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A METHOD OP MANUFACTURI NG AN ORGANI C ELECTRONI C OR
OPTCELECTRONI C DEVI CE Technical Field The present

wo pwemzdoeh generally relates to a nmethod of PCT/SG2007/000281

nanufacturing an organic el ectronic or optoelectronic
devi ce. Back %round ani_c _electronic Qr

opt6e¥E3??% H§r§F|9R%%§ﬁﬁ|§ﬁ§§¥$9§5? VB

organi c materi al @pspEsEcrimiMeorvalcect rode- | ayers.
To obtain functional devices, it is generally

necessary to formpatterns on the el ectrodes and/ or

organic materi al | ayiShnfedanamiet hod to form
patterns on the device involves steps such as exposing

t he Bewi pEesente| toYeRMetPReFAHI vt FORAFPS of fle tiepthod
feﬁﬂéhhfbat{i‘rﬁﬂfnbﬁm shange idy dhemkeci a&ﬂ@&él’&ét’f‘fcﬁuc

devel opi ng the” pattern through chem cal etching and
deehdwi ng the etched materials. However, there are a

nunber of di sadvantages associ at ed mﬁth t he above

met hod. Firstly, exposure to el ectromagnetic

radi ation, such as ul t Bawkatrennfli ght, may result in

“”‘“’a&}%%dceg %n‘_{f the, devi Sﬁ% oareandly, . che ﬁé&ﬂes
et chi su i'n unwant'ed contam nation of t
gdﬂaraiﬂytnu@mghlshezusea@kl@henmngamnthmatekyalthd58posed
thod reguire yner ous s nd i ngr.e .
b%ﬁnu c?u§|%6 ?I a%FEFcos Aﬁ: éﬁ%ﬁ %ﬁ?%ﬁn?ﬁ%ﬂces’

itnvmbvegehéEahsﬁ oﬁeméﬁq&ﬁyprumt|ﬂ@mmeqmmmaxnst(pn the
te or n|c el ectronkc devices and -

%E?éﬁ? %ﬁr rd85988§c FRkIetThritT g i nvol ves t he

deposi tkodyn USidtghoan itek] Eorspr agtheads obnantlos gammce
_solgtlon onto a surface of a substrate g depgsit _an

1BY gkt e coitp®ind EHEFeon®havi HP WeF abl"8pr oper t Fes.

electromagnetic radiation in order to result in a chemical
change in the molecular structure, developing the pattern
through chemical etching and removing the etched
materials. However, there are a number of disadvantages
associated with the above method. Firstly, exposure to
electromagnetic radiation, such as ultraviolet light, may
result in unwanted degradation of the device. Secondly,
chemical etching may result in unwanted contamination of
the device through the use of chemicals. Thirdly, this
method requires numerous steps and increases manufacturing
time and costs.

" An alternative method involves the use of inkjet
printing technology to fabricate organic electronic
devices and optoelectronic devices. _inkjet printing
involves the deposition, using an inkjet spray Head, of an
organic solution onto a surface of a substrate to deposit
an organic compound thereon having desirable properties.

As it is a modification of an existing technology, inkjet
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As it is a nodification of an existing technol ogy,
inkjetprinting is seen as a potentially | ow cost

wWo ewwbiraee for the fabrication of organic tranBCEsG287/000281

1'2 and displays 3'4. However, an-inpedinment to the

successful inplenmentation of thls technol ogy is the
PEbHEIHI 6F ERENsPeadiRRf ot iphdYsdloVe oSt igehifer
thbe f%gaelaelbhqwid Sepasid edr-bys 118, 1Pk eatn&e@:ﬁspféw :

exanpl e, the spreading of the solvent can result in
Hovevend patimpedimssdl o d¢heotugbeasisd lrnmemqrﬁ%m@n of
tﬂﬁ?r lt%%hh g{; Substyat Sénjailé!i ”%fm*éﬁé CQH?QM{Eg pé%‘ Sthe

e sprea n the solvent Is a particu prob

Sa$V¢mtnmye$Q§ﬂHWlhh1H:¢®§SO@GﬁDaﬁ1haﬁu@@ drepewicred by the

igkiégrﬁgé?ﬁ|s p?ﬁg%gﬁéyt%hgf %anayQ§t5§t§%e %ﬂve%¥(fan

r cone 't he substrate”has
republy anbnmxﬁedﬂpawaﬁks havohgtiwel |f dibopds&d pm.

t her bet The bank and-wel |.s bei.ng pre-npatter
ont oﬁt1 he™s bstfra 9 Al | ov ow t he ]%Sr%%anﬁ% [ quvlpglgt Iﬁleldu

cpmp@mGMtonpmmﬂmﬁ SﬂhﬁtE@k@admﬂgthefebyh$eS$QENthEils a
g { % an t he bangg act as € %SiQELation
Pda +?‘é a’f op‘b? Eht*S er‘i‘b%éft t5FYdépdsi Féasgo BRI
bethiesn paittscobnt heosipbsthat pardewesfersheueubstrate. To
restrictions in e accuracy. of ipkjet printi .
OTEEHIES obies, PEGhOCBT golire SLBRLER DR Rty iat ahrarer ue
bhe adepasidse b Onbanias brakispr F@ces r aib@cbséchaﬂh&\téﬂs‘ét[w&n
' result in s readi ng of the or

well. This ma _
T85| RERbnaPg ikt B8LBAr PECGRat Rt Akh<TT iR otle Substrate

tEUr§ hesnorne t he-gemaper i @si®f ﬂ&e&rg@mnﬁtwl Whoh +the
deposited in a well may cause it to spread onto an

Sa]af%%% BARAK CREF PAE LS TH ol 3 apﬁﬁ%%imfjc?”br"ﬁ/}rjde Iignce,

tABt ek Of a dBNYE aSt PH § G- AN HRRGABKC 8] BELTOM Cn@Fement of
opt oel ectronj c device that overcones, or at |east

dgRBF i BPAL 301 BHEPTDr tifor @tRTt hBadF§ad9hnt hges Substrate.

nageeLt bed@boye. SUBRBE ¥ AGEHr dhnaHd ackhrsty asRecCinkjet
there is provi ded a
printing technologles, some organic solutlon may

inadvertently be deposited onto a bank surface rather than
within a well. This may result in spreading of the
organic solution to unwanted parts of the substrate.
Furthermore, the properties of the organic solution
deposifed in a well may cause it to spread onto an
adjacent bank surface.

There is a need to_provide a method of manufacturing
an organic electronic or optoelectronic device that
overcomes, or at least ameliorates, one or more of the

disadvantages described above.
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met hod of manufacturing an organic electronic or

opt oel ectroni c device, the nethod conprising the steps
wW@R00902904Pr ovi di ng a substrate having a pl ural P€YS61007/000281

banks fornmed thereon with alternating well formations.

formed therebetween, the surface of said banks having

i mprint formations forme8u®p@¥eon of a di mension

conf gred g iy sebecy e%i\g%tttiggp@g@pe%gﬁgo ide %BF;E?S& a

of said banks that is different fromthe surface o

meghhddweldfs; mpgubaytdepositiong aprorymi c sselctrponc  or

' I I rmat i,ens el e | .
pPBELER R R P8 R hRerepe ot
deposz] t pdovhermpnat eubstwdte dastigard i pliyaYiepel dedoanks

cA0¥ant ageously. ,ibe al dSastnarthal reaulsion.of el
organi ¢ solution fromsai ank surtace 1A bItS
ttepeisetwenmn ,of thai dswrfard cofolastiiconbénb dregdsngonitgmeint

fsurf ce of fthe sub %rate ot her than in said vvelfls..
ﬁé‘ﬂ%@%%%e RERG § REFoT s The®spreddihg of “8h 6 gaifc #
ssdbutednwkraimsurgages-gn thde thebsiuatae nafrelspithebanks
apk, surfaces, in whi it i-s not desired tq deposit
tBAE bF SRS e 6uERe ARt cutid vreldrd ASEhod
al | opps @ sdivieet deposiddrire 0boDugath C St s@RNdONkL 1
desired areas of .a substrate, thereby all ow ng inkjet
TBFPALT AR 1 e®RFOFOGy t° buShELRd| ATOPGANYC @F eCPridhianks
cAlisept alechd o Lo devigeismnupekiited Athanrlageasishy, at

the nethod may confer a selected wetting property to
LERET pRAKS Dt HeR&IISS-at e surface while optionally

excl ngv g £ei L), | y theeadienteat Sgd e Sl f 36@ulsion of
Advant ageously, the nethod may confer a sel ected

s@eflt i P PrGpepeyutdorhel HIhk$a8A thrnsustiace stippiekts
d\éﬁbéf’cﬂ% afef ekt 89 AMgdreast soNe-0dn t Bechhes By on the
C

em cal
surface of the substrate other than in said wells. Hence,

the method controls the spreading of an organic solution
from surfaces on the substrate, namely the bank surfaces,
in which it is not desired to deposit the organic
solution. More advantageously, the method allows more
direct deposition of organic solution onto desired areas
of a substrate, thereby allowing inkjet printing
technology to be used in organic electronic or
optoelectronic device manufacture.

Advantageously, the method may confer a selected
wetting- property to the banks on the substrate surface
while optionally excluding phemically treatment of said
surface.

Advantageously, the method may confer a selected
wetting property to the banks on the substrate surface
while not affecting at least one of the thermal, chemical

and optical properties of the substrate.
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and optical properties of the substrate. According to a
second aspect, there |Is provided a nethod of making a
WG awse®se conprising the steps of: a ) provi dPeiyS&2007/000281
substrate having a polyner |ayer formed thereon; and b

) applying. at | east one nold to said ﬁolymar | ayer, to
for CRFU+RATI (5 of BAMREd FERSST wi E eé?té‘Tsna?Fﬂﬁlded a
méRhbdf MLk oRg 4 asumd hetaveenpsakdnganks, s€abd & :

"l east one nold having inprint formng surfaces thereon
to f @0 mPERYIMPY ordratSUbEE réfesalgvhank Iurfaedsthi dRyer

ke taes8bgct gdywetting property to the surface of
said banks that is different fromthe surface of said

wel | §) AePdivdnag afo keath reaneaspeld , tehepédi 9gpBerddgyer
t %%E&t%abﬁuEQRiH ¢ofanHer£ﬁ€¥éb§”ﬁ¥%ﬂwﬂmﬂéfﬂéting well

optoel ectroni c device having a plurality of banks
Fogmadd onkerfoamedi tetatasay neaidigbarks, f eadelt i dhs leashegne

n#o'l‘%f eRSE%S”@%&#rfﬁ%ﬁf Ségngéé‘gS DAVEAOG, | Y 1 0
ormat'1 ons”f or thereon of a di nension con erring a
igwirdotte df wwetattideg spr ope syl dt doarie surface ofhisdi debabks a

that .l | f.f.erent he, surf.ace Ld wel
HIRkbh GG ILaAn e B e ecBgBl O] Ly mane
Seitd iwebli fferamt | Dnen the swetfiaiceg ofir epédt yedlssai d

bank CC%H@G% ar]t;/O or ga{%frgola%t ie?:g\ de,ags}_iet eqLSt herggf t

be at*“f&ast %ar |aF‘Iy repel [ 88 At cor ing t0 apfour(il% 2
sagpechtet heferi s ygovi ded aauwse ofgansubstebéecymdie | nor

O%&rrﬁr)eﬁﬁho? as.defdi ned in _the secon asp ct | hek

S8EBPB 5f AR LGP GARe 8l Gbt P BN Ll Heli b GRTke formed
wopireehect arihe demiteenaAdegr di rgitlo a fdridat iaspect ,formed
tﬁ?ggr its grovitﬂgg a substrate nad ccardi g% to the rint

oGS Berf i PHEEAES s &ond 48 pdtt “Sacbor iffg 1%
ridatidspectorddter @ Hegephovbfedh allimension conferring a
selected wetting property to the surface of said banks
that is different from the surface of said wells, wherein
when an organic solution is deposited onto said well
formations, the wetting property of said banks causes any
organic solution deposited thereon to. be at least
partially repelled.

According to a fourth aspect, there is provided a use
of a substrate made in a method as defined in the second
aspect in the manufacture of an organic electronic device
or optoelectronic device.

. According to a fifth aspect, there 1is provided a
substrate made according to the method as defined in the
second aspect.

According to a sixth aspect, there is proVided an
organic electronic device or optoelectronic device made in

the method as defined in the first aspect.
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organi c el ectronic device or optoel ectronic device
made in the nethod as defined in the first

w@gpenewdefinitions The foll ow ng words and t ePCESGOT000281

herei n shall have the neaning indicated: The term

organi c electronic device' is to be interpreted

broadly to include anpeg#liagationsc device that utilizes

an organi ¢ conBound, typically in thg Eornlof ﬁg

or gantc tPAyeFINgsWaRdgcende ChETEr PEPYt REESEE PRREYr BRVE
tHd reh@inges adii @cad: t he organi ¢ device. Exenplary

organi ¢ el ectraoni c devices include, but are not

| i miP&d F@Fmorg&ﬁﬂénPth?l§ﬁ¥f??hﬁ desy e’ (CEEEBYO, be

iRk chi ghbagnit tbnd ndevieesn(PeERS: ron®k0@BWEce that
transi stors and organi c photovoltaic devices. In the

utdddeest a0 POgaBicPLEmEOUPfle BYBARRELEoRpotng fAymbeE an

oA C! 6 i OMAhe, Or oup; ¢ONR 844N Ofndd 9ht ¢RLLLLAY in
organic nolecule, light emtting polynmer, conducfive

theol gpesratidiarh wbl Eher ATPOACT AP YCSper t FESTPAATYr ganpeic
e IRLELHAL %EOiﬁé@Ct JT;I%‘lﬁééi,nS BRI | NG Pr QR]r 1116511300 o,

conbi nati ons thereo In the case of organic
ongegmisi stoght térel Wriguni ceydrpoundohilysbe Prombuct ihght
r. e f ni t al ;
T e e e
phgrtaweltensi sevagesf | fghthabsesbi n§ PoEPseor PLEDs, the

o Cgoa%%c.tcio}{lgopﬁ'dyn'@ gd cpnbi nations Lhereof, Tc%%sﬁ%g'_{‘ng
:iﬂrganlc p oel ect roni ¢ device' i to interprete
ofbr ohAtdlyt t oemiict ke anygehect ronilecdeyj celtiibat utemliitzésg

n_organic _c und, typically in the formaf an .
PUGRTC | SFAFICRE AN aBPFVAS Tt G t ALY rat bporting
prgspansisy e ahookyghi comatsradil enith edlidcddagghttrdr@porting

exanpl.e, the organi¢ conpound. na e a ljght emtting
A L R S e A TR E T
olyardrr eltethisicabreyrr ene. bxgapies toepoded OLg sbeh a

h i I i n Uni
cAigse disclosed in Uyited

he case of an organic
photovoltaic device, the organic compound may be selected
from the group consisting of light absorbing polymer,
conductive polymer and combinations thereof.

The term ‘organic optoelectronic device’ 1is to be
interpreted broadly to include any electronic device that
utilizes an organic compound, typically in the form of an
organic layer, as an active material that is responsive to
light or is able to emit light. For example, the organic
compound may be a light emitting polymer in that it is
able to emit light when excited by an electrical current.
Eiamples include OLEDs such as those disclosed in United
States Patent Nos 5,952,778, 6,885,025 and 6,586,876; and
PLEDs such as those disclosed in 6403236 and 5980781.
Alternatively, the organic compound may be responsive to

light in that it absorbs 1light and converts it to
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wGABYPID45 Al t ernati vel y,

St ates Patent Nos 5, 952,778, 6,885,025 and 6, 586, 876,
and PLEDs such as those disclosed in 6403236 and

t he organi c conpound PEK/SGZH07/000281
responsive to light in that it absorbs |ight and

converts_ it toelectrical energy. Exanples include
ShEFyHEFRdoRRETEE} | s Biaples tHuskeids sedlomest | sols® cells

Bahends Nep § 9%.@ d :Uni d s .Pat ent
“Appl T Ton Ho. 30083584315 “Thé ™ 8P et e 200 ena
pé

freftates tiptipnt Ampdigrétied Neoall§5@2845id.ude any
POl YARE daah Cleh A% PSRRIt OF ¢ WICTSDY (08, orereq

el ectrical conductivity of  such polyners is be
bragdéyof toypi éarlnde al enfcondotymes) ahdtel esttd caks a
ERSHLALQLSo TV B [T VA resistivity of
Sconductivgmf)'ol‘Jy;}{rregf;}%likJ aﬁgﬁé F%#F%% lt8°T§9cBﬁﬁ%7%q%€r%90h
PAsYyIRerkndwn Hatwieke dittoset heff et gwicd Iwometassegcofiductors)
nd [ : yners: arge transfer | exes and
e B aCuEy AR EE S e T B Thoauct TR Sux£ace
rpoliyherital 0 & ncomdies:any molywner Adiafeshasobean® to 107
' ly doped, with electrically conductive additives
Oﬁﬁggs %%r?b cr 85t e-r “BRHENCE t %l 8EFri ddiere are two
ctandeast b¥i byndbctity pblamepsynBhathat tiksndfer complexes
n- conquct or or oor conductor initially.

n

2R0r t HRPABF &tV TSV SB&Pymer  HR§ h&ggn ‘conductive

pel patrol abboestenidey opey th&Bymdhec k£ Mid i 8hin suitably
ittin to be interpreted broadly to

en 19. pol.yner’, i . 1« ,
d?%%éu&éggnflﬁgﬁﬁﬁﬁ?f%%aFOPQUEBbaﬁlédéﬁtéﬁ?%tpﬁgqnq§ﬁ to
cmbsﬂeedﬁiéﬁﬁbn&&ﬁjﬁXQﬂkﬁkEﬁ@ancbh@uk£9@1t§n$$£ifﬁb of a

§§$¥ner qﬁ¥ be due to the passage of an electric
p eht tHoud t Re PBRYRRRCUGHOT s AT Be BPPFEecier@actor
inbaiakipds ofulbighingm,t thNGRRlFERS ag;@lmmmgg Hkgeve
_art. Exenplary light emtting polymers are discusse
S AU B EfS GReth 8r OPeE6239: The term | i ght absor bi ng

pol yrms ' ik®riO beviigiier pegted: By oadly JhQ b nclude agy o
. pol yner that is capable

interpreted broadly to include any polymer that is capable
of emitting light when excited. The excitation of the
light emitting polymer may be due to the passage of an
electric current through the polymer. It is to be
appreciated that kinds of light emitting polymers are
known in thé art. Exemplary light emitting polymers are
discussed in US Patent number 7166239.

