geﬁbn%%%ga% ﬁ%h%ﬁ??{ﬂﬁdrgﬁégﬁ&% Es?l&%Odaersse t oo
r esi skove.aréhitoeresstbed.r Jihdckear elqobssids| arei possitleonipitby bhe naxi them
aspect ratio of surface relief features. t _can be made on the flexible
T a ng rBe T BRSSO B EReE liek TRty aP e e R At 8N ot ng
t_00| _ frOmﬂéiﬁbléerh'io‘%mdiﬁ@rﬂﬁomgaﬁmﬁébéﬁdier\(ﬂ bROkIng agmeeso Pélb_laéé‘&h@uﬂeﬂble
lifting effects at the desi re(iliﬁgrocess speed. 25Pressure is applied al ong

the |ine dhodliinaseoldyomrihesialielforaninganateraliwishoyt damapgeenyling oW ppl i ed

using an afMARURRLaf H’édfeéifé& %Irg s cdnder a conpressive | oad which may
be drawn al ong the surFace of the ?am’ ate, or using a roller under a

conpressive |oad which may thus on advancenent or rotation retain the
rel i eR5f orRreaguneniseanpiedi alongethei lne of gentasy byhanbawitabl@omighade Suitabyl | er

bet ween t f ' . ing il n . ngc' Sarrier s . The
benefits gﬁechrﬁ%gﬁgL‘gt'g?#eoq'lepngg'gﬁn%gn?%\?:%}%ecéﬁi es%ti é@alenb%gfeeﬁ%égﬁ%
5985084 anmbnisres6ive09ad wihichheayposdirdbive aletdiade clrfaap! ofi g aheinpteessure i s
by neans of _.an air knife |ocated a fixed, di stance aﬁ)ove th
using a roller under a compressive load which may thus on advancement or
rotation retain the relief forming material in the nip formed by the bar,
30 blade or roller between the flexible moulding film and the conducting carrier
surface. The benefits of curing at the line of contact are described in patents
US 5985084 and US 6671095. Another possible method of applying the

pressure is by means of an air knife located a fixed distance above the
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The advantage of this latter nethod being that the pressure may vary

| ocal | y awoaees/B3B@1l i ne of contact dependi ng on the arr &0FarRNt1/056888he
surface relief on the flexible moulding filmand thereby m nimse the

t hi ckness of any residual |ayer of curig relief formng Smaterial remaining
covering the conducting carrier surface’after the pattern defintion step.
In the first nethod of manufacturing the conposite el ectrode, the relief
form ng neausfacal of shewt@@blbyMOmﬂddgaﬁIMgThe advantgpe tdfetHis daitbr enethwiddi ng

film A secon od of manu he co

repl ace t e'ng(sﬁgﬁ Qgﬁ BfeeSSHB%I P’%\am%ﬁr%%p@wb %Shgg EQFP§PEW| i nder
or belt whirchhé Sartasragmame@f the stmﬁcaavalang’c hiheffldxilglet moesdiad filn cude t he
relief formng material and then curjing the rra”:rlal usi n ight source

a li
pl aced i ndNEEERMENIBIBISSSigtHe e Ahamwireidup a&’(ﬂra‘?fe%“rte%ererlr'ﬁf gq:rrayng
through t hﬂat’@rﬁélﬁ'eﬂ‘ﬁalﬁfﬂ% Eé\}érﬁfgbtﬁé‘ céﬁ%&%g VaFi@nsu@hcd BF@rRhagessernt he

l'ight source can alternatively be 15placed outside of the enbossing roller
and i rradidafedionhgtepel i ef forming material through a transparent enbossing
roller. The manufacturing processes described refer to the use of a |ight

curing matier Ih‘g% r; fr%Eﬂ&d‘%fsH{a{r%?fcthﬁhge‘ﬁhé’%%ﬁ&‘?tec F&dé‘gtr‘r‘@rr[ap@fr

Sui t abl e rel ormng materia as the non-conducti'n
20 radi at iforming atﬁterua‘atlercuaed bpdimadeatoy itchrdygh tramﬂpalbdaelmdulghm flom abI e

resins. arti r th ti aII nsparent. re n terial may
bet or med 1 BEFAAE thebS BRHEREpb R EB AR ied ectbgsh o "Relestns
pol yurnet héﬂ"@(ll@lérmb@kﬁng erhwitheh r@cﬂbmhﬁhg roner et Renné@r g dekt, wapex s
acrylate and m xtures thereof. Acidic acrylate nononers nmay al so be used as

one of t hd"2BRAFEBHAL Dovavelendhnaf a\'tglhén”e@!ﬁq 49 @Jrﬁth%fref'%fr APGINg
material s hafertiCart thdle cBRRGNGPSHRREF AL §S|h§y§r|ghf‘%buf5&a B%rceﬁxiﬁgﬂabethe

acryl ates and net hacryl ates Such as 1sobornyl acryl ate, pol yurethane
acryl at e, emebassingwoHarc epdawbichpistadatesr thec matarcial tfw@w H wads eof the

Fl uori ne, r%?]laq' Cﬁnaﬁ&rﬁte?'v%lrlggt %?rtp{ls?r%?%er,eggq erg\%qsrou'@é &3n aItelrnatlver be

30Pol ydi nme si | oxanes ‘and m xtur dgori ne -or icon
cont ailBi ngplaced outside of the embossing roller and irradiates the relief forming

material through a transparent embossing roller.

The manufacturing processes described refer to the use of a light curing

material to form the surface relief onto the conducting carrier.

Suitable relief forming materials for use as the non-conducting at least
20 radiation curable material include optically transparent light curable resins.

In particular the optically transparent relief forming material may be formed

from acrylates and methacrylates such as isobornyl acrylate, polyurethane

acrylate, methyl methacrylate, polyether acrylate, epoxy acrylate and

mixtures thereof. Acidic acrylate monomers may also be used as one of the
25 components of the formulation.

Suitable relief forming materials for use on the second substrate layer
include for example acrylates and methacrylates such as isobornyl acrylate,
polyurethane acrylate, methyl methacrylate, polyether acrylate, epoxy
acrylate, Fluorine, Silicon containing acrylates and methacrylates,

30 Polydimethylsiloxanes and mixtures thereof. Fluorine or silicon containing



WD 2011/ 138621PCT/ GB2011/ 050888 16 thernoplastics or fluorine or silicone
containing thernosetting resins may al so be used. In order to facilitate
curing ofwoheiwssizm it is preferred to use an initiator PCTaB2eKAINEsE, a
thermal and/or photoinitiator. Typically when used, an initiator is 5
present in the resin at a concentration fromO0.1%to 3.0% by wei ght, and
preferably fromO0.5%to 2. 0% by wei ght 16gyi tabl e phot o-cationically curable
epoxy resins include those sold under the trade nane Cyracure, for exanple,
3, 4expoy cyibeomeridstics hyrl flBodinepox \sdiconehexatagnioar thexylosettirgh debins- (By4-
epoxycycl oqu%gl) adi pate. 10However, other nmethods of curing the relief
form ng met &1 glus&gn be used. The nost preferred nethods are those which
give the fastest rate of cure of the material and so allow the

manuf act urlinngrdar adoefasilitateopatired of ahe trbsinf iass esefespabth use additiaton, far | i ght

curing ot her nethod ossi ble and known in_the art jnclude el ectron-beam
cur i ng, _meABIFe ST G 0P(R AE SRt ater” dyPiarly WHRS bESH B0nT G ARt
ther mak CUireBant IMthé@esiasst af caA@hemion Fohh MO198 t613.085 /NI
either the flexible noulding filmor the enbossing roller needs to be
t r anspar eritreferghlyationt Bi 1Y) taR-Q%eby meiglehSWialile afesatasionigsllyt@able t he
curing so Ca f t i 0n- I I e
Flexi bl o rLr o SSRTELBle FoSELLCRT uRBBIVRE ridRle MR ok, BhRFmes, et
to the el e3;deppsyoclitmxylimhetmltdhé-epmiyoycobexepe tarbbkelatasanadfbis (Biver mal
curing reljef forI 'ng Iﬁraterital the heat fromthe source nust be able to
pass thrOLFd]r‘i))(tySy?ﬂ ¥ iaé;lfpe} Gt i ng material w thout significant cooling.
More than one curing nmethod can be used in conbination e.g. UV curing and
t hermab cuiowgver? Skhtemétmdgndrossiimg thtefelias éckrhimgdafdtedal ben 1 Lisee.
relief pattern onto fegﬁecfond ct,i ng?_eggrri er resi dual non-co ductipg

t be

relief forMEashtRER EMRINRAR FTeJVeRE H@iFﬁQ{%ﬁ%gﬁtﬁé’c Eater Plefuneul

renoved i ihar fedtetial AdOWoehREK! BRERAShLFRBUMhg MBidtess MO oppateowt @@ ons
of the pattern. This is nost conveniently done by using plasma etching with

a gas m xtfapiesbisperggén adgliren e ilight (Quri ey aRthads Pesfible arbiknepinc or
preferabl v apj s0LLORL G, AL AGNRLBHCBLAG TRHG ! NGV P dtiRd uithighnfEet hods
may al so be enpl oyed.
15 curing, ion-beam curing and thermal curing. In the case of microwave curing
or ultra-sonic curing either the flexible moulding film or the embossing roller
needs to be transparent (non-absorbing) at the frequeny or frequencies
emitted by the curing source. In case of electron beam or ion-beam curing,
either the flexible moulding film or the embossing roller needs to be
20 transparent to the electrons or ions from the curing source. In the case of a
thermal curing relief forming material the heat from the source must be able
to pass through to the relief forming material without significant cooling.
More than one curing method can be used in combination e.g. UV curing and

thermal curing.

25 After the embossing step used to define the surface relief pattern onto the
conducting carrier, any residual non-conducting relief forming material
remaining covering the conducting carrier must be removed in order to allow
electrodeposition of metal into the low regions of the pattern. This is most
conveniently done by using plasma etching with a gas mixture of Oxygen,

30 Fluorine (from CF4) and Nitrogen. Isotropic or preferably anisotropic plasma

etching conditions can be used. Other methods may also be employed.



