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An El ectrically Conducting Structure For A Light
Transm ssi bl e Device FIELD OF | NVENTI ON The present

w0 pwensdsen rel ates broadly to an el ectrically PCT/SG2008/000168
conducting structure for a light transm ssible device
and to a nethod of formng an electrically conducting
structure for a light transm ssi bl e device. BACKGROUND
For devices such as top-emtting organic
light-emitting diodes (OLEDs), ultrathin netal filns

are typically used as trans e des VEr ..

A8 BINGizaly Eaniating SN ! 3 Lidht RERemisie évice

Li F/Al/Ag, Ca/Ag etc, typically exhibit |ow resistance

to noi sture and oxygen resulting in a short device

l[ifetime. Further, ultrathin netal cathodes typically
FIBLDIOF INVENT#ONvel y hi gh anmount of internal reflection

at the electrode/air interfaces due to the m snatch of

the refractive indexes at the cathode/air interface.

| n Thislptesent inveticr relatesbreadiy: i RO diectiqaly candycting\airucture

for%hilgﬁt @gﬁéﬂﬁg%h@{ﬁé\ﬁ&t% 4l SinRltfod 6f99ﬁ’mﬁ€‘éﬁle?é&ﬁ&m] @8hditting

[low transmttance refore
stryctererfot a lighddransmissii® gevesed to form ng a covering
| ayer of transparent conducting oxides (TCGCs) over
nmet al cat hodes, thus giving rise to netal/TCO based
cat hodes. Thin filns of TCOs have nmany applications

BABKGROUNE®i r properties of e.g. good electric
conductivity and high optical transparency in the

vi si bl e spectrumrange. Doped oxide materials, e.qg.
Zn @or&!@?ce%rsﬂlch 128 @8p-emitengd ofgamal@m-eustdnb dlbdeS/(OiLEDs) wltrathin

RS T S PR R RSB e iy
cathbdld% feld. W8g:AGr DIFIAL hBF{AI/IAgaCIaIAg eft, W@aﬂmemlblt lave reslsIaD,ce to
moasl,t_t#%n)) nryr.l gxgpgeo res§ fz%%l‘gogtd %\b Jfﬁed %ﬁnmathin metal
camyqlnsdmld:gﬂy caesk aselatweinMurp af mtemal (@ept@@ at the electrode/air
mt%%%%ém 9?&% gé){sﬁﬁ mérh%tbhao? tﬁé‘f'éﬁﬁéﬁ@ hﬁe)&gaag'tméathode/aur interface. In

anel
additiots o.ﬂtgathuanmetai gatlnodes mg'malllg ,hayp, m@n @pw@gor( ag}%ylsmle light

wabdiEngth region that can lead to low transmittance.

Therefore, technologies have progressed to forming a covering layer of
transparent conducting oxides (TCOs) over metal cathodes, thus giving rise to
metal/TCO-based cathodes.

| Thin films of TCOs have many applications due to their properties of e.g. good
electric conductivity and high optical transparency in the visible spectrum range. Doped
oxide materials, e.g. ZnO, SnO, and In,0s, are typically used individually, in separate
layers bor as mixtures such as indium tin oxide (ITO) and indium zinc oxide (I1ZO) for
making TCO thin films. From the plurality of TCO thin films, ITO, aluminium-doped ZnO
(AZO) and fluorine-doped SnO, (FTO) are more commonly used TCO materials. TCO is
typically used as an integral part of device applications, such as anti-static coatings, heat
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‘mirfoss, eFalan,celiso fiat #2Rg !

TCO | ayers are typically used in cathodes in
top-emtting organic/polynmer Iightemtting diodes
w@ ABMe8k3 EDs) or as a charge reconbi nati on zoPEr/86G2008/000168
tandem structure organi c photovoltaic cells. The TCO
| ayers can be used to provide an interface with
organic and other materials and al so act as an
el ectrical contact. Therefore, for organic
electronics, it is desired 20 deposit a high
per formance TCO baseq transparent el ectrod n_organi,c
oo RISy P (IO i e RGY diodes
(OUBEDsyetcal s. In addition to typical TCO characteristics
of e.g. transparency and conductivity, it is desired
to have an el ectrode produced using | ow process

t enpeOdaysre areatygicaltyl uspdi in cathades! inptopeasting loeganisidoiyimer light-
emﬁtﬁ'}%gq]%%s %DS%EP%{/VQ g%sg% Eﬁ%}ﬂ%g%/cg&bﬁ{aﬁgﬁ Eé’r& in tandem structure
organit Phoiaitdia selts. Thehte Jayens oarmtberusadrtgrn:te\rld@fan interface with
org?FHQQng Biher tnwgﬁd:é% Q& #’ Q’helg géi%Bht\ébtt Yhé&@fbre, for organic

ransparen ass S strates, a pr ocess

electeonmr Hisdesired tondapesit a@mhmcfe@ar@eﬂm bagadytransparepteiectrode
on o gogﬁﬁslapé‘r@quh%ﬁp%aqﬁﬁg Héaﬁnd-E@nC& 'fbﬁ@iloﬁélrrﬂagnélé In addition to

cess tenperatures below 1 pically
tymcel HEP wharackerigfics of £ gsiransparengy amﬂjcqr&weﬂv'%dt is ésflred to have an

eIeEﬁ'&féS PrRIdRBEY Lkmgnlom&éé% rhareadand tﬁlr@Ub»&IeraaédE process
nperature of nore

ety Syl atighrate PFPSH@@na? @ a's&a%qetf@ag%ﬂ“'&%wﬁgv B8

mat eri al s/l ayers that nay not be corrpatlble with a

h t | TO fi '
v Bebptsrr Sivet PRRV EGHtRard AanOYa RpUyef aqute of Bieblems.
Fohminbﬁtﬂwgsulbﬁtdoadmlvm gad drembpatette PO fitnsr e gihssi supstrates, a
r epar at t
ProghET PR Pest e (205 B, bRt e, R 5 e regogrised
thap ITEID @imsi formédhat hroghsqoteomeaturee foetoma 1 @0 Estyaically have relatively
hlgggrsrléglgﬁ\{ftgeanﬁ% léﬁ ?)trrah Hcg ﬁ% e Pff'gﬁ% E%{g \géﬁ'éi%\ substrate -
tenapedatursp ok more |th@1 @ 'gmcatly pl €@thaged dransraipatt elgq:t@des are

| deﬁ%& O}Qd %nhécﬁibe 'h%’t@%ﬁs‘?\%%r@ tlﬁgta}ﬁﬂﬁné‘tr B& @8mpatitid Witk Ta high process

Ition due to rocess terrperatures
temmterearF@r @P‘ﬁ@P'ec hTé? ifikspgy g@dagyogpé‘f% dnagneton) spiitering dypically
recire F@ang fu@%trﬁé@ﬂﬂ@\/atéd-r })@I‘%ﬁjr@i diifiRy fTrﬁ@epa'rétlon or addlng an

C

pi cal used as an anode/ cat hode mat
adgify

a@:aﬁﬁ@@geq{@ggrge’gmqr% aya e(ritare above 9205@& One problem is that

high process temperatures are unsuitable for applications in organic electronics. For
instance, tandem organic photovoltaic (PV) cells and top-emitting OLEDs are typically
not compatible with a high temperature plasma process.

Further, in addition to damage due to high process temperatures, there are other
challenges associated with deposition of TCOs. For example, ITO, one of the TCOs, is
typically used as an anode/cathode material. When an ITO cathode confact is deposited
on organic electron acceptors in tandem photovoltaic cells or electroluminescent
materials in top-emitting OLEDs, the ITO electrode formed by the typical sputtering
process may encounter the foliowing. The device performance typically deteriorates due
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on organic el ectron acceptors in tandem photovoltaic

cells or electrolumnescent materials in top-emtting
weRdEDa36sthe | TO el ectrode formed by the typi cabCT/SG2008/000168

sputtering process may encounter the follow ng. The

devi ce performance typically deteriorates dueto damage

to underlying functional polyner/organic |ayers which

is induced by the ITO deposition. Further, for a

sem transparent cat hode with an el ectron injector and

a conducti ng. et al d hi
to dajpAge-tP|Updeding fuBetions P%ﬁ?%f(%ﬁgmg@ﬁfﬁr‘@mhn@d?%{’ r‘i’ﬁhe ITo
de;ﬂﬁ,ﬂ‘ohl gb&héaurdaué sefitidnspgrent f:ambamwm 4m etebttoh iinjecton and a

tran are cat hode for ani c_el ctr nics
e RAELMeA JRveT 2l g~ ety faver &5, SRICaDY FRiref o ipprove the
curmrgbpréedlﬂgsamdIﬁymbab&t,coaphrigmfqumess tenperatures with
no or little damage to the underlying functional
materials. The transparent electrode is desired to

havin gudiiper4 irarspafentcajidefoi erganic eeatericsn typicaly desired to be
fabﬁ!:a%%& gqgﬁaﬁ\?éyj H@B'%@h&’luoé@?@tﬁdea frr@cgg &I?chfégmiﬁ'{‘ﬁ’o or

little dallnea@toethp mué@wmgffumcﬂna@sn@tﬁ@aj@cﬁhedwnapare@\@lwgﬂe is desired
to gRIBQ df h"‘% Hc%1 %ﬂ&bé?@ﬁé?{ G lel%&ﬁ@ﬁ cdnﬁuaﬁﬁy smooth
een r

cogni se pi cal Tmetal / TCO based

Summé@lowmddE@b%tﬁP'WnW% dtis deakrcyie haye grigalephie mgpcess

'forfnggggb}dagalionléw&st Further, typical netal/TCO based

cat hodes suffer from!low dep03|t| on rates. In G Gu et
al, Appl.Phys.Lett.68 (19), 1996, (2606-2608),

RF- LY, tafioRg thel Qb@%lrh@ﬁbned\bﬁﬁgngéi TS ﬁeéundcddn&bd ttihest, for.
growt h rate of th

h
tyeial e S baged FaRS: O eRomB eFses AATAUE da, Wisgeving
fun@ttdiﬁab|a§/srsa|=|nrﬂieuttyp1ednynétalgtccsbassd catisidet anffer fieen lowhdeposition

el S5 o) APPLENR LTS (S ofronBabdy (ol o

_ CailHude ArédR, Iutenat fbmoathfatmhetgmmu eateeh e dathadptwasdielow 1.0 nm/mln