The term ‘light absorbing polymer’ is to be
interpreted broadly to include any polymer that is capable
of absorbing light and converting fhe light energy to
electrical - energy. Light absorbing polymers are also
termed as photovoltaic polymers. A detailed mechanism of
how photovoltaic polymers work and examples of such
polymers are discussed in “Conjugated Polymers: New

Materials for Photovoltaics” by G. G. Wallace et al in
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of absorbing light and converting the |light energy to
el ectrical energy. Light absorbing polynmers are al so

w0 200992P08% phot ovol tai c pol ymers. A detail ed nRCH8GRON00281

of how photovoltaic polynmers work and exanpl es of such
pol ymers are di scussed in "Conjugated Pol yners: New
Chifat esl allanboat Rwot ovoltae cS0,bWdG . 1 G padklsl ace €b &2,
2OégChem’cal I nnovation, Volume 30, No. 1 , pages 14 to
; 2000. The term ~organic solution' is to be
I ntengpr ateath broadhyid o sateioho alsubﬁiabbiaiﬂQEIpreted
i C co ound in

ho eneous_mn xture of
brgalTREr S STTerte e et er o LKoo RCEERE dufftare of
anCorpaund @ampedﬁdomnt he stuyuaabmfe deviveati.t imss Sm&ﬁta@ir&d
for and na be a |ight en1tt or anlc nDIecu
abpyght tR& PEY ﬁ@l%ow?%% ﬁi devawe

ircandusii v pol yoer andit Ehabolt% ta afl&@@tt léﬂaﬂ&&e@erdﬁg@mc
or an organi¢c material wth electron transRortln
mobeepket i &s. 1FHRT orgHiitd ™ol BPL ¥R Fay De 1£H EeraRparping

poll 6BV E apy iBaaLEbl e Or gaNke £ONPOHRd hBaL-FBYnorting
present in order to facilitate domnstrean1groce55|ng

Pryperbigani ©sol @0 onCRES tonpriadErdgilt abrathddi 2ismdsron

trEH§£o§HP§§a@&b@%&¥1é§prov@hﬁheoPééﬁEﬁt'é%idQthhema be
organi ¢ sol ution. Such proEertles may include, but” are

fipbered nte egeneve pivhtiasolubye sspapici t:ympw% osiaty Y
bep Ife%'é%nci% oérciéle of gf?éflf‘@é’é'g | QB O Sl 4 a@i@cé@éﬂﬁd

maki ng an organi c solution 1s discussed in
Th@atogmanm msel u¥idgn Smav 6conprise t@ub‘@akalgmr@@dmma Hatat

suEPw?aﬁ{‘?éf% Ofirrr%é‘f% ol v ('"IW 5;% &-1dene t he Jype.
or organi conpound to be ol ve SUC sol vents
sodpeikmown tuch p@mspar3k¢$le@hyr1nnm§udeb bhe ta&ren not
1lm%'?é&' ”gctcP“’pg é(g Bﬂ{h APpl | Sﬂuﬁflf‘t%“”%&‘% ?éiw b&,r

éfpret€d b T ﬁclu e any property a
pestictagece hat Eﬂé(nmgamlcdﬁsabtmms.the spnéaul@gnaﬁhqd of
ma&?ﬁ& an organic solution 1is discussed in US Patent
Number 7,115,216. It is to be appreciated that the choice
of the solvent may be dependent on the type of organic
compound to be dissolved and such solvents are known to a
person skilled in the art.

The term ‘wetting property’ when applied to a surface
is to be interpreted broadly to inélude any property of a
surface that allows or disallows the spreading of a test
liquid droplet on the surface. This spreading of a test
liquid droplet depends on the roughness and surface
energy. Wetting property of a surface can be determined
by measuring the contact angle between the liquid droplet
and the solid surface. Depending on the wvalues of the
contact angles and the directions of measurement,
isotropic or anisotropic wetting property of a surface can

be interpreted as liguidphobic or liquidphilic.
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liquid droplet on the surface. This spreading of a
test liquid droplet depends on the roughness and

waebazwitnergy. Wetting property of a surfacePCHIGI97/000281

determnined by neasuring the contact angle between the
liquid droplet and the solid surface. Depending on the
Comérmblpf the sorfatinamjided s et tdndedshgidosr of a

1{RERHT D fet! S@éﬂg%!ec REGAUFOLELBEG: MET L NI RE ORRMEE1
of "a surface can be interpreted as |1 quidphobic or

etiuguiaphisé¢e. ERestaidnce tdfe Iprishdigansd Hendetting by

tting, behgvioyr o Fqui ca e ;

W\gl\%%{)r di %g t%'t hkg'v\éfrp(zeglzggﬁua??gagﬁs%el " Rée]nstlg)st}g}}riéglg4 of 9

CBehi dt Sy f Be®s, t28 WL mgdey IBEY br brbyh® Cadsie npdlion
I ndustrial and_Engi,neering em st 1936, ; ,

(BEge Gr@g)%)acgr %PHQ%Casgli e‘il'qugt ?én < sseselje’%lt%g]ts(s%afe'pf
thy KaraBay Boci&agsi B949) stugsignsl Of. t oWwarsadayin some

Soci ety,, 1948, 3., page 11).. However, in_sone cases,
CRRESbehhlVF ofﬁé%‘?a&g nogel egeac][él\évr8 if%% t%c%orrr?t;lcﬂq‘ai g% a
mbaif{sd @brihe) equatiton €glatidr @) ,arehketoware o khhese to

skilled, iﬂ he art. The termlIwetting ability' when
thppfri 8-1°% 11 di®d 3 S to be interpreted broadly to

referntorthg ahikiingobpalktgui dhep bpeelygdwedb theliquid
surface of a solid. The wetting abilit f a. .l utid
igebenls SRTERBTSHEF AREORMEY gies ST e SOt o y of a

1hghenf aesrbbey! gt €hgasuii@s faces @smid he The wetting
solid-liquid interface. Wen a drop of liquid js
apfiadty 8h a SHIRHY RHAES ogndDEf SPRS2ERt BREFGHRS at the

sOGGHL §as | Mdthe fhidest Shd uati@PRa-bhst henddpidd, and the
mol ecul es have a stronger attraction to the solid
seeidciigsidninkersars ace"Bent fe BBPe@f dsi Wotharedtared

o?xa%h Lhuher ’sutrﬁglclai, QHbg Wil Lyvet i ther sond as@uddonevies ,the
In the second situation, the converse happens and the
fijrgli ¢ kel ipend ifo ther mhisedds e advd SSurlfedGe and-y@n9er

a&%@cla\é'@ﬁ?ﬁh%osoc!ﬂed S facg,1 By neasyk i Rdet RRIr¢ABEAGHE the
gle of aliquid droplet placed on the solid :
object as compared to each other, the liquid will wet the
surface. However, in the second situation, the converse
happens and the liquid will tend to form beads on the
surface and will not wet the solid surface. By measuring
the contact angle of a liquid droplet placed on the solid
surface, the wetting ability of a liquid may be'
determined.

The term “contact angle”, in the context of this
specification, is to be interpreted broadly to include any
angle that is measured between a liquid/solid interface.
The contact angle is system specific and depends on the
interfacial surface tension of the liquid/solid interface.
A discussion on contact angle and its relation to surface
wetting properties can be seen from “Wettability,

Spreading, and Interfacial Phenomena 1in High-Temperature

8



10

15

20

25

30

surface, the wetting ability of a |liquid my be

determ ned. The term "contact angle", in the context
w@Rowlr®4speci fication, is to be interpreted bPCHSGI00T/000281

i nclude any angle that is nmeasured between a

l'iquid/solid interface. The contact angle is system
Cepetirdst avid Rdepidsingn 4@ Nnt Sobgérbl ik gee 2000, 52

(ignsionpf thentigui dis@iid inferfacencASEUSHIQN Ao
contact angle and its relation to surface wetting
dprepereies can bheseontirdmoinsthimhi $pei figetdadi ngor 2
. aci n i QR Tepperatur ¥ ‘al
B e e il i
afhe, cORt aefeangle ¢l bonteaturaw Yo gmaswsedi rgcttins™X”
Iln the cantext of thi I ficatio ; :
of B S e B, e gl Bhdinas anis amc
oy ongéfenk nalo axhe, grntefer sahgle henszomiract angl ghe MY”
peasured in the X " directi.on_being.perp [ .
dEHREC Y R T L axds Hhd iy st ggrl gg{ o%g %egggﬁ%%%?mal
arngl e neasuraduen éhe t¥e déoeicddtonapgial | €lx or Gy, may

UL A 0 o G B S

shi-gabdphobiraet yarfddesidedphil itdidse otwa suwnftace. Theles,

di fference of thes wo contact angle represented b
TBHT WAz e DG Y= RR -?Wbﬁr?, qrbndl“cae(yesﬁtﬁg)deg’r%%c@ftes ¥he
db§OLEOPY DEoRISOIIORN iGbtaoppt biENg PeopRid orobeety.
terns "liqui dphobic” and "li qui d&)hg Lcity"” (\é@en, .

ref eFPENGEBSa SUrFHEEPRAES 0 P& in égﬂjréi’]% Hridad) ywhen

rb@ebpehydecany pronesd Yaok @oSwd acerdhptetdeesbividly to
cause a liquid droplet_to substantially spread across
ipeluggneryl IBForertyhefcoht SBFTaRg ENBEt WOEN £9Y ftitPe 2

190phet anghithe swsfagepissagreal ey thanedl, td@ross it.
surface is |iquidphobic or exhibits I1quidphobicity.

Gehreatse; the Hher MPNURARF GIMDIS COS|IMP™ hydi 6pHOBI é%?@let
aﬁ?ZBF%%ﬁg%%%§%§¥&%gﬁegkéa%éﬂU“Qﬁﬂpb@@°9r1&&h|®d&$ace is
liguidphobic or exhibits liquidphobicity. Likewise, the
terms “hydrophobic” and “hydrophobicity” mean that the
surface is liquidphobic or exhibits liquidphobicity when
water is the liquid placed thereon. If the contact angle
between a water droplet and the surface is greater than
150°, the surface is defined as superhydrophobic. The
terms ‘liquidphobic’ and ‘ligquidphobicity’ may also be
used to refer to the wetting ability -of a liquid. A
ligquid that does not substantially wet the surface.of a
solid that it is placed on is termed as a liquidphobic
liguid.

The terms “liquidphilic” or ™liquidphilicity” when
referring to a surface are to be interpreted broadly to
include any property of a surface that causes a liquid

droplet to substantially spread across it. Generally, if
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water is the liquid placed thereon. If the contact
angl e between a water droplet and the surface is

w@e@anza043 han 150, the surface is defined as PCT/SG2007/000281

super hydr ophobi c. The terns |i qui dphobic' and

Aliqui dphobicity' may al so be used to refer to the
thewebhiagtabngle yoafweer iguiidyuidl |dmpplett had dbesspyface
. Subst.antially wet,the s ac solid t T R -3
ls;ﬂ%ﬂﬁ% Bn ﬁ§¥¥ﬁrﬁ%%’as ég inggéﬁg ick%iqﬁggﬁl?hg&ilc'
Likeetss, " | tigei dehivsi c™hgdrbbhgliidphidndi tWHydaophilicity”

referring to a surface are to.bhe.i.nterpreted broad
meapy ﬁﬁ%ﬁhdéjgiy ?ﬁ%ﬁ%ﬁ%y of ag%ﬁP%g%éliﬁ%t 85us§%%§£th
liguiigphdl deopy ebhén substantd athy Ipgead atrosd ithereon.

Generally, ifthe contact angle between .a |iquid
1f dF’g‘f)l GOagt han ?f%’@%wie?lsn%l r%artet’iqaﬁr%;‘g‘?hea“d the
sur$ﬁbgaaCeih§ s kbt dplel i c.tHd kews€acét he itser iBefined - as
! rophi|i¢c" and "hydrophilicity" mean.that _ thg
supeahYHEEPPEL 1§ qui dphi ETE o TEHFED t s RAGEBBREEF i  y2nd
‘1iwheapwal eeit e ey 4188 bolaeet dhefer dd dhkewetting
contact. angl e between a water droplet and the surface
abild tyhgdt a0l aned surk abeansd dehdnegtantially wets the
sur§dler ydrophblig. «hhe tier nbs| paHEd@hibhi G's akmed as a
i Iygglq hilicity may also be used to refer to the
liggdoppadiabt gty of a liquid. A liquid that

suhgtanti-ak!l ¥i wet Sob 107 sy faLs ©f o, s Qldh tﬂ‘}@e_lng'ﬁtéinbs to

placed on is terned as a liquidphilic Iiqu

& Wl iRSOPEsBYCOToNetitdBgr Gyl Liie ficpafethRlg 3t & iguid

drofBLhi gggpgg{agisy PLi1YeL th PO, abi FdAY dBANSH NAlg1-s when

I qui roplet has simlar values of apparent “contact
meagnigleds irom neldsdesantr osidiebtépeat dir &écriegadly, the

R e e T
thepernpendti cedtdonso aac potierdidwlax dig ect¢lonobher Y(ie X
i R Eo agEN TR oo sEaT e MReel- arthe, malder

gle val ues, the
the difference between the two contact angle values, the
greater the degree of isotropy.

The terms “anisotropic” or “anisotropy” when
referring to a wetting property or wetting ability means
that a 1liquid droplet has different values of apparent
contact angles when measured from different directions.
Generally, the contact angles are measured from two
directions (ie X direction and Y direction as defined
above), wherein the two directions are perpendicular to
each other. The greatér the difference between the two
contact angle values, the greater the degree of
anisotropy. ‘

The terms “nano/micro-imprinting lithography” is to
be interpreted broadly to include any method for printing

or creating a pattern or structure on the micro/nanoscale

10



10

15

20

25

30

greater the degree of isotropy. The terns
"ani sotropic" or "anisotropy" when referring to a

wawioeeg4property or wetting ability neans thaPCESG2007/000281

liquid droplet has different values of apparent
contact angl es when neasured fromdifferent
on diliecsnofsce Genex abtlystadte dontamtlemg es rarlsl mEdduree

ackiom twg, dLrectong (ig X di pection andeodi rectign Ay,

ve) erein rons are
tempes pendiecul ar atn@l eacbrebberesThe gr eatzer t mgsthod of

.di fference hetween ont act vaIu S...the
ml%?%;d%aé}mt"ﬁ’e“&%dfl@e 1th ﬁF&SﬁP’op“gﬁ“ T‘%ee F%F qeron” us
pat &@nohikeso-5,mperi, ebbng | it hography” is to be

|nt reted bproadly to,include an t hod for rjntin
Ty TidtekeSsr 16 Fiope wnbRtppered & bl
ang;ﬂ BEHéH’éQQﬁga‘cﬁQB the sy face Phnge SHBSLERLE BY (um) to

applying a nold with the defined pattern or structure

abount t heo sui f acehat teemt amhctmmatw%' aed Lpara!sstmnsesm,
A net hod of mcro/nanoipprintjing lit | can _be

re e B TP (S GE SPAPBRT L R e e PANEEar m
"mMTHOSEaHR " “hendsrdie ntLeriy epedihvetpiedtede wyinclude

dimensions that are in the range of about 1 (nra) to
anpbolitmero- ong . Lk tasrem Lsileroseboet uredim-as usky term

s DL SL My BIELS 10 &%ﬁ“%te%%ﬁecgi‘[@r 's%kggtuﬁéy@ Sing

eat ur es. e term "nanosca is to be interpreted to
“nanes$ calesamy dis@n@pcne"tﬁa@tlax@ bel ow about 1 mMm.