WO 2011/ 138621PCT/ GB2011/ 050888 17 These include, but are not limted to,
ozone treatnent, corona dischange treatnent, |aser ablation, ion beam
bonbar dmewo 2anidi3gdze | i ke. Chem cal neans may al so be usedTBriidso8s8hat t he
residual |ayer can be etched away w thout causing the remaining pattern to
del am nate fromthe conducting 5carrier. Deposition of nmetal or netal
alloys into the surface relief patternl?s nost easily achi eved by

el ectro-deposition. The nost preferred nmethod is electrolytic plating from
a bat h confhesei ingludes but are trotbémitiedt &a) pronddérdaimerdf carend tdibthargd t

(e.g. copper_,sulph . ctrol es | atin t hods n.al e _used.
O her el e%{?%tﬁ%%gﬁ%g%)rn aﬂqechodhsm@aﬁeg@ E??Q%)%ﬁmﬁrﬂeaﬁﬁh%}e ﬁﬁ% %&eﬁ?'cgieci es
can be craateds nigyaakbaid aded provides uhbacee edsid e lapadost begtened iaevayand
reduced so as to deposit the netal. Suitable transparent adhesive materials
i ncl ude or'YhRPwL swgaaeme TERIYAG RAtte) &0 rdRiemMivRE MoMbHPS SR

epoxi es, aghykates or nmethacrylates for 15 exanple. The adhesive materials
can be WV curing, light curing, thermal curing, pressure sensitive, hot
melt or mcrowave curing for exanple. An exanple of a suitable hot nelt

t her mopl adPeROSHN dJFb@egai aronpted loyEi iphaitthe swipes yeliefepattere isanpst
rever si bl F10S S king S - %%} S r ctii Uk bet ween
furan andeerféw;slllgi %Chemvfegnc%oﬁlgfﬁjsae% I or ﬁtﬁt P@E@ckk&ggrﬁ%ﬁsﬁg;@&%sg ul in
provi di ng dledpolyéicyplatingsfen abattagenwiningctivet metalofo e iptdtedrid thel fease

h teristics., Poalyyipyl but | f.t f - f dhesi
ol ase. Ot e bRt B ey ShPEEERupEeE PRt BRng e e
t her mapl asid wsktl rowee heledoasppsatiyesiethddEtrn el yeidhyrevideapthagl elee
(PEN), polycarbonate (PC), cyclic polyolefin, polyethersul phone q(PES) ,

pol yet her eDRER GRESIRS CPERQ CrebeGatiAnsfered sryicopyTfase of ibE, canquadingul ose
acetate (TGMiecRraAdRRUYEENLD SR (FHosit IR #fetdy 138621PCT/ GB2011/ 050888 18

conposite el ectrode. This can be achi eved by planarising the film surface
wth a coati_n% It is preferred that all the wet coated |ayers are applied
to the carJuitadlenensrarentsdhgsiyeemiasedals doaluidego redho @i Jamess WithsIng r eel

f)‘r’ ;Fglt P dmMat dRGHGRIALF PSS U 38 TeRoRUIURSyIaBEd YA ABYSEL T LR Pead
15 example. The adhesive materials can be UV curing, light curing, thermal
curing, pressure sensitive, hot melt or microwave curing for example. An
example of a suitable hot melt thermoplastic would be an amorphous
aliphatic co-polyester. Thermally reversible crosslinking based on the Diels-
Alder reaction occurring between furan and maleimide functionalised
20 formulation components are useful in providing temporary transfer of layers
or control of stick and release characteristics. Polyvinyl butyral is often

preferred for adhesion to glass.

The final carrier substrate is preferably a transparent thermoplastic film such

25 as polyester (PET), polyethylenenapthalate (PEN), polycarbonate (PC), cyclic
polyolefin,  polyethersulphone (PES), polyetheretherketone (PEEK),
polyarylate, polypropylene (PP), tricellulose acetate (TCA) and polyethylene
(PE).

It is preferred that the surface roughness of the carrier substrate for the first
30 second and third layers, is equivalent to that of the desired surface of the



50r gravure coating or printing. However, rigid substrates nmay al so be used
for the third substrate (also referred to as the final carrier substrate).
d ass i s wornomisge2used for exanple. 10 The supporting SBOTIGRDH/$0888 not
have to be added at the end of the process. The previously described

met hods of manufacturing may be nodifi Eg so that, after plating but before
contacting the adhesive |layer, a materidl suitable to formthe supporting
substrate is deposited after the nmetal deposition. Then the first

conduct i ngroraposite elenperdd. sThiencaredel adviemgd b pldvearising dbiet &lnel sofacede

d ol he, . ited jal,. i tabl i_al | d f
ox ot HPhopcagtngo el lRBRSE e, abhe depnclRea talels, MBS DefiRd 8
After trarpketarrigpnsubtratbeushgt geécsdralcobtiyigbmetiesay echdey sthele eedl to

etching. Thi g may be done tQ achi eve even L?r eater planarity of éhe ?urface
20 or to €%f Elé“aﬁ?aﬁ'ﬁée?qryif'%”%?ﬁ]g feanaiayes ing 9 Lre@pion bead PERRY ed by
the figal dveird cO8tind WridMeftinget al may be plated onto the conposite

el ectrode after transfer, so as to provide an alternative netal surface to
the conposite electrode or to increase the top surface area of the

el ectrode. The conbi nation of etch back followed by over-plating my be
used to create a 25surface with the required flatness and netal conposition

to suit tmo@@\qlerys,@gi@pgbﬂa&%ﬂe%hma%dﬁistd %@ahSédJrF?F itﬂea%hi}@%%bgt%'(gﬂsot he

deposited on top of "the conposite ‘el ectrode surface, In contact wt

exposed neefgrratdta les thei @half cariery sohswatell . GRsssés faanynbolyalusedy éors ar e
used to crg{%tngl he nol ecul ar el ectroni c 30devices or to create versions of
t he conpos‘? ¢ 'RFectrode with increased WD 2011/ 138621PCT/ GB2011/ 050888 19

10 The supporting substrate does not have to be added at the end of the
process. The previously described methods of manufacturing may be
modified so that, after plating but before contacting the adhesive layer, a
material suitable to form the supporting substrate is deposited after the
metal deposition. Then the first conducting carrier layer is removed leaving

15 the composite electrode supported onto the deposited material. Suitable
materials would be for example thermoplastics, polymers, polymer resins or

pre-cursors thereof.

After transfer, some of the plated metal may be removed by chemical
etching. This may be done to achieve even greater planarity of the surface
20 or to expose an underlying metal layer for example. Also, if required by the
final application, further metal may be plated onto the composite electrode
after transfer, so as to provide an alternative metal surface to the composite
electrode or to increase the top surface area of the electrode. The
combination of etch back followed by over-plating may be used to create a
25 surface with the required flatness and metal composition to suit the end use

application.

Additional functional layers may be deposited on top of the composite
electrode surface, in contact with the exposed metal and the relief forming
material. These functional layers are used to create the molecular electronic
30 devices or to create versions of the composite electrode with increased



functionality. The first functional |ayer on top of the conposite el ectrode
shoul d be electrically conducting. Exanples of optically transparent,
conduct i nyorzatigsB@lls whi ch can be advant ageously used a®CTheB2hiwEsHsss
functional layer are for exanple transparent netal oxides (such as Indium
5 Tin Oxide or Zinc Oxide or Gallium!| ngi um Zi nc Oxi de or other oxides of
Zn and Sn and Ga), transparent sem conddct i ng pol ynmers such as PEDOT: PSS or
pol yaniline, transparent thin crystalline films of carbon nanotubes (with
or wi t houtfuas@omality erTdwe$iyst furiipeat dayer oinn tdpyas shefcognpqsitenelastrode

gr aphenecant aj ni i nk .or _fran rent filns nprising.a, diel [ic trix
Qontar n nateoid: B8 roficely iaBabae, | EXFBRSE oF MG EL ARl
conposi t e @neitictinge npateviatke swalthasant g eadnsantaybodslf oluspdt tagr nhag firste
arrangenment of nmetal tracks during manufacture so as to forman el ectrical

circuit witHNAEORR: B¥FR aTGH0E LAMMEStABERIMENT HBEER BFiHes SRee B HIWRI ng an

addi ti gnalTiRhokigeesy 3ind BRI ONGEARIMIIndkintNBcSBEaBD A s SYdéaee Znel i ef
maski ng pattern, exposing the additional photoresist |ayer using a

phot onask.armewal apd feg )k Heapirarente SERTCAndustingopalymeys ciusht es HERQRTPS® and

unpr ot ect L OfS .0 I redi |

Removi ng. off 1a0afMRer braneBalRt iy D 1S G bolaRREnee iR by, ose
t he el ect rwithdlty Cepirdiletenes) s trdrespardmenéainhlaylees rofl grefphed@ beatraplesnenly in
regi ons unprotected by the photoresist. Renoving any renmaipin at or esi st
mcer | al - BT S B I E G TS comatan LAReDE bt CoRHanEBeos ed
regi ong ofmbae rgr@?bpﬂi@éz},,l y conducting surface. Optionally depositing an
addi tional |ayer of a second netal over the first nmetal. Optionally

depositing an additional |ayer of a third nmetal over the second. 25 netal.
Final |y, thahdfernREaheolsdeamdacaitg dhe SPMRASITE SIQGFERDS RTOYEIRS &F from

the flrst &RAANSLLAS SiALE30L0BRLrARLANLO Rl EMENERE mAtREBRRE dRfind/ | na

supporting or functional substrate using an optically transparent adhesive
mat eri al . Maeutadbang sg@sdio fomims anegl@ctichk cireut wiriag mastenmadinisisad mostexpose

material . _ Mo b
et bl resfiy i€ af AR PTG A R oty ob¥bp o
H?UL-dilEg fthblnsector&:hba;ssai \ri.grﬂaoélt ?iefanmasbimgr ipaeteanprdxbosvn:gnmlsél-dacﬂc?daopalt t S{ E
(0] | an oW r.egl ons ere eal ure sl zes are . 0. | ne W
st Chan Bhpthred SolaVar ublions R ateuokn e el g SRS PHmPresi SISV 6hab dsmek
contains a, MB220 blbi2862 LRATL GERAAAEA5RER 28" PR Leideriid sTiaLEEIERAL Ur e

si ze above 100 micron. The resulting circuit_ pattern consists of conducting
tracks corfpeskindgPattadl-eRemarinavatitaasti Ped elethe mnaskirermaierel s as to

i nt erconn ; t 0 i Eshyf b } ,

sensor el Sérzra:lan Is ﬁgléeﬁb’r%gdféh%moﬁt% zcact pl)gdgg)g?g?ﬁﬁ gsSLJ[r(\;éz;t?&eﬁgggﬂg%hgf Zg;ﬁ%f[

maski 29 nekeeturak, oalyprim ntagignsrairprdtdcead hbasthsc rpeiopasistt | Regmoving jaety
printing, gravure printin off-set litho printing.a he Iike r

hyei ca” 6ETT B Beerb P tet S ponesiied 5 By et Bed iskRietal Seleshvg®

regi ons ofprithetreerpésddyegionkbsfe tit® apddteiasipd contauting dREf@RS OBt yrade

by designing the layout into 10 the enbossing tool. For example, a
capaci t i velqROSENE e et HHANBe [3RTe OfisP ngec¥its grefal nekendde Higt speSdet i ons

of grid-lidsipikeHRPBEItWGE Bn dliG6RA WEe & §CiHiRAedtaNYREeR the second
25 metal. Finally, transfering the second layer and all metal layers present off

from the first conducting substrate and onto to a different, transparent, final

supporting or functional substrate using an optically transparent adhesive

material. The advantage of this method is that the photomask used to

expose the resist can be easily and inexpensively changed compared to the

30 flexible moulding film or embossing roller. In this way the flexible moulding

film or embossing roller can comprise a uniform mesh-like pattern of high

and low regions where the feature sizes are small (e.g. line width less than

10 micron, preferably less than 5 micron). While the photomask contains a



Exanpl es of advant ageous designs for use with netal grids are for exanple;

i rregul ar or non-periodic arrangenents of the nmetal tracks so as to

m ni m se WOR0Nmi3s@1i nt erference effects, wavy grid shap@STaERIASOBSEO0

i mprove the resistance of the grid filmto track breaking or change in

el ectrical properties caused by bending, flexing or heating, tapering of
wWres at the crossing points so as to gpevent | i ne broadeni ng, deliberately
i ntroduced small gaps or breaks so as to affect the electrical resistance
per unit |paEtterin withamgninourdOfesgiion sizendbote dPi0c myeriod. sHepesswiingsitavitcr eat e
different resistance per lenagth.in different directions. A fourth nmethod of
menut act uf A T o BoRBo o 10 e eubf fiackE BMp g i oRT swalc Rt vy

sol ubl e cqurdycs imgromtveidiedl ordrestdredctad tseptiohs tdfewireneheshi fagneed limter
before defjnition of the surface relief pattern. This material nust be 25
sel ected dB1ESh&PNFACtPAAROEERIA A RBIENESH ‘%lﬁEtrEE%r?PEEﬂ@ RASEEN any of the
pattern definition and netal deposition processes. It must be sufficiently

el ect r iscal IngteRNAICH | PigotdPedst naking! atéigale! eftyritteRPThetY REGGeEs t O
take place. It nust also be soluble 1n an organic solvent or other chem cal
etchant sEaeRN Patntinge iBkdebfPrimiinger d@wsise RIETD. coitsgttlithg RiintNg mad
adhesi ve Jaal . carrier 30 r i | e cal |y
et ched a\AZ‘@,@ Ill#}%fggyécgﬁygs{l%a;l ?ﬁrte}%roﬂ%p%slﬁ tcéu@F%‘gtggogje%?gé%e%gﬁregg%:?n@om
t he surfacsmpbtadied fregions ddh2Getoad88@drPCT/ GB2011/ 050888 21 conducti ng
carrier layer. Suitable materials for use as the rel ease | ayer coating are

for exanpl ar i ' y r.pol ymer. i.ns. Lo wth
metal 1o nangoart PR e Rt Xl BT R h ool iRy oBEIER Tonc's
of thaopr ehenémbogsing toolWrbl example, desapaditide toychaycrebn can be made

using sensor lines made out of sections of grid-like pattern or with 5 micron

wide electrode fingers.