Furth q”?% ?ﬁ&% tﬂEﬁh@‘?ﬁéhM‘ré Ha@% %Qt‘f\gge ggﬁﬁlts 3 F‘blélvglqulérpsheet

romu
remmm/mmwwm mteé@coabasgd gaﬁhp@es@ aﬁmlelferm}aiﬂawc;@ used

to Sﬁﬁﬁlﬁ\ggtet}@rsp&‘? %Osé@ﬂgéﬁ\ﬁy -ThiY BhrPRbd Yo a furtFRt aécrease mCBptlcal '

ayer 1s not used In an organic-buffer layer/T
tragsparengi and pessibiRincieasedeqsyat ed i n US6569697B2,
US6420031 B 1B1, G Parthasar athy et al,

Appl . Phys. Let t. 76 (1 2
in a bid to counter the p oblems arising from using typical metal/TCO-based

cathodes, an organic-buffer layer/TCO cathode has been suggested. Typically, a metal
interlayer is not used in an organic-buffer layer/TCO cathode. This was investigated in
US6569697B2, US6420031B1B1, G.Parthasarathy et al, Appl.Phys.Lett.76 (15),2000,
(2128-2130), Haiying Chen et al, IEEE Electron Device Letters 24 (5), 2003,(315-317)
and Ho Won Choi et al, Appl.Phys.Lett., 2005, 86 (012104). However, fabrication of an
organic-buffer layer/TCO cathode may give rise to a number of problems including the
following. As an organic buffer layer is required, the fabrication process may be more
complex. Further, because of factors such as electrical properties, optical properties and
work function matching, there is limited materials choice for forming the organic buffer
layer. In addition, it has been found that an organic-buffer layer/TCO cathode typically
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(2128-2130), Haiying Chen et al, |EEE El ectron Device

Letters 24 (5), 2003,(315-317) and Ho Wn Choi et al,
wappb/aRisys. Lett, 2005, 86 (012104). However, PCT/SG2008/000168

fabrication of an organic-buffer |ayer/ TCO cathode may

give rise to a nunber of problens including the

follow ng. As an organic buffer layer is required, the

fabrication process may be nore conpl ex. Further,

because of factors such as 4l ectrical properties,

anSE S T BB S i RS T BB 5 care

colleuiidnfifijettyi@roperty afddiahicizathodé inteafackeen found that an
organi c-buffer |ayer/TCO cat hode typicallygives rise
to -an increased contact resistance causing an
i NnpEhdrefotd, oin vitwt bie thearabbes, theld existso inegd doi am electrically
0 I Gl sC ot C h r 0.
coll % hyRlr L 6 SUMELLSIAC By FEBIRY 6 orfing an
eleefrieally caralutiing: sinetlerei fag adighttrananeissible devidegtheat seek to address
LER] ' and a nethod of form ng an
at Ié%%?ﬁ%ﬁ@?%%%ﬁéﬂ%ﬁsng structure for a |ight
transm ssi bl e device that seek to address at | east one
of the above problenms. SUVMARY In accordance with a
first aspect of the present invention, there is
SUMMARYed an electrically conducting structure for a
light transm ssible device, the structure conpri sing,
a first transparent. conducting material |ayer forned .
s IRGRaoRFAancA e st daiteeh b Pipsent Jenfife topRLle Provided
antélé"é”tﬁéb’!? edtindQetindu sfridigrentar e light iransemisdiblenaslick, rthe tdtyucture
on.the tigyst, |ayer. . sai t |least, one her, . .
cofPusaga Jitt Ciaent g dnlis ML B SRS vaing, it process
conditiong; stdeastner atherstsarspam@nt candsctinganataria lalyefr ffemeadd directly on
fromthe fi CESS, . LI : rein.th .
the FBL}aVPE el B sF 18 oo Hghusiin, AG,CHG ey Vver being
formed eusing  sédandt process chrditidnghthat rage Hliferentbfremathei first process
#idndd P heOfirst BYEr fh QNRifRF [5Er to reduce ad
e ettt B Bt S, 9 et 87 1o Loduce adverse
effeqts fas She dahtdiransaissiblaydevisepduring famiaties tof gaigoali lepstnone other

traRSPARdnt esbudtidd materisl¢a@ei ti on tenperature; the second
process condi'tions may conprise a second deposition

power and a second deposition tenperature; wherein the
firshe 6P BRICEEPEONditions may comprise a first deposition power and a first

deposition temperature; the second process conditions may comprise a second
deposifion power and a second deposition temperature; wherein the first deposition
power, the first deposition temperature and the second deposition temperature may
each be chosen such that adverse temperature and deposition-power induced
effects for the light transmissible device are reduced; and wherein the second
deposition power may be chosen to provide a desired film quality of said at least one

other transparent conducting material layer.

The structure may further comprise one or more metal layers wherein the first

layer is formed over the metal layers.
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power, the first deposition tenperature and the second

deposition tenperature may each be chosen such that
W@enoen3s63 enper at ure and deposi ti on- power i nduR€HSG2008/000168

effects for the light transm ssible device are

reduced; and wherein the second deposition power may

be chosen to provide a desired filmquality of said at

| east one ot her transparent conducting material |ayer.

The structure may further c®nprise one or nore netal

| ayers wherein the first |layer is fornmed over th

met 3fid @ag%eﬁgqrga?tgeraqanseargnt _ ustmwatﬁ?%ﬁ%yﬁaﬁéwﬁg on the first
lay€P fshetidrn@apefuadtionl as aneinderr matthing strectiner &ir érhamcing light

function as an index matching structure

- _“together, ma
°“tPU€°ftéHﬁgﬁY,‘F%g | i ght output of the device. Said at

| east one ot her transparent conducting material forned

cur paf s o Bt ReAfent Bhd i) bRl B e ot

layeafogether maydunaline toinmrove cumespegadingefdhe devige.

material |ayer nmay be forned using a physical
deposi tion technique, a chem cal deposition technique
or TPoe first ryer and said phipast epg/other Fanspatent sendycling reglerial layer

mayUbé eRiméPUsinP N hySeal SR dsitionN €echhltfiel id Themical deposition

eposi tion power may be about 10Wpower. Said at |east
techniaueORBPth: r ansparent conducting material |ayer may be
formed using radio frequency (RF) magnetron

ttering. Th dd Yy b bout.. .
el vermeu e o SR 0 BT PTH epu8 Biterns
of the first |layer may be about 600C or |ess. The

bsirate tenperature during d I i f id at
Isgai{’e g’ﬁ d%‘?qr?étpntﬂ"% B%?S'etlfﬁ %%ﬁggg\l' P%’l‘ggrrrgt e?ialal Iaayer
may be about 600C or less. The first:layer and said at
I t. h t ' '
ray SR e e b B Sty GSREIEN SRl lehngl beClommed

usiag gadio frequersiy S RFhmaghetBrrOsputtering.

The second deposition power may be. about 100W power.

A substrate temperature during deposition of the first layer may be about
60°C or less. ’

The substrate temperature during deposition of said at least one other
transparent conducting material layer may be about 60°C or less.

The first layer and said at least one other transparent conducting material layer -
may each comprise one or more materials selected from a group consisting of SnO,,
Ga-In-Sn-0 (GITO), Zn-In-Sn-0O (ZITO), Ga-In-O (GIO), Zn-in-0O (Z10), In-Sn-0 (ITO)

and other transparent conducting materials.

The first layer and said.at least one other transparent conducting material layer

may comprise the same transparent conducting material.
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&G-1n-Sn-0 (A TO, Zn-1n-Sn-0 (ZITO, Ga-In-0 (GO,

Zn-1n-0 (Z1Q, In-Sn-O (1 TO and other transparent
w@ondusdsshg materials. The first |ayer and sai BCH8G2008/000168

| east one other transparent conducting material |ayer

may conprise the same transparent conducting

material .l n accordance with a second aspect of the

present invention, there is provided a nethod of

formng an electrically corlucting structure for a

|ight transm ssible device, the method conprising,

formng a first transparent conducting material layer

uSIIﬁgaéddraetnopr withss seeoddtaspest dfothel prpsent iryaptiorpnthere is

of her tra pndyct e LIEcC ;
Progeq 2. TRTCE. Phyrig: 8 SERiEHy bR Ninfehlrg ol Va o
trarisnaissibale e:ledldaf theemettadooornprising, rfstmlpg e first treomretnt Gﬁeductlng
e (LT B LorUF, LTI o5 2 A Cone oter
transpaneshcmumum oheterigelayer dingrtly e fisst laversteﬁ'rw shcong peqcess
con?ﬁnSnf{rB?Eret diffidte aﬁﬁ‘ihéﬁ}&dﬁ%és@gsoﬁ&iﬁ&{é th M&@n th&est layer

process conditions ma rpse

funetiops Sista byiffep daver toateduee poverge a@%%fqr #eﬁq"sfé ﬁﬁ?@?@ﬁﬂbée device
dur!nB%rﬁﬁﬁSﬁQf S PSAESst AR Btherofandpabent SoHAIULHETR) rAatefsl taydr.
- deposi tion power and a second deposition tenperature;

and the nethod may further conprise choosing each of

t henfé first pr@@é&%sckdnumﬁnsﬂﬁw?rconﬁi’ige fai first defepsitiontpowver and a first
erature and the sec deposi tdonte erat % g&ond
uce

deqq§g NatRmpetatures niver ﬁ?‘??l" Bﬁ‘?ﬁe e YIS N TEE AR
depisitintppwep and b&écbgthﬂepdsmmeﬁtared aud ¢fes avethod may further

reduce and ch 05| e 0 -
coerr&ﬁ chlogslagSIe?% F §%%@*t%ﬁp%§h}e l@réeggf!)@{)néée%osmon
tengdehnature amdh ﬂ'peasamhd cdepdsntlom temperature ghich thaé adverpe temperature

r. s
and BN o R 67 4 B0 e rcucns
andmm@dsmgatye rsscorshdepQﬂthnMe"@E"Qﬁd?e? d@&ﬂmg’ﬂraroelﬁtlty of said at
Iea% Bépg‘aﬂ?p%?édt%n&lﬂﬁg mbfdrigBdyn the first [ayer
oget unction as an 1 ndex matching structure
for enhancing |ight output of the device. Said at
| eafhe ANANGY Ry fLFHABS BaBAde BRVGLISG ORE draherel mbtdl ayers and

fornmed on the
forming the first layer over the metal layers.

Said at least one other transparent conducting material layer formed on the

first layer together may function as an index matching structure for enhancing light

output of the device.

Said at least one other transparent conducting material layer formed on the
first layer together may function to improve current spreading of the device.