TheI‘]%efer e l}ﬁlno‘séﬁﬂem u&?ﬁengforyg . q%r e{;@ 154 elntegrpreted

structures conprising "nanoscal e' subm cr
brbedtwr eo. Theludy nahyhrseteud:utmnsnonﬂifqunad béeatures,

imPLELP! B BLPRILY LR Lrslie B0 SR E o pons
(thbthndad erad w\earli ati vasigthogkness) dpukel | as

\égril’lﬁe%g %J?%}At\ 1R %Igd}lca-lihﬁ ser*g(])" éeggjé(e::pfm(::eated g’réaodly
to include any relevant steps that are carried out in a
serial’ manner. For example, the term “hierarchical
nanoimprinting” refers to the sequential application of
nano-sized imprints on a surface of a polymer substrate.
In one embodiment, hierarchical nano/micro-imprinting is
carried out using two molds that are applied to the
surface of the substrate separately one after the other.
In other embodiments, more than two molds can be used to
create a complex hierarchical structure. Typically, the
subsequent imprints have smaller dimensions when compared
to the . preceding imprint so that the hierarchical
structure exhibits a variation in size along the height of
the imprint, that is, along the z-direction. ‘

The term “glass transition temperature” (Tg)‘ is to be
interpreted to include any temperature of a polymer at
which the polymer lies between the rubbery and glass
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to include any relevant steps that are carried out in
a serial manner. For exanple, the term "hierarchical

wmma0v9029043 nt i ng" refers to the sequential appl PCESGINNT/000281

of nano-sized inprints on a surface of a pol ynmer
substrate. In one enbodi nent, hierarchical nano
sYatias-o- ITPE MeARg ithagarPPrEd BUE Gsi g e Wy lipleds bergpes

e APPLLEd 1 taﬁdéﬂ%}é a%@a%ftlEheoéuBé‘tEE@E@ Sfe‘f%&%fa%h}én
one after the other n ot her enbodi rents, nore

witouto| e darrebe udkdveothisattenpesahprex ﬁiuébarp@ﬁb@ﬁlfs
cgrg r uxfé ur§1 B@Qi Car!cl Y, fltcnve S(Hpi%erqu%@ess%%' nts Wﬂ\éﬁ the

snal I mensi ons when conpared to the preceding
t¢mgﬁnartturgo afhdthe r@ommrml@alb@kmucthﬁ eTex lvdneraldy,
v z g t L rpr i
t %{?8‘{%&? al on%it eé&? Hﬁégtf?%% haeg%le%%&gl[gsé%h that
it raiisl thmeakt erﬂnp@r at @rte'éseTi§; agpiiedete nthey predtysert.o It

s?FQMPdg aqy %Ppghatu%ﬁeOf a POl%n%r atsﬂgr§af3%%. tlon

lies ebetween rL?bbery and gI asss
tmﬂtﬁ@t labov e tcyneadrual thanmiiyimt bedonies suhj)ea:ty to

can, undergo, el astic % sti ¢ defor 0
SBPS cFar Ll SeBrRRing i DHARL b ThERY hor il
é?giu,ﬁeﬁa.h@ fthawkusdey pfa@&i@ﬁey Wrenthbe poagperat m-te: )
of the mer. fall elo he T9 eneral ly,, the,
TS ST Che BB LTREF ShL T cr il T (4% Lt atigp of
fiimvuﬂlckblre%@k wres @, Sifesbel sle@ppbiieHet it hes padiyieihe
It shoul d be noted t%at the Tg is not a shar

PetlansiHians T eRperatare bEEMBEHR BN t?%nsﬁr{)eon &0dYrex

senibieate 10 SonR® Markaljlassdependiitg can tdperature is a
experimental conditions (e.g.,_ filmthickness,

sPaetiidG t y e heth¥ ynef, E%ée}Y TRET&RE UaPPTY ofNa

1pobydmizdi | mweldsyaryrass g fdmnctipafathickm values of
thickness. The T9 wil|l be defined herein as hging the

PRUITETA adyt r BAsi PPN T ¥hpdratitur EP8F EReitynesottware

<3UPSY A ©r Phe tbuldy gbpgs. transition tenperature is a
specifi'c value that is wdely agreed upon in the
The term “plasma treatment is to be interpreted

broadly to include any exposure of a surface to plasma
such that organic contaminants on the surface are at least
partially destroyed. Generally, such plasma 1is low-
pressure oxidative plasma such as oxygen (02), argon, and
mixtures of oxygén and argon; generated with a radio
frequency (RF) or microwave source.

The term “substantially” does not exclude
“completely” e.g. é composition which is “substantially
free” from Y may be completely free from Y. Where
necessary, the word “substantiélly" may be omitted from
the definition of the invention.

Unless specified otherwise, the terms "comprising”
and "comprise”, and grammatical variants thereof, are

intended to represent "open” or "inclusive" language such
P
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literature. G ass transition tenperature val ues of
pol yners nmay be obtai ned from PPP Handbook(tm

waofovnzaoes edited by Dr D. T . Wi, 2000. The tRCTEG2007/000281

"plasma treatnment” is to be interpreted broadly to
i nclude any exposure of a surface to plasma such that
tihaganticeg ontariurint sceri tdte Ridiepdsar ®ust ledgst permit

1RaLLL Al Yo A8k oyl Snplaliveg uEhoplasm | S
OWpressure oxi dative p]llasma such as oxygen (O 2),

ar gols wnell Medelines tbe dxygeNakbodt 'y goypiaqpdder ateeds +/-
wth a radi o _freque (RE)._or .mcra e spurge. The
°f ero% " Eﬁ%stsgﬁttlegl I@a%‘}@;edesm)ﬁg etgall?&\eﬁycoﬁgl e%é’l qu the
stafed avebuposmdreontwhichliy +45ub3%anti ahky staget fadme,

Y may be conpletely free fromy . re necessary, th
M@bT dym@&ﬁ@?ggt il I'“y"£ Pray’ fgeg}b?ri tsttsg\g?lr ovrﬁqt e &rdn ke
topitaily or/ef 18e dsMvedis optatisdl esmliseeci Ahad even more

ot herwi se, , the terns "conprising” and "conprise", and
LYPAFIRLY i~ \parr’l"’aﬁﬁst?ﬁegg%tf?é a‘%eluient ended to
represesighRRentnid gibehusive, kapghage eabbebihahtshewny

include recited el enents _but al so peém & i ncl usi on g:f
bgddiisicenard dir &cit&Pel EnEMs. AS Gset fels n?mf%g ood

th8EM tRbOUescrtiyiical | YnmeaRsqge/ - rotaet the siatad for
val ue, nore tglpl cally +/- 4% of the stated val ue, nore

copperuPPse and gt tthengd atharidamed, Bor@nsyFues| By, an

itk1e29 08 thenistatied vahuecneveBcopse s piad | Yaidclokébd
of the stated value, and even nore typically +/- 0.5%
rehgehe Beaeedindue. thFhrdrgHdwtioni §Tdies 13g¢iH should be

c?ﬁgﬁéépeﬁr@q{mtﬁé@%ik%%lqgisngéfgsé@ & T HWE possible
ormat. It should be understood that the description

suh-ranges f of nielis averigldi Wisuadompawrdred aivd UsteVittyiin
tﬁgg %Qlléleq N RS GRASLT &%Lpgﬁohnfdﬁxé bl&nge such as

I'm tation on the sCope of the disclosed rangés .

fAcwordi higl 5 theuliésdre peoonidgresd r apgdagigouspedpfically
disclosed sub-ranges such as from 1 to 3, from 1 to 4,
from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc.,
as well as individual numbers within that range, for
example, 1, 2, 3, 4, 5, and 6. This applies regardless of

the breadth of the range.

Disclosure of Opt'ionai Embodilﬁents

Exemplary, non-limiting embodiments of a method of
manufacturing ~an organic ~electronic or optoelectronic
device will now be disclosed.

The method comprises the steps of: (a) providing a
substrate having a plurality of banks formed thereon ,with
alternating well formations formed therebetween, the
surface of the banks having imprint formations formed
thereon of a dimension conferring a selected wetting

property to the surface of the banks that is different

13



10

15

20

25

30

consi dered to have specifically disclosed all the
possi bl e sub-ranges as well as individual nunerica

wa 2000029043 t hi n t hat range. For exanpl e, descripPtT/66G2001/000281

a range such as from1l to 6 should be considered to
have specifically disclosed sub-ranges such as from1
from3 thedf repriate ©f themuells;5 tndm @)t oddpositimy 2 an

., from3 to 6 .etc as Il _as individual nunber
ohfeni cRAltihgehFor chram’s, {omnetion holglR e

walnditg . piftperiappbi eshe eparks essuofs they bfeadiie afolfi€ on
range. Di.sclosure o i onal _ Enbodi ments Exeppl ary,
d%%%gﬁ‘?anlttlshned:eéDr%gﬁi E}’E%& g?a%\t et Hod ﬁﬁﬁﬁ%gg‘fluri ng
an origanigpel ct fonL WnoOphoel Bst §omd ta1deyi Tehghidddinal
.nowhbe di s?;xl osed. The net hqd conprises the steps of:
1R aF BPBui dPAGSARs GBS MO THAY dgrRablaRaPrE§oF BRARE 2
160 Meehdhar enn v t hriad t enmed d hgr oveldt foasMadalORS e red 4
{ her ebet ween, the surface of the banks having inprint
I3 mat iBits f OfmediFREFRbN ofomradilvedsi o< eHES | ngleng
1oehEei@thatet 4%08 BhePerly thdhgesurdace @ thebapks »
that is differentfromthe surface of the wells; and
S?‘b‘?“‘élepéﬁtti n@fan_lélipgfdﬁlitc s&PLERBFPTIt ockhendiny  along
1605 MBidONs, er ehact e Weh i Nt PrRPeLEY 8EnLhe banks

causes any organi c solution deposited thereon to be at

| easthPatt It I 9eeqsdt Itde Irgitysiiond poemariforbemndirst
sbe &E”Eﬁﬁ%iﬁ%|ﬁﬁﬁﬂéﬂf@hgagnﬁntﬁQaEST%%gﬁﬁggﬁha§%§Xﬁ§ the

i nprint formation extends about a longitu
sqpnd meeitnt of orimetiions fAeynabihprd seam fie stinsethef range
seTRUIY EPLARLRANSAEPNdLNg: 8laN0 LendbbiOl nal  ax 850,
that are parallel 1o €ach other d a second set o
99 mprbavt f Or et kbryteibendidngbabbngsd drghbadt ngd®.axes
t hat e al el to acgl her . The angl e hetween the
T € bg
| ongi t udi na axeéa_yz)f the f_ilg%st ogetaofp?%ﬁ?rnjtc material
atioromah omsy andtehdal ohgat udsnalapakés off theéng imprinted
by a mold can be used.
The method may comprise the step of selecting a
thermoplastic polymer as the polymeric material for the
banks. Exemplary thermoplastic polymers may be selected

from the group consisting of polymethylmethacrylate,

. polycarbonate, polystyrene, cycloolefinpolymer, polyimide

and combinations thereof.

In another embodiment, the polymeric material may be
a photoresist 'or a photosensitive polymer. The
photoresist may be of the negati&e working type or
positive working type. Exemplary photoresist may be made
of photopolymerizable monomers such as acrylates (for
example, polyfunctional epoxy acrylate or polyfunctional
acrylate) and epoxy resins; or composition such as

combination of novolac resin and quinonediazide compound.
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second set of inprint formations may be in the range
sel ected fromthe group consisting of about 0 to about

woOMvakows O to about 45 and about 45 to aboutP@DSGX#000281

banks may be nmade of a polyneric material although any
material that is capable of being inprinted by a nold
Exemplpey uBBEtoTHRS Het W doahy ipry sket hadet gf pplyimide

Orsg#gggg’)fgfﬂqﬁgwj astic polyner as the polyneric
material for the banks . Exenplary thernoplastic
pol §attabhay Hheotosksdséd M@l iHs gibgpudsnsirsivhgbased

ne@%&%@eﬁt h%%%%%%c rs\dd”ht e’aspobgggﬁbq@@éf‘%ﬁ p%!xi,ésitlléfﬁ@e’ from

ool e mer, polyi mde and conbi nations
Mithe€eeh. Conp anof hdewembodiaerrchused tsol Ymetied Ahekedapt
Amggy be a photoresist or a photosensitive polynmer. The

p ot of esi st may be of the negative working type or
posThévepaiomiamg t ypeer Exkenplaar yophet opebymser nepmpesite
made . of ot opol yner.i zabl noners. s ryl-age
Wh?F%EY e%%gg%‘é?g%o’%{% u]%%t?%(%% Epoxy lancclrjo)%gjé)? %‘t%?* ¥58htne
pofighgtunctiterra @ortyilcles) mnd epoxyleesedisfron the group
conposi tion_such as_conbinati.on of_.noval ac_resin_and
Coaﬁ%gﬁgai a2f d&3 (‘):rlf‘blg‘unﬁ;f‘rE?(‘éI?ﬁJtrea{ryfﬁﬁgf%Sen%ilr S|Sveflg'ers’
capbbyNELbERY, beativsie rafnqialbsismate abixeyebootiedtayl yner
. Suitable otoresist. materjals include epoxy based,
negati vé& r%@h’%? s BRERCHRT lcgfgmtRFeﬁogéfm§5é¥l gprerial
uskbaorad esehemeCaignk0f siNewt ®nnovhssdchuseli £3]y Uabhadct
States of Anerica .. The polynmeric material may bﬁ a
CLp6EPHEL CEORBESPER her BYSpar  F et B TR e RAIER ¥Ho5o

makBEQRPOIsHRD dWiddt t hgoPodiR1 1y These: paith CkRe Ryahec
sel.ected fromthe_group consisting of calcium

sodytbeRat®, thPbERSLSgl 58S FRBRFRLCHDIMS i P& tchPBEA-
Tha Rl WARS: 1 2N chaleXt Ui edalh e Qfhosldh itH t@¥®r mechanical

stigggggta%%grggﬁts%ggiggt¥n2%bccg%hgggglinertness to the
organic solvent.

The polymeric material may first be deposited as a
layer on the substrate surface. The polymeric material
may be spin-coated onto the substrate surface.

The method may comprise the step of nano/micro-
imprinting lithography to create hierarchical structures
on the substrate surface.

The method may comprise the step of treating the
substrate surface with plasma after the banks and/or
imprint formations are formed. Exemplary plasma treatment
includes exposure to argon plasma, atmospheric plasma,
ultraviolet 1light, ozone, oxygen plasma, peroxides or
other oxidizing spécies. The plasma may aid in the
removal of excess polymeric material from the substrate

surface. For example, any polymeric material that may be
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used to formthe banks should not substantially
conduct electricity through the banks. Furthernore,

wo b@pzoyireri ¢ material shoul d not substanti al PgI/8€@201/000281

with the organic solution in the wells, the substrate
or the circuit board. The polyneric material may be
dicsbosed tom ctdnd ewehkclragiioal metyr érgt hemd¥eed nabking plasma
N b||tty and chem cal inertness to the organic
r§8 Vet:” The polyneric material may first be deposited
as ahéayﬁtmdtheysmgﬁs& sthéaceceplherfpot yeweriey the

terial spi n-coated onto the, substrat .
03E5E acB/RTe TEEHO bray? OIS { HEL S epPof T uorinated
con@Bahll GMOi pddnt tHQ ahnnbagm@@hwdalefgea@@operty of the

hi erarchi cal structures on the substrate surface._ The
bagkeho I\ TconpFPEE | he FRFBRE B 1 eat | HPH heS¥yBRISat e

r1oukhagecMi t §apl asp afd eliskhe banksugngdor dinddadle the
formations are fornmed. Exenplary plasma treatnent

hydrephaescEkpostir et Paryo ﬁ%“l/ SEMAIPEL bsHRERT 't Pras m,
ul t raxi Qhebrhhghbs GRONSuLMVBEN RUEHTR e B 33 elted
ot her_ oxidi zing species. The plasma may aid in the,
froanpbhe Frawcessnpdbiiieei chmvdesal feomtke silicon,
qu%lﬂigg rabeasuLfiaceiadiof. exanpl e, any polyneric material
t hat 'may bedi sposed on the well region may be renoved
usi Afepl @svhrtmedat metitrfackhe st hodureyeeonpeiBEishe an
el%%%&oefe tr eaidypg gl & paBks aﬂ%or LMPHBh &egaat bﬁ”sthe
a fluorinated compound order to 31 ust the
sumwahg peopépty obefiee ba’cm@ aﬁuﬂr@*tuqmpruqft banks and

exa n e e
i SSE Rehet o R Cenith sl GBI up s
degrglitedi mpr i bhef mmr@m:e, S'I'tnefarrm eefberofthehebanks and
im?é?%‘tr at & r?fé‘ig{&% may. be selgcted Tﬁqm”éﬁ'égt?&?&p ay be
onsi st ng o ass, ceram cC, silicon quartz, rrenfa}’l
de@ndlpbdstmmrough means such as vacuum deposition,

sputtering, electron beam deposition, ion plating,
plating, thermocompression bonding or <chemical vapor
deposition. The electrode may be an anode or a cathode.
The electrode may be cross—-linked to the polymeric
material.

The anode may be a conductive layer which serves as a
hole~injecting layer and comprises a material with a work
function greater than about 4.5 eV. The material of the
anode may be selected from the group consisting of metals,
metal oxides, graphite, doped inorganic semiconductors and
doped conducting polymers. The metals may be selected
from Group IB, Group VIIIB, Group IVA, Group IIA or Group
IIB of the Periodic Table of Elements. Ekemplary metals
may be selected from the group consisting of platinum,
copper, silver, nickel, gold, palladium, indium, lead, tin

and mixtures thereof. Exemplary metal oxides may be
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The substrate surface may further conprise an
el ectrode. The el ectrode nay be deposited on the

waeopenrwt: surface before the fornmati on of bankGT/a6Gz07/000281

inmprint formations. Alternatively, the el ectrode nmay
be deposited on the substrate surface after the banks
sakerctehr fAenf diwat §opwP aconkbshidy Tie keatt paddepmyzinc

besdeppsi gd gh, C . yacuum.depasi tion
O_sputtgeri ng, e(%geg(:c?érj’onllg(glg%?d%%lo%i?az?l&yn?’ ilélnrglp a?cllﬁlg,c’xme’
Lt aPkhde, t Peonosbupresdsiwn borixk ngcadnithenttal oxdper and

(.90, electrode.may_be an. anode or a
LA 6%%ﬁ§¥ﬁ§££$ecgf%ﬁémgﬁ%sbérc?%g%%I?%ﬁéﬁftq?xiﬁ? doped
wiioh yner i subtiele al dopdiie. anodexemyl ey a dapalictimerganic
. ,ch _serves as_a hole-ipjecting |a and
s%ﬁ%%ﬁ?%ﬁ£§qgsnaéé?iéf ﬁf%%C5F$n£to?uhﬁg?%n¥gﬁéatgFQPﬁaﬁV
cmbGuoud. BAevf tThe mwetrdodat @bblBeo@n@demBBysbend may be
selected.fromthe group consisting of netals, netal .
SETaeE AN, THBHRA PO Yo% orf HohiRiv: ST um,
galbpiath canswicidagapal WRftsireEhecHitalrs My xReps ak-¢Ct@bed
, fagnugkoup IB, Goup VIIIB, Goup |IVA, Goup H A or
“@otp B SOPHEPer M ¢ PPabl G EPendfOs  Bhenpl P
comdiadtsngay dre gRlIgead thepm bb@?@wy@l&pn $1$01% Phene,
| atinum copper, silver, nickel, gold, palladium
COIRHIFREY BRAYIEFR- aR@PH KEGh e nchegdratExefprEagyeot -

et atheOxtHeskhdys begel eed ednbhompldle 9LOURLANS SihNGhe
of |l ead oxide, zinc oxide, indiumoxide, 1ndiumzinc
TPIYCT | Heptim PPRAM okPdébopitn S8Rrae, rregreshlim iabdlim100 |

niXt € apead Mk, N s e, Ak st ur 85, tihei e0fn The spout
nmetals or nmetal oxides nmay be doped with a suitable
nt. Exenpl ary doped inorganic sem conductors may

be s@lechedoheomLG 8UP ! Hona G oUP: Ifbréi@errb%h% \é%r?fes as

the Periodic Table of Elenments and e selecte
af 1R NglalipcEdngi sevay ahd sihigonsongerinees wmmaterial
widtd |d UBALReR dendRd ol Xt 8L s, L OS8O - AXGIP! Ay, dared
be a metal selected from Group IA, Group IIA, Group IIIB,
Group IVB, Group VB; Group VIB, Group VIIB, Group VIIIB,
Group 1IB, Group IIB, Group IIIA or Group IVA of the
Periodic Table of Elements. Exemplary cathode material
may be selected from the group consisting of lithium,
sodium, potassium, aluminum, silver, magnesium, manganese,
calcium, barium, indium, gold, rubidium, cesium,
beryllium, strontium, scandium, vanadium, zinc, yttrium,
cerium, samarium, europium, tefbium, ytterbium, platinum,
copper, manganese, titanium, cobalt, nickel, tungsten,
tin, alloys anAc‘l combinations thereof. The cathode may be
graphite or graphite interlayer compounds . The cathode

may be made of two layers to enhance electron injection.
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conducting polynmers may be selected fromthe group
consi sting of polyaniline, polypyrrole, polythiophene,

w@opremsed pol yners, copol yners and deri vati VRGI/SG2007/000281

t hereof. The thickness of the anode may be usually in
t he range of about- 50nmto about 500nm preferably
abouthel Obhicmdss abbuth80@mrhoner eayr écfeera@thylhsbomn the

120n 0 ut Onm The .c de nm 0 ciiVv
SRR ST G T TN (RdeRd o Ay g m
tmknl@dutc(ﬁﬁmrmsemoae mateféadbWw tdbcat! O@nwotk &bioet | 200nm.