Examples of advantageous designs for use with metal grids are for example;
irregular or non-periodic arrangements of the metal tracks so as to minimise
15 Moire interference effects, wavy grid shapes designed to improve the
resistance of the grid film to track breaking or change in electrical properties
caused by bending, flexing or heating, tapering of wires at the crossing
points so as to prevent line broadening, deliberately introduced small gaps or
breaks so as to affect the electrical resistance per unit length of a grid
20 region, anisotropic grid shapes so as to create different resistance per length

in different directions.

A fourth method of manufacturing the composite electrode uses a coating of
a selectively soluble conducting material deposited on top of the conducting
carrier before definition of the surface relief pattern. This material must be
25 selected so that it is not attacked by the chemicals used in any of the pattern
definition and metal deposition processes. It must be sufficiently electrically
conducting so as to enable the electrodeposition process to take place. It
must also be soluble in an organic solvent or other chemical etchant so that
at the end of the process, after contacting with the adhesive and final carrier
30 substrate, it may be dissolved or chemically etched away, thereby causing

the composite electrode to be released from the surface of the first



S5exanple only, and wth reference to the acconpanyi ng draw ngs of which:
Figure 1 is an Atom c Force M croscope (AFM imge of the surface of a 60
ohm per swoana/spaitered | TOfilnm Figure 2 is an ener gpCiraBhiidiseggsam of
an OLED devi ce; Figure 3 is a graph of experinentally neasured sheet
resi stance vs grid pitch 10for conposi&i el ectrodes manufactured accordi ng
to exanple 1 with 6 mcron wi de N ckel “tracks; Figure 4a is a graph of
experinmental |y measured optical transmission vs grid pitch for conposite
el ect r odescomggfingt carstkratyer diSvjtabbe exabgrias 1fowi use Gagritbeoreledsie [dyekel

tracks with _transm ssion _avera et n 400 and 15 700n Figure 4b is
L haC r a gt L P e P AR Boli e 3L Bafande oo it sl o
packed N dketied aiproridtelliel retiopacticlaioufthict meesl lagery sidtgas silexanple 1 with
6 mcron w de tracks; Figure 5a is an AFM imge of the surface of a

conposite el ectrode 20 factured according to exanple 4; Figure 5b is an
APM i mage TOTDSHESTEST §b aNBt PEesERhIBYSTOR Wik POYe OFr BRseriiarhl BY avay
PEDOT goatdx@nplei iy afd aVpeferéh@l & e bb@rBpasahgraivihd0bt whigm t he
OLED devi ce according to exanpl e 5;

Figure 1 is an Atomic Force Microscope (AFM) image of the surface of a 60
ohm per square sputtered ITO film;

Figure 2 is an energy level diagram of an OLED device;

Figure 3 is a graph of experimentally measured sheet resistance vs grid pitch
10 for composite electrodes manufactured according to example 1 with 6 micron

wide Nickel tracks;

Figure 4a is a graph of experimentally measured optical transmission vs grid

pitch for composite electrodes manufactured according to example 1 with 6

micron wide Nickel tracks with transmission averaged between 400 and
15 700nm;

Figure 4b is the measured optical transmission spectrum for a 300 micron
pitch square packed Nickel composite electrode manufactured according to

example 1 with 6 micron wide tracks;

Figure 5a is an AFM image of the surface of a composite electrode

20 manufactured according to example 4;

Figure 5b is an AFM image of the surface of a composite electrode from

example 4 after PEDOT coating;

Figure 6 shows a photo of the emission of light from the OLED device

according to example 5;

25 Figure 7a is a graph of brightness vs voltage applied for devices according to

example 6;



WO 2011/ 138621PCT/ GB2011/ 050888 22 Figure 7b is a graph of external quantum
efficiency vs voltage of devices according to exanple 6; Figure 7c is a
phot o of W0 20UABS@evi ce according to exanple 6 w th uni POTMAB20YIIS0ESAT SSioN
across the device; S5Figure 8a is a graph of brightness as a function of

applied voltage for a polynmer OLED devkge according to exanple 7; Figure 8b
is a graph of external quantumefficief€ty as a function of applied voltage
for the polynmer OLED devices according to exanple 7; Figure 9 is a

cr oss- secthigureof7bais @L@ERpdr oP\eExteviat e urntomd efficiencyl e mbalthgee of desficashe
present inventi.qn; and Fi e 10 is an exploded view of a conposite

el ectrode %585‘?'@9&8 %X@@W%g%i ments of the present invention. Exanples
15Commercially avail able radiation curable materials are used to exenplify
t he i nventligorea3c detaphad dfedro@LEBodevicatacaordnElreceydmgise witte uinéfioem

acryl ate (I' tec). Hexane di olegi acrylate, (Sartonmer 238) 20Ebecryl 350,

si |l cone di JArRiSaIoNgsagy the device;

5 Figure 8a is a graph of brightness as a function of applied voltage for a

polymer OLED device according to example 7;

Figure 8b is a graph of external quantum efficiency as a function of applied

voltage for the polymer OLED devices according to example 7;

Figure 9 is a cross-section of an OLED or PV device according to

10 embodiments of the present invention; and

Figure 10 is an exploded view of a composite electrode according to
embodiments of the present invention.

Examples

15 Commercially available radiation curable materials are used to exemplify the
invention as detailed below.

Formulation A

Ebecryl 285, urethane acrylate (Cytec)

Hexane diol diacrylate, (Sartomer 238)
20 Ebecryl 350, silcone diacrylate (Cytec)

Gencure BDK, photoinitiator (Rahn)

Gencure DMHA, photoinitiator (Rahn)



Gencure BDK, photoinitiator (Rahn) Gencure DVHA, photoinitiator (Rahn) WO
2011/ 138621PCT/ GB2011/ 050888 23 Fornul ation B I sobornyl acrylate (Cytec),
CN104D80,wopoxy13senyl ate (Sartoner), Ebecryl 639, epoxyPatrGB2a11405088§t ec),
5CGencure BDK, photoinitiator (Rahn), Gencure DWVHA photoinitiator (Rahn),
Preparation of adhesives (Formul ations g and D) 10 Fornul ati on C EPON SU8,
epoxy novalak (MIler Stephenson Inc), “Polyol 3610, al koxyl ated pol yol
(Perstop), Cyracure WVI- 6976, m xed triaryl sul phoni um hexafl uoro

ant i nonat easaiulatist Bow Cheni cal s),

Isobornyl acrylate (Cytec),
CN104D80, epoxy acrylate (Sartomer),
Ebecryl 639, epoxy acrylate (Cytec),

5 Gencure BDK, photoinitiator (Rahn),

Gencure DMHA photoinitiator (Rahn),

Preparation of adhesives (Formulations C and D)

10

Formulation C
EPON SUS8, epoxy novalak (Miller Stephenson Inc),
Polyol 3610, alkoxylated polyol (Perstop),

Cyracure UVI- 6976, mixed triaryl sulphonium hexafluoro antimonate salt
15 (Dow Chemicals),

Formulation D
Cyracure UVR 6128, cycloaliphatic epoxide (Dow Chemicals),
Polyol 3610, alkoxylated polyol (Perstop),

20 EPON SU8, epoxy novalak (Miller Stephenson Inc),

Cyracure UVI- 6976, mixed triaryl sulphonium hexafluoro antimonate salt

(Dow Chemicals),



Formul ati on D Cyracure UVR 6128, cycloaliphatic epoxide (Dow Chem cal s),
Pol yol 3610, al koxyl ated pol yol (Perstop), 20EPON 5U8, epoxy noval ak
(M1ler Syvephamsedil nc), WO 2011/138621PCT/ GB2011/ 050888TAB2BMANESE 1 A
master grid-type surface relief pattern of channels, each 5 micron wide 5
and 5 mcron deep was nmade in an epoxy-type photoresist (SU8 3050,

M croChem Corp, USA) spin coated onto 235 mricron thick PEN film ( Du- Pont
Tejin Teonex grade B4 FA), soft baked for 2 mn at 95C, exposed by WV hard
contact exposure with 45 mJ/cnR through a chronme on gl ass phot omask

foll owed by post exposure bake for 3 mns at 95C, devel opnent 10 in 5U8
devel oper solution at roomtenperature for 4 mns and a rinse in

| sopropyl al cohol. The grid pitch was 200 m cron, square packed. The 5U8
filmmaster was nmounted flat onto the bed of machine with the pattern side
on top. AbEexcplesl of Fornulation A at 100% solids was applied to the
surface of a 125 mcron thick polyester substrate (DuPont Tejin Filns, 15

Mel i nex gradeST 505 Thi s terial ;was, fornmul ated to give-a built-ij

ol case prosartis” o oher vl teiet PRra R AL PRBfelso clan vl vl ne
surfacg ofaride&s FBremsdetp fWwdsnnusddrgnaad 08pdRy-ey pamgih@itorasidte(sbacsoisool | er
so that the UV_curable resin fornulation conpletely filled the surface

relief striCrRFREBCeme Leid) RRISt@ated jaRto RigarouckiSEN Was (Pupent The

speed of |@ingk S id eV 2t g Reo5e K & N was
i mredi at eI-I?/Eﬂ:‘ ul %?fﬁégv%gag\g?%%f sgt i ?iﬂ@idn ((S:}gnt act %F%Sh@yrﬁ@gﬁga gou»{ Pace

usi ng an Warda-censdet ExpRPULEY sWém AEEWNIGIMZ eyhrawdh cel EROM@goBOGNESSCh of

power. Aft ] i t i r s.m% e t he

interface e%é@ngsgﬂ@lgﬂgda%pé%gewsgjtég%%e@%. hegtr ggu t gjr?ge |pltmm&%v5 th W

cur ed 10esiin SUBfadewlopdn ebluRioni at reder tedpeoatase tfhe 4 poingnend shirimse dsi ng
tool and wth the s cess

the polyner shimas a t ransparent nouyl

condl 1 ondsaBrarareol va B BT dud Bob: BFCioR (5o qeen TEpPEat od a
second ti rMEnPHaster Maghhyubtanabt Bhtd he foiedi shnfRRAHLC WithdtHd batteat jdy