The first layer and said at least one other transparent conducting material layer
may be formed using a physical deposition technique, a chemical deposition

technique or both.
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first layer together may function to inprove current
spreadi ng of the device. The first |ayer and said at

wo e@et3@ne ot her transparent conducting nat eri BET/E@3088/000168
may be formed using a physical deposition technique, a
chem cal deposition technique or both. The first |ayer
may be forned using direct current (DC) magnetron
sputtering. The first deposition power may be about
10Wpower. Said at |east one other transparent

mat er | a for ' ' .

Fr oHoHet BTemav b8 fRT =L B R et PHEE TR HadRefoH s Butering.

deposi tion povver rray be about 100W power. A substrate

tenperature durin I st layer may

benﬁb%ﬁrfy%%ﬂ?él{'gpq% SER‘%E( %ﬂ% Pwﬁevcnéper ature during

deposition of said at | east one other transparent

congduet r r

o egéﬁaréétrfg?ég%g\‘ré 6tﬂ% {ré%‘g&e‘ﬁ?%fglg@tcﬁﬁggfage?i%ggyﬁ mh§ - formed
using MQ)&&@IEHCE&RHDB‘@QH@%$M&§JDQJ ayer may each

conprise one or nore materials selected froma group

consi sting of SN2, Ga-In-Sn-0 (A TQ), Zn-1n-Sn-0

( ZI Ty seagad|depositien ppwermay He@bez'i BOWPRWEH- O (1 TO)

and other transparent conducting materials.. The first

| ayer and said at |east one other t
co% Arubstigtentemneratirg gyréqg Hﬁ?o%%‘ff‘bf’f gbesP %yglrré'nay be about

60dg anegar ent conducting material. BRI EF DESCRI PTI ON OF
THE DRAW NGS Enbodi nents of the invention will be
better understood and readily apparent to one of
or dAnéﬁbst&ki |tbrrip§ratth|e alutind r depasitienf of Isaid raj leest tope other

traeieﬁsﬁ?%'l?‘f i"@‘f?’"w ﬁﬁwa%l Igﬁ‘? g’\)}(\n%,r%és gb(i%{l%cl: %E fés.llé'lngur elisa

schematic diagramillustrating a-light transm ssible
devzﬁg fi J’sg Iaggr SXFERK %lt Féggpgﬁé%ﬁ]\%r f érgélﬁ)'é%n?cdrﬁlu@tln material layer
ragramrllustrating an anic p voltalc

mayeasch eompiise poe af Mege materads pelsetgd éﬂOét@ 9&!@ eonsistig of Snozv
G TS EGHBCThITR -0 (ZITO), Ga-In-O (GIO), Zn-In-O (ZIO), In-Sn-O (ITO)

and other transparent conducting materials..

The first layer and said at least one other transparent conducting material layer
may comprise the same transparent conducting material.
BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be better understood and readily apparent
to one of ordinary skill in the art from the following written description, by way of

example only, and in conjunction with the drawings, in which:

Figure 1 is a schematic diagram illustrating a light transmissible device in an

example embodiment.
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Figure 3 shows a graph of integrated |ight
transmttance (% of the device of Figure 2 vs ITO
W@ 200008863 hi ckness (nn) and integrated |ight PCT/SG2008/000168
absorptance (% of a |light absorbing |ayer of the
device of Figure 2 vs | TO cat hode thickness (nm.
Figure 4 shows a graph of ITO growh rate (nmfmn) vs
sputtering power (W and sheet resistance (ohnfsq) vs
sputtering power (W, for fdlns deposited using DC and

RF magnetron sputterin ure5|sa h, of 28

resh 'S‘irﬁn%és (%ﬁﬁl?es"aﬁt'cvg'gWE pstfapRg) 2 ;5%%60 Iptf‘gt%%ta' bevice
incdrPbratimPsrs ITO basgt askethotid 6 the bxamplaembgdidiehf.er ent | ayer

conmbi nations. Figure 6 is a graph of sheet resistance

(ohm'sq) vs tine (days) for graded-1TO el ectrodes
cormgmr&mgh@ws‘ tegraptt of mjegrated liphtnteansorittance (%) of the device of

el 0 AR P RS it 9 3 fon

abéocmngglam@mtheTc@vwle@uSanu@e%vs:laﬁmatmdnghldmes&mm)t Iayer
conbi nations of buffer-1TGc/ cappi ng- | TO60- X
thickness. Figure d is a schematic diagram
i | | Kigunedt showsa graph i Otarowgh satgApménin) ‘gﬁﬁpuéﬁ'i"t& Ryggr (W) and
oPEHEP (W), SEFIMHAS sited-Uglhg BCNd RF
Sh%g%g%érnagegmr?k@u\%@k?&gnen& tybg) (my cerH)&&{/s vol l?%ge \% :
magnetronsayie™®™g. f or a set of top-emtting COLEDs. Figure
10 is a graph of luminance L (cd/nR) vs voltage V (V)

measured for the set of top-em ttin E 1

i s Hogepis soraplh ofsheelerisiapge ?Wﬁﬁ‘ﬂc‘ﬁzﬁu §I-&g‘?ﬁa%’89’b’oe“
thidkM@ssfbEgtaged r0 fime haviag biffefent apermmbinatiofscd/ n2) vs

voltage V (V). Figure 13 is a graph of |um nous

efficiency (cd/A) vs current density (mAcnR) . Figure

14 Figu@ &Isaaalgraﬁh df@a’e’tl resetdnd:ejtuhrmisqje/susne)(ﬂays)tfpograded -ITO

h
clefles! aothivng et 1t cggg.ﬁgkgaag; of AR QboARTOw,
thieknbsed i ment .

Figure 7 is a graph of transmittance (%) vs Wavelength (nm) measured for
graded-ITO electrodes comprising different layer combinations of buffer-ITO,/capping-
ITOgo thickness.

Figure 8 is a schematic diagram illustrating a top-emitting organic light emitting
diode (OLED) in another example embodiment.

Figure 9 is a graph of current density J (mA/cm?) vs voltage V (V) measured for a
set of top-emitting OLEDs.

Figure 10 is a graph of luminance L (cd/m?) vs voltage V (V) measured for the set:
of top-emitting OLEDs.

Figure 11 is a graph of current density J (mA/cm?) vs voltage V (V).
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Figure 16 is a graph of incident photon to current
efficiency (I PCE) vs wavelength (nn). Figure 17 is a

w@e@ph3eh3 phot ocurrent density J (md cnR) vs vRLT/&GH08/000168
(V) measured for the device of Figure 15 and a contro

devi ce under sinmulated air mass (AML .5) illumnation
of about 100mWcnR. Figure 18 is a schermtl c di agram
illustrating a tandem solar cell in another exanple

enbodlnent Figure 19 is a@raph of IPCE (% vs

12 BogRdble b8 ot bietreh & G Bedekiogng) e® 2

voltage V (V) for the tandem soI ar cell. Figure 2 1 is

ill h I
"R iGe b  Rnd LGRS LA T i GOt
deV|ce in an exanple enbodlnent DETAI LED DESCRI PTI ON
The l. yde a
Cr SO = SR PR RA I Red vESpsafhris ol 2
conprising one or nore transparentconducting material .
Ap t f
rCHIER L oo sPhorelf BRorah B B OFGR PlodRide 1P Gevice o
anafhespxamplelempodinantng a |ight transnissible device 102
in an exanpl e enbodi nent. The device 102 conprlses a

substrate 104, a stack 106 of functi o a
110Figwieriéds a@earhyqh incidepkphotensto qya en’(ae fFé‘?“&Y F’%i}’s warglength

“(nR)s @ hol e/ el ectron-injector/collector 112 forned over

the stack 106 and a transparent graded structure such
as a dual or nmulti-layer TCO based transparent

ﬁl les u.edw R igfa"pmsd phatocuriedt density J (mA/cm) vs voltage V (V)
ol e tr 0 | ctor/ ol l,ect or t
mepgyEd Torsge 5%, 35 S Gt PBviel Tod TR 4 hass
(Al\dﬁspnmrpihattdm offaboutﬂlODmW/craf I ve purposes, t he el ectrode

114 conprises two TCO | ayers. The electrode 114 is a

light transm ssible structure that is suitable for
Figure 18 is a schematic diagram illustrating. a tandem solar cell in another

example embodiment.
Figure 19 is a Qraph of IPCE (%) vs wavelength (nm) for the tandem solar cell.

Figure 20 is a graph of photocurrent density J (mA/emz) vs voltage V (V) for the

tandem solar cell.

Figure 21 is a schematic flowchart illustrating a method of forming an
electrode structure for a light transmissible device in an example embodiment.
DETAILED DESCRIPTION

The example embodiments described herein can provide a transparent
electrically conducting graded structure comprising one or more transparent
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use in e.g. single junction and tandem structure

organi ¢ photovoltaic cells, topemtting and inverted
wW@REDd3@ml ot her organi c/inorgani c functional PCT/SG2008/000168

conponents that nake use of transparent el ectrode

contacts, cover layer(s) or interlayer(s). The

el ectrode 114 conprises an electric conducting TCO

buffer |ayer 116 and an el ectric conducting TCO

cappi ng layer 118. In the e¥Wanpl e enbodi nent, the TCO

used IS bstra 1

@cvn%xmateaaﬁné%'mz?g%squ8°'815‘et?znéﬁaf?%%'%#hgfe 4 4 “oharge
recbmbirationititerlayger s 108, 110 can each conprise organic

or inorganic materials. The

hol e/ el ectron-injector/collector 112 can conpri se

or géigure bis a suhegetic diagranarillustrating a dighidrarismissilla device 102 in

an QQ%:HFA %ﬂr‘?b é‘rﬂsﬁ"%‘%@é@e gé%gbméﬁéeﬂ%ﬁﬁétﬁ%é 1845452k 1B6 of
funamaéttay&r%dle& HehO farme@@yghﬂ@mu@tra@ea%omml laypr such as a
holgféﬁﬁr‘oﬁlnrﬂéé%ﬁéollé%t‘ A2 Rrabddfer 1O sthdkuebsrhd & transparent

alr can itself serve as a tenp

gragad sfraeiter sush asc dyal en-gyer TCETr%ed EansBRRRI plestode 114

fon%a LHv%r tHe AERRIRBNSHEABHLDIREIP M 12N efca@ulafidn |dyer 115 is
erably forned over the transparent graded

fOWSﬁ&MEW‘ﬁG'%HP@?l af | ayer (see 114). For description
“purposes, formation of an encapsul ation layer is

boclt el dlsFeiad AR, g He o Hof cghtontes o

TCOhkgeen TRe@ldttdde Mds al liyht tlaesmissibde Sthdctue that tsesumb@ for

B i e
emittitng rand aindertadf O&.Eﬂsaamqn athent organikirirganic tfungtiongk sempenents

Y 5 LR gt ORI s, e

elekctrodet 4 corprisesam ¢lactde coandicting TEEX brtter layeid 1ﬁ@ndmf glectric
coﬁ&m:ﬁfng 0 Eérﬁjlr baéﬁér G378 18 ARP ekaMipleCd¥mbBdikeht tRé TTD material

i norganj ¢ conpounds etc. In such

usehisdZO. The Subsiiale 40GRAN be AEECPTHEXIBa ARTIoT Pdskie Prd@nsparent.