The terlal of the cathode may be a netal | ect ed
rorTs chdincdeg o T I BBRLrPTed May s Ve
tcVBaHaaup_l\élhB tapaps\ﬁtﬂlﬁ;ucﬁi oup VIIIB, Goup IB, Group
HB, oug | HA .or Grop%VA of _the .Periodi c Tabl e

El e Npensiang: P tabhSd82Rrefer TP A Ufé’rg‘glté{?fl@d and

wélmnrﬁiys o QuptBensistoogand di tihi whe sadbybrle.
pot aSSI um ., alum pnum silver, nmagnesi um _panganese,

cal ciitfin PEHERUAT | TR URRRIGDIRY 1 BB 4P LEedPufpe range

obesydild UM Sind @Rt ladlatS e8Ndin) Mpr¥ a8ed UM add¥C,0.3 pm to
ttrl um cerium sSsanmarium europlium t er bi um

aly?%r%.wm MOrgt PRERTTROBHEPC0 Harfyan #de Fof RPSHE ufy B

cobatd , ohk ClRlbodi MBEE! eRnel iKk i fd 0Y8 %&@ COMIMNakLENS £
thereof. The cathode may be graphite or graphite

IMpEBYY alBratdinpsuResreFReNE avhok et Payh B Ha e gfhe enks.

Aé@é(z?c‘ifn%lcy enhiance; £l 86b5 QT nd Y eC*E}h@”th&h% hbﬁk'%%s Bfrst
t he cathode may b e usually in the range o about

sgonAft dmabbut S0UAR 1opy em@Yabeyuab@mywnmth@ aboge of
aégg@% fore RLef %aﬁt&l Y. AbQHt ZQQﬁ%ﬁ’oﬂP%&o@QOGW g;Eheto

trate and t he ectrodes mm transpar ent
alapwovi i gmoreoppagsrehi v u@tbputrlﬂe 5d|ume i ehgu’of 4.

banksa I Mot QEMHL005: 0d, el SpdBY Peddbdd et of

mi croscal’e or in the nanosca e| g
ihprkst ndprivagiagsalday i havhe dahige-eaoft aba;dtho.QmmnSiomls

800Ut 4 IrdenPLef,ELabl y about 0.3 nmto

'The width of the first set of imprint formations may
be uswally in the range of about 10 pm to about 1000 pm,
preferably about 20 pm to about 800um, more preferably
about 30 pm to about 500 pm.

The width of the second set of imprint formations may
be usually in the range.of about 0.1 pm to about 100 um,
preferably about 0.15 pm to about 50um, more preferably
about 0.2 pm to about 30 jm.

The imprint formations on. the banks of the substrate
surface confer a selected wettlng property to the banks
that is substantially different from the wetting property
of the wellS alternating therebetween the banks. The
selected wetting property may be hydrophobicity or
hydrophilicity. Furthermore, the imprint formations may

alter the degree of isotropic wetting of the banks.
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about 8 mm nore preferably about 0.5 mmto about 4 mm
I n one enbodi nent, the height of the first set of

wo REPI02R045 or mat i ons correspond with the hei ght PGf/SG1087/000281

banks . Accordingly, in this enbodi nent, the height of
the first set of inprint formations may b e usually in
t he Thgngé&L ofermpsst Ot 1then vetibodt Prepemty prefwasabl fhe
paAQUL a0y 3 (HD L p € |t Uty 0.
R G
orfgsryiat | grmsluarddnseconditsetomd | epbodimdror,mat tlons mmyrint
:gq di f.fer ] [ Si rel atjve to each
:fot%gﬁgb?heIﬁ#&th%%J%ﬂen¥$rsgﬂ§et%g‘ %rnﬁ??ﬁmlng more
arfigrorgbpdrs hydyopbebiss uas | yompatde tangee ostiréboutoflOthe
to about 10 nmm referahly about 2 0 . O . ...
Y abdt 80§%ﬁﬁ1,gﬁor8r%?£ %ra(ggﬁ%(%ht%fvﬁnﬁnrggdgﬁgﬁfllc
weB R0 ngm abilhe ywi it hdedodiedsenond sled efibsbpatat surface,

f ormati Qns b e usually .in the range f about . 0.
O ARG O b i T p 2 ' b7 b G W0 A5V o5 hbuRY
the0nMydromiiabipr efi@fald yoabatt GhahiEn amfi abl@pbs&kc) 0 iMM the
e inprint formations qn .the banks of the substrate
W%E%Fﬂa E8nfER %Véﬁﬁéﬁﬂ%%ﬁ ﬁét??ﬂ@aﬁ?%p%?tgk% L3 Fe
bankset hahpt s ulbstaati shd y mdivf f 21 @ntinf r ol t he Jaelti ngr
o Eroperty of the wells alternating therebetween the

S THRMWEEct FEETT ng IRy milplgte that  are
difypdisephehicsit v QbnByenaphili skly. FHbiheraRbee, thfen an
inprint_formations may alter the degree of isotropic
CXGESS IRf oPTHE DaARTERe disf fdaRafdd ech ihe wet¥sthgwell,

tH Qperdas helgaeer Lheubapksnapdotbesyeh! s8Rt dihPrint
the deposition of the organic solution. In one

foameddiorent , PbRete nphe i fimrandeons fey Mestingi preperty

ofbanks Piﬂﬂqgfm{aeci%iss%tﬂcppéffe hygrof b&il:?ilqsty of  the
conpared to the surface of the wells. en an organic

orgePdC e likdPrRg hher opapnie feteiign abs | regulsed by the
infeReRI t edrRRt Do dde ssHbsiLale S%ﬁ%@ge’along the imprint
formations to an adjacent well. '

After the banks and imprint formations are Fformed, an
organic solution may be deposited into the well
formations. The organic solution may be deposited through
means such as, but not limited to, inkjet printing, spin
coating, dip coating, roll coating, spray~coating, blade
coating, flexographic printing or screen printing.

The imprint formations on the banks may allow the
organic solution to.be deposited in the well formations by
inkjet printing without substantial smearing or
interaction between organic solutions in adjacent wells.
Hence, the imprint formations may aid in tﬁe positioning
of each of the plurality of organic solutions to

individual wells.
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the organic solution may be at |east partially
repell ed by the hydrophobic nature of the banks and

waelposea43 n t he wel I's, which are hydrophilic aBCT/SG2007/000281

conpared to the banks. The inprint formations may aid
in the passage of organic solution between subsequent
wel hs tihlatragrie vdi sqﬁ)sesiPHhmg echoagningi n‘aahi@xi srg&mic

soTXRTBkLe: V"&e”b@” dEp5 ﬁé tga”é e S on pn. . the

eposited tn af excess organlc so
sulngy raver f | our faden th:euwkn‘pr aet flor maal oms.inbheatio tdfe a
cfigekiRaes LR Ip WRLLL NG PLORELLY R LACLTRII 0L v
Sriati-on RE EhePhdt H g% &"8Fgani'¢ ay
ofsofutidremtteimgy gamduisod upreﬁems bﬁpl.ﬂfﬁsdpb;ynﬁﬁ'@d may

i.nmpri.n ormati.ons and_ hence, the inprin
ey EhEe T kyoey Moncidanic Ateligns thrpeBhgilar
arcpl iof tie nBubonsated & f PoAEdxaRplef gani eheokdhubactaye
fge deposited into wel | formations. The orga

th
& GFh (e BEtdgpoLt ol PhGUGte FeNi tacAEaEhe bR LNt

had@t rhdyn &@dtt Bnei BkhehiPr kBLULBYon SRbALEVALhd0an dbPganic
coating, roll coati n% spray-coating, blade coating

Lighdy GHFESATE SPPROVRY ©F 2cFEett pidids fg. aﬂffér?ﬁp?ﬁatof

welalsmaiiions SMnderkanks yMmyndichew ke rganig asehittong
to be deposited in the wel | formati ons by inkjet

copdudttisng M@t hehtt s QR aPreaBafi ngPHrtion eFé?EitPéﬁlng
or@%tn%enlfgfgﬁnéﬁl@%g I 8&§p6&hc§s,dl @_@eat MRldns ddanee, ’%o a

the inprint fornmations may aid in the positioning o
sesgei ofet hefpratdpi t Justhormars c 3oPhurehsty oof organic

sdiR@iurdual p el 1i5e A @éﬂg&g"ﬂéc}/ Of hSPEGY S &C’%%Péi‘ﬂtﬁa' 8¢
organic sol utlon may be deposited at the same tine on

carhg isigiest rat érsuifla%@ds siuclthaas W]&tpprmh%d of a
convent L9 fp é'Eb Sk 8£%§M5‘95<§J)/1§Efdﬂs rY“%%f %‘Er ‘EheaEame

array o emtting conduits present
tyme n@heatdynéye erd t adidfifdeenntt ypyes ofs mfgmnﬁdsowt £anh

ogﬂ%rpar%h1QJ%{p&urallty of different organic solutlons is
to be deposited, the different organic solutions may have
similar wetting ability.

In other embodiments where the same organic solution
is to be deposited in all of the wells, inkjet printing or
spin coating may be used as the depositing means. When
spin coating is used, the presence of the imprint
formations may aid in the positioning of the organic
solution in the wells after the organic solution 1is
partially repelled by the imprint formatiohs.

The method may comprise the step of allowing the
organic solution to dry or evaporate in order to form a
layér in the wells.

The method may comprise the step of repeating the

depositing step and evaporating step in order to form more
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areas of the substrate. For exanple, in the
manuf acture of a OLED, one set of fluid-emtting

w@odoeaods of the print head may enmit one or ganPCr/sG2007/000281

sol ution containing an organic light emtting conpound
of a first color to a first set of wells while
ERAPPEN Gy, 1Bn6t & s ePToftF | HRAERHTT t PG SORYTTt OF
o ABYn BN domyAe b rekgani €nSehst®M cont ai ni ng organic
l1ght emtting conmpounds of a second color to a, second
set Bt fBPPLINERtE hePREPe MOF Sl HraR i OPeofidffanis o be

dSPbsiQnsiiey heidepeskt edpbRriedal atRbuidly the ofhe same
cartridges or print-heads in the inkjet printer. The

op| BrEl Pey Bffergati-c sbPut PoRBP Ry Be fdfsthe aygre MAypee

dQ%o@?MaPetﬁ%o@b@iEﬁfﬁeega£¥@§ 884N LA 0 KA may be
other. Wien a plurality of different organic solutidns
dewosbrest Riepadiiedd priReidgf f erent organi ¢ sol utions

nayfﬂ@¥ed¥ .h@r Q@i&fﬂglama&it¥omﬁPi§%h%{ gﬁgggéﬂ%igfﬁy
where the sane organic solution is to be deposited In
hapdgeiequre mektyere i okj en Priganicg aompsping cigatd nguhegble

sgfv%&ed asrﬁé“esgfé’é’éy '{nﬁg !Feange% €Qd5%5c%o%8%'9”9&.oi Sthe
used, the presence o imprin ormations may aid
sphubhkitposidd onilmy afrdand cor gampousd| uendn thet heype of

wells after the organic i i s_.part.iall d
Gt BB o i ong R e iy Rl e T Feon
sséppinf oadid 0w v gréreveraganiun-silssdlerd ergrypior compound.

7 vaporate.idn order to forma layer.in the, wells. 'lihe £
t h83Y &y “cotipr FE T HeSEE BT 8FFepddt | nSF%eexamP er
tHepesbbhhng sbaptand ewapbsmadidingdstepind onkdestt prioting,
[ or to increase the,anmount

fn?{ethan otqgeol ayer i.n a Wﬁ”c : _
bEEBF AR - EomSBUE L6t SBREC Tt HEF el 410 | TiAimiing
ceohoth drent schwhena ndheatisan one layer is to be

deporlglted inawell, th dego%iting stteg ma% be the that

samelst REJIBES dFPFEPERT. MRS PexAifhl 2STWT | PRESTIfertha
mARYbbeCintegral to the operation of the organic electronic
or optoelectronic device. The organic compound may be a
light emitting organic molecule, a conductive polymer with
hole-transporting properties, an organic material with
electron transporting properties, a light emitting
polymer, a light absorbing polymer or -combinations
thereof. The above polymers may be at least partially or
fully conjugated. In one embodiment, an organic compound
may be a conductive polymer with -light emitting
properties. In another embodiment, an organic compound
may be a conductive polymer with 1light absorbing
properties. The use of the organic compound depends on
the type of organic electronic or optoelectronic device.

In an organic transistor the organic compound may be

a conductive polymer. In a photovoltaic device, the
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deposited through spin coating and a second | ayer may
be deposited by inkjet printing. The organic sol ution

woreapoozas | se a substantially honpogeneous ni xt BEESG10020M00281

organi ¢ conpound in a suitable solvent. The sol vent
may be sel ected according to the solubility of the
orgryani covpapedntagndavke doppichfiveepost t1ogh reahsoriThey

y conprise a filtration step in order to
prggéggg %ﬁy un-di ssol ved organi ¢c conpound. This may aid

in ﬂbmnstgeancpﬂo@m$3|@mptﬁamg estanpte, oicf rdlemergabight
em g Utlo V§cgeQP§JtS§La f]ng odeprlntlngh &élt%ghnga
t ganlc Sol it on nay alﬁ n1n|n12|ng c ogglng of
emﬁ.h’élxﬁ)@l ntlalyeads ankhe naganlmmﬂmmundanay dre aplactiree-
terial

b t t t f
crgpaanrind PR vOR RS fid et oS SR8 B OB 10Fex
hav?ﬂ@|FtMHnnMMﬂ@§ n?yhbe émittﬂﬁgéﬂﬁ?yﬁrpg mhganemectron—
nol ecul e, condaucti ve t e-transport
it Sr PRl At iR AL R R LS 5 S
houéaﬁﬁﬁm,pcbmzﬁf opelyidies, berwdeght €18 t tedighdud yn®id athe

ht absor bi ng pol ymer_ or conpi nation thereof The
emaagvég p&a\)’ﬁé’rsgfffbvn@e e | @nodeparthal Pplsr tEgppyorting

1agem UgRs edi d 1 RN e LARQdiafRINttheaka@hoaBi 6nC@RROUBEJERY ,
e a conductive polynmer with light emtting

OTpr @per #R e§lerhranot Fep sRAMod e ?Ye%nb@FﬁﬁﬁPc*ﬁﬁhpéﬁﬂ@e
anfABYtRE aereanduet | vayRel YaRE Wt MdighiraR$RIERG 1layer

properties. The use of the organic conpound depends on
betHeepypdiof aprgani @1l déter ofifétingpt beveet rgivang  the

angegl C&hd Mhae OFGAMNE 1 @RST £ 0Lr I N HAT A8 O GRTPRHYEY,
be a conductive polynmer. I'n a photovoltaic device,

thteheﬁregtépfpe & oapeREEr ey h@a%rcoﬁadctnh@e atdadeghin that
orgg§9rb'ﬁgrpé &ﬁﬁgéE*% e fl hQrQQH%%lh'gﬁgvggbttbvgmay be

evi ce or light emtting deV|ce has usuaIIy an
pradoded abraﬁhoggth@dd an which the anode, the hole-

transporting layer, the emitting layer, and the electron-
transporting layer are formed on the foregoing substrate
in order, the resulting laminate and the other foregoing
substrate on which the cathode is formed are overlaid with
gach other such that the electrodes (the anode and the
cathode) lie at both ends, and the ends are sealed. In
this method,'either the substrate with the anode or the
substrate with the cathode is transparent.

The light emitting organic molecule may be, but not
timited to, polymers that are suitable for use in an
organic electronic or optoelectronic device in the view of
stability after coating.