(Ni chrone over copper sputtered PET, 0.4 ohm sguar e surface conductivity,

<20 nm averhdersufacXcesi Ofigitiesyption AgRtrd PR atalidls wasTarplishdacifieng

i - | PE- t
carrier ggﬁmgfé%f%ﬁ §N188 QXNGRN tRIRSPBIyeLEt CBbasgR RiffbohbCTefiE AR 2

15 Melinex gradeST 505). This material was formulated to give a built-in release
property. The polyester substrate was then roll laminated to the surface of
the SU8 master film using a 400 mm diameter rubber faced roller so that the
UV curable resin formulation completely filled the surface relief structure on
the SU8 master film. The nip load used was 2 bar. The speed of lamination

20 was 2 cm/s. On exiting the nip, UV curable resin was immediately fully UV
cured whilst still in contact with the SU8 surface using an ultra-violet lamp
system (GEW, Surrey, UK) delivering 300W/inch of power. After lamination,
the two film substrates were peeled apart at the interface beween the SU8
and the UV cured resin. The resulting film with UV cured resin surface relief

25 is referred to as the “polymer shim”. Using the polymer shim as a UV
transparent mould tool and with the same process conditions as before, the
grid surface relief pattern was then replicated a second time onto a highly
planar mirror-finish conducting film carrier (Nichrome over copper sputtered
PET, 0.4 ohm/square surface conductivity, <20 nm average surface

30 roughness) using Formulation B. The conducting carrier was placed in an
oxygen plasma etch (Plasma Etch Inc, PE-200)at 300W RF power at



WO 2011/ 138621PCT/ GB2011/ 050888 25 13. 6\MHz, 50 cc/m n of oxygen, 225mlorr
chanber pressure, for 20 mn in order to renove any residual |ayer of cured
resin frowotha/i3eeiparts of the enbossed pattern; therelP¢TaE82061050888he
under | yi ng conducting carrier. The plasma treated sanple was placed first
into a gold electrolytic plating bath g (Aural 292, Rohm & Haas) as the

cat hode and plated at 0.5 A/dn2 DC for<8.5 mn so as to forma conti nuous
initial gold layer of thickness >100 nmon the surface of the exposed
conduct i nglZ&@MHzer30 thﬁni;anf)loe(ygae, RRhsekbri chaeimeri peassuet, efora20 moionin

tenperature for 2 mns. _Then t | ated f

o oocr o vidraeRite e aRuRsiile) IR S BRI frord Bl apPedtytne

Rohm8&Haas e)mbasmhpatttarw therebe @qidsmbetrb@rundkdrlqkej cm@u@ira;t edrmm{ OI'Hehe

exposed gold | at ed regions until a mninu ron of Nic %‘I
ating

deposi t ed RI3SHIAGAE € &' Hbace‘i*hfér%éﬂﬁﬂ @ 9\%@ ‘?'8%9%'%?'8%%@3

bat h argd t('A‘El'PaIr boSegohah g HB3S dsntH?i?'cﬁfHo%%daH@tpﬁét&F at QPWA/%IWD@ Fére
fol | oned d3/§ mns in hot towh water at 60C. After rinsing 15 and drying,
unf

the plate rage agftotfremsaugpnEnuags Hutiak @old Ipyed abthdakrasssetamim 2%
cmmn a S to PET
film (1Zg%h12C%%ﬁa§% ckﬁeﬁﬁég%éée&ﬁﬁﬁi%ﬁgn%? '§%l(-@;el g%ﬁg rggaaﬁt ?ﬁ?gal gﬂm nat e
was WV curdaejorhxye@awatergattro@nh|trm$pmdme f3@OWinsneldren nbd sarhplee waé | anp

H Bul b) at nd then bake m a The 20 canduct.in
Corrier fiAGREbsanda Bt o B io AR SwBhatiate: JeCe iR BRBEothe s i o1
filmuwpth NP@&HCPCIEg Nodlk@HasaTkin esnerdedithntidieatvsdall Bdr omicRelC wed

[

phot opol yner resin electric matrix with highly planar surface. This is

referred tRIkd ORE BunpuBpsed apktplasee. regioaspintila 2‘5'n1lfﬁldé'é055rrmb@’0@e0f
| d | i
el ectrode \garm \‘Rr%s"ff‘é sigade ir)b {bﬁg”@é“?@r @ Vﬁf‘h”ﬂéé shm@ arg]%#cﬁx d

contained regions w t ni ck of wre m cron
pi t ch. Thédramedte plasingt Qatdnearamahemelra?edrfages miss lrh eeiargsed Waaesameomn wer e

neasured far ea di £ ferent h_qr resul (0] in Fi ur es 3,
4a and 4b.t%ﬁrf'Peer§ELér§t qu@\fegt Q(ﬁ) ]te& 8‘ b@eﬁog%gy\@d gér %%ccg \%}terr Fn2 ght
di ff engncemd drying, mRaplbted swtade bhtw@eﬁrﬁal@wwam Fhie |FnBatpd ek. 80°C can

be seen that K the surface resistivity of the conposite electrode filnms with
optical trKk §r%ﬁ25}‘ Iy A9 st @Hé’n”ﬁé' RN ?'F%@dg‘z%sl‘ﬁﬁ kFrPr fidatigp C) coated

2011/ 1386%@@@%@#{@%%&@H@99§uIioﬁtOTéﬁﬂiL N@W%Q%’Tﬁﬁﬂa"rﬂe rEBLRirgS

about 100 tines less than the ITO equivalent” film At 90%'transparency,
surface rdaminatg wysily guped erﬁE]@érnQBt!ilfhltlénﬁ)kmde'SarﬁQQWHlWﬁaﬂdnCh i7fingr on

ﬁglrrgreNlhi grtﬁ\meng]t@' %&g 2??§%tspﬁi %rérlar: n % EP% :9653{85 ﬁ}séqgagtrpgé?%req_é%vi 0s
PHSQ0 20 PEXORdRSENY r carsiparfént wasnpeeledngffpddauineg ,badidl Shardjhesbranpbted3
PET carrier film with conducting Nickel tracks embedded in the formulation B
cured photopolymer resin dielectric matrix with highly planar surface. This
is referred to as the composite electrode.

Example 2

25 Three composite electrode samples were made by the method of Example
1. Each sample contained regions with nickel grids of wire width 6 micron
but different pitch. The sheet resistance and the average visible light
transmission were measured for each different pitch grid. The results are
shown in Figures 3, 4a and 4b. The sheet resistance has been scaled to

30 account for slight differences in the measured metal thickness between the 3
samples. It can be seen that the surface resistivity of the composite
electrode films with optical transparency greater than 80% is typically in the



A sheet of N chrone over copper sputter-coated PET film (125 m cron thick,
Du-Pont Tejin Filnms, Melinex 5T505) was coated with a | ayer of conducting
10 pol yneworesi/ns@LOR30B, M croChem Corp, Newton, MA UBGTGBeU/0888R silica
coated and surface treated carbon black particles (Cabot M865)). Al l
coatings were carried out using a red k-bar (12pm wet coat) and baked for
30mn @130C to dry. Dry coat thicknes Swas 1. 25pm Surface resistance of

Ni chrome filmafter coating was nmeasured to be 5.7 C2 per square. 15

Aver age suahgeel touginelm par isheaooatleid isidbnutakOtrgbmes éebst thdre the IF0mm

across directian of. coat. nd_ 34 +/- 4nm ng_di rection ceating. A
couare o IUARRP FIEL A BBR At ene aah e TRl s o e PR
enbossed yuaee fof atmic@mdwidd, Mgntatron €ick Ni fesH. Mhioremfares €o [Bodlymmer
shimfil ms‘;i_roduced in_Ex The sanpl e s plasma etched for 1 mn 20

le 1.
at 300W atPErF% AR OWM TR (%Begi}ﬂ%ﬁ RYGejydR hiph Iyt MRINRE ONFIRWE M Jans a
et chi ng mag{y A9d. ofinfddRlarvasr RI&ViISS FHEGD [ PEDOY DRSS drApdpethd B&Mtwgc

regions until a mninumof 5 mcron of N ckel was deposited (3.0A/d

for 8 m n)RolymersHriplSéarkas removed fromthe plating bath and then rinsed
for 5 mns in deionised water followed by 10 mins in hot 25 town water at
60C. A PET >Iair!1|5'l‘e( 25 mcron thick, DuPont Tejin Melinex 5T505) was coated
W th Formﬁatlon and dried at 80C for 20 mins in an oven. After rinsing
and drying, the plated surface of the sanple was hot roll |am nated at 80C
and 25 cnfAvisheelgaf héchrohee PeenubppénspditadicesiodePED Al md( 164ft onie®N thitky The

30resul ti l-am . red ing | I d W, i near
Cnch 11 g R ERs N ieRos Do S Waer dhatt bulih & Tl Fadh R poe:
V\?D 201d/ 1ﬁﬁﬁQmE€Ié§B2@m3m%&r@Ghml(;©&paWeéM@ﬁ, ﬂ\?m,MBQAn‘hh@di WitArsilmeen.
After cooling, the sa e was i nmmers in.a bath o roposit M-26A

devel oper @@E‘Eﬁ'i Bﬁd(éHngé‘F%cﬁfeaw 5@%%'?%8?%{[%% Otthé’l(-&ﬁSr%Sebl“
substrate do%'ﬁi‘h\gng@bé E@#léd‘gu@%{r{g é&eﬁh@-b%‘?!‘(‘i%hh 'O\Qatpéﬂa)tﬁ%rnd Bedd &S

di ssol ved by the devel oper solution, 5 |eaving behind the adhesive-coated

PET carri e¥0min @ wiSORCcondnot PRg CRPE kRICKhegte ko SehBaudedSHfacagesigianaeat i on
Bcampl e 4 Bol i bt (el Spaad e ariersu¥d e arth 2 BE ST e e
grid 15 Average surface roughness on the coated film was measured to be 26 +/-
1nm across direction of coating and 34 +/- 4nm along direction of coating. A
square grid pattern of pitch 300 micron and wire width 5 micron was
embossed on top of the conducting carrier film using one of the polymer
shim films produced in Example 1. The sample was plasma etched for 1 min
20 at 300W at 13.6 MHz with 50 cc/min Oxygen (Plasma Etch Inc, PE-200
plamsa etching machine). Nickel was plated onto the exposed conducting
polymer regions until a minimum of 5 micron of Nickel was deposited
(3.0A/dm? DC for 8 min). The sample was removed from the plating bath
and then rinsed for 5 mins in deionised water followed by 10 mins in hot

25 town water at 60°C.