ThS finctRnl BferdURds, Y0 TdaR éddntdrprigey 8fgahiteor iMbrgamidmaterials.
function interl a er to | rove the electrica

Theg ﬁpi%%{pctmlﬁgptqr eellggtor; 1< can A FRIBRIISS, QrEaRic o morgar(\jic materials

or a combination of both. The encapsulatlon layer 115 comprlses a suitable material
such as Al;Os;, SiO,, etc.

It will be appreciated that a transparent graded conducting material layer
such as a graded-ITO structure is stable in air and can itself serve as a temporary
encapsulation layer. Due to its electric conduction nature, a separate encapsulation
layer (see 115) is preferably formed over the transparent graded conducting material
layer (see 114). For description purposes, formation of an encapsulation layer is

omitted from the following example embodiments.

It has been recognised that TCO has a high work function. Thus on one
hand, when the electrode 114 is to be used as an anode, the transparent graded
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In the exanpl e enbodi nent, the transparent graded
structure is made up of different "grades" of

woreioensabs For exanple, the different "grades"PEEHFGIOS$/000168
formed using different deposition conditions. In this
exanpl e enbodi nent, the buffer |layer 116 is fornmed
using direct current (DC) magnetron sputtering at a
| ow power e.g. about 10OW The | ow power can prevent
possi bl e sputteri ng radi atitin-i nduced damage to the

stridhe 5f fheleqtipe Tt ISEIRn b = a?“o%f?%g:ﬁ%&g?%{he? W, if a
trafidparsnd Tatioay. is td debudddefor lapphidatidh in sieploes‘.) sech #hdop-emitting
OL@@%S%%%%@?\?%&%E %\)’ E%Eﬁr Itéﬁfj%rﬁ e?ollil o: %glé \tNXrIJ fl.,nctlon
intedlager ishelebindd. eThe dywr wads fursiting lntndltag)erf lcammmgns(eRIO)N work
netro i gl b
TR SRR, UM, B8 ool iRt oSy 1K e
tramkpassrit grai:had qmrmlstsz isegsedase gvelh}gmqlgﬁilho'!i@pcf&ﬂn to Cove" the low
wo{el{ g.&%ﬁ% g&%{z)?é}dtos'irﬁ ot%ﬁfihle”b%e dQHFta'nU' ptical p?d)pfertle-gh Bf the

havin € gra structure, formed

cathedensystgini cal | y transparent dual -1ayer | TO eI ectrode

that has a relatively high electrical conductivity It
is noted again that the dual -1ayer structure is '

exalghe example eahedEEshithe gﬁﬂﬁﬁ@ﬂbgrﬁﬂ? F’F"H?t“ber ﬁdaade up of

dlﬂ'@FernF%r‘éHSs émmaiéﬂér M6 dampléiether @iflens tgradés!r may de formed
nprise nore than tyvo | ayers formed using one

US'FQ Sﬁ@ﬁﬁﬂ‘gﬁfm%m 9 mat eri al- or a conbination of

di fferent transparent conducting materials. In the

I nbod ] .
ShaB ISPl empaRtrt e By BYBE 1188 "plPaT sty grect
currhﬁt) QBdt.‘.I magnetionessletediag tat @nlopr powersegompouts t3&pFhgiley rewer
essS an . :
o, PvaPb et SR chih Sho e dithod f telifiuering layers
e.glePBslttis otechthat faithougte theubaier Ilaagreﬂ 18 fgmes basoathigh gptical
traﬁ{ﬁa?n%rﬁl};.y, ﬁiﬂee fbgtfglts EES faIHB' BY9drBYE rTﬂé%g\'O%lt@bﬁHIre Zbw%s rise to a

N PO frate tenperature uced during the
limited stabiityds icondurtivity.about 6(1)C 1t is noted that the .
graded-1TO el ectrode may al so be forrre'd usi ng ot her

physi cal and chem cal deposition netho
The capping layer 118 is formed directly over the bufFer layer 116 using radio

frequency (RF) magnetron sputtering at a high power e.g. about 100W. The capping
layer 118 formed has a relatively high density and possesses relatively high optical
transparency and stable film conductivity in air. The electrode 114, having the
graded structure, is formed as an optically transparent dual-layer ITO electrode that
has a relatively high electrical conductivity. It is noted again that the dual-layer
structure is an example of a transparent conducting material graded structure. In
other words, the graded structure can comprise more than two layers formed using
one ftransparent conducting material or a combination of different transparent

conducting materials.

in the example embodiment, an oxidized target with In;O; and SnO; in a weight
proportion of 9:1 is used for the ITO deposition. The deposition process comprises
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It has been recognised that ITOis an ionically bound
sem conducti ng oxi de. Oxygen vacanci es are forned
WO edoatideged y easily conpared with coval ently boP@mSG2008/000168
materials. ITOfilnms prepared by DC/ RF magnetron
sputtering are mainly nonstoi chonetric. The nunber of
t he oxygen vacancies is affected by deposition
condi tions such as sputtering power, substrate
tenperature, sputtering gastressure, Sn/lIn
conposition in target and the gases in.the m xture.
apREELS I558 ARG o SRUAATCRET D B e do A BViTa o BRYGpBargon and
hydPé’gélgﬁ‘F?éf magyogﬁmqaﬁ: foptReroufer faper t1Eis Gdoata2. 0 ineri/mirf and for
conducti on,  Fur

theSHRPDG YAl S APt 47 Diae 416 Bopifets W HRAHf R iHuGEE during
theffildraepokitien ishatsbiue GOTC.i I isartbtied thah thehgraspdH T@ elevtrodasnay also

xtuyre, t row fl ux r. , ttering
be fortietaslna.otBo b icalat SHRURR sPoaiBr R, 8 ogen
zpeciesz mh%ph can renove weakly bound oxygen in the
epesi.ti : t hdid ;
nydf S8, PR ehiEhsslnd, E0REGH iy (tind SCiricchlucting oxde
Oxygeniusacapciesf aret farmedx reletivalyd epsitid somparad Wit r @oxalently, bound
e Nu r 0, Vagarsd [ il i
el R o, e agedoh, (SBEGHRGTpe nainly
nonstaighometiig. Tthenaumbe of \the OXyeesp yrEaNsies: 8 affecterk by deposition

corRﬁt%?“%l GhciPas paftethgCRsWdr e subsrafee fiipatdt@e, apdteting gas pressure,
nobility, therefore, thelncreaselnll;he arrier . .
Sniio FTEPRSRDIG FEr9 TSNS Fe5esi N fhe MEMYSE: HrEe elRGeRaProvided by tin
dopsPi Wi Yoni2edObxydeA ladamBy i dorioRe cdifpribeé ethe mbiealgereddriers for
For top-emtting OLEDs and organic PV cells, the upper
condugtidn anspar ent cathode structure is crucial. A
conpound sem transparent cathode conprising ultrathin

tal [/, TCO b i ded usi - . '
b BHtRE e Blesrm n uIE8RY T IR dfeit B8R Ridue mates up for
oxytjep llaxp in fihe. VWRED hyeiregen i$ a@edcio ther spufetingygas roixture éhe grow flux

i d - - .
clf0 e ol N nbiodt ISR bW oeRrfe ycrogen
spaxisanufieh |daghtemnye pweakiy bgund riveraen iy the adepesitiog fies.T(s 2

COI%IS%%‘J%I’{CQ, @PRfitioh 'of ﬂy%géﬂﬁ%é %gté%ﬁ??ag'?ﬁxﬂéﬁwows a reducing

ves the current spreadi ng .
effeqs fontoxidel apgdeadsrto @ptinaedserih NFsHURRAT O oxugep varRpistdn e films
andh@tkedn ihcrehs@inghe hikabd stichhel datels. wWaVRé eretfibal conductivity is

proportionate to the product of charge carrier concentration and the mobility, therefore,

the increase in the carrier concentration in the ITO films helps to improve conductivity of

the films in the example embodiment.

For top-emitting OLEDs and organic PV cells, the upper semitransparent cathode
structure is crucial. A compound semitransparent cathode comprising ultrathin
metal/TCO can be provided using the example embodiment. A compound
semitransparent cathode with an appropriate TCO, e.g., ITO, covering layer can be
provided. A good quality graded-TCO layer (see e.g. layer 114) serves as an index
matching layer that enhanges light output (e.g. enhancing transmittance T(2)) in top-

emitting or inverted OLEDs and also improves the current spreading due to a relatively



10

15

20

25

30

and due to high electric conductivity. The graded

TCO based transparent electrode 114 in this exanple
wendodsasent i s deposited at | ow tenperatures, PEI/BGHI0S/Y00168

conductive, has good stability in filmconductivity,

has a high deposition rate and can form a good cont act

with the underlying organic/inorganic |ayers e.g. 112.