The hole-transporting layer may coﬁprise a
conductive polymer selected from the group consisting of
polyvinyl carbazole, polyvinyl 4carbazole derivatives,

polysilane, polysilane derivatives, polysiloxane
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emtting layer and has further (a) an
el ectrontransporting | ayer between the cathode and

we@piopo29egs | ayer (having the anode, the emitti nBCT/8GE07/000281

the el ectrontransporting |layer, and the cathode in
that order) , (b) a hole-transporting |ayer between .
dethuatavhedbanheg t AECRRE 1 | AL IAYSPTRHIRA GRS dfbdetde

ch%aﬁgsh()l &4 ranspartingligwer, tp%qe,%mahag | ayglyasdbine
or (c) an

e cathode in that orderJ |, ) T
deeligetivnst r aropykhiaphe¢rger betvebhophenanoderakatines-

mttjng,l r -tr orting LnBet MEE8n
po? Ke aL%%Deheg?Y etn%(e}gg%l%?%ﬁ@ Igy[}g (hgl{/l%néa%%y%enanoigg °)
detrheahdiest r andpor(2i ng-thyenyleheviryienag |aykreokhe(2,
el ectron-transporting. . dt C de . bat;
S Ehaery T iat clet R A | Mer IR Eaalaba% fno
layey heapr deuctsknmnd abpetikeohsi nofhiichkielie proddE,nd -hespin

hol.et ransporti ng | ayer he emittin e th
€O %é@tgr' orl eran%%%%tri%g i %/Jfér Cg?g}L%‘éf W%H!fgﬁ {:?1% %o%’eggllﬁge
cotthsig, atfeekbgpapierc - driimtriesubtr sgream patetiam t he

ot her foregoi ng sybstrate on _which the cathode js.

f or He§ a?‘@gBVe‘?q a#&yﬁft H“aeyacﬁ)eotrﬂ%?esﬁgtcw that® 4%‘2”“ EL
malegGangodesdd hengnodee: angatibe edt hedeheki e latw-boihcular

ends, and the ends are sealed. In this t hod, eithe
CHROUSGFst Pat BIAPTRCt F iTodECBr Ot ’subﬁ?agtp R t%P t %ge

1 &ALRAdRULS rt r afgRARRRE . idbEudd ghhpRRhblbng elegdriatives;
mol ecul e may be, but not limted to, Fgﬁ(')ﬁliyrns\rs: that are
anfinagsne if orntEE2FANAN SPERVR LR ct IS QF7  Perylene

dPLRE! 8L, 0Rive sd8UMER €ak Npb Denyi e O dpd Hbidartcheabt afes,
coating. The hole-transporting |ayer may conprise a a1
coEriter idMespolpRe FYIBIBEL BYSFr offT EHE YF B ontSét FRG2
céﬁ Rl Nyt CRLPATA B qReIMvinRY | Larikazakes; aromatic
epn vatives, polysilane, polysilane derjvatjves,

agioleysi | oxanederi vatives havi n§ShFBRRET ¢ ¥ IRPIGROIERE
' j mai n chai ns, pol yamniddinge i :
t%ﬁﬁ%ﬁﬁ%ﬁq%%ycqugH@é@§eﬁg ‘ poly RRtives

tetraphenylbutadiene; and tetraphenylbutadiene derivatives
(JP~A Nos. 57-51781 and 59-194393). The emitting layer
may be formed by vacuum deposition (powder is used the
material) or inkjet printing, spin coating, dip coating,
roll coating, Spray—coating, blade coating, flexographic
printing'or screen printing.

Examples of the high-molecular compounds include poly
(p-phenylenevinylene), polyfluorene, and polyparaphenyleng
derivatives (Jpn. J. Appl. Phys. (1991), vol. 30, p. L1941
and Adv. Mater. (1992), vol. 4, p. 36).

Thé electron-transporting layer may comprise an
organic material selected from the group consisting of

oxadiazole derivatives, anthraquinodimethane,

‘anthraquinodimethane derivatives, benzoquinone,

benzoguinone derivatives, naphthoquinone, naphthoquinone
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derivatives, polythi ophene, polythi ophene derivatives,
poly (p-phenyl enevinylene) , poly
W@ pooplazaoys enevi nyl ene) derivatives, poly (2, PCT/SG2007/000281
5-t hi enyl enevi nyl ene) , and poly (2,
5-thi enyl enevi nyl ene) derivatives. The
dewsivattivans porall iy gy 8P fray e thePmdn)e e sfsigatives,

téﬂ}gc%tan% LhRhi-Bgu i 8P &)Y, dip coating, roll
coati'ng, spray-coating, bl ade coatin f 1 exogr aphi c

t@naﬂyam@a@rthg@qemowmeﬁhw THEEHATIIRG /| ay &l UeEgREBe

gqa_,tqﬁa an organic EL material, a0g,o0myPtcyBiet@liene,
el't her Ioﬁfnnlecular conpounds or hi gh-nol ecul ar

dxphqnnhdxgyanénahpl@@eof tI@@ru@ﬂiﬁUBéeular Hahregsgs none
01erCI %e%aph%hﬁ% V)gcgl \éeS, m@@ékﬂr a&@rﬁﬁlexes of 8-

Ht hr acend der : /1 éne; peryl ene _
hyﬁwaxyﬁuﬂnai;ney@srsuahlnsspoPyhmqmnmm&xnﬁﬁsp@&ﬁﬂﬂ%ﬂ@élne

d %@d&%v%'l;gﬁlrl d esbxgpgﬁl aﬁ‘ppz% é}%allne derivatives,

péﬁi@&ﬁdﬁ%ﬁyﬂlmﬂd @elgénuwa¢mae@erzwaﬁmﬂaa;znﬁh&aelectron~
tetr enyl cycl o entadl :
CYRRTR cye¥Bhortiti BRe TRFTS RYesvacuum deposition
p@%d@phﬂﬂ)ﬁhdﬂéﬂ adls eties raertcbﬁ:@t]r)aphermﬂbjﬂtammnﬁmg, spin
derlvatlves gQP A Nos. gz 51781 and 59- 1%439 %n hﬁade
CRH IRI Mgt Ry EP2 YT be TP mS Wacutith deposi 8h

cbReIEes |§lé4§:ﬁ_fia§3h&cﬂﬁbﬁihﬂiﬂg oroi nketedqt i ndding,inspi Ma
coating,, dip coatln%6 roll cao tlng, Sspray-coating,
r

SB}%&%PQKﬁﬁIqﬁfd ek %ﬁﬁﬁ%?ﬁﬁw nting or screen

pri lnhg@gll (l'%s%ﬁbﬁﬁlgt bBlfﬁﬂn@lﬁ ﬁ@i)g esdll éllrp?l)ﬁﬁmrﬁiﬁected
i ncl ude poly (p-phenylenevinyl ene) po yf ] uorene
fRe@ pol§fear apHéRYPene SRV INTes ( pn. pOi E1E3R -

polfl@-&%@zu}@)l Xr@)yrllellﬁél g 1A , l\/&ir_erpoiﬂ-&%ﬁ:)az:me

he el ectron- transportlng Iayer

VEDVhPR Sk alﬁobY T HEPAPPRPP S e AR IEG Y t h el@]rvcﬂ}p“’es

20QNsi st ofh@xadi azol e derivatives,
ant hr aqui nodi nmet hane, .anthraqU|nod|ruethane

denwlg@fg]@gckmd%ﬁ“%ébrganlc layer may be usually in
the range of about 2nm to about 300nm, preferably about

5nm to about 200nm, more preferably about 10nm to about
150nm.

The solvent used to dissolve the organic compound
depends on the type of organicvcompound. The solvent may
be an organic solvent. Exemplary Ltypes of solvents
include, but not 1limited to, water, anisole, toluene,
xy.lene,‘ benzene, mesitylene, chloroforin, dichloromethane,
cyclohexylphenol, ethanol, tetrahydronaphthalene,
tetrahydrofuran, isopropyl alcohol and mixtures thereof.
The organic solution may <comprise a substantially
homogeneous mixture of an organic compound in a suitable

solvent.
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benzoqui none derivatives, naphthoqui none,
napht hoqui nonederi vati ves, anthraquin ne,

wW@eaoh02%diii none derivati ves, PCT/SG2007/000281

t et racyanoant hr aqui nodi net hane
t et racyanoant hr aqui nodi met hane derivatives, fluorenone
der Pfaerveéde drphevsaldi eyanoet hyplcdggions are deposited
z‘%'op“@l{'é/l dhbgyanoginyhgpe-der i vatdveshq déPQS@P&&é nﬁﬁ? be
erivatives, 8-hydroxqu|noI|ne nmetal conpl exes of 8-
PlW@ﬂOXmel ey dewidest | ves, cpubdapd nghienecircuit  for
Lne [ , oI X
R B EP T EE S M R R B pgucions.
Tl}@ol sefdanlr enleadecidea tiaye oe Tdmo@dlettﬁd dritxrcalgépomanm such
y d osi ti_on 0
aéugéédé%ds}ﬁat%%ﬁolf&% §)¥ %ﬁgﬁ J?I?%“ ntl: ngor(eg V\Qggdiﬁ?ent
theoatiqricdi polwatdmy, arel Idepoantag ospridye caabdagand a

. hl fl h
ARG R PAA051 G GE| STusea A ERBInaraPTaT) JhaEions-

THd ghbnghsodbmmg p@&ymERxmayjhﬁ &amhbwﬁermsglebéedpiadnﬂ

the group consistin ol ridine
oaderds PiBs f BB opel SrbaRRaYof By pkRs) OF BRe qnpae.  In
adomweameﬁ@owuwhenekhe Rakyode haxyl thi @phﬁm; sheet that
op f derivatives and m.xtures thereof. The
4%% %é?i Bf CPFREOrigdnict i AFefehESS be usual ly in the

range $fcabruly 26md 0 aRk0uhaB0BBMplLaRkafl esmbt¥pak@utthe
5nm t o about 200nn% nore preferably about IOnmto
SeAEGt SR he s P%eﬁpbﬁ§§ﬂt?% 6P§sé¥ﬁ§*ﬁﬁ§eér§5ﬁﬁébe

treonparedrdepends AN 1hed ype ghs9r §aRbGgROMRAUNoml Nene
sol vent may be an organic solvent. Exenplary types of

d%ﬂﬂG@ents include, but not limted to, water, anisole,

t ol weng,urpd ene, e@@B@?ﬂ@:ntffeﬁMfyk)%neint‘é"yr%rt%tiorv{ﬂth the
di chl or onet hane, cycl oh exylghenol et hano

aloter sleydrenaphoaranso E8PPAly BFBFLEHRLLY sbprblpy| wells.

112l1GoRY LaNdoALAT LR 8 zSh%ﬁOfm y' 128 s 88NLGe§OL YT LOFe Y,
conprise a substantially : A

a pixel.

Also disclosed herein 1is a method of making a
substrate, the method comprising the steps of: (a)
providing a substrate having a polymer layver formed
thereon; and (b) applying at least one mold to said
polymer layer to form a plurality of banks thereon ﬁith
alternating well formations formed between said banksf
said at least one mold having imprint forming surfaces
thereon to form imprint formations on said bank surface

which confer a selected wetting property to the surface of

said banks that is different from the surface of said

"wells.

The mold may have a pattern that aids in creating the
banks and imprint formations from the polymer layer. For

example, where banks are intended to be present on the
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honobgeneous m xture of an organic conpound in a

sui tabl e solvent .After the relevant organi c sol utions
wae@dzgoesited into the wells and | ayered, a sSRCOHG2007/000281

el ectrode may be placed on top in order to conplete

the circuit for electricity to flow through the _
SYR§EFREF or §aRfecS0l ukhens Motie sesbndhatect FoesRIndIay
a88POsd £ dINHUINATRANS 13HCH SRS UREUUM JEROSTHE QLA the

sputtering.” I n one enbodi nent, the organic solutions
bapks i ttde owldhésappréiaddta tat odemes phaee. on

' [ X I I tudi nal
ot <07 TS At Rods nae o oPh: oy Werkad B gm

thenginoygi nednsidtsing plie gioidenn,| nmahat heglesbodiquentt,z,
Lhs cat e.d _ng%égnglgkeggggg that substantially

covers the entire device. Secondary substrate may be
pl acBtk g ldomegf Heherpddend tel ebkr pdedymdhel spdhstimte@sier
n ectrpdes be,transparent, to allow |light to
t%aggg%h§%ﬂgﬁ’an§g¥?o%PFﬁe9&§nq? d mRys & PR ed_to_the
pelgedr i tayyr may Hernmtlegilad ednav thpthet abovpatdeyh€e i Nn

order .to.supply electricity to the [1s. It is to be
oftt SIPPRATERCMEA RAJOLF s BE LR P5VPerar PRGERTD that
cprxedporAlssotdli ské opadkBeeidn infrd ntetintha®f cRBKithgta are
u strq%p the met hod conprising the steps of:
K

S (a)
EBr VT dittF S S ubBt r BPR hAWRHGE A DolSHERCFayer For rgpther
ettihed Bait ard istappliy MGvahg eaphtesen hsk t@& s Gonds
olymer layer to forma pluralit% of banks thereon
tgﬁF ea%?&?%aﬁ@ﬁg}%%I?p?%+ﬁ%tF8n§ Fored BEL e Ts dilgr st -
shesdkguerialy] ata | eastomne aBLE hawkhggi MAri MahQ@E NGhat
surfaces thereon to forminprint formations on said
C

RAftacke whieh EEHTET - wetaddoed it i iy propesdy to
th® s whacea ot sabf bapksathdtids Qikhenent shrpme.

the surface of said :

The imprint formations may be of any shape.
Exemplary shapes are gratings, trenches, squares,
rectangles, circles, holes or pillars.

In embodiments where more than one mold is used, the
subsequent molds may be applied at an angle relative to
the first mold. The application of subsequent molds at an
angle relative to the first mold may aid in the selection
of a desired wetting property that is to be conferred to
the banks. |

The mold may be applied to the substrate surface at a
temperature that is above the glass transition ﬁemperature
(Tg) of the polymeric material in the polymer layer. At
this temperature, the polymeric material softens and may
conform to the shape of the mold such that banks are
formed from the polymeric material. In one embodiment,
banks and imprint formations may be formed in one step

when one mold is applied onto the substrate surface. The
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wells. The nold may have a pattern that aids in
creating the banks and inprint formations fromthe

w@oloyaeao43 ayer. For exanpl e, where banks are |PCENGHE7/000281

to be present on thesubstrate surface, the nold nay
have correspondi ng depressed regi ons on the nold
mo &g r frede b@ @lp@érletjo aﬁak@ t reedeimkenigtacer pragswet d fiog 2
ce PRI eqaetr‘lotdhe l&@yefornT he Jo! 1By %%C{mgﬁpr%nt
fom a material ecte fromthe group consisting o
foxnditors . netlile, mmraiqmtandceﬂfaﬁsgrand:o be applied
. Ln ergof I o 1h
TR e R e e R e
innotige na;olbmaa:pplllaeerto thExempyamey | taypers t@ff opml baaksc

mhodi
ma%e?aafpus%é J‘]:“ornPo On?% tt}}]at %k% a%d rrgng:trng%t %e %ﬁ %ns

ave correspon

arandlsmsem afbtmrmtl ons that are to be formed on the
sub e surf not her errb di nent, first
v G SCPRPFARITS nEoRorPhoR Y e e Bamed gt heto

thapgidlqﬂtetrdct heap@i:yamr magy ebef |§é;]tect&dbseﬂuentﬂh3e 8roup
secon tternthat ponds to
MRS T Simrone AaTC et Peh cookRe’ Bk (ed to
abbavel pery) faomd amﬁcth@ §bb§tf§53°CSUfattﬁ£ﬂ: 6bhe topabsht
fpr mat i ons any s géry shapes are
S5

L EGSE Do cHes Stk B e bGP el e, T00°C

abb@lc esow et |aikf&ﬁ§: 8Iora>°@nb95bﬁ’en95°cy\h&r eadBye Adeay, oasout
is used, th subsequent may be agglled at

103r? aﬁ@l e""broél"at?Q/% Gro FPRUE | |1§10 ﬁ;mltél’ FrritappPPat i hout

140% subsgrKent otet dsaddy @ @ivel @ of 8bahikVeob@ AR ngloec
nol d 2goald in the selection of a desired wetti ng

topprlpek t40¢Rat is to be conferred to the banks. The
nol 'ﬂhém%ﬁrggs@P@l 1884t gnkhe 2 %’ﬂﬁ%&h@t & StfACE Al &0 the

terrpera ure that is above t | ass transition

po@gm@g;gtum@terlal may be selected from the group
consisting of about 40 bars to about 50 bars, about 42
bars to about 50 bars, about 44 bars to about 50 bars,
about 46 bars to about 50 bars, about 48 bars to about 50
bars, about 40 bars to about 42 bars, about 40 bars to
about 44 bars, about 40 bars to about 46 bars and about 40
bars to about 48 bars.

The time period used when applying a first mold to
the polymeric material may be in the range of about 4
minutes to 20 minutes. .

In embodiments where more than one mold is applied to
the polymeric material, during the step of -applying a
second mold, the method may comprise the step of selecting
a temperature that 1is below the glass transition
temperature (Tg) of the polymeric material.

The temperature used when applying a second mold to

the polymeric material may be selected from the group
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(Tg) of the polyneric material in the polyner |ayer.
At this tenperature, the polyneric material softens

warwneep4zonformto the shape of the nold suchP@haG2007/000281

banks are formed fromthe polymeric material. In one
embodi ment, banks and inprint formations may be forned
cansishangt epf wekaubnesaTsl dcd sabhppti @066t o ablpmit  80°C  to
ab%%Stll—Z@th éJ\?ccelODIBe leﬁocﬂﬁ:y 1 °épp;lﬂbg&lt 8%0% to about
predétermi ne pressure of a certaih period of ting to
80°6r and hebdhan ke °andoi apeint 1d&Crat i ons. The tenperature

and re ppl.iLed_w be dependent on.the
B % g%gl ggﬁgt gAf’ll al aﬁ%%%ﬁm% ?hgeco ?/nrél?f?agoethe
poEswwpllaryntaycpesaduf palyy mérd ¢ swatesrical uﬁﬁdnfothéor grogp

t he banks d formations, are di.s osed bove
Coﬂws’éLSQ erc%?u 78 usegbmeaﬁsap i yrRgta 1?’0 A%l XYt hé

bapal ytrer alsowdt 601 darmgy dleowel 2t Bdrir am tdleowgr 08P bars,

consi.stin of ab ut 6 C.to about 20QC, . abou 60 Cto
A 251 85 G gl A R ] SH YA
b, aba(hﬂut%4i@§)Cbgzégg&ldi H0E gg% ?:bwts é%%%bo%%mrs to
600C 0 about out t o about
30 GO0 1 oAaBt 150BOES. LRNGHOHOTE R apoabout 10
ba&QsOO@a , apbeut 1520QG4,0 aﬂﬁmﬂ 20006rs akoulpif00£ht 8ars,
about. 2000C about 1GOOCto about 2000C about 1800C
aktoéltak}@utba’ﬂ?o(‘f@ 2bpré &%?@&Fe GQ@H’CV\Han%EI )‘“anébaut 30

pdrd, StagBiltd 1® bhespalyidia: nes ephak, myoche sel asied o
fromthe group _consi sthr;%@; about 40 bars to about 50
1S

alparts 40abaGe andpar vt o 9 BRPYL 4boeRTr¥4 bars to

about, 5Q 1har HeaRRUL AR B, 1 @gg g 90 baEsna all@&)y& to
48 bars to about 50 bars, about 40 bars to about 42

theaelyalssie 2@ tsEAalt serBBdE 27 Bhes tegpeuptybe bapsdt on

tHAPOUL, AB, DA apd,aboy 1419@ bR LhO c?éo"%p?%@arr%qum%d

time period used when applying a firs
Fqgo| st e mat edcakrmdyeripe reffurhe neamgaesf abborger time

period while a smaller imprinting depth requires a shorter
time period. Exemplary range of time period is from about
10 minutes of about 30 minutes.