A PET film (125 micron thick, DuPont Tejin Melinex ST505) was coated with
Formulation D and dried at 80°C for 20 mins in an oven. After rinsing and
drying, the plated surface of the sample was hot roll laminated at 80°C and
25 cm/min against the Formulation D adhesive coated onto PET film. The
30 resulting laminate was UV cured by passing it 4 times under a 300W/linear

inch i-line UV lamp (H Bulb) at 2 cm/s. After UV cure, the sample was post



10 pattern, pitch 200 micron and line width of 5 mcron were prepared by
the nmethod of Exanple 1. OLED devices were fabricated onto highly planar
gol d overwfi2okiel3s@onposi t e anode el ectrodes. The conposiPCE/GH2eceso’s8 fi |l s
were cleaned by agitation in isopropanol and dei oni sed water, followed by
30s treatnment with an oxygen plasma at _50W power. The surface of the sanple
15 was anal ysed by atom c force m cr os€ py (AFM. The results are shown in
Figure 5a. The netal track protruded -25 nmfromthe surface. The RMS
roughness lfkedhatt b40°6F foharenials i ark owas. SAftemmepolihg, BIVS sauglenesss of

o 8000, e iset i et e BB ok P 2d e foras s o ubherteshs g
subst r at esatweyoen hak'ﬂ:iératuré% tms ca3frign suhsBaticoranoved olf paatidigdaigdrt as

solvents. The dry PEDOT: PSS coati ng thickness nmeasured to be 150 nm
The surfacthoFo"t‘a'éCtﬁlﬂxﬁO%We YE6NPESi fj@S@fV@@m?bddéh?l ARYSIaReE XY ¢dPRgai n

by AFMs SQEa\thUl'S&wlﬁQ th-Ethﬁéﬁpert%'a%& Pﬁiqf@éﬁérhﬁlnﬁ'%@w ddn@l%%tMgsNﬁcﬁéluced
to |l ess than M5 roughness of region on the to t he net al

track was tﬁ@d@uﬁ@’wqd@'eﬂel%t@ nfarandatioe ERIVBW@JLF@M@B@'YOTersmSﬂ@MEﬁUICr egi on
to be 2.0 rﬂg{ ij'tﬂ\fﬁéﬁ‘k'&ﬁ% §L9H g@ess reduced from 20. 6 nm bef ore PEDOT

coating to nm-af coa ing. Exanple 5 WO

2011/ 138621PCT/ GB2011/ 050888 28 Exanple 1. The filnms were cl eaned by

agi t ati on Examlep opanol and dei oni sed water, followed by 30 sec treatnment
with an air plasma. PEDOT was coated by spin coating. CGold-N ckel conposite

el ectrode |t c n and
i ne wi dt héé)lfjng)\/@' c'rq'oC%e\Eve sggeareggc'%gagh@%n%t\ﬁoa & Sﬁl‘ééﬁ% ;?asc%eﬁ] %E%

devi cap warattdrabrgitht edo Cmtc@orhllﬂhl ynqalvadahr of B ehiomet wire kerlepaestpoyi the anode
el ectrodes. The (o} e el ectrode fil re.cle ned %{ itation | n

i sopr opandNeHiRf Fg & Wnd?erP ﬁ&lqeév%%reo b§Ga§ ONER 91@ P'@\P%rhgah
oxygen pl asg. N.BE@QB@%.(@@MB&@@&E’P&&%D ThE Coftpsite é’l@étroé@ fipates-by bar

coating. After coating, the substrates were baked at 140 C for 20 m nutes
to drive oieanasinyuapitabpn et ssoprepaitol FEMDaioRIsEd gy atate fokioyire Mus3Qs eat ed

t d at
ﬁ?'gﬂgvié‘uumfz@“e?ﬁﬂow'@*"éq% ol o SR PPHEr L S G e sabieee @
- di5- 1- vma:ptamlaa}sew b\, d¥ordc pﬁbe:rwmldro]sceﬂ»v fAEM)l -Thedtredlil@name sGOIRD) in - 15
20 4,4 N -di b t % - fad
P s GO 39t IR F I D A b LB TOHo it eur3ge e RS ~ 1
bat hocupr Q*oﬁ?hﬁﬁg:‘bf Rigé Qobldfqlhen@etayteéck Hasns1d hive (e RMB exyghnarel smat e)
al um ni um Alqg3); Figure 6 shows a photo of the em ssion of light fromthe

sanpl e. edEOENS BITANAIRG tf‘@dnﬁﬁjﬁr%Fkr‘é@ﬁsﬁ‘?f\ﬂ”ﬂy for the conducting
pol ymer 20 | ayer can be clearly seen. Light emssion fromparts of the

. qor PRI (LR VP 0 OSSR 8 S e oS/ Splp A o
| ess BPi ghiftereseatin® the substrates were baked at 140°C for 20 minutes to drive off
residual solvents. The dry PEDOT:PSS coating thickness was measured to be
150 nm. The surface of the PEDOT coated composite electrode film was
tested again by AFM. See Figure 5b. The step height across the metal lines
was reduced to less than 10 nm. The RMS roughness of region on the top of
25 the metal track was measured to be 3.5 nm and the RMS roughness of
surrounding region to be 2.0 nm. The overall RMS roughness reduced from

20.6 nm before PEDOT coating to 7.2 nm after PEDOT coating.
Example 5

Gold over Nickel composite electrode films with square packed grid pattern,
30 pitch 200 micron and line width of 5 micron were prepared by the method of



25Col d over Nickel conposite electrode filnms with a square packed grid
pattern, pitch 200 mcron and line width of 5 mcron were prepared by the
met hod ofwaxampi3gs2l. COLED devi ces were fabricated onto RCgdBzoplEmsss Col d
over Nickel conposite anode el ectrodes and onto | TO coated gl ass for
conparison. The grid filnms were cl eaneg by agitation in isopropanol and 30
dei oni sed water,foll owed by 30 sec tre Brent with an air pl asma. PEDOT was
coated by spin coating. A PEDOT fornulation of 85% Cl evi os PH510, 5% DVBO,
and 10% etBxamoplewhsTie éitns Aferer clepned byaaditagjon heisopbspartlendvdeionistided on

2011/ 1sotRer tsas By esd Gttt ol PRSI TEORL T Seatst
| ayers wertgy gigipasiatied.at hi gh vacuum (bel ow 4 x 10-7 rrbar) in the follow ng

order: 50 nm N, N -di -1 napht hal eyl -N, N -di phenyl-1, 1' - bi phenyl-4, 4' -di am ne
N -di.carpazol e- hen doped with 4%

T ppy3 - (GROTNEKPS ComPas B RTF B Bl Wi %%ﬂarggﬁ%woaégceﬁvemypam
(

10 nm at hedrP 90 MeictGCBhdNM eewhd thcds samkaowmréfbr@maﬁéd §y the method of
(8- hydr oxyqui nol i natezE al um nium (A1g3); 0.8 nmLiF, 100 nm Al . Figures 7a

and 7b shdw@melept | QhERedayices wag%faahfd:aé@@ @mﬁwhlWarnlanrharewlﬂccp\@fclymw t age
E f t
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conposite elec rode grl 10 produces a er device
el ect r ode aiptatos amdsopadp&EQE @md tdwmaergeva:terv\&rklrw&dSWyaiim séc5vgatonényt

sllghtlylo r_than that , of th [ Th| S duetothe
strocture AR opbiarokiFye PRRDTASY FERVGaraeroiot the el Meser on
the griod fddafedmblyl b ct@turfghexfmmdmingqametswbstrfau@ wreee békébtzattqm °c1: et
uniformlight em ssion fromthe device is shown in 15Figure 7c. le 7

Gol d over 44 ERBUteDEDSIUee O] ESIFUISHYNE. Witen RERQT 7 tinge KbE %ﬁma €
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met hod of Exanple devi ces were fabricated onto highly planar gold
20 over Nldﬂmsw@drq;tdyghe/aamm(belew fotldD— b D thefabewing ordsd: Wls

based on L PLeghl abuBhaRL, (91 BAENGYS W BRERAGELS) GBI (RbSAdeC

with an el ectrdn transpor |ng mat eri yl)
(4-tent- bLﬂ(yInph@r,\ayl N, N?—charﬁaxakd}anmbey( BBEP) amdt ,ad e plidr 69/66nﬂ>p‘g3 een

itter fa t h di nb th
|enmt erle;yer E'ong{sgi(ﬁ@rg@l:’ey%ﬁé hfrlbcﬂ %ril rI:\/pplr}Lﬁl%nP BEé%FX%\edQHgRbVIKn 4 ‘?’Ee
PLED devi %&hw@u@rofﬁé)r(sem %I@lﬁl&dl’dlﬁ%{ ¢%H rg;n ﬂn*n ngr(soﬁyg%%umné&)gna

Al drich) to act as a hole injector ol baki n C for

M nut es’ orBlAMHILED 4AKI3) TG Braheys: avnﬁptgmfnﬂ"@ogmlw &fnlight fragnnthe
chl orobenzepg, %OLF E'@Fbc?%éﬁ%%fget’éfdp RRYH 99edtith) roch@totQuitiiy ' bEFmde

light emtting poly
20 layer can be clearly seen. Light emission from parts of the device on top of

or immediately adjacent to the metal tracks is bright but the light emission

from the regions further away from the metal tracks is less bright.

Example 6

25 Gold over Nickel composite electrode films with a square packed grid
pattern, pitch 200 micron and line width of 5 micron were prepared by the
method of Example 1. OLED devices were fabricated onto highly planar Gold
over Nickel composite anode electrodes and onto ITO coated glass for
comparison. The grid films were cleaned by agitation in isopropanol and

30 deionised water, followed by 30 sec treatment with an air plasma. PEDOT was
coated by spin coating. A PEDOT formulation of 85% Clevios PH510, 5%
DMSO, and 10% ethanol was used. After spin-coating, the substrates were

baked on a hotplate at 140 °C for 20 minutes to drive off residual solvents.



30 was spin-coated froma 12 ng/mM toluene solution foll owed by baking at
120 -C for 10 m nutes. Cathodes consisting of a thin (-1 nm NaF | ayer and
100 nm alwoizniwnsserer e thernal |y evaporated. A ratio of POD/GE2B/050488

2011/ 138621PCT/ GB2011/ 050888 30 PVKL: PBD: Ir(ppy)3 was used for the |ight
emtting polynmer layer. Figure 8a il quérat es brightness as a function of
applied voltage for the polynmer OLED dévice of exanple 7 and Figure 8b
illustrates external quantum efficiency as a function of applied voltage
for three Aften REDST yerating, E8ll dédnel sebsediuénte xaygrs ewzrendepasitadg athbigh

conposite el ectr Ref erring, to Figure 9. an .electro- i i,ce 900
accordi ng NSUE! gﬁg@éﬂ r?’e%t 1 fg7t Hgb?ﬂ)e'geﬁ}e M&é’ﬂﬁpo%rd’&%ﬁ Eﬁ%c@K‘[ rcﬁnlzpar ent
gl ass subsigpiteaRQR NRWHdNgheayl-ald hesipteerydyies’ -admimee (NPDg; s2Bsimaugs 902. A
transparent enmbeddi ng dielectric 906 is deposi t{_e% on the adhesiye | &v(er 904
10 and entbds -€6A leig pha (B KROBo gl oPEReWHEAN AU LIRRY et FAC! ttFigks
conpri e tdH&IARARE) Wiliund12 shesphbtesicrtkgdpaver. eaChnPhReRoMIrBie t he
dielectric. The first' layer 910 is copper, the second |ayer 912 i's nickel

and the tHBGP) Agler bdacking Igyeg. 4thersubiss 8ty dOXyquiMedspte) kHyBINIGD4,
metal t Q8 i i 06 t i ; trod
a rac('ﬁg%f)d P%grn‘?'@,:ecltd’d Gy K, TRGLLEY 5 PL Y I AP 3ﬂ8§/i°n"t‘ﬂ?gé’lsdar§/og}tﬁl§§% {319 e

918. 15The 914’ contacts a t7ansSparent condu
PEDOT: PSS wdfage tad externdlhguaposffieicatycioitade HEPE) Aesporsel aymres &20 are

stacked over the transparent copducting layer 916 and a, cagthode | ayer 922
s depos: (D8 §00FS SRR, foearaper oo naf $ak SUTPANLe Sty Qi fiBs, ¢ he
activeol ay@b&u@@@ahﬁiﬁ&eﬁ@b@ﬁe@aﬂ%hﬁ”ﬁo electitrld d@@ﬁ@'a‘h@luﬁ@d & intha&n

phot ovol tai ¢ device, the active |ayers are a photoactive | ayer_ responsible

for absor HieR§epRetReN Zna’y@ner 413 %y @Ml¥ceiahty lemer §ean tRef «ofr thy 1T e
Figure 10, aR-&THeM BRostlikkREdRE €5 %AE AYRDE BRIPIRIMER for ITO; the
incorporation of the PEDOT layer on the grid film will alter the optimal cavity
structure. A photo of the uniform light emission from the device is shown in