It has been found that the | owest possible resistivity

is achieved in I TO depositetBin the presence of

betieh OPUSER AN 0F RePVING BT (Ao PR IAR stis i epejenaths
ani&&élfbtwrﬁelgbtﬂc k&&aﬁ;cﬁsﬁ@ ETHe §laakd fr@!ﬁlpadeai@aﬁgﬁdﬁad@ec&ade 114

e prov usi ng_a conpi nation of " rﬁﬁlp
in this @amelermbadipent iy moakﬁsio%ﬁ'@wa?r"a?fa@é%% 5 BGn eSlipts, has
goddPt&ility HGild %H&&‘Evﬁyh ﬁa§ a’rlhl"gh Gepbgitibraatetandldantioraeslgood contact

cat hode 114 t densi duct
witt e STOSHYEE SEENCAPTRRTH PR & T2 N hreg detEhH Y towest
posémbéfdslétlﬂ@ igateevel in ITO Riepositetiim e presafcetdibydrogal in the gas
uttered bffer | TO |l ayer 116 and the 100 W
m"ﬁﬁ?gfﬂ"ﬁb ‘eEpe "Hﬁl ng-1 TO | ayer 118 (ie. dual -layer ITO

el ectrode 114) also has a relative hlgh deposi tion

r at Ig\r Srﬁxlgagf %ggclu%entbg%k]ﬁée%ﬂa ﬁ‘ta‘agd ‘TP@' étr%@ﬁ:?@% this

ront cs I nent
cas:ermduqmlayer H©-cathegdef ean be erowledtusmg a epnbingtipe at éOW-Power" and

“IO\J Ter C;?ee} "SRY tJe ?)Fgcegéésh O0fi%e cH?JfférU rléy@? ef1g0knables the

org an C and or 1 norganic yers at

fabrneat@moﬂellvmb@wd eathedeatidrtaat hasini ‘lf—"'E'tY Jigh copfwstiyity and high

stagfgggﬁlfwntﬂé oS ddthddes t@fhe%rﬂi@ﬂhﬁ Ri3d R0 h'hé‘b@mglﬂyﬂldheof the 10
I ncor Oratlﬁl‘éﬁ an | TO based eI ectrode 204 of E‘EJOIayer.

W Blcasmyittered nipyfar-Fichiaverrhtd ged thes 199V I'?ESSF{”H@TGF’&%PB'\WP
11§‘(|EU8E|é!-rlé§ler @ eictrddd 159 é1£§h¥§ aneiiivé highadepbsitioweste and is
ethlene dloxthl en%‘%‘% DOﬁ.Pf)e( | diment
sm%ﬂa]g)gtrmgw,\’t %t%ﬁ?@ﬁ%tj nelﬂg nic onics-Hhe amB&fynmo imen
caP{reB ov?depé}eéﬁéctl\(&sdﬁ)tﬁﬁ@? {4BGEME TCO-based semitransparent cathodes
| T
on bapck o finctAieL et SLCJRIomAS e e Rivel o RffBrpures.
60nm t hi ck Table 1 shows the tabul ated growth rates
fort he t Pyi S u
B L U ke
incdeporatieg 262T05balsé'®eleattm&04t¢f itk axanple @r@bodlmnt The device 202
haé YH %ﬁ&k.ﬁ& rb&nlte 3E§9ﬁ@/ Ws&r@r‘ne@culf&tﬁe)%d %@@M 4-ethylene
dioxythiophene) (PEDOT PSS)/ poly(3-hexylthiophene) (P3HT): 1-(3-methoxycarbonyl)-
propyl-1-phenyl-(6,6)C60 (PCBM) (75nm)/Ca(10nm)/Ag(10nm)/ITO(60nm). In other
words, the ITO-based electrode 204 has a thickness of about 60nm thick. Table 1 shows

" the tabulated growth rates for the sputtering processes. .

Process DC RF
Conditions 10W 100W 15W 100W
Growth Rate 2nm/min 17nm/min 0.2nm/min 4.3nm/min
Table 1



10

15

20

25

30

| ayer 206 of the device 202 vs | TO cat hode thickness
(nm. The maximumtransmttance is indicated at
wmovenadse802 whil e t he maxi mum i nt egrated | i gheCT/SG2008/000168
absorptance is indicated at numeral 304. Thus, the
region of interest of cathode thickness is indicated
at nuneral 306. Figure 4 shows a graph of 1TO growth
rate (nnmn) vs sputtering power (W and for sheet
resi stance (ohm sq) vs sputteri ng power (Wilfor filns

b BE SRS AToR A PSRl oAl B Ee o e 282 ve
lef ﬁ&hédé ug}mme(awgnmmﬂegm lighti tabsorptagcep (ke of ﬂ'tedPIBHh'éPCBM
‘ tivi .
|ay%')ggﬁ_1ﬂf E\ 9 ?h% X3 FIC(P ?Qtﬁgg'e écl(ﬁe%sgﬁw 'm ﬁﬂu%q%nsmlﬁance
is ifidicatedvattriuareca 302 whilg thef maiqmummtelgam;ﬂhwt ebsqrmaeceznemdlcated
at q(,:@\n?é?q gslqgnﬁh%at tﬂgrﬂ gr? U# mfé?e@t of EAHSR thickrRiE %ﬁlﬁﬁﬁ:&ea Renumeral

mtransmttance. e sheet
306.esi stance Rs (at about 120nm t hi ckness) can be about
25Wsq. Further, the I TO based el ectrode 204 (Fi gure
2) has a snooth surface (ie. rnms nmeasurenents of
a&éand

t hafrigursdushows @rgigrh of | EO|gTewth satednmeimie) yssuttering Fme@
for gﬂeé'l‘lrés%tm (GRS @%&eﬁ'@ &Né?'(W)‘ fei fiib ngpdis’lté& uging O®and

ts anof hous nature. It wl a ci
RF TASTREOT SRS 1 4 bryokseres tpRtdne HAYE ti ot = BOJR G pputtered
ITA fifhihclegsds With theVdpufteriiy powg amadee film resBtivitysdecreases with the
substrate, the wave guiding node in topenmitting OLEDs
POW&. suppressed resulting in an increase in |ight output
and therefore, a top- erritti ng OLED architecture is

taple f ED;b
2poki ea Praie SROTIRR ek Bt 3ad Tt sdahpfifnce T ofhe
ITC%hiééTgr t@llggtgdld% m?ﬁh?béﬂmér@rthb@mm 85%ng=|@:E[B represents the
n 0 V,
waigienste SRPBEBOE] tarssiitatien TR F1oF) (B G (oG 20mm
tmékh@ss%a;ﬁraé aga:tmm/m ﬁhghérhfhel ITO-Haayae elettnodek20ds(Eigural2) has a
n 0 cat t
S SHToET b, FoRdnSAsraars 75 s |58 T g TO-based
eletfrodea@0d gFigprei 2) alsd biasp éasdi stgassrardvalhlgtble@;chmn mie \Ftﬂe tO its

amorphous nature.

it will be appreciated that, unlike bottom-emitting OLEDs that have about 80% of
light lost to a wave-guiding mode in a glass substrate, the wave guiding mode in top-
emitting OLEDs ié suppressed resulting in an increase in light output and therefore, a
top-emitting OLED architecture is suitable for OLED-based displays and lighting
applications. A high quality upper transparent electrode is beneficial for top-emitting
OLEDs. From the optical point of view, an OLED or a top-emitting OLED can be
considered as a thin film system. Using the example embodiment, the ITO layer
thickness and the compound top cathode structure (see e.g. the graded electrode 114

" and the metal layer 112 of Figure 1) can be optimized depending on available emissive

materials and the device architecture.
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materials and the device architecture.|ln another
exanpl e enbodi nent, the stability of ITOfilms is

Wo pwessisgat ed. A 60- nmthick graded | TO struckCI/8G2008/000168
this exanple, a dual-layer ITO based upper cathode is
deposited on top-emtting OLEDs and senitransparent
polynmeric PV cells at roomtenperature. The dual -1 ayer
| TO-based cat hode has the characteristics of
relatively high filmdepositbion-rate, relatively high

| i ducti vity i i
Cr dhepatereyine Amppimeat e EbIRTO iRy b dRbated. A 0
nmﬂd@é?rb?éil?'gﬁg?gr@, i m}seemdé,giﬂt.(al—l'ayilelslT@-tgpsap lwppér cathode is
dergptal oh g aeld SEDE A, stigbpdtin SofERE P el R room

tempagsture CTiebduzhtayemiTO-teised cathade has thechetasteristiosraf celatively high

’ﬁlmlﬁ ggé?}sitgi‘l-fr&%r 'rélgﬁeﬁﬁefﬁghéafe?rtgshéoddﬂw Ay rélZ@eWthf%g optical

eposi te netron sputtering at a
trarPaiéhaeitic e ormp dan@aede thesundgrlying o1gRTICRSHR - ng | ayer
- fabricated using RF magnetron sputtering at about 100W

in the graded el ectrode configuratign. It c e _see
t haftigured isha graphef sheetTesistgncy (RhMEemnst Wﬁ@kﬁg?xz)feeefng'ﬁosw

i L filsns haviRg fffefent | hations. is vari
oA GIAATY ANy i S compty T i e

{ byffer- . :
from-cie/eORPBHGeTTEUS T fodhs (nteriaeT Py PUTeT =" gpgsiipd e OC
ma %Et%%uﬂ&idg-r%boﬁl 109w ahd tcappibgH T@ refeEQo/ tha iTD regppini@ layer
b SR R ke of BTG ke e
corffighifa@én.| TOo/ cappi ng-1TO 60 as an upper cathode for

topemtting OLEDs and organic PV cells typically |eads

to a deterioration of the device performance. This is
asshhGaathedsedrt that e shest irédistantenefythecbOnom diek. giadgd electrode

o BB S A P8y gl b it e

ITQuaappingH TQyy do .abbut 126 Qhavst far deyfferliO:p/prRAINGSITRg. Altfough the
_i H f Uf H H t I H O .
ol PSP EPRInGITGH GThemattn <P 19, 8L s urae i e oy

corhvictivity stheditegt Bse nfegu%le??g(?dqapems-r'ﬁ)weasom fgper] for top-
en@'{irﬁog&vﬁgg béﬁdl:&?ﬁiﬁgw ESR tz;_ﬂéﬁllyelébdﬂt@b dutsHoratibA dfVthe device
nperafures, in this case at, roomte rature. .
pedsmaneyt ThHavie 3SSABAET; Wit (B RATSPIS, JB(age T sUS denfing" organic
mattraiU 858 do Whé Nuseebfe high Csputterig puwer Ge.g. about 100W) during ITO
deposition of the capping layer. It is also noted that increasing the thickness of buffer-
ITO layer thickness (e.g. to 60nm for buffer-ITOgo/capping-ITOy) is also not favorable.
This is because the ITO film (for the buffer layer) prepared by DC magnetron sputtering -
at about 10 W and at low temperatures, in this case at room temperature, does not have

stable film conductivity. This is discussed with reference to Figure 6.