In one embodiment, the method may comprise, after
applying a second mold, the step of applying one or more
further imprint formations on the banks, wherein the one
or more further imprint formations are at a different
orientation or at a similar orientation to at least the
second imprint.

The mold may be wused repeatedly without any
substantial transfer of material between the mold and the
poiymeric material. Hence, contamination to either the

mold or polymeric material may be minimized or eliminated.
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m nutes to 20 m nutes. In enbodi nents where nore than
one nold is applied to the polyneric material, during
wo b@osrwws of appl yi ng a second nol d, the met hoRICT5§2007/000281
conprise the step of selecting a tenperature that is
bel ow the glass transition tenperature (Tg) of the
pol ymeri ¢ mat #5:8E PRACRigHIepaPlr Brasinswhen appl yi ng

a segaad BBLEmbEONY ey POLYIRIALs MatEn]dl Jray ge disclosed
sel ected fromthe groupconsisting of about 600C to
FBOHTE2B0ENd aBBUYSBOGC toxmbOUT tRE0@rinabpldes10O0Cthe

di@cabadl 120G imeaRout 100G t o, ahout d; about
éLG)C t o about f(I)ngOC . The pr eggu?% uggggl\%}ggno%'pp W’ﬁ&er'

thatecoble nolapdnpiie pergnerdssimmieer i aformy therposes  of
i98hect-gd: fxropnibe grLQup Gonsi st of . .about 10 _bars.to
About 50lbar S, gbout glgkogta{% t% g%%brgl noa?%,t}é ozfmlts
ofothar snventabeut 50 bars, about 25 bars to about 50
bars, about 30 bars to about 50 bars, about 35 bars to

abouf'180 bats,a apoenzdl batsadmmmabdut H@thats foabfukming
Adkkar g, 50 ut 50 out 10 bars_to about 15

ars, agoutﬁﬁ&g th%LrSS ?%&g%lu %0 Pars b ﬁitrfgebalsgrf%ce
aglouting bars,dimydutsetD dpdwosiimenabout 30 bars, about

10 bars to about 35 bars, about 10 bars to about 40

bar sFagd abbuta 1fchemstio drgtamdbibar sethbe FoBeforming
Lod ed, ppk Vi a _second nold to, th
Ot nert S el e AR TR | BperhBbFatascatpface

olymeric material dependsS omn t
ackerflimpd i 1 iargptSteap ddrd livlse ddepbbddhentrpri nt requi r ed.
For exanple, a |ower tenperature requires a |onger

ti meFperi 8d iwhid ecrossase@ridmylr i nidngotlept lmol@QUIdRS to

h e ' ri.od. .Exenpl ary. range of tine. period,
P e kT 1B R B OPB R 90 f e 867518 “Bbiding
sépbodi nent, the nmethod may conprise, after applying a

second nol d, the step of applying one or nore further
i nprFhg- f 3R masi enslomet-hp behksyriwhef etite thel@n@isclosed

in Fig. 3.

Fig. 4 is a cross-sectional view of an organic
electronic device 50 formed according to a disclosed
embodiment for deposition of organic solution using inkjet

printing.

Fig. 5A is a top view of a substrate surface with
imprint formations incorporated into banks for directing

flow of organic solution between wells.

Fig. 5B 1s a perspective view of the substrate
surface of Fig. 5A with deposition of organic solution

using inkjet printing.

Fig. ©6A is an atomic force microscope three-
dimensional image of a representative  hierarchical
structures, .wherein the first set of longitﬁdinally—shaped
imprint formations are perpendicular to the second set of
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or nore further inprint formations are at a different
orientation or at a simlar orientation to at | east

W@ b@szewend i nprint . The nold nmay be used r epREI/8GL0Y7/000281

wi t hout any substantial transfer of material between
the nold and the polyneric material. Hence,
lopgntadi matwrshaped thwrirte fimhtgonsel ynEne c seatler i &ir

nay be minim zed or elinj.nated.Br.ief scri pt.i on
e S THE, A0cHpRAV Ml TaPRA nGE ! hEosr dPe s 2 700
nndbsel aseds s adinenk andkserves to explain the

princi ples of the disclosed enbodinent. It is to be

under gt oesl, i hHoweveronidadoridee ndeavkBgse ase deséghrd-ion

for purposes of illustration only, and not as a .
ofgef i HIHGoALBERERE2 T ni t ™8Pt he Gnverft | oneRF et S
nigehennt ££1 dseaiainQfs ,a widhacth forsd©r8F NgoRgiked ameh 1y-

inmprint formations on a substrate surface according to
shapgis éTpEdet hyd s agieg disrpsed EReEsriti ¢ thagiete

£o@f tietdiee kor f of NRgpbanksvagdoh Mpsi Nt hE OB iNSang
on a substrate .surface according to another disclosed
7108nPBdPRENd1 VIR ipn Fors thecFo3¥iBecti onal view of a nold
used to formthe banks and inprint formations in a
si ngie- nof ditfg 3t el FREIBA FI2arafoE ufvef papes ofot
schRent®l A8 0S6f | ol O.inPrinkk8. 4di¥aRe  that is
cross-sectional view of an organic electronic device
repgepep Rl e cof difry 1 lndi Solrgsédorfibsaraeperard into
th3eRR L 0N @ 4Or GaNi £ S%“R%;Példéi‘ Ngd ) 8F RN A N1e
Fig. BAis a 9opAV|eM/of a substrate surface with
dropgetnplécedaet oy imporngedased fpaeoddahkised ofn Fig. 7
téyeﬁeggbﬂgtﬁéQﬁéggrgégggh? ﬁf&ythQQSbghm@S@i$§i|§mage of
a water droplet placed on the imprinted surface depicted
in Fig. 7 taken from the B0yxy-direction; PFig. 7c¢ is an
optical image of an anisole droplet placed on the
imprinted surface depicted in Fig. 7 taken from the 0y-
direction; and Fig. 7D 1is an optical image of a water
droplet placed on the imprinted surface depicted in Fig. 7

taken from the Oy~direction.

Detailed Disclosure of Embodiments

Non-limiting emboediments will be further described in
greater ‘detaill by reference to the following Examples
described further below, which should not be construed as
in any way limiting the scope of the invention.

Fig. 1 1is a schematic diagfam of a method 100
according to a disclosed embodiment.

In the first step, a substrate 6 having a layer of

polymeric material 14 is stamped with a first mold 8 using
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Fig. 5B is a perspective view of the substrate surface
of Fig. 5A with deposition of organic sol ution using

WO popeLIopF i nting. Fig. 6A is an atom c force nPCT/HCHOPE00281

t hreedi mensi onal image of a representative
hi erarchi cal structures, wherein the first

[ . et _of
an| oRALGaLnalRYCTMATEY Stpr THE { 6iF8E | galchr § has mold

tRGRENdpih Ak st Ont PR SE6ARD S&o1umns 10 disposed on the
of 'ongi tudi nal | y-shaped inprint formations. The scal e

surdiacehiaf fHer ELEE 1eoken Per  dBviSPoRS oe¥helk IR 2
th%”deQQFV%1%?!‘8‘1&&&14%'30%& Ol @ s%i8%i Sin Fife 6Byes abf
atomc force mcroscope at a resolution of
palymeeidi memstental i ndde ofo a fepReseitldss ve?2 by  the
c%yfgéﬂaﬁlﬂ%? 5§#¥ﬁﬁguﬁﬁﬁ,5f“@ﬁéeEﬁr§tsﬁkﬂEﬁ 8. The first
ongrtudi nal | yshaped 1 nprint formations are di sposed
malter @ons HEplsical eaf op tHeimpekripgure edogeurthepels of the
di vi si.on f X .gXi S d n er,.di vi.sji
ey, %9{‘—?:?851 R S e, gégarr% Sflra by
bankze .of sol vent placed on an inprinted surface that

is representagtive of the ir IFM [ .
i ncﬁgo?%?pedgf nfo Steﬁémbaﬁrkog.pdr | g}fl%;Aﬂ?i gfr?%lpr% %af® @
tidrmgeof2@nianissapedr opltet yhleadethksn 2 heoi fiprinntlegrint
surface depicted,in Fi 7 taken fromthe
Eopadi v B | n;onFiné_‘.e @%acae_n %%t 83l %arrrltla{gs’e %t Wgaferond
ndélrophet mpliaeedann ikpecssponntied she f acp depifeiced ¢ the
Fig. 7 taken fromthe gx-direction; FEig. 7c is. an
bajpts cal Py nhe GPTETCRITS% hOpTer placld FhohEIS 10
Tﬂéfg_l'sleﬁbﬁ_d siyridaces depi cipd iled Rig. tHet bkersf romushey an
gydirection; and Fig. 7D is an optical jnage of a
Ot R B DM AEEA 26n 2t FETPRERF W S gt st S
pbIyidGic mhekerud rom t hengy ndirectd ons Peadpé®donto the
Di'scl osure of Enbodi nents Non-|injti ng enhodi m.=hnts
bapld Be Fufft Heha'deblei BORIIhUGIRAL ePxdEt & TN ©F the
ihSf Bteneertnatt BAsf ol | Wi nehdaxampl esith the longitudinal
axis of the banks 2. ~ .

As will be shown in more detail with respect to the
specific examples below, the method 100 results in a
substrate 6 having well formations 22 alternating between
banks 2 and imprint formations 4, wherein the imprint
formations 4 confer a selected wetting property to the
surface of the banks 2 that is different from the surface
of the well formations 22.

Fig. 2 is a schematic diagram of a method 1007
according to another disclosed embodiment. The method
100~ depicted in Fig. 2 is similar to the method 100 of
Fig. ‘1 and thus like elements are - labeled with 1like
reference numerals followed by a capped (”) symbol.

In the first step, a substrate 6~ having a layer of

polymeric material 14~ is stamped with a first mold 8"
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descri bed further bel ow, which should not be construed
as in any way limting the scope of the invention.

WO2@9/029043 a schematic di agram of a met hod 100PCT/SG2007/000281

according to a disclosed enbodinent. In the first

step, a substrate 6 having a | ayer of polyneric
usiatgepnaPbdncps seanpedrinitdr a ’-Ifkier stinedl co@dudi'nbam mold

at. Linter 8 S I

fo%rg%&n%mpﬂg:t%?shl ;t%tehéf-gfh'orm of” "Col El klig i[[{g géf% %ﬁs
11Phe #grfavebef sehe finr 8tepp?d he ﬂzsrsdamoﬁei §éemakas an
. Ste the ir I d kes_an inmpressio n,.th
g S8 %p WP el MevB &7 PSR 3% BPREEIR ORah hb Fren
theorhsmlp@ndl"ngbxzoItIMmscdﬂreﬁpdﬂmﬁg r stemcthak 8112Thff the

first |sa [ie t erature above the T9
r1pt e TRy ot et 5 1y e e 352k b IRgs
11@ub|fowmée<f1knstbarrdm BA. |‘ITh1eStf&p‘rs$ moddsecond apbdidd at
&aw n at| n % S 20 |s St ang\ed ontg ahg
6ef 9f8 ComSIAEK IEn DAL GF At e 15 -

Hehhe, bwksezlesTh@f se@mé ot ddi6psBkas pairalllpnessd 0OBach
in the to surfaée of the banks 2 by the correspondi ng

FENCHES BECRAICYr &P e 18909 G cbnd "Adhd atéergating

wedBl bed HOspbeefanksSrabdisiddg.an Cobducat nanoi nprinter
at a terrperature bel ow the T of the polyneric materi al

14. "Ph&tRBI ¢-16 iR oed Ry ibgniesas ingenlBhapnd

trhenkangiotudisnalc et ht8atheObahite RAPRLNtorm imprint
formations 4 is parallel with the Iongltudl nal axis of

fopRathaRRs 42 omAsthf | Pubkr&howh Fhe nbrekeetat | Thet Fecond
onasple@t horthe a%Peﬁhgﬁfé‘ss%é@ﬁpir?Sti%' QW the-fRthods 100c

results in a substrate 6 having well formations 22
bagikerdiat Prig et weerr pmtesiipganar srmrEasnt 24 or padi gnstangs

18Whe@%'n§33% R ﬂé”rﬁy'?ﬂﬁlédpQ%f%Beabﬁﬁ&QCEEduslng

wetting property to the surface of the banks t ha
and fderceiyt farsmmchrd négief ate @ temperature below the Ty of

the polymeric material 14”~. The mold 16~ is stamped onto
the banks 2~ such that the longitudinal axis of each of
the imprint formations 4~ is parallel with  the
longitudinal axis of the banks 27.

It can be seen that the shape of the wells 22 in
Fig. 2 is different from the shape of the wells 22 in Fig.
1.

Fig. 3 is a cross-sectional view of a mold 24 used to
form the banks and imprint formations at the same time.
Fig. 3A is a close-up of part A-A of mold 24 disclosed in
Fig. 3. The mold 24 determines the regions of well
formations, bank and imprint formations on a substrate
surface. When mold 24 is applied ontoc a substrate
surface, the region 26 between lines B-C of mold 24
results in weli formations on the substrate surface. The

region 28 between lines B-B of mold 24 results in banks on
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of the well formations 22. Fig. 2 is a schematic
di agram of a nethod 100 accordi ng to anot her discl osed

weewodzanent . The net hod 100 depicted in Fig. 2P¢ESG2007/000281

simlar to the nethod 100 of Fig. 1 and thus |ike
elenents are |labeled with |ike reference nuneral s
thel| $Wyedrdiye sswapped {rid synboins |30t hE fiodsit Xt epyswdts
. Su I 6 ' a | ayer_,of polyneric terial, 14L
i o RS PR LD A % AR KT LS bt STt
sumfpraenter. The first nold 8A has nold formng inprints
in the formof grati n(%ss 110 and trenches 112. A's can,
be seén in St&p 2 ,“IFETITECONBId BACHakRE ot organic
elammresdicoavidehesd ayermed potyrding vat eheametdbdt @ oo~

.m the bapks 2L t he correspondi ng trenches 112 of

of BB o R BEERET 6! HEVHSR B TR TReb T2 e
6°0r e EtNgsvelll0 obrivdei dig st2mlthBlbanibe 4 r st +AD GoBlint

i s appli e%,\at a tenperature above the T of the
IoRhHEPee fmat@STRC T 4A AT HeHEET £adridgSofohaniityhead
3diispased par alkbekit0agashgohhersal e oV dethin dhe well.

substrate 6L with alternating wells 22L di sposed |
tEtepetueen. - | APSt e enta Qbcdhg Mg haglhgion 46
widlatd N ashokRln angdH rapehesi ROA i st OO Jthen a1l

banks 2 to forminprint formations 4A on the surface
orpftheelnpgiks fermatiersedon@intihe tomkralds dihe wetting
AIPRITRSSIAN Kk t REpt o SULEASEi s the hapks2Anhy dMein;
pcdgg.exondi ng tre%qhes 20 andl_grsati ngs %SAS. 'Ibhp &%mc
sEladdmd el §olEhaits isppepédes ol hehdarks! 2foxmesd thigpren 227 .
uRALC ath NANP ST B €T MReY ah iy € el g the [ af
the pol ymeric matog)trli alﬁtff%r?t?Thgr?%i d f@%‘llﬁg s%kgrn%aéc ons
‘ontB it shamkeagAnguct tthgt augeniiongiotludival 4gxifsonf the

achx 16, | int formations 4L is parallel with the
wI ongio%ng?:ggflggg%s of the banks 2A . It can be seen

t hatz;t,he sshape of. the, el | LR Ge %A S, dif f;
fromlphe shape “of (%ajhe lﬁ Iogf %%dﬁ%ﬁ%&e ! St ﬁ{p%qtnt
formations 4’ incorporated onto the banks for directing

flow of organic solution. It is to be noted that the

substrate 6’ is functionally similar to that depicted in

Fig. 4 and is labeled with 1like reference numerals
followed by a prime (') symbol. Well set (38A,38B,38C)
contain blue-coloured organic solution; well set

(40A, 40B,40C) contain gfeen—-coloured organic solution and
well set (42A,42B,42C) contain red-coloured organic
sclution. The presence of the imprint formations 4’ aids
in preventing the cross—-contaminations of organic
solutions between well set (38Aa,38B,38C), well set
{40A,408B,40C), and well set (42A,42B,42C) . For example,
if the organic solution lands in the region denoted.by the
numeral 34 in Fig. 5A, the organic solution may travel
along the imprint formations 4’ to the end of the

substrate surface. The organic solution present in the
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1. Fig. 3is a cross-sectional view of a nold 24 used
to formthe banks and inprint formations at the sane

W@ 20v8/02904%). 3A is a close-up of part A-A of noPCT/842007/000281

disclosed in Fig. 3 . The nold 24 determ nes the
regions of well formations, bank and inprint _
refbpmaBitomayomet stbaveht pesnerdterlagien wol dheq jmprint
opt o t a [ .
2o BRRLEE Mo IR T TEBL ADRGRRI T vien =
difberetilons coﬁtouhedsms;ta'ratce solfibten. The Ifeghon @8anic

ween | he r | bq 5 t
SOPS% a(’ezllcgsur Tace andé‘%aq} écfer?so gltbgl ‘8?1 Serr%;lulhjt%s in
Fign Bmprtm doraretd ared udnohheapanksveh almgutdset rtecint

surface. Fig. 4.1sS cross-sectianal vewo
foﬁrpﬁéh?%se ect? ohiie g%{:/?%el%rb %V?ar%:e& raccor ding: rl[e’t pell
42ppt had Ipdsiaf Hitgg 2 welbhe aﬂlo@@t riors cpdeNi coef 5t0ravel

t 6A, f or mat 2A and
suBRnRE 3t i fior | ACCPOMMEY | ons AL FREFEDHS A 1 g o

foemst tdglged or mpki ntidhend BRei @ousedommglebﬁsimqeanvarlous

%ancsolutlon 46 .into. the forrralons Zil'h-
SO VSRS SPREESPRENFRES %%erfé’e\ﬁ fVepEeihidsen

suchlg hats shoud dpanyp&tgiard Grisd Wi ahd addogirdRe 67 of
inprint formations 4L of the banks 2A , the wetting .