15  Figure 7c.
Example 7

Gold over Nickel composite electrode films with a square packed grid
pattern, pitch 200 micron and line width of 5 micron were prepared by the
method of Example 1. OLED devices were fabricated onto highly planar gold
20 over Nickel composite anode electrodes. The pLED structure used was based
on low molecular weight (90k) poly(vinylcarbazole) (PVKL), blended with an
electron transporting material 2-(4-biphenylyl)-5-. (4-tert-butylphenyl)-17 3,
Coxadiazole (PBD) and a phosphorescent green emitter facl tris(2-
phenylpyridine) iridium (Ir(ppy)3); combined with an interlayer consisting of
25 a high (1.1M) molecular weight PVK (PVKH). The pLED devices were
fabricated by spin-coating a layer of PEDOT:PSS (Signa Aldrich) to act as a
hole injector, followed by baking at 140 -C for 20 minutes on a hotplate. The
interlayer was spin-coated from a 5 mg/ml chlorobenzene solution followed
by baking at 120 -C for 10 minutes. The light emitting polymer (LEP) blend
30 was spin-coated from a 12 mg/ml toluene solution followed by baking at 120
°C for 10 minutes. Cathodes consisting of a thin (~1 nm) NaF layer and 100

nm aluminium were thermally evaporated. A ratio of 100:40:8



an expl oded view of a conposite el ectrode 918 conprising substrate 902 25
i ncl udi ng adhesive | ayer 904 (not shown separately in Figure 10). Metal
tracks 9080ana/i3se2ihe form of a wire mesh enbedded w t hiPETIAB20I/0SDES8t r i C
| ayer 906 (dielectric |layer 906 renoved for clarity fromFigure 10). The
conducting layer 916 is deposited over 1t)rge nmetal tracks 908. WD

2011/ 138621PCT/ GB2011/ 050888 31 irrprové nts can be nmade by a person
skilled in the art without departing fromthe scope of the present

i nventi on. P\E&laﬁﬁlDeIIt{pB%)?rm@tsensagﬂQﬂ thjtld@f‘ém&tiegrlmwmbrﬂﬁmrer higofe 8a

h I . h
and 4 m o Bicess WAL hels 50 AAREIOR P el Gl Bl T o hgRg B M
M cr oChemdenige ofJSRANHIE 17 mdiﬂ:egijr@rsb)ulwrafesre&nemm Qi aRENNF éffidiefioy-dEont

Tejin Teonex rade soft b ked for 2 mn at 95C, _exposed by WV hard
cont act e@JEEF‘éOW?ha@B“%@ YRIFRGR Pﬁrtaﬁ% of Emﬁo?%vmrg%ég BRYICEMRLk

fol l oned by ap9sie PrRRRUNSNEaKE dophpdsifl BecBlodddC, devel opnent in 5U8

devel oper solution at room'tenperature for 4 mns and a rinse in

| sopropyl al cohol. The grid pitch was 300 m cron, square packed. The 5U8

fil m st ef@EENGOINL EOWED, oo CIRErBeaptiy GeMiee n80Ri tascoFdingatterd® si de
on top. Al f Sordml 1 Fﬁ% d he
surface o%@ﬁggﬁ%&cron tﬂ’é}l ﬁ%gthﬁel@ngﬁgﬂbgtgr teé(SDuSiDont %ggQr}ér?‘Equtlér’rsBsf

Mel i nex grsa,dixstr:?aTSOSQZ Hiehiisg nat e?rdrmlswmﬂ;ayfarr 804 aveer ttkbe gsubstmatbu%:t i A

rel ease pr.o ert ester te was .1 h n na t he

surface of $ 54&( Wf'ﬁl%% r'ﬁ Be%’ﬁ &ﬁcgﬂﬂtt Chl‘?ﬁé"e #aggéi?%rol | er
so thap t%dJ\érﬁblé@éolcﬁnaaamgfmreﬂall aldcke 9@8). conpl esedycting Inestal eacky f ace
relief structure on the 5U38 master film_ The nip | oad used was 2 bar. The

speed of |@MPAELE FRrg@daveren 0, ‘-ﬁqz@Qﬂt?%ﬁ%%l%’erlﬁﬁ%?%ré"”m@lWewas
| mredi at el gfefeltriy) YPheCtiFRdaybr bsb i ? tddd e'rntlﬁ’éj%é&rﬁlg ‘{‘éd;Felhfl O 9 Wi raingce

using an ultra-violet lanp system Surr ey, vering 300Winch of
power . Af ttee thard Feaver dhl4 ishgotdao Theraubsbsite 8205 a¥heasive Iqvss| M apwetal at

the inter fyags bengerd e BLE AGHe LG ot O BERAAL 65 LB Al e Bl ypigr shim

as a W transparen e Sale process con rtrons as
bef or a5 t hethegrgaldsuayerceO 14| tefitaptd t @r orangpatdren coeplictiag edayers exd@ndoft i e

onto a hi mrror-finish conducting fi rrier (Nichrome over
copper sp%%@gfﬁ?‘ap@s' C[)ﬂ HI%F%“EB? @éegCtEs‘(deg%ﬁgucti vity, <20 nm
average surface roughness) using Fornul ation B. The conducting carrier was

placed in mdtivexpgers phosra stheked Blastie BiagBphrtht drdi@Ohatiap&OYd Ranover
at 13.6MHz, 50 cc/mn of oxygen, 225nTorr chanber pressure, for 20 min in

order to r%@@%ﬁ%@é’s?&&dﬁ 41%8/%%“@6# o¥gr sge agve layers.” In organic light
2011/ 1386%@565839\%%959’?@%@% layers can be an emissive polymer or small

20 molecule and in an photovoltaic device, the active layers are a photoactive
layer responsible for absorbing photons and generating electrical charges.

Referring to Figure 10, an embodiment of the present invention comprises
an exploded view of a composite electrode 918 comprising substrate 902
25 including adhesive layer 904 (not shown separately in Figure 10). Metal
tracks 908 are in the form of a wire mesh embedded within the dielectric
layer 906 (dielectric layer 906 removed for clarity from Figure 10). The

conducting layer 916 is deposited over the metal tracks 908.

30 It will be appreciated that although only particular embodiments of the

invention have been described in detail, various modifications and



32 resin fromthe I ow parts of the enbossed pattern; thereby exposing the
underlying conducting carrier. The planmsa treated sanple was placed into a
Cobal t Tumgabari3ed2ect rol ytic plating bath (contai ni ng sedr@sB2umngsessat e and
cobalt sulfate, supplied by TNO Sci ence and I ndustry, Ei ndhoven, The 5

Net herl ands ) as the cathode and plated ,at 3 AAdn2 DC for 20 mn at 70C so
as to give a 3.5-mcron thick Co-Wall } netal deposit into the exposed

channels of the grid pattern. The sanple was renoved fromthe plating bath
and t hen rimmedefmants canrxe mMadiebyri pedsomsltledtin rtbomrt emiplroult departivig owed

by 10 m ns._in .hot_town er 60C. fter rinsing and drying, the plated
10 surfacd i PR et < Ront Per b nat od at 80C and 28 cr ni h
against a 10 mcron thick adhesive (Formulation C) coated onto PET film
(125 mcron thick, DuPont Tejin Melinex 5T505). The resulting | am nate was

WV cured @%‘&B@l%g it 4 times under a 300Wlinear inch i-line W lanp (H
Bulb) at 2 cnis and then baked for 30 mns at 80C. The conducting carrier

film 15 vaspaekeshi®hdpe | RAHRIrdIRRI fHdtdrheordRaah¥R; RRhed rRFe-Foﬁ%fdeer
filmw th conductihg Co-Wtracks enbedded in the fornuiation B cured

phot opol yriéaperg fo i Bliewmy widerat Ccrossing Rolitghepdpt angrors deepgeas mrasle
conposi ti |t i nce
and T ound T oThePBRVehRE PrCEardeft GULaBaaF R oE el il oY st BoFRES
resi stanceorab P25 mnlcrmmhtckn@mlﬂlm VBe-reasTejed Teonbe g3@82/Q65 E5Aa)msloét 9 A
sanpl e wa rep as _des ed in until, the point

ol asma tr DR B 25che WKBPsES ) Uihdatd fieopn Xaraaen with 6%,

Cobal tloTuﬂﬁ§/tc€rﬁ‘2 Qhe@@grolaythforﬁéaén RadeapRotdraasiaifeli svded i BBLE @agé.&@*ee and
25 cobal t suI fat e, supplied TNO Sci ence and I ndustry, EI ndhoven, The

Net her | and¥@ke &y SH@'%Sa?htﬂﬁeCanée]é‘P@Pé'&?r&t'nSSHﬁdW@ﬂP*FroﬁO'G‘ﬁ'loﬁ at r9e0 so as

to give a 0 C l; it t ed
chagnel S 0 %%agurr:@dﬁga{lt@wg gq'fceé }sl}gﬁ%) @ylv%/alggp(?deyrlrgl\égﬁéf rToHr%n Pﬂg %‘F%rf% bat h

and ri nsedGmisram, resiuiane ¢aickead s@Ue\Eé.tibﬂlratmeetﬁnwememmtade‘latTMOSmepl e

ooy o pitkd HE st RIGE e paftePh B 8hothe®) Ab E5Eead B PORMRISian Akt node

bar . |‘1|I50k6100/%ssolhﬁ @@las)rabpluédmetoexmsadfmwm atxsl nhiegdrordidknpolyester ni num
of 3 mcron of WD 2011/ 138621PCT/ @&B2011/ 0508&2 33 Nickel. was de OSI t ed
(3.0 A/ dnBUBEtHAGE (EPH‘HCH)t Tele EiRp &16l0ex 8hp dﬂ?%ﬁ%tﬁé’sp%ﬁtﬁﬂg NESh and

then rinsed holatad ”ﬂonﬁlv'ena dRliROh SR e BFoHrty. O@Hé(fﬁiW@sl( %F %Esir‘éké W by