Figure 6 is a graph of sheet resistance (ohm/sq) vs time(days) for graded-ITO
electrodes comprising different layer combinations of buffer-ITO,/capping-ITOsox
thickness. The sheet resistance of 60-nm-thick dual-layer ITO films with different layer
combinations of buffer-ITOx/capping-ITOeq, buffer-ITO.s/capping-ITO,s.  buffer-
ITO30/capping-ITOs,, buffer-ITO,s/capping-ITO;s, buffer-ITOgo/capping-ITO, measured in
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Figure 6 is a graph of sheet resistance (ohnm'sq) vs
ti me(days) for graded-1TO el ectrodes conpri sing
walpdobasesns | ayer comnbi nations of PCT/SG2008/000168
buf fer-1TOx/ cappi ng-1 TOso-x thi ckness. The sheet
resi stance of 60-nmthick dual-layer ITOfilns wth
different |ayer conbinations of
buf fer-1TOo/ cappi ng-1TO 60, buffer-1TO 15/ capping-1T
ﬁsfbuffer- | TO 3o/ cappi ng- 1180 30
_buffer-1TO5 ing-1TQ 15 uf fe
air gYsr RspPR gt | R0 A8 O A ts W&Pfeadﬁae'ly. tht thp cqrptuctivity of
thedﬁifér—lh’@ﬁ&@%g—lﬂ)@ﬂlﬁecsué inemierulliG02)t ie not stableyin tairaThdréfere, it is

t buf f .
cor GG o i o O ] FRO BB SHIFAR f e
noti stiitatse €r wpplitatibrats a cathoge én begpeic elléb@odleg).wilht)a@l'\ the asepciated
net ' . ' .
T T
As abnt hesedn infféguis §omeait@bllaw;125@| eleciiodes ef:'euf?rﬁ%@ns/pmmg-”%

buttef: %ﬂoﬂgéﬁﬁgp ﬂE%ﬁﬁéﬂTbh&aEPﬂS it Wﬂaﬁé?@iéd%r appllcatlons

mat er e seen I n ure dual -

" in ¢rmneebctr¢m@e@ueoto thair ﬁbﬁfapt?0$t'°§/°é Highi f‘H@ gwmrete ar?cy high film

stagh't& .eLir | TO 30/ cappi ng-1TO 30, and
if'fe er-'1 TO45/ cappi ng- | TOL5 may be used for

applications in organic electronics due to their
chagigeleet iistd gfaphf ofiraitndittdnde qraWh mléﬁélén@ﬁ d(nfw) ghedsuted for

gfa?’%?%'é' IRk eesngripBiTg O A Ut Fstiigptans 51 PYGR- TORSRPing

TCR), EHdASIRS TRO WRIVERhEE dipbhdure fansratance; QIEhi bRE0-ansthink dual—

(3 }
| 'ayg’g p'&ai efh‘%‘r‘gf@gﬁgﬁﬁf?rgm!@’ga%%%ﬁf ?olg n@%{S'Eﬂ;Ts{q?Pelgg G R9 Hter-

ch%ufaé pmgell $85 18 Buﬁmmjs/dams.ﬁ@rmgo?/anapm gfet-TRag/'capping-1TO,
u r- - |L.T e

ceRREed o9 IEE9 SUPRaES Gy ot e KRR AU rt5viagon, fy the s
wabélérfg@tﬁ rdgidn ()/beRmpatiat O fetethe shmplés) they A sneasured for the

SoSASRL S B 9 g A S8 o

wavaawgmt’aﬂgesln othérewdrl$,) theeessilts bttedin Figaredl a1d4dateﬂaat 1h$(dua|-

Iaysdggst? ir égpﬁ?‘%‘ﬂ g écﬂ%b%\sﬁ é/fg @E&%ﬁﬁle eHE)IaE n‘[ernf"ﬂé\{;g difnfdt Sptical

propertids., Thuse thie sant p.ropti@tﬁteedom nin m@ngngr thaﬁ & Q—bﬁ%ﬂdt patpode for

I sed transparent el ectrodes of the
.apé@gthggﬁgol'eq% Iéc-{ % ransp

_ ave simlar optical properties.
Thus, this can prow de freedomin optimzing the

I rgéﬁ‘?gﬁ%éiﬁ PES RathBlie 8PPk xBinbRerhbBbdih&RHah be applied for top-
emitting OLEDs and semitransparent organic photovoltaic cells. The high performance
dual-layer ITO electrode can improve the lateral conductivity of the electrode. The dual-
layer ITO electrode can also function as a refractive index-matching layer to enhance
light output in top-emitting OLEDs and total transparency of sub-unit organic PV cells in

a PV system, e.qg., of semitransparent organic PV cells.

Figure 8 is a schematic diagram illustrating a top-emitting OLED 802 in another
example embodiment. The OLED 802 is a tris-(8-hydroxyquinoline) aluminum (Alqa)-
based top-emitting OLED. The OLED 802 has a structure of structure of glass/ITO/ N,N"-
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The dual -1 ayer I TO cathode of the exanpl e enbodi nent
can be applied for topemtting OLEDs and
WG eswtis@nspar ent organi ¢ photovol taic cells. Ther/bGHs/000168

performance dual -1 ayer 1TO el ectrode can i nprove the

| ateral conductivity of the el ectrode. The duall ayer

| TO el ectrode can also function as a refractive

i ndex-mat ching | ayer to enhance |ight output in
top-emtting OLEDs and total7 transparency of sub-unit

. anic PV cells system ' X
d'(@egﬁhﬁl‘eaﬁéﬁ'gr d@b@fﬂﬂ?’é&ﬂé\?}écm I sgNsaggur eag“’r‘i""a 545:Alas/
Aqughmhﬁ&-mo@wéaﬂhgwmgtwmtre NPBais tadiectrartsponting ByEDC80Marin

545; '&92 '%iﬂp. ﬁ?;/ eé%}‘@_d ﬁ?‘b '%tﬁ(ﬁ"ﬂ 3%"%‘5838 %ggrjssre ectively and

LlFiAWbumITOLJc@pﬁﬂldj:D'OJtsearm@Br 8ftRodens a structure of
structure of glass/ITQ N

N -di (napht hal ene- 1- yl)-N, N - di phenyl benzi di ne (NPB)/
Coulmethe rexsmﬁieﬁerqmdlmerq 3 thin Fim, stankf 6fdAE(DBaym)/A(1-5 nm)/buffer-

AT T g bk g LED 2
it iRl layen at a@@mggales.angel¢c55¢erl@e¢t@§§@am/%|t&}e qragnic/cathode
mtelri'agéé{ /Bgé‘f'ﬁfér %daTQyéﬁﬁ@@&hBﬁé Ba_ﬂslge;io‘éltél\f‘uWBC/RF sputtermg

e exanpl e fil
using al§" ml@ddﬁp/tmgelwsh AP @nﬂf%’roz 'Pmswb’aﬁm 3 11%%&5?353

pre§§ur8~°n$ %@&%PSHan%rh@ﬁ%uﬁﬁﬂed lat té%e thapatsoik Rki0TgPALEHR total
he ultra-thin Li F/ Al

80 a
Pregsige qf e FREETS G cHRR copipeR AU PET k1ol e depositon
rob@éﬁn%fc%ﬁ'fédadut &Qi’mmTththré ay ethe |STbsteaté sontt h8Rdiduring and

aftqr-ert%g Slg'}::l Sgpuﬁil bj%ﬁgt e nﬁ%rl'iibﬁgc gﬂ' g-I'R?Hs g’i’%fe%ctrode
hada $heet hesidtarse af am 90 &/sq(compamgigurers).chanber is

nmai nt ai ned at | ess than about 2x1 0"4 Pa. The total

pressure of the sputtering gas was kept constant at
aboTib c8nfirmtthatla A4 cafhsechgyingi a thinknessoedf duffer-I3 Og/sanAingdi TOeo is

noth ttaglg fa FB,?% g&%ﬁt&éfs?ﬁpl@? cton\%gingg_lﬁF"(@Bﬁm)/ﬂl(ﬂ@tnm)/buffer-

chwappnnaﬂT@aa !@verbatru@;ress WEIS/ Xasminedy- lets ¢bfeiped (not shown)

shﬂle%cﬁ'\épé PaRitR ai"ﬁ@%nh%l(?’b%%%r—ﬁm}éh Sikg-WRfistructure as

npare Frgure 5). To confirmthat a g) %HH 3$ i

an namrr@t@d@ ﬁrecﬂwegg Tys 'B@PF%*#SelﬂT‘%iﬁbES%BPR the-RyTiefT Oo/figpping

IT(%%' 'Fe'iegﬂ'g%sf 8y RH 91% hétrdh' @&Iﬂéﬁﬁg @$ abﬁﬁtn’wm camrdmm to the
| n

unqi%{b@g %re?fue L?&%r@'méﬁﬁs %9{5 h%re@SU'ﬁeg‘EHC?@pth'?%ﬂ%af PR Spmage
buﬁémm)layer is preferred.

Next, OLEDs having cathode structures of buffer-ITO,s/capping-ITO4s and buffer-
ITOso/capping-ITO, are compared.

Figure 9 is a graph of current density J (mA/em?) vs voltage V (V) measured for a
set of top-emitting OLEDs. The OLEDs comprise LiF(0.3 nm)/Al(1.0 nm)/buffer-
ITO.s/capping-ITOss and LiF(0.3 nm)/Al(1.0 nm)/buffer-ITOgp/capping-ITO, cathodes in
the example embodiment.
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showed that OLEDs with a LiF(0.3nm /A (1 .0
nm / buf fer-1TOo/ cappi ng-1 TO 6ostructure as an upper
w@ adobosisear e shorted. This is because the fabrPCESGTING/000168
of the buffer-1TOo/ capping- |1 TO60 el ectrodes by RF
magnetron sputtering at about 100W causes danage to
the underlying organic materials. Therefore, the
results indicate that a | ow or no damage buffer-1TO
| ayer is preferred. Next, QBEDs havi ng cat hode

’ fb _1 TO45/ i -o‘ d buffer-

T TOHBE A0 HgEPre BriRRncE e Yeltag ¥ (F nedslie ot e se
of t@é—eﬁﬁﬁﬁg@EEm@ﬂnﬁdé witH L(H(IG\Bmﬂﬁ/)AI(VS‘) nholbusfge T, {/s8pping-ITO;s and
LiF( 4 am /§|Z1 /@_@ee-m?;o/&tﬁg c% ﬂ'&dg‘ [Re exXdHipCefridSdiment

ITO45/capp| ng-1 TO 15 and L| F(0.3 nm/A (1.0

S s P8 DL LTl et e 6

catlvadevsjtubmlgﬁs have‘e!)mllae ds\(eed L%characéer@ecs dioweyer mtrefﬁfe@ce to