Figropdrt YLbR (PaSHbrrRt ¢lor PECPBAS oTWdes fhe using

inRfganpbeiseindi 997 46 3@ thalcuskehesiodes,i N Rmavedtganic
formati ons 22A . Hence, the anisotropic property of

SOiLHEl‘PIth RSkt (o< HAOPnRPbI T8° sﬁF%%‘éPr‘ﬁgs%]Fu"tll%l 44

tra{fgw g18Rb uthen i46frnemehaawebhs - hor mti-0as 22A1 428
Fig. BAis a top view of a substrate 6 ' with inprint

anfop WRtsGH U Y, CreeppbFated'dht #4the banks for

di r gg, %I Ngghl owsOf @ gani ;90! UEd, Q0 i dSddde © npted
that the substrate 6 ' is functionally simlar to that

digepsterail i nimRge 4 @fhd Bs | eeleaeniath vie) kehterardnicel
stQUE@ﬁf@§, wherein the first set of imprint formations

are perpendicular to the second set of imprint formations.

Fig. 6B 1is an atomic force microscope three-
dimensional image of a representative hierarchical
structures, wherein the first set of imprint formations
are parallel to the second set of imprint formations.

It can be observed from Fig. 6A and Fig. 6B that the
imprint formations result in a change in the top surface

of the banks in terms of morphology and topography.

Preparation of substrate and polymeric material

Referring to Fig. 1, the polymeric material 14 was
spin coated onto a substrate 6. SU-8™ 2000 resist was
used as the polymeric material 14 and a silicon wafer with
a layer of indium tin oxide was used as the substrate 6.

The substrate 6 was treated in an oxygen plasma at 80W and
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followed by a prine ('} synbol. Well set (38A, 38B,
38C) contain blue-coloured organic solution; well set

WO 20000029@B, 40C) contai n green-col oured organi BCT/SG2007/000281

solution and well set (42A, 42B, 42C) contain
red-col oured organi-c solution. The presence of the
2530nFioimat fogr ARt hopstas: a$@s8T k(i westiistg velseoriginally

nt am [ ani i Qns we
SRS AL ISRl LOne S A0 SRR ek
spiel | ceatial2 aondPBiow CpsedFore mex afptreyldtfed heoorgjard ca

: s | .ands i e region npt ed he_nuneg.al

£l ElithogdBiR 3 LS, CRRLENTERCE) PrnbefearTng pdt
regiti nsoflot et i oress 4usetio pée éndcof bhe Bulkstratea of

rf . T organi ¢ solution ent _in_t egi,on_34
SRR ey sBarn Pkl Py hET T A £ 588" 5
sefoommat.i Aitse 4spiandydeposht 3000 arpradpjacent welsl S h30

a differ I | oyred,.or ic solutjon. If an organic
sE5Pier on Aiels T CHoCregiln dERGELAPBY PREN naRer BFo 30
tHen éﬁh@tx‘f&&e tehe thieg &Iaaisﬁlﬁahﬁt bgmpnaywaﬁ avBén ag@ﬂgf bared
[ int _forpations 4 ' in e direction towards, for
Tézgip efoﬁeg?nﬁﬁﬁfe%nanﬁe§g§PtaFnﬁ% & v 2 BhyFey to
Ralragk ttAvelsolsueht asnweldo 42BnsAGGOr ghaglsiint.ne The
presence of inpprint formtions 4 ' nag aid in the
S3EYieSi §RFRgPaket i vardigdsadoft8UPEdNOFRERHI S sol uti ons
into their respective wells. Fig. 5B is a perspective
view of the substrate 6 ' of Fig. 5A with deposition
T : tion 46 ' using inkjet printing 32' . A
s dirseussedsahoves) i hsdderOf qand Cingdliwiiag #4.08R9Sitse
I n region 36, t he organic solution_44 travels al ong
made Phpr#hti4dr maPfondre 'caBRacds Ll | awpE dr¢-  For
ex%m%quemﬁéy’mcgﬁﬁosfné§ i e Weld 242Ba FEfom 6AmirS A%:l@gnced

atom c force mcroscope threedi nensional inage o
Techmod 98Nt sarperatépar dNTEalT 5t plctiapes, arhefzsim ¥He Com

ofl | EStma8}. Of ThAPHALS OfdTRld) ONG. A Ecper PEPYT GRLRELEPate
the second set of inprint fornmations. -
sizes of 2 cm by 2 cm by a diamond scribe. The molds

a
e

(8,16) were then cleaned by sonicating in .acetone and then
isopropanol for 10 minutes. The molds (8,16) were further
treated in an oxygen plasma at 80W and 250 Torr for 10
minutes. After treatment, the molds (8,16) were treated
with 20mM solution of perfluorodecyltrichlorosilane (FDTS)
for half an hour in a nitrogen glovebox. The relative
humidity in the glove box was kept between 10 to 15 %.
The molds (8,16) were then  rinsed with heptane and
isopropanol respectively. The molds (8,16) were soft-baked
for 1 hour in an oven at 955C to remove any residual
solvent. Prior to imprinting, all the molds (8,16) used
were cleaned again by sonicating with acetone and
isopropancl for 10 minutes and then dried with nitrogen

before use.
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Fig. 6B is an atomi c force mcroscope threedi nensi onal
i mge of a representative hierarchical structures,

Wab@pe2943 he first set of inprint formati ons aP&r/sG2007/000281

parall el to the second set of inprint formations. It
can be observed fromFig. 6A and Fig. 6B that the
inprint formations result in a change in the top

Imgy%@f}?ao&oégeﬁ @(S in ternms of norphol ogy and
: tion of substrate and pol yneric

mat eEnpainRefer werg daorkied. q‘lut, bhe apo| Gimbrcact namemrater
| ate 0 a u te 6 8(t 00
m%é%?% \%’%éagﬁg d agh% het%%l yrrerl rﬁateri aEH%‘[ gﬂ % % was

plackdcan waber o t kha |Siy:e;rtr®ftel ndli Lamdtlnowecﬂelms the
used as the St The sybstrate 6 was ted
iR TSRy T RS 8 o B 6 PGS ToM ok s
m&hﬁtém a200R “resdtstenasans i gbpalby rfienmekatied diler to
?’{)ent anone _and used as received. The sgl n coat| nga
onenkSed @&t ethOr FUFAEER (F g SUPF s

debhibekaess eteg DI . TAPRtEXi PRt Ehy rlorralmfwa%}@iatcf@d on
2002 resist_solution was used per 1 cmby 1 cm area of
topuet r e PREXSpreadocyEPEn V\ééleSOBmPﬁﬁ%t Ipgmagiens ord
ineo$B60REsa ThHeoSPh8 BYEke was 080 kR at13§0c6A&if Mns
30 seconds. After the SU-8(tm) 2002 resist had been
fogpphigdsterthe KUbstFabe B2rs tir Ads gHoakesSsanpl e was
then soft baked at 65 OC for 5 m nutes and then at 95
OC for 5 mnutes to evaporate the solvent and to
Crgefsiipking ¢PnFAtiTMs sanpl es were baked on a digital
| evel, hotpkahe,Traat %ﬂ&m@hé@}ngtrﬂjﬁam% (§me162nd1um
used for the inprinting process were nmade of silicon
tiancirde Cbﬁﬁ%@mﬁ althy té\%l ingile. 1Fperexahpl canpliss were
I b aiy f T I
o DS PTan ONLE ATy ot “Jaban ATEFERRTR Lobomy o onds.
ThEeesampyesTheraolttdsn(Bake) were canveatbomppyeapratatB80°C

£o¥! Z8S Ohofr§M BY M Bifp & S APNY, §C BB e AN 1TRNYS o

allow the samples to cool gradualiy. This is to prevent

fOE

thermal stress from occurring in the sample. The samples
were then demclded to separate the mold from the

substrate.

Measurement of contact angle

Contact angle measurements were carried out using a
ramé— hart gonlometer from ramé-hart of Mountain Lakes, New
Jersey, United States of America. A small deionised water
droplet was first placed gently on the sample surface by
an automatic pipette and then a photograph of the wafer
droplet sitting on the polymer surface was taken and
analyzed. For each sample, 3 to 6 points were examined.
At times, there may be a need to measure the contact angle

manually by drawing a tangent on the printout photograph

36



5

10

15

20

25

30

(8,16) were then cl eaned by sonicating in acetone and
then isopropanol for 10 m nutes. The nolds (8, 16) were

W0 eoovlzg043 reat ed i n an oxygen plasma at 80OW aneCRS5G2007/000281

Torr for 10 mnutes. After treatnent, the nolds (8, 16)
were treated with 20rM sol ution of perf _
of | ushedecykterchldraslidtanewi@DTS)tHor kWahfiomatadur dives

an LIRS pUoppry TOE feLotuo bl U prcpfe gl
theweimdderf siampdeswi t h hept ane and i sopropanol

respectively. The nolds (8,16) were soft-baked for 1
hour in an oven at 95 OC to renove any resi dual

T SQévgptSofﬂﬂﬂ%ﬁi%Oeg rgg &ng, ?" Fhe nplds (8,16)

l%%eeeweﬁe—&—eaﬂeg—agagﬁ—%y soni cating with acetone and
i sopfopappest af 1owantteswvane tihersdripeteds t water and
ni tyogen before use.lnprinting. Conditions |npriptin

an %{%'arri ed'dUt" oﬁsanadocébﬁné“aotnqiynp}l?% erso(%ffc?g{l%ca?é£ the

seiesien)ctidg ©igmelk afudhi s bolytch@yiehdd8owgshid@ioed:,

on top ,of .the substrate, 6, and | paded into the
Wh?‘ﬂ%ri &P legurapt n'}n%dﬁ%dasalshelgoljﬁmﬁ c CREPSPHRI vepd
sowasnt Mphai At edimdie 900 O Csahi &bnddadiSidpradd mightesmitting
order to formthe banks 2 on the surface of the
PoLyBRtFate 6 as depicted in Step 2 . In Step 2, the

mol @1 46 mass ph acssh-HerdreR 10t thaghanksr2at pater midislet
inmprint formations 4 incorporated . into the banks 2 .

anghan i ApFPLS gt RS MIGTEt 6F PR dTBEERTPS FBE S 600
pr?%ﬁs{ﬁ‘gs 10, nubgs, o LJ0as | 1K W&h&ﬁﬁd'é | QRS Tih A 0Sss

po?yrrerl c material wth the indiumtin oxide
inpieseinei n ¢he ahbde | ayerint he Samphiebonere athen 5000x

maexgglscegt j:OOH UV &'hght O}IQ (t,‘lize h(??él Hégguigrﬁer}tos Sﬁ&@é}dl?aken
e sanples were t Feh Baked '?n a convection oven at
fraB80t@of dir@cbitosirss Jhaewrt efyperfd ur'e.- wadxrediesd to the

congg%A%Fégégll%ga%g%egangkestﬁgeCagb’grggfggéQanwgéﬁng
perpendicular to the longitudinal axis and Oy refers to
the contact angle measured in the “Y” direction parallel,
or in alignment with, the longitudinal axis.

As seen in Fig. 7A and Fig. 7C, the anisole droplet
shows hydrophilic wetting with anisotropic properties. As

seen in Fig. 7B and Fig. 7D, the water droplet exhibits

hydrophobic wetting with isotropic properties.

Example 1
The contact angles of water and anisole on a SU-8™
2000 resist material are discussed in this example.
As discussed above, the SU-8™ 2000 resist was used as
the polymeric material to make the banks to direct
positioning of organic solutions into the respective

wells. The banks comprising SU-8= 2000 resist were
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thermal stress fromoccurring in the sanple. The
sanpl es were then denol ded to separate the nold from

W@ b@ooedods r at e. Measurenent of contact angl e (RCIE/&G2007/000281

angl e neasurenents were carried out using a rane-hart
. gonioneter fromrane-hart of Muntain Lakes, New
imgeirisd Wi daestigtte fogpapmpeppcal Arahdnys derdnfsarhes
of WL &fn QPR s f st Rhacedndgpt! ¥nghet heoSaN®Y € ang
surface by an ‘automatic pipette and then a phot ograph
ch@fge hanwgaasytagitopreg 1| ﬂﬂﬁﬁg fox t¥REo| PhEr adsPage are
shd@as {pkepand anal yzed. For each sanple, 3 to 6 points
were examned. At tinmes, there may be a need to
nmeasure the contact angle manually by drawi ng a
T%%ﬂgeﬂt e 0& RI teo_‘f&ea%%%*eﬁ%éBhB% Hhesyel.ef friophat
én_the goni onet ef” gi ves unreasonabl e results due fo
occasi onal i nper fl@tteons on the i neiye-scék sanpl es.
Types of sol vent |igavest ageh edAdN@® jtgper (o4, (3p! vany(y
waEe /havestegad£d,s7nat epeand ~ani sol 2. Er.4 S| &0
c@erentyradsed sollvent for the semjconducting pol yner
Meh (@st-aetdgt hyllanadi prythilophene, 28ni | je21ani sjol e wals
~ irRel uded apokt-caradcoragaly wsednsolateitle IJ¥ aluind@rs™
of sem conducting and light-emtting polyners,. Fig. 7
2008 57 bk cxbrit a1V i g R SFOFRAtBH BPBRF BLOMU - Arhe

‘guagisop e @r ol P! aeed enran idmdJded taur bacelvwhhh  to

. protrusions and depressions of width 2 mmthat is
Inihipkat Foe 6ropRelinpiitt PFOFRaTi 8RS &begodoeted up to

coB88id | €L 1 SPosINEn O ACt TIRNOL®- R asSH € MBI SstWel€ this
taken fromtwo directions as shown in Fig. 7 . gx

stpgpets kPvrhé@scomosét cangré- neasured in the X "

dirgctop, being perpendi cybak t 8ebbRek 0RGLE ULl ARL RN Sc
and qy refers to the contact angle neasured in the LY"
(0d+1L8Ct 9N apdr ahded , anisotropic (A® changes from 0° to

54.7°) when placed on an imprint formation of trenches and
gratings of width and height of 2 um. Furthermore,
additional imprint formations may be incorporated into the
2 um imprints. The existence of imprint formations (2 pm)
aids din increasing the hydrophobicity and degree of
anisotropy of the - banks. Therefore, this may aid in the
repelling of water molecules from the banks and into the
wells.

As seen in Table 1, anisole is a highly wettable
liquid as evidenced from the smaller values in the contact
angles as compared to water. The imprint formations of
g;étings and trenches of height and width of 2 pm result
in altering the anisotropic property of the SU-8™ resist
slightly with respect to anisole.

In order to reduce the wettability of anisole, a

surface treatment using oxygen plasma followed by CF; was
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or in alignment with, the longitudinal axis. A s seen
in Fig. 7A and Fig. 7C, the anisole droplet shows

wWhyapopdous i c wetting with ani sotropic propertiBGI/SGE07/000281

seen in Fig. 7B and Fig. 7D the water droplet exhibits
hydr ophobic wetting with isotropic properties. Exanple
ingoThergird atntan@le§™of2004 evesivil .ani Fblee @ntact angle
000- r es] [ . di ed.iQ thi
e S 4 soULtd above "VRGIEU BIFe 2000 reerice
treatmesed s thwermpdny febile Aubetéwal to nake the banks
to direct positioning of organic solutions into the
respective wells. The banks conprising SU-8(tm 2000
Tabgsi $t: VBwgianpr | at@le wnbhsungmemt 66r nattieensargf anisole
afgrati nggaaen rterecr;ncel’rllecs of wdth and height 2 mm. The
oht 3¢ achgl esa(qx ‘gy ) and change in contact angle

.( Dg ) for water ahda®sr sole are showanisollable 1 .

Table 1 : Contact ahg] e)masey elraet®) 06, W@t ¢1, end [ A6 (9

F1abeOLRp? ok L er m | post - ¢ared” |0ef er $ 560 tH@6st atj@ of
(CoearStli 84 tagemB0O0 resist @s a result of the|processing

2 candl Wians. TherSuk 8lLe) 2000 regist was finss expased
(pb@aMelj ght to initiate the crogs-1inking leocess and

then heated up to conplete the crosslinking. The
SU-8(tm 2000 resist at this stage i s known as
"poskecirEdrce ALesdBRNr dMTERSe CTSRSEST HitofgRtact

anfREE By dsgpdebrgod dXeelidh:, O nANGhoMBe makeS alHeBpRoK DY as
chaprges fromO to 54.7) when placed on_an inprint
seeBr maEPBn &EPLPenéhes aN@*§r atMREEEBRtIW dt hthRd Rer§nce

tr@htRe M enkhtbEr PRE g8l t boNahi EBPELP c F QL PRIAONErom
may be incorporated into the 2 nminprints. The
£OgYi §f epeet DfHieTh NS ofler At 18AS- (2 M} aids in

I ncppashBgothe-hydhapheRbchyrapd d8gLeRePf ABLSOLE OPYe
of the banks. Therefore, this may aid in the repelling

angfofatkC nptleeinesof Mrharthe Fasksfeond, i depepleng on the
type of solvent used in the organic solution, suitable

surface treatment may be carried out, if necessary.

Applications

The substrate may be incorporated into an organic
light emitting device or a polymer light emitting device
whereby a plurality of oréanic solutions may be deposited
on the substrate wvia inkjet printing.

The imprint formations may aid in substantially
reducing the dincidence of cross-contamination between
organic solutions in adjacent wells when a plurality of
organic solutions is deposited using inkjet printing.