10 mns in hot town water at 60C. After rinsin t he pl at ed
surface ofthenercdlalapnieateds tadhersirfageanf ﬁlae@U&tmw@r ﬂlm usmg a 400 mm

diameter rubber faced roller so that the UV curable resin formulation
20 completely filled the surface relief structure on the SU8 master film. The nip
load used was 2 bar. The speed of lamination was 2 cm/s. On exiting the
nip, UV curable resin was immediately fully UV cured whilst still in contact
with the SU8 surface using an ultra-violet lamp system (GEW, Surrey, UK)
delivering 300W/inch of power. After lamination, the two film substrates
25 were peeled apart at the interface beween the SU8 and the UV cured resin.
Using the polymer shim as a UV transparent mould tool and with the same
process conditions as before, the grid surface relief pattern was then
replicated a second time onto a highly planar mirror-finish conducting film
carrier (Nichrome over copper sputtered PET, 0.4 ohm/square surface
30 conductivity, <20 nm average surface roughness) using Formulation B. The
conducting carrier was placed in an oxygen plasma etch (Plasma Etch Inc,
PE-200)at 300W RF power at 13.6MHz, 50 cc/min of oxygen, 225mTorr

chamber pressure, for 20 min in order to remove any residual layer of cured



5 and 25 cmimn against a 10 m cron thick adhesive (Formulation C) coated
onto PET film (125 mcron thick, DuPont Tejin Melinex ST505). The resulting
| am nat e wa01M3gamed by passing it 4 tinmes under a 300WCTiGB2ar1/(50888 i -1i ne
W lanp (H Bulb) at 2 cm's and then baked for 30 mins at 80C. The
conducting carrier filmwas peeled off,_I|eaving behind the adhesive-coated
10 PET carrier filmw th conducting Nlé% tracks enbedded in the
formul ati on B cured phot opol ynmer resin dlelectric matri x with highly planar
surf ace. Tr‘eeirsdim‘nac@er wi/smam:eofothet haenhowaldt pagefr'nl thevedynesgosied the be
1.552/ 0. e qQver. ctrode f

square. packBpind LofedRl ¥fieri TR B e SrT P PlAdeotE o cr on
was prepar@sbay Tuhgsteet hmttrtv‘lytlﬁx@nmireg batﬁ'l‘(eoﬁtdlmgV\@dS@um eangstaby and
agitation in |soproE§nol and delonlsed water, followed by 30 sec tr at ment

with an opPelt suiake E98BYRd 2DEMTNPr Sasncee/andh 1gystry pERRRhREN Wi TR | ow
work f 'BnCtNét'Heﬂfanﬂs§ea\é t(t@??a‘%ﬁ@&'e%‘d%l@?é@@% 3@@%36%41@?620 ﬁﬁ'?%t "9‘@)"@5}0all s"

Mortsel, 20 Belgiumw th 10% by wei ght additional isopropanol ded) was
coat ed by asafto c@¥e i h gl - SANi@eNchuek Kep-W rﬁéloyumtabtd@@owérlétq)dla@demosmb C

for 20 m f I I npl e
descri bes%g%grsgogﬁHa% §r|8 Je}tEﬁe%%n%agﬁHé ?ec rode @%%tI%SPEI%?s %ﬁ%e .
carrier sudrst traererlnsedefanSerrwaﬂsnpdemmnmdj watelestrodadtenmpdratuma follbwad unt i |
6. Ta220%i0 s (5 helrierT yabehyt ECT ST diniiaiath BGRendhe dr e of
the eff@edcbmﬁhdél 6 e saeprahesi it doHaamihatd st §b°@%n6023%39nﬁ|ﬂ{%ﬂ§ﬂlr e,
pressure of 4 bar and speed of 1 mimn, so that the rel easi n% e (125

2011/ 1386zal|j@r/r@|gg@11tpggggggegwe (Formulation C) coated onto
micron thick, DuPont Tejin Melinex ST505). The resulting laminate was UV

cured by passing it 4 times under a 300W/linear inch i-line UV lamp (H Bulb)
at 2 cm/s and then baked for 30 mins at 80°C. The conducting carrier film
15 was peeled off, leaving behind the adhesive-coated PET carrier film with
conducting Co-W tracks embedded in the formulation B cured photopolymer
resin dielectric matrix with highly planar surface. The composition of
resulting Co-W alloy was measured using X-Ray fluorescence and found to
be in the range 69 to 75% Co and 31 to 25% W. The surface resistance of

20 the resulting film was measured to be 30Q/o.
Example 9

A sample was prepared as described in Example 1 up until the point after
plasma treatment and before Co-W plating. The sample was placed into a
Cobalt Tungsten electrolytic plating bath (containing sodium tungstate and
25 cobalt sulfate, supplied by TNO Science and Industry, Eindhoven, The
Netherlands ) as the cathode and plated at 3 A/dm? DC for 6min at 70°C so
as to give about a 1 micron thick Co-W alloy metal deposit into the exposed
channels of the grid pattern. The sample was removed from the plating bath
and rinsed for 5 mins in deionised water at room temperature. The sample
30 was then further plated in an electrolytic Nickel sulphamate electro-plating
bath (Nickal PC-8, Rohm&Haas,) in contact with the cathode bar. Nickel was

plated onto the exposed Co-W plated regions until @ minimum of 3 micron of



adhesi ve side of the Reval pha filmwas in contact with the surface of the
enbedding dielectric material (Formulation B). The Reval pha film conprised
a foam ngvaceylisge2iype adhesive (80 micron thick) on topCOIGERR0BANESEr On
thick PET filmon top of a pressure sensitive adhesive |ayer (30 mcron
thick). 5 Renovable PET filmliner | a¥grs cover the two adhesive |ayers.
The conducting carrier filmwas peel ed?8ff, |eaving behind the Reval pha
foam ng thermal rel ease adhesive-coated PET carrier filmw th conducting
Ni ckel trdtikkelewbedtabsitedt (& 0f Afdraf RC dor B ovinpdThécaopRleywes nesxived

dielectri trix wmith highl nar rface. .A sheet of Pont _Teijin
Teoner Goara (5 pidkind, fsfhera RheR AnsBHibR % mify 1M SloBled WREF o Pl pos
(C evi os GeRIREFBrurd BIISinasdk by by amnsc mahoh gowhf atec @atd0tg. Afber RBBInG | m
was baked at 140C for 20 m nutes to_drive off resjdual solvent The dry

PEDOT: PSS Athfrigat ke d swfcreabthedampleavasnaonh ! faiBinated &t 8¥fposite

el ectrade dﬁ?:”'?tsegﬂgﬁﬁrﬁ’ atgé‘ﬁwé%eé/ai!dohﬂcrrﬁ gaek HHHRENRS (M niIbibMES) BOAtedlS
| am nated to the PEDOT: PSS coating by passing it through a hot roll

| ami nat or Qittot BRpdilan GkdD oTicrorodd:k, spekentolgjimMelinex T 0edberresultivgr . The
foam ng a i [ [ I+ K it ve
adhesi ve ﬂ%ﬁl’l'néﬁ%tw?gq,ﬁ%g@ g%dg%gava%g@dcgr gﬁléstagﬁ ﬁ\é‘;]rag i%qlﬁzlﬂ{pe:arrzﬁ glﬁé l!‘n\ér >1
m n. The HéatlafmportHt Bailhoat rdldmfsarndathen beikesetbrt B Mighlat pbaGarmheur f ace

of the 20 conmpasite el ectrode to bond to,the P : | ayer .and t he

el ensi ng RMBEDR GEEITarEs Bateniy s A Ra R SanES TSR PSS | oose
adhesiign tpETt fgrrRIFFRACING €irRlRENG Nick&f tratkd Bambreidedohl thleafdrmat atdh Bt he
Reval pha carrier sheet was easily renoved, |eaving the conposite el ectrode

bonded ancPUrAd ethasppplyaerceasitadiclartrtc MRrrERGH PElv pAandgseiathe THEN
carrier ldifacresihdtlf ERBRastitily FRAGNL HdRbPedto e@ggi.gsgz_/a A met hod of

manuf acturing a conposite el ectrode” conprising the st 5providing a
conducting carrier layer being a first substrate layer with an electrically
conduct i ng->xamplecH]) provi ding a non-conducting at |east radiation curable
material; providing a second substrate |ayer which is transparent at a

wavel engthAoéold over Nickel composite electrode film with a square packed grid

15 pattern, pitch 300 micron and line width of 5 micron was prepared by the
method of Example 1. The films were cleaned by agitation in isopropanol and
deionised water, followed by 30 sec treatment with an oxygen plasma
(300W, 225mTorr, 50 cc/min O;) . PEDOT:PSS with low work function of
4.8eV (ORGACON development code 3494676, AGFA Materials, , Mortsel,

20 Belgium with 10% by weight additional isopropanol added) was coated by
bar coating. After coating, the substrates were baked at 140 °C for 20

minutes to drive off residual solvents.

Example 11

25 This example describes the preparation of the composite electrode onto a
releasable carrier substrate. A sample was prepared as described in Example
1 up until the point where it had been plated rinsed and dried. A sheet of
Revalpha NWS-TS322F SHT (Nitto Denko, Japan) was roll laminated, to the
surface of the embedding dielectric material (Formulation B) at room

30 temperature, pressure of 4 bar and speed of 1 m/min, so that the releasing



radi ation used to cure the radiation curable material and which has a
surface 10relief pattern defining at |east one retaining feature
correspormiprgitss@ldesi red netal track pattern; form ngPaTIGBe110050888nt act
bet ween the conducting carrier layer and at |east a part of the surface
relief pattern; depositing the cugabl e material onto at |east part of
the surface relief pattern 150r the el Stri cally conducting surface al ong
the line of contact; advancing the line of contact and curing the curable
mat eri al tddhwsite site sEdtbaRevdisiha £ile Measein contacs| wiibi g shefaceirafdthe

material fr he at. | eas rt. of _th r el ief ttern feature so as
to | eave b%ﬁ?ﬁ@d'ﬁgsﬁﬁlezfg%é rng%eél??65‘%?”&"%%8Ha$ﬁe+%§§mﬁ%[ai ﬁlén (,Cgﬁfhréﬁ'edl ayer;
opti onal | ya fedreicig ¥@lylic tep@utdhgsiat (Beasicrparthicl) onh@psoft § 38emi@bheahigkat t ern
so as to sele _ﬁi vely expPse the electrically conducting surface of_ci(he
conduct i nd’ lafffePnitQpep! @ PresyygposnSthE d9erive Iaveal (30afFrBhEBicthe

exposed r egABTase PET SIRCLIAGAlIAYerdOBUEHCHHANGWIr AdasiE  [Rrsonghect | ng
carrier layer; optionally depositing a second netal |ayer over the first
met al | ayegondasting\weroien fiin38sae prerdaBH0 1a7\ing $&dirss the Revalpha foaming

thermal release adhesive-coated PET carrier film with conducting Nickel
tracks embedded in the formulation B cured photopolymer resin dielectric
matrix with highly planar surface. A sheet of DuPont Teijin Teonex Q65FA
10 PEN film of thickness 125 micron was coated with PEDOT:PSS (Clevios
CPP105D, H C Stark) by bar coating. After coating, the PEN film was baked
at 140°C for 20 minutes to drive off residual solvents. The dry PEDOT:PSS
coating thickness was measured to be 100 nm. The planar composite
electrode mounted onto the Revalpha releasing adhesive film was hot
15 laminated to the PEDOT:PSS coating by passing it through a hot roll
laminator at temperature of 1700C, speed 0.1 m/min, nip pressure 4 bar.
The foaming adhesive is designed to act like a standard pressure sensitive
adhesive until it is heated above a certain activation temperature for >1 min.
The heat from the hot roll lamination caused the highly planar surface of the
20 composite electrode to bond to the PEDOT:PSS layer and the releasing
adhesive to activate, causing the foaming adhesive layer to loose adhesion
to the embedding dielectric. After the hot roll lamination, the Revalpha
carrier sheet was easily removed, leaving the composite electrode bonded

and in electrical contact with the PEDOT:PSS coating on the PEN carrier film.