/ /
Flgﬁ?’egggpéﬁmﬁg %%5%{% %L g?)f d%h‘f%l'lfl nlme Qﬁ#efr-‘l?fo.‘slzﬁpmg ITO;s
struetyre iR feare STRRrE0 cheipp it that vtﬁom%rtsmdfég hUFferr'H OsedsarRippdT o

str\%ﬁfg%gés'@pﬁppeﬁrgﬂéfaﬁ'ém re%rgd@fﬂii défice bpSlichfdhseihéd tHaGkiectrical

types of upper cathode structur
consiagtivit ofinenpurter-{7 QeelgaRRIng- (iR SBHCHH ot PiGEST ARfsaiso Stable as

4rBd fothéd: e dfitisIITes,/Sapping-80, [Mtestarcaned
COﬁgb erct rode e?gsn%rl si ng tﬂ-gﬁot/)urpm\r@- I ch45/ cappi ng-1TO 15

structure is a nore superior choice to that of
conpg Iume@ﬁgdtél ahd Lﬁeﬁermén’&e ﬁfotheaamm@er 'IE!Dec@roSé rafcthar example

t
emBesipe ons: arcj e Bl emaedyBRu £ B dyehtis roise sy opmezaly.
an binéreage linf ML apatainge.4 T@Unsmmnbcinnertayels trhclgiees raaw suspress the

sl BRI S0 4 18 B el Sl i e
appreciated heat @dthiok metat inferddyer typisallyetasises adedustion hrehgé;(gmquxtérom
th Q.\Z;E[ﬂgldélgcﬁgﬁé siid 'uggcg m%féaggoc‘?n@rﬁé?f fledonM thout a buffer

y yér, 1t IS note

enera an increase in the

metal (e.g. alumnum int erI ayer th| ckness nmay
SUDFN %ﬁ&hém@xﬁﬂée&\‘i%ﬂlméﬂuu AOER hrﬁg mﬁeﬂﬁ@@:@pﬁlﬁg-lTOw
he organi c yers. However, it wil

r eci a
St“ﬂcﬁléf? oupd &@W'%Fo funetion) %UWM%B?W"& gpiting &(-jEDS with
an "RHRlrh ¥yet BhitingBd of FoPd! thah! £0nm. Top-emitting OLEDs comprising a

LiF(0.3 nm)/AI(5.0 nm)/buffer-ITOy/capping-ITOs, cathode structure and -top-emitting
OLEDs comprising - a LiF(0.3 nm)/Ai(5.0 nm)/buffer-ITO,s/capping-ITO4s cathode
structure are compared in the example embodiment.

Figure 11 is a graph of current density J (mA/cm?) vs voltage V (V). Figure 12 is a
graph of luminance L (cd/m?) vs voltage V (V). From Figures 11 and 12, it is observed
that the top-emitting OLEDs made with LiF(0.3 nm)/Al(5.0 nm)/buffer-ITOy/capping-1TOso
and LiF(0.3 nm)/AI(5.0 nm)/buffer-ITO.s/capping-ITO,s structures have similar or

comparable J-V and L-J characteristics.
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t he upper el ectrode side due to increased internal

reflection. In another exanple enbodi nent, a LiF(0.3
wmegobAsdskaIf f er - 1 TOo/ cappi ng-1TO 60 structure iBCT/SGRAS/000168

to be able to function as an upper cathode in

top-emtting OLEDs with an al umi num | ayer thickness of

nmore than 5.0 nm Top-emtting OLEDs conprising a

Li F(0.3 nm /Al (5.0 nm/buffer-1TOo/ cappi ng-1TO 60

cat hode structure and top-e®tting OLEDs conprising a

car s ‘BF 9ok o Mea ey e R S RaH densly (rarom?),

Flg@rlébl‘ldé. 89rph dfingtiatisddliuiminancg v pperafiorctime hoursfiensi ty J
(mVcn2) vs voltage V (V). Figure 12 is a graph of
| um nance L (cd/nR) vs voltage V (V). FromFigures 1 1
andt 12 pbsdrveds thedt the \QIEDshedmprising tye- Bif(Q.3 inny/ASEDsm)/buffer-

d L
gt etk B e Remous prciancy (spe pumergl 150) and
arenleps tetdtiesrin | [IQindbea appi tiglel Gel16umenalidti2)ees mared to the
str&h@%l'g??erﬂ{calcﬁg%?f&ﬁn% ;beL%P} 2Bfcded Jwith LIE(0.3 nyAS, 0 nm)/buffer-

IS a | um’nous

TCagi6APpInGrTQ w{ Stckyres ssoe arralde a4 dind nNQﬂnzThe diffegence in
peri’o‘}mbﬁczeacéﬁ B8R utipbutB® rtUﬁJaH%f:‘ @aﬂn‘dﬁ% RGN uH&ergSﬁi@r&bér%‘ materials

hours). It 1 s observed that the OLE

whichds e, ety thelTaricatarh g Buffer 0w GEPEIBBT LR R FergIetron

sputiefintPatabeat {oaMg. a ower | um nous effici ency (see
nunmeral 1302) and are |ess stable in |um nance over

time (see nuneral 1402) as conpared to the

- st mﬁ.tsu frﬂ{hEYe)dadfp!H t@Bbdiments citihas ibegn Qefbastfatdy thatithedgraded
W

[.Al (5
T rehafc o8 gmPHENG = PP eteepBRE Tomesturyre, Jo.Suagle for
appliéatibhs inltop-ethittihg OREDs. i N per formance can be attri buted
to partial damage to the underlying organic materials
whi ch is induced due to the fabrication of
buf After- dé’iﬁdbb\gp#hbrgpdvﬁoewm eRfbadiments rwith gspecteta 4EDs,

qmﬁ jments, it
ph% a%%u@\é(%%{l)én/\é&er %Séﬂg&t tsrffg%gr ade O cat hode,
conprising a buffer-1TO5/ cappi ng | TO 15

St r’f'ﬁﬁ L{‘flrﬁ or’gﬁnlé by Q:Qll@ Y pravidk| IS@IdoglnEoWél' generation. Organlc
top-emt . After describ

se@mtfynwOpﬁgr%ssﬁgtyp §QMRYNeRiS in PV d%v%es(,) Vr?avgxaaévgntages
including in terms of large surface area, cost effectiveness, chemical tenability and
mechanical flexibility. It is noted that limited absorption of the sun spectrum and a
relatively low open circuit voltage are two factors that can limit the efficiency of current
organic PV cells. Therefore, in addition to searching for suitable low band gap organic
semiconducting materials for photovoltaic applications, it has been recognised that one
way to improve the performance of organic PV cells is to use tandem structures. The
tandem PV cells can be formed by stacking the sub-cells using semitransparent
cathodes. It is also desired to have high performance serhitransparent cathodes in

organic PV cells.

Figure 15 is a schematic diagram of an organic photovoltaic (PV) device 1502 of
another example embodiment. The device 1502 is a semipolymer PV cell and has the
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photovoltaic (PV) cells are discussed in the foll ow ng
description. Thin filmorganic PV cells nmay provide

WO 09863 power generation. O gani ¢ semnm conduckPOr/SG2008/000168
functioning as active conponents in PV devices, have.

- advantages including in ternms of |arge surface area,
cost effectiveness, chemcal tenability and nechani cal
flexibility. It is noted that |imted absorption of
the sun spectrum and a rel &0i vely | ow open circuit

oltage are two f that can_|lim¢t, the effici
f°"QYf'"9: u ISFTB‘F?\‘:"eor g5l ‘@Y(Fg're“?h e?"g{PB?tS)'d?R?dada?'Yd:a Ct%gene

d.omﬁwtéh?g f(mzoewpts&yl eabmw)/ bapaly(@dexyithipmhene)  (P3HT):  1-(3-

N

buﬂeﬂﬂ:jm\,(/ea;idmg -iver{ aihumnthe ddviaer gm coriptises| & i)ﬁ@l*ﬂ&dl@@pmg—
t be f d
ol RS b PR Bk G e Tor

cathodes. It is also desired to have high performance

Se%t Bf&@?ﬁﬁf& y tr?é féﬁg&sof é)ro@anayerpﬁc:@ttaure%ua €n the

I's a sc ram of an organi ¢ photovoltaic
per(mn@e@f dlee 1@&@9015%0‘1 [rontrelx deite (RethshAwRl nhaving,@ device

con‘ﬁﬁt‘lﬂfa{?ﬁ 15Q4 'S st?ﬁfﬂltﬁtftbc\ﬁ@fssc’V 8¢tbrtm)ﬂml-nha@BM(75 nm)/Ca

ow ng ructure glass rene

(105m)/Agt1APrm) &oﬁ?éﬂc%‘%ﬁ yi( 15, 2oted At e QPR Favicsphrmay electrode

conQ;E’rEWAdogﬁ tHikABED bf sl § Gorae inetdalii of ek beerd T3 Eapping-1TO:s
- _met hoxycar bonyl ) - propyl -1 - phenyl - (6, 6) C60
stﬂ(%ﬂ&%5 nm/Ca(l Onn)/Ag(1l Onm)/
buffer-ITQN:appi ng-1 TG s. Thus, the device 1502

rises .a buffer-1TO 4
T Somoue i o SEpP Gt Bl PRET B s e ey [BHE) Y favelenat
(nnﬁ)r St 1602 showly tHehserfofrhade offthe Iuev1de|al502 apdrpldtTIB04 shows the
1504 e performance of the device 1502,

rgo ruct uree d Pl t ,
pe "@8%‘?‘5 he @ NIRLIRMESt shown) having a devi ce
configuration of glass/|TQ PEDOT- PSS
40 P 5 2
BB B PR ot v
measured s therdeviasoth9RianH e pentief devieehunden sisyiased aib Blﬁss (am1.5)
muﬂnﬁug%‘ﬂ b ?E%d?ﬁwich? bltsf flﬁfz éhBQ@Etﬁ& @Npérts@adtérrfancéof the device

tructure ure is a InCI
15QFor-tv SeG¢ sandtiars WP PIot 4704 Shavidag L chasadriSigt A the device

1502 in AM 1.5 conditions. Plot 1706 shows the J-V characteristics of the control device
in “the dark” conditions while piot 1708 shows the J-V characteristics of the control

device in AM 1.5 conditions.