The imprint formations may aid in substantially
minimizing the occurrence of spreading of organic
solutions between wells. This may aid in conferring a

higher degree of resolution as compared to current
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wells. A s seen in Table 1 , anisole is a highly
wettable liquid as evidenced fromthe snall er val ues

WO poovlz9ogdnt act angl es as conpared to water. TPEI/SG2007/000281

inpri nt formations of gratings and trenches of height
qb]rf 2 mqmresult jn altering the anisotropic
ept:}@ﬁe?r'ty R h8°SBB( t AP +Esi SPPEERGhtIF R R Pespecthe
bdrx arirsekarekn or der to reduce the wettability of
anisole,. a surface treatnment using oxygen plasma
f ol |T&%edilwleﬁeﬁa§56ﬁeeﬁp8@at B8 iSHPSoBElafiliy sepgsition
nd8H SSuchlhgs CORLIEt BAThELAPASULERENLSOfhaval efofld st
ani saole after the surface treatnment aré shown in Table
B qdig®. apRBPack thapdietr asghedfeasur enent of water
and 1aai SghRxa! t £ha SULIASE L F @3LAERAL ond ey SurS AG8pstrate
treatnment further increases the contact angles of
‘s@a@@t mayz@@omaéﬂ@ 4 omekishgri byneprelijtigophebhnelasmold
§e@He g%g{@ka %urfggée ﬂn%&&gpth AAH%é%”éa%%lected
treatnent enhances the degree of anisotropic wetting
weftgmoDgp rorey thg =2 avhelpe ahisbd e | SThisedal @ws hEopt fiewer

| n$mm97 the ayg£@§§14i ug§@t 5gdugs gﬂgjan#§0&&%e&0 art

i ng of “wat er epen ng on
m@@aﬁ@ntwmséd nayt hreqonganlac rsmlhﬁn ouf, smepablseto@urafsacen

oA SRR B DBESTR . rsport oo
iroregaieirc thi ghtmedes e mhmsObnaapshyma&¢ ght

o L 88U 80 M S A LAY, 8L O S e, s
uqHI@flngmpIheat@@rbﬁ@aﬁb&nabﬂﬂﬂﬁoname@bdltmon equipment

S ORR iR e orr BEPRBRSor gdAFe C4GF4PPEfisTPRRod may
alady amﬁmﬁtameﬂﬂaalwheﬁmanmz@r alhid yn&dd organidl sx@lrdinagAstic
rg&ié% %S%E§Qﬂ%%hg%f;yqéﬁiéyﬂ%g;r%é hazardous to health
or may contaminate the device unnecessarily. '

The organic light emitting device or a polymer light
emitting device may be used in, for example, computer
displays, information displays in wvehicles, television
monitors, telephones, printers, illuminated signs,
biological applications such as microarrays, tissue
engineering or cell patterning. .

The photovoltaic device may be used in, for example,
solaxr cells, lasers, photo-detectors, biological
applications or opto-couplers.

it wiil be appérent that various other modifications
and adaptations of the invention will be apparent to the
person skilled in the art after reading the foregoing
disclosure without departing from the spirit and scope of

the invention and it is intended that all such
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The inprint formations may aid in substantially
m nim zing the occurrence of spreading of organic

wWa0002wms bet ween wells. This may aid in confRCT/BGLPOA000281

hi gher degree of resolution as conpared to

current met hods, which do not enplaoy inprint formations
nog firathanr and urdaR et ionge comsc MésbdrnmEbRodcrBy PE the
appplieyed I Wi b deposition means such as inkj et

printing. This may be a nore cost effective approach

t han known nethods . The banks and inprint formations

on a substrate surfacegdm-Md@de in one step by

.applying a single nold to the substrate surface in
1.or d&8r Kawagenf ef - hieddt ed Weawsiong - pr dhSiryinghaus heand
R RAMES on BN 312 | 0961 d 61 hRIQHRYIDES 30F 3BT OLARSIAY

St'eps as’conpared to prior art methods whi'ch may
2.r equi-ZeWangunberZ .¢f. Zoeeps sudh™s.ian exPoBihdgiwtkep, and
v m. t chi ep anfe al step in order to
H- o%ﬁﬁ%@éﬁ?gg’pg. %%%s“%ﬁﬂg §Obg?¥a¥g§'FurthernDre, t he
3.di sdl.6s&dbnethod.gayunoL.Mequyy e M.lie luseargf J.C. Sturm,

C i cated, or i ut.i,Qqn deposition equi pnent to
Af%pg?%wl“é’ﬁéiuegﬁri kil Sn%’i 219" The’di sl osed- ot hod Ry

4.al sa.qubgtantisald y ndhunyg,ze thBmeedHar and J.Liu, -

ctrqnmagpetic diatio r..chem cals, ~which may be
J- 5Fd§ﬁ%-ﬂa%ﬁﬁaﬁféﬁiﬁpﬁn3§%88ﬁtEﬂ}n§%69?he devi ce

unnecessarily. The organic light emtting device or a
polymer light emtting device may be used in, for
exanpl e, conputer displays, information displays in
vehi cles, television nonitors, telephones, printers,
il lum nated signs, biological applications such as
m croarrays, tissue engineering or cell patterning.
The phot ovol tai c device may be used in, for exanple,
solar cells, lasers, photo-detectors, biologica
appl i cations or opto-couplers .
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It will be apparent that various other nodifications
and adaptations of the invention will be apparent to

W@ b@opzogdn skilled in the art after readi ng tPEr/SG2007/000281

foregoi ng di sclosure without departing fromthe spirit
and scope of the invention and it is intended that al
suchnodi fi cati ons and Cd@apsati ons cone within the
scope of the appended clainms. References 1 . T.Kawase,
T. Shi noda, C. Newsone, H .Sirringhaus and R .H . Friend,
THi.n Saél Mtﬁbﬂmf(ﬁaﬂﬁiamm arﬂlgf-g%ﬂi.c 2lectronic

hen VVL| S. Huck .and
ﬁ?éérrlng géﬁsé Rt Gf e ?%dﬁ%fu§lcgﬁﬁflf?€g khe Steps
of: T.R Hebner, C.C .W, D Marcy, M.H .Lu and J

S, onel Erus LeLl (1908, 12 A% Ver i

forndt ethefd@ct Manh( 200)rnhtin§9- vﬂﬁl.lCl dbfBatdiond ethed
of nuf act yri ng ap organi c el ectraonic, or, . X

theRlaRase o QBCTREE “Phe TafhotrOOhpPREH MG LRBZ4PEps

formtiohs) ﬁdsm(wl IﬁgeaeSble‘dﬂ ahe diadnRdoa PEoBdAdinOf a
banks forned thereon with akternatlng wel | fornmations

5e14Grte 0T HerEh ePRRRTE T he s iPFacttdf 8aitf bamkd Rabifg

that MY iAkErbeenBt Eens {14 NRA-fher 8@nsafqawsi nensen
,conferrlng a selected wetting property to the surface

of)safl@PREhkE"d haP | QW Cer eAtUE M ERECs FF gt evet!

formad ibntel I ehedidh behe d%@@%hhé”@r@@e?%%amﬂ §91 4t bAks
into said wel | formations, wherein the wetting

caugfHpRRY y OsPaBAF d SHAHKEOR aleRS S ARG oG aIPE S Southonat

1eag§2%§% ied thecgon 4@ be at least partially repelled. 2
: method as clainmed in claiml1 , wherein said

imprint formations are generally longitudinal in _
shape, neafdtfa WL chy §XheRd; about ;& 1-onalhydinal saxys.
imprint formations are generally longitudinal in shape,

each of which extend about a longitudinal axis.

3. A method as claimed in claim 2, wherein said
imprint formations comprise a - first set of imprint
formations extending along longitudinal axes that are
parallel to each other and a second set of imprint
formations extending along longitudinal axes thaﬁ are

parallel to each other.

4. A method as claimed in claim 3, wherein the
first set of imprint formations and second set of imprint
formations have different width dimensions relative to

each other.
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3. Anethod as clained in claim2 , wherein said
inprint formations conprise a first set of inprint

w0 ooogmedoehs ext endi ng al ong | ongi t udi nal axes PEESG20B000281
paral l el to each other and a second set of inprint

formati ons extending al ong |ongitudinal axes that are
paral | & motkedhast hekaimed ppnpetieder a3, civheredni the

widtdl %fns?m Wier8i nfdhecbbhat 188k of 1 JpLi iy dgng?gff; n?@S

and second set of iInprint forhations have
micngsgiei-edioreidicongnperatéve to each other.5 . A nethod
as clained in claim3 , wherein the wdth of said
first and second inprints are in either the mcroscale
or6.t he Ananeticed e 2s6 Qla@mmi hn’;mi &d.adimai Iredwhareimi mhd |

: er el e dih S rint for tlons are

Wld% (tgﬁeg?%ﬁgef\%g ec?‘%ﬁ?r om 1 ahm{{g 1060 fm r{%

selgmtdiodras dl0aipmedoi h0ed agum 3 , wherein the WI dt h of
said second inprint formations are in the range
selected fromO0.1 mmto 100 mm. 8 . A nethod as

cl7ai med i methad mak ,cmhieteei nisaicdadepoas) t whgrsiep the)

i AT SR T PR PR St Hae g o696 g, eI [rance

selexoald MEonsSpr.dy n@oabi ngo hade coating, flexographic
printing and screen printing. 9 . A nethod as cl ai ned
inclaiml , wherein said substrate is a materi al

sal.ect ed he@dd hesgraepmeansinstéNgi®f 19! a8ereCar a1 Q,
silicon, quartz, netal and plastic. 10. A nmethod as
depqqidiimgd $EPR| AP FomPHiEeSi ACRRF HE WitbskY algaronpEi sés

least QlLCF 0gRK:dd. pﬁ.ﬂ?irt@d s’%ﬁrpl@ém%d n (P.Lpa'd'ga]c:mg,
_Wherein said %anks are froma pol
roll coating, spray- coatlng, blade coatlng, flexographlc

printing and screen printing.

9. A method as claimed in c¢laim 1, wherein said
substrate is a material selected from the group
consisting of glass, ceramic, silicon, quartz, metal and

plastic.

10. A method as c¢laimed in claim 1, wherein said

substrate comprises an electrode.

11. A method as claimed in claim 1, wherein said

banks are made from a polymer.

12. A method as claimed in claim 11, wherein said

polymer éomprises a thermoplastic polymer.

13. A method as claimed in claim 12, wherein the

said thermoplastic polymer is selected from the group
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12 . A nethod as clainmed in claim11l, wherein said
pol ymer conprises a thernoplastic polyner. 13. A

worgaobozpoads clained in claim12, wherein the saP@r/SG2007/000281

t hernopl astic polynmer is selected fromthe
groupconsi sti ng_of pol ynet hyl net hacryl at e,
conspytiiar b&Hat ePoﬁmgWL&‘ﬁ%}}a%ﬁ/ﬂ%’%ﬁ’ ef i iYdIvFREPORate,
polyPeyyime de and camieat hpasyhber eof . Jdshy it hod asq
cl ai msd' in claim1l, wherein said polymer conprises a
combppt By tererf- A nethod as clained in claim1 ,
wherein said organic solution conprises an organic
conpound selected fromthe group consisting of a Iight
eht t t ihgrokgani esmsilednrd, ia Uetive pbeyetr apid
E &Pﬁs@ét' :ties, an organic material wth
pOlylglgiec(tx%I%n transép(r%?}of&ﬁgeg%gérti es , alight emtting
pol ymer, a |ight absorbing polyner and conbi nations
thereof ndbnod MRL O, AR £ 8L TRYa ki £] 8 M15, wherei n.
sai d organi ¢ conpound Is dissol ved i ri'a Solvent
orgaget espédtiipomadmrgsesp amonsisaniyg cbmpated, sahesbée,
t en I ~:henzene Siqtsy e or of qr .
eron e sy | SR B TR Bnar Y cprinoid” Belhnic
moletete ahyalr araphididivenepol eheahywdt df urtar,e-tepsepyting
r al g)hé)l , and m xpures t her eotf. A7, A ne Qod ag c%ai med
PTOPPRNET A m 167 corrprrqasﬁng t He s?relpa]of: ‘(:”% evaﬁ ra F%@
transpbyehig ofpisaiet-tdregani a sbigiht onetmhatidpd dedegfer, a
Ligndeposited on said sub tra{tlﬁg.su face. %8. met hod as
1O AR AUHEL7 Ao ipP PSP AL PHE ERePSWF repeati ng
t he depositing step (b) and subsequent evaporating
step (¢) to deposit _mylti-layers of organic conpound
ohfSai i BELRPRARE SUATACE. 16 HLAEE hod aShEFarhede iy
orgafidi Bodpout®NPEi 8i BHolHed StePaofscawbstantiakbt¥d from
renmoving inpurities from said substrate.
the group consisting of water, anisole, toluene, =xylene,
benzene, mesitylene, chloroform,- dichloromethane,
cyclohexylphenol, ethanol, tetrahydronaphthalene,

tetrahydrofuran, isopropyl alcohol, and mixtures thereof.

'17. A method as claimed in claim 16, comprising the
step of:

c) evaporating solvent of said organic solution

‘that had been. deposited on said substrate surface.

18. A method as claimed in claim 17, comprising the
step of repeating the depositing step (b) and subsequent
evaporating step (c) to deposit multi-layers of organic

compound on said substrate surface.
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20. A nethod as clainmed in claim19, wherein said step
of renoving inpurities fromsaid substrate conprises
WO 20990290¢5 sai d i npurities using plasma treat mePET/SQA07/#00281
nmet hod of making a substrate conprising the steps of:
a provi ding a substrate having. a polyner_ | ayer
fb% med thefsh: 2andl yineh pit yﬂw%l%t eéglf’plf)h% 1o
stepSabf POLYEEint avEry t G dwfing plidbakityes! basks said
thereon with alternating well formations forned
subsheaieen sai d banks, said at |east one nold having
inprint form ng surfaces thereon to forminprint
formations on said bank surface which confer a )
sePectRdmaehed ngspedpéred 68 (Heidurd eV BFr R 0SAhiks
that Lffe firiqup t i st$alkd Wehbsisde.
StepAB%efﬁégggégaéﬁéﬁgﬁgégFi%ﬁ%fg%ﬁgg%mﬁﬁerein saig
remoapplysagd strapiyipiesomgingeplefnBastepat®Int bl ) appl yi ng
a first nold to said polyner layer to form said banks
thereon with alternating well formations forned
t ber ebat weehpdand b@)kimwplyi agbshfaes sewpriping, the
second nold to said formed banks to formsaid inprint
StePFoPhati ons on said bank surface. 23. A nethod of as
chai mpovdiiai m 2dunkiersia daivdngpphyiplystesp (BYers
ugq%h%aken.usi$g a single nold. 24. A nethod as
formedaithEdSPR’ P& m 21, wherein said applying step (b) is
canr iapeh19uhgatta leaspepatumelthab isssybgodytieal Lpyer

above the. glass trapsition t erat ur f 1 r
to foge 2 DELTTEOhoR sb g ey aoh | HE LR ATE RO
we110Wd g tiile sS trepmei2 betiieapplyiiig beakd , seeddd arollgast

formation to said formed . banks, the t er at [
one §‘ﬂfb]$q é}ﬁ‘f%ﬂq yquinléq% t é:nﬂpgsss%trlftg S %[E%recnu[t% If%)rm

St ion tenperat ure
impJ:QLfntt heo R iRs | @Y eBaid bank surface which confer a

selected wetting property to the surface of said banks

that is different from the surface of said wells.

22. A method of as claimed in claim 21 wherein said
applying step (b) comprises the steps of:

bl) applying a first mold to said polymer layer to
form said banks thereon with alternating well formations
formed therebetween; and

b2) applying, after step (bl), a second mold to said
formed banks to form said imprint formations on said bank

surface.

23. A method of as claimed in claim 21 wherein said

applying step (b) is undertaken using a single mold.

24. A method as claimed in claim 21, wherein said

applying step (b) is carried out at a temperature that is
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26. A nethod as clained in claim21, wherein said
inprint formati ons have a shape selected fromthe
w@e@ap2waensi sting of gratings, trenches, squarB&T/SG2007/000281
rectangles, circles, holes and pillars. 27. A
substrate for use in an organic electronic or
substphbibetyr ebovedaéteceghmss njranpiuiat | tympérdawnks of
the fo%ned tferggn with alternating well formations forned
PRer8bet Weth” "t he surface of said banks having inprint
formations fornmed thereon of a dinension conferring a

sel.ect ed tting property to the s ace of .sai d_banks
CRac 1 B B EReY ot F PR et e B e i - 1R
the vﬂt@guei Q’ble‘lfecEtf aspPl gory CSh§:Ddi ukkoond SmdeaOfiorrﬁfdtmz_h oto
. Sal rmat]j ons, the wettin roperty sal
saidh R e alieBE> P o BEPPE R BTIR | 1 SR L KoPEOR" o
the B@adk teastiposd idddpedLpeldl od. tB8. pblionef Bayaibstrate

made in a nmethod as clained in claim2l1 in the
manuf acture of an organic el ectronic device or

opkoel RCh@Rbe devic®im® #h Sybsifabe, Nhderachokding
. to the nmethod of claim21. 30. An organic el ectronic
imprdafi de PR taprsePactr ohi ThaRKYi EeLfEkRy | Arehe thEt HEGUP
consAGeQhdi NG t ¢:Gka8hBs] -trenches, squares, rectangles,

circles, holes and pillars.

27. A substrate for use in an organic electronic or
optoelectronic device having a plurality of banks formed
thereon with alternating well formations formed
therebetween, the surface of said banks having imprint
formations formed thereon of a dimension conferring a
selected wetting property to the surface of said banks
that is different from the surface of said wells, wherein
when an organic solution 1is deposited onto sald well
formations, the wetting property of said banks causes any
organic solution deposited thereon to be at 1least

partially repelled.
28. Use of a substrate made in a method as claimed
in claim 21 in the manufacture of an organic electronic

device or optoelectronic device.

29. A substrate made according to the method of

claim 21.

30. An organic electronic device or optoelectronic

device made in the method according to claim 1.
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