25



optionally depositing additional netal |ayers over the second netal |ayer.
2. A nethod of manufacturing a conposite electrode as clained in claim1,

i ncl udi ngwvo 2011/138@20si t i ng an adhesi ve | ayer over the supCagB2oalisedsspatt ern
on the 5conducting carrier |ayer after nmetal deposition; contacting the
adhesive layer to a third substrate Iaégr; and renovi ng the conducting
carrier |ayer. 3. A nethod of manufdeturing a conposite el ectrode as
claimed in claim1l or 2, wherein the second substrate |layer is an enbossing
roller, cyClamohs or 10belt. 4. A nethod of manufacturing a conposite

el ectrode as clainmed in any preceding claim including: depositing a

phot oresi st | ayer over the surface relief pattern on the conducting carrier
| ayer; 15exposing the photoresist |ayer using a photomask; devel oping the
phot or esi st. | ayermethas dfo ntaredbetypingt ec tcechpusiteu epFodtonie @dmiperdsiog sthef
surface rellef attern; and optionally renoving at |east part of the
surface relfes OBattern so as to selectively expose the electrically
conducting surface of the conducting 20carrier. 5. A method of

manuf agt urgragiding CAM@IdUEtiBg e@érf.@daa7ér Hemdred first J0psHaes agdy&g vatign
including: WO 2011/138621PCT/ GB2011/ 050888
electrically conducting surface;

providing a non-conducting at least radiation curable material;

providing a second substrate layer which is transparent at a wavelength of
radiation used to cure the radiation curable material and which has a surface
10 relief pattern defining at least one retaining feature corresponding to a

desired metal track pattern;

forming a line of contact between the conducting carrier layer and at least a

part of the surface relief pattern;

depositing the curable material onto at least part of the surface relief pattern

15  or the electrically conducting surface along the line of contact;

advancing the line of contact and curing the curable material through the

second substrate layer;

releasing the cured material from the at least part of the surface relief
pattern feature so as to leave behind a surface relief pattern on the

20 conducting carrier layer;

optionally selectively removing at least part of the surface relief pattern so
as to selectively expose the electrically conducting surface of the conducting

carrier layer;

depositing a first metal layer onto the exposed regions of the electrically
25 conducting surface of the conducting carrier layer;

optionally depositing a second metal layer over the first metal layer; and



37 6. A method of manufacturing a conposite electrode as clained in any one
of clainms 1 to 4, including: renovi ng the conducting carrier |ayer by

i mer si ngwvohe11esesi t e el ectrode in a bath containi ng &CTiIGR20 /50888t | on i n
which the electrically conducting 5surface is selectively soluble.

A met hod of manufacturing a conposite Slectrode as claimed in any preceding
claim wherein depositing a netal |aye 5i ncl udes el ectrodeposition.

A nmet hod of manufacturing a conposite el ectrode as clainmed in clainv,

wher ei n elmtianadgptepositorg additiosat mugsbhblkayrrs over the s@caret medalofayer.

manuf acturing a conposite electrode as clainmed in any one of clains 1 to 7,

wher e n_ deposi t] ng.doaetald Axet, L Ag! Hes JTRLal LG ARK RIUBEDG in claim
met hod of Hanufacturing as claimnme n crarrm2Z, eren the radiation curable
mat eri al andnelddésj ve | ayer are transparent and uncol oured. A
conposite el ectrode conprising a substrate, a dielectric |layer and at |east

one conductive.netal track,. the at | east one caonductive netal track being
enbedded iARCH the i BRBEEYPC PUerovaRd tHavHG SGes (P e PabGTRg O the
subst ast i aldrduetingaarmet yer Sttdranetadfdepbeitdngl ectric [ayer; wherein
substantially planar is defined as, relative to the surface of the

dielectric layer, the surface of the at | east one conductive netal track

has an aveRgectk g ATRGTIYRL YR 07 ERIER SHPSHEISR® Enm t 0 150nm WD
2011/ 138621PCT/ GB2011/ 050888 38 13. A conposite electrode as clainmed in

claim 11, erahBvidg theefHIRICERYi datAePelernei ght difference is between 5nm
to 25nm 14. A conposite electrode as clainmed in claim1l, wherein the at

3. A method of manufacturing a composite electrode as claimed in claim
1 or 2, wherein the second substrate layer is an embossing roller, cylinder or
10 belt.

4. A method of manufacturing a composite electrode as claimed in any

preceding claim, including:

depositing a photoresist layer over the surface relief pattern on the

conducting carrier layer;
15 exposing the photoresist layer using a photomask;

developing the photoresist layer so as to create protected and unprotected

regions of surface relief pattern; and

optionally removing at least part of the surface relief pattern so as to
selectively expose the electrically conducting surface of the conducting

20 carrier.

5. A method of manufacturing a composite electrode as claimed in any

preceding claim including:

removing the conducting carrier layer by mechanical means such as lifting,

peeling or delamination.



| east one conductive netal track is a fornmed of nore than one netallic

5l ayers deposited over one another. 15. A conposite electrode as clained in
cl ai m 14, wotrerigisge2met al | i ¢ | ayers are sel ected from t he PGTEIR2OTIONFPS88SI ng Of
metal from Goups Va, Via, Vlla, VIII, Ib, Ilb, Illb, 1Vb, Vb, VIb and the
actinides of the Periodic Table of the_Elements preferably selected from
the group 10consisting of V, Cr, M, \/\;’;7I\/h, Re, Fe, Co, Rh, N, Pd, Pt, Cu,
Ag, Au, Zn, Cd, A, C Si, Sn, Pb, Sb, P, Te, Th and alloys thereof. 16. A
conposi t e @l ectA odethas! of ahamfacturzigabnedBposibe reddatradee aatclbisaed inraay

conductive rre k_cC a gold layer deposited over a nickel
| ayer. 1517 A E}ﬁ%git g'ln@cchaﬁﬁ% as clainmed in claim 16, wherein the at
| east one conductive nmetal track conprises a gold |ayer deposited over a

ni ckel | ayemaépgtheeadnaveting aamrpperawwy:e/r imri&r@ingoumnoajmpositeeeteroondﬂmas
clainmed in _any one of clains

7,. wherein th traels mer
film 2022"A2 ctﬁ)"ﬂ:lﬂog'f’?@”@f’@c?rlb%éd %OJ]HF'Q? rf@d"‘ihr‘ldhﬁg O%Igcgfcaﬁlp{eccm H"i ng
cl ai ns5 Whgfreide |§f§@|€m@1\/}ég3§o|hb|é’n conprises at |east one of polyester (PET),
pol yet hyl enenapt hal ate ( pol ycarbonate (PC), cyclic polyolefin,

pol yet her sul phone (PES), poI yet her et her ket one (PEEK), pol yaryl ate,
pol ypropyl%ne (PP), Ame,t@pmfd@@nawaﬂag(a@mpaﬁ@eﬁ&gﬁ@@i@aéﬁ@lm@)In

2523. A conposi t%yﬁlpﬁ% Qi‘ijl‘:g %éalﬁ*ea'vﬁ?éjre'i @? % %&a‘i"s\aiért%cﬁ?des

wherein a functiona posited on t ectric yer
eIectrodep05|t|on.

10 8. A method of manufacturing a composite electrode as claimed in

claim?7, wherein electrodeposition is electroplating.

9. A method of manufacturing a composite electrode as claimed in
any one of claims 1 to 7, wherein depositing a metal layer includes

15 metallic ink printing
10. A method of manufacturing as claimed in claim 2, wheren the
radiation curable material and adhesive layer are transparent and

uncoloured.

20 11. A composite electrode comprising a substrate, a dielectric layer
and at least one conductive metal track, the at least one conductive
metal track being embedded within the dielectric layer and having a
surface being substantially planar with a surface of the dielectric
layer; wherein substantially planar is defined as, relative to the
25 surface of the dielectric layer, the surface of the at least one
conductive metal track has an average maximum height difference of

between 5nm to 150nm.

12. A composite electrode as claimed in claim 11, wherein an

average maximum height difference is between 5nm to 50nm.
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claim 24, wherein the conductive layer is a sem conductive polyner. 26.

A

conposi t ewelett138@e as clained in claim24, wherein thePCOrER201I/058888ayer i s

a hole injection |ayer.

wherein the functional |ayer conpri sesﬁg carbon nanotube film 28. A
2

conposite electrode as clainmed in clai

conprises a thin layer of graphene or an ink containing grapene. 29. A
conposi t e El.ectA adenpesitd ®ientcbden agl dbimned, inwbleimei hlt kehdraimctainoawerag® ayer

A ol coul ar el CHERBAVE Rieth R Csare ek TR oRbIREL P B 2BfMBhe o crai mea

in any one of the preceding clains.

10

15

20

25

14. A composite electrode as claimed in claim 11, wherein the at
least one conductive metal track is a formed of more than one metallic

layers deposited over one another.

15. A composite electrode as claimed in claim 14, wherein metallic
layers are selected from the group comprising of metal from Groups
Va, Via, VIla, VIII, Ib, IIb, IIIb, IVb, Vb, VIb and the actinides of the
Periodic Table of the Elements preferably selected from the group
consisting of V, Cr, Mo, W, Mn, Re, Fe, Co, Rh, Ni, Pd, Pt, Cu, Ag, Au,
Zn, Cd, Al, C, Si, Sn, Pb, Sb, P, Te, Th and alloys thereof.

16. A composite electrode as claimed in claim 15, wherein the at
least one conductive metal track comprises a gold layer deposited

over a nickel layer.

17. A composite electrode as claimed in claim 16, wherein the at
least one conductive metal track comprises a gold layer deposited

over a nickel layer deposited over a copper layer.

18. A composite electrode as claimed in any one of claims 11 to 17,

wherein the substrate is a polymer film.

22. A composite electrode as claimed in any one of the preceding claims,
wherein the polymer film comprises at least one of polyester (PET),
polyethylenenapthalate (PEN), polycarbonate (PC), «cyclic polyolefin,
polyethersulphone (PES), polyetheretherketone (PEEK), polyarylate,
polypropylene (PP), tricellulose acetate (TCA) and polyethylene (PE).

23. A composite electrode as claimed in any one of claims 11 to 22,

wherein a functional layer is deposited on the dielectric layer.

24. A composite electrode as claimed in claim 23, wherein the functional

layer is a conductive layer.

527. A conposite electrode as clainmed in claim 23,

3, wherein the functional |ayer

30.



31. A nolecular electronic device as clained in claim30, wherein the
15nol ecul ar el ectronic device is an organic light emtting device, a

bi - st abl ewoizeplage20r a transi stor. 32. A nol ecul ar el ecPCHMAIB20TINISE as
claimed in claim30, wherein the nol ecul ar electronic device is

photovol tai c device. 33. A nolecular electronic device as clained in any
one of clains 30 to 32, 20 wherein theZconposite electrode forns an anode
and an active |layer or |ayers are deposited on the anode with a cat hode
deposi t ed 2pon A kempoisitecelbalyede @s tlayeed .in claim 24, wherein the conductive

layer is a semiconductive polymer.

26. A composite electrode as claimed in claim 24, wherein the conductive

layer is a hole injection layer.

5 27. A composite electrode as claimed in claim 23, wherein the functional

layer comprises a carbon nanotube film.

28. A composite electrode as claimed in claim 23, wherein the functional

layer comprises a thin layer of graphene or an ink containing grapene.

29. A composite electrode as claimed in claim 23, wherein the functional
10 layer comprises a transparent conducting ink containing metal

nanoparticles.

30. A molecular electronic device comprising a composite electrode as

claimed in any one of the preceding claims.

31. A molecular electronic device as claimed in claim 30, wherein the
15 molecular electronic device is an organic light emitting device, a bi-stable

display or a transistor.

32. A molecular electronic device as claimed in claim 30, wherein the

molecular electronic device is photovoltaic device.

33. A molecular electronic device as claimed in any one of claims 30 to 32,
20 wherein the composite electrode forms an anode and an active layer or
layers are deposited on the anode with a cathode deposited upon the

active layer or layers.