Table 2 below tabulates the performances of the control device and the PV
device 1502. ,
Sample IPCE% |V o (V) [Jsc(mAicm?®) | FF% PCE %

Semitransparent

48 0.50 5.80 42 1.23
polymer PV cell

: v ,
Control polymer P 59 057 8.22 43 2,02

cell

Table 2
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(nm. Plot 1602 shows the performance of the device

1502 and plot 1604 shows the performance of the
weomwpnsisetlevi ce. Figure 17 is a graph of phot oRCI/BG2NN8/000168

density J (mNcnR) vs voltage V (V) neasured for the

devi ce 1502 and the control device under sinulated air

mass (AML.5) illum nation of about 100mWNcnR. PI ot

1702 shows the J-V characteristics of the device 1502

in "the dark" conditions wi1e plot 1704 shows the J-V

ch ar h
FF %dﬁ%lﬁf {ag{q'&gﬁcﬁég 'slﬂ?tS@gg’%eﬂ\‘}/éé’%gﬁéO%% ||egﬁg\lr\/l acl:t 2r| stics of
tlgg coﬂg_rol tﬂev!]cs/ in "the dark" conditions while plot
S e.J- ,
32 R NS B R BRI PO e Sopk BEnBRBHEL g v
quanhen ptficiencyraf absut#8%hand: encanversitey effigersydot nboutb\ﬁ 23%. The
sefﬁ‘ ﬁéﬁs& re}i? B¢ ceTaopld%vi%g ﬁPP? gfeﬂfs 5 'cbrleér‘aﬁltequ el aRetativety lower

conver si on e can be .seen from
sharthairctit bliresnt diesitp\(Wstd of aleout §@zm&&wn@t®mn@§'5%wzé&f'at Rhpbout

8. 29?@9&64%@%&?& fRHE QAntraP@iice? 8951R6Wh R TEBRVE MTeNght decrease

I Clency of about 1.23% The semtransparent P b
in photoruiept demwity i @Edge@trewéﬁrémoaﬂmt PYgellqor device 1502 is

exd’e?{egtalg‘ljrﬁ&r)é théﬁ’\%% %@ ‘ﬂ{et m@nUéﬁ’cLIight (cbfnbﬁi‘é: I;@ Sﬂ & ﬁ'af}sénitged)through
. i son W t hat of about
thedopgraded TGP qlﬁé%fgﬁ‘? BHStf“&F”"? Hg&L ontrol device, as s hg\l/Jm

in Table 2. The slight decrease in photocurrent

densjity . in the semtrans n ol Iy

GovRte” dssgbRg B Feved-aa i PBBHIF I Wby Epheet to PV ool
tandBfi gigatic dolsleblls arerdisbuesdd i.tB¢ follewingadescripti@d t hr ough

the top graded TCO el ectrode or structure 1504. After

descri bi ng the above exanpl e enbodi ments with respect

t o M\acddnt srgahiasdiantelisgeathcsingte selarcellican e agieenstsiadabout -

20-4§|r]n§ T%ggﬁg \é’:dg‘a\q]t%g%?ff:ﬂ &Hdr@{ raﬁ%ahm frﬁ%ﬂ&vﬁ@ﬁé open

e very
Cer(LBtb&DUIageZﬁ a419ndm'y1 PVTtellsanbe @Q[e%ﬁwa'@@gi%prg@wgfé/ecells can fully

utlﬂz%aiﬁé RG/a fst&}u‘rﬂj g{}‘ GtdRfgf 2’ |o¥ P¥re gilffeTé}ﬁ SORf eefs fisdtirbspond to

em PV cCel can be increased. Tandem
dlﬁs@énﬁ'*ftﬁ ghthecgglar$pegiim. y| | y

In another example embodiment, a high perfOrrhance graded transparent
conducting material structure such as a graded structure of a buffer-ITO/capping-ITO
type is used as a charge recombination intertayer in thin film tandem solar cells.

Applications of the transparent conducting material graded structure of the
example embodiments inciude as an anode, a cathode and/or as a charge
recombination zone in tandem solar cells or any other functional organic/inorganic
devices that make use of an optically transparent and electrically conductivity layer.

Figure 18 is a schematic diagram illustrating a tandem solar cell in the example
embodiment. The tandem solar cell 1802 has the following structure:
ITO/PEDOT:PSS/PBHT:PCBM(75nm)/Ca(5nm)/Ag(5nm)/buffer-ITO45/capping-|TO1 5
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utilize the solar spectrumby stacking 2 or nore

different solar cells that respond to different parts
wW@Roowhasssdl ar spectrum | n anot her exanpl e enbPCi/&8€2008/000168

a high performance graded transparent conducting

materi al structure such as a graded structure of a

buffer-1TQ capping-1 TO type is used as a charge

reconbi nation interlayer in thin filmtandem sol ar

cells. Applications of the 22ransparent conducti ng

rePRuaradT RIS Boryo Y B e PR RANEE Sar cal

180D A PAEES hi gradetPTIEOi interiayeterBododfabufieniTQIcappingHYOo tforecharge
o functlonal or gani ¢/ i nor'gani ¢ devi ces that nake use of
CRPIBFHONC al | y transparent and electrically conductivity
| ayer. Figure 18 is a schematic diagramillustrating a

530 85 G5 oL B DA TBLASRRSH R v or slr o

1802 T EXgEECEDN isREGaPB 19T pPABRMTES aipn sy (Lt /em (wrigftagri Vi) far the

t %eéﬁl lar cell 18
anger glareall 182G 5/ peDOT: PSS/ PEHT: PCBM 200nm) / Ca( 20N / A
g(200nm . Thus, the tandem solar cell 1802 conprises a

Or 2fiL I G0k MtSidtaY RE pbBOHnaoebbf the tanidid sorPREINEBO2T O
for charge reconbination. Figure 19 is a graph of |PCE

(%9 vs vvavel ength (nm for the tandem sol ar cell 1802.

?M&e 70 [FEE 97 PPNV Of Of &k (neEmens! kR%J PCE%

vs voltahe VATA f Dy rsolar—ceH
Tewdem T4bl @99 el pw t&BRI at ps théeéerfo marfles pf tHhe®
ompnegm gol ar cel || 1802. Table 3 Thus, the-primafy

resultslof the tahdempoly r p\/ nall 1802 shows

Y
Ve QIIUV\I A

enhanced open circuit (Vot"i ‘?/Bltage of about 0.8V |n
Th&ofﬂé%frinﬁé?ﬁré@m&oﬂth@fandémmmer \5oell 1862 shovesd] ah @nhanced open

CIrqglgE\thg Jg%%‘g%t%f%%gﬁ %r@r&% aéﬁ%‘c}g ‘g\‘it%%sd a%% (g?mg’t measured for
singlk Qurehie $endiftéspatdntiBVicall eme.a. deidecib0d fof anum fag an
electrically conducting structure for a |ight
transm ssi bl e device in an exanpl e enbodi nent. At step
210Riguee 21 issa schemsatiaflewcharb 240 illustyating amethod gf Earming an

ele];f?ircgﬁyd conducting structure for a light transmissible device in an example
embodiment. At step 2102, a first transparent conducting material layer is formed
using first process conditions. At step 2104, at least one other transparent
conducting material layer is formed directly on the first layer using second process '
conditions that are different from the first process conditions. At step 2106, the first
layer functions as a buffer layer to reduce adverse effects for the light transmissible
device during formation of said at least one other transparent conducting material

layer.

In the above example embodiments, an organic and/or inorganic device can be
provided that comprises a rigid or flexible opaque or transparent substrate base, a stack
of inorganic and/or organic functional layers formed over the said substrate, an organic
or inorganic hole/electron-injector/collector formed over the stack of inorganic and/or
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using first process conditions. At step 2104, at | east
one other transparent conducting material layer is

WO o00ashsed rect |y on the first |ayer using secoPdI/SG2008/000168
process conditions that are different fromthe first
process conditions. At step 2 106, the first |ayer
functions as a buffer layer to reduce adverse effects
for the light transm ssible device during formati on of
said at |east one other trem;sparent conducti ng

material layer. In the abo nbod
orgmin BCHoTEh BV O, 7 HERIGTSIRYGT TEO Ao Saps VA Blechdl formed

over Mrbﬁﬁ@oﬁnéﬂgghng h@l@eﬂéc&&hﬂ;&t&nﬁﬂ%ﬁor@ndtah%rh&é]ﬁuwﬂbn layer.
substrate base, a stack of inorganic and/or organic

functional layers fornmed over the said substrate, an
or g'ﬂ'iE frafdpateh® [sOB&tiate ltah eeglass bo meanjpmsn@ fdils olithe péraveation

barf'lﬁl'n yg@o e |atg§gsp§at§%kfa QLEBZ?% EEQ EL%ﬁcatlgns The

opéduarsabﬂfawtarebeatmndmnépmmumangmc amdaongaglamubstmte that can be
i nor ic holelelect r . .

2 baro sl The e bOHs PhaRha dae S Hordiit Rlterpls. The

dua} arsmultilayel FEO patesals cah bl reade bh sweﬂqna@nd vAsugarmetheds at a

rooly r E&sﬁ&ﬁ%erﬁu%}éﬁ’éb%@@' e for OLED pol yner OLED (PLED)

rcatro e opaque substrate can be a
non transparent inorgani c and organi c substrate that

¢ an-l-,pee P@FI’@OS H&%Hft?én% Sent &\ectde @ Q‘oﬁrfl ah Qéﬁectnc conductlwty

functl ani c and |nor anic material s,

angan ngmqal ccptmim Iamodﬁe&réimgaersthe@npluf@ﬂ?.% dheyf C&Paﬁeﬁcﬁlﬁdrode,

carf Egm&‘i’s‘éué' Buftet ﬁ?&st &)re@eﬁt QfSiBle Odeicget RNPEr@idenEng functional
bove. The graded-

d I de .
aye R TERBRER SR, RNl 5 GRRCEH B | 2P QR RgrCOs
fonlnlau ,sog.ﬂ&e b Vé@uﬁﬂfl&hﬁbﬁ%ﬂﬁbh eethoniss The hreateFiaE: temsiasl selected
el ectrode can conprise . t
frow&grpgp EorpRrRipgIng! n%ﬁ’emi?ﬂ?d&éﬁ rFIH& am%lﬂ? 82 ég VF@E@ zinc oxide,
tin T:Btﬂet Ganmfsare NGITY)e ZhvinSe-OriZIF0) aBailrs-Os (310h,t zmunﬁ@ o(mO), and
ef1.c t T . ' ' .
OthPr F‘%%ﬂg% §u&tg{3lﬁg r %%%so%gﬁéﬁ%np ¥r I#é{'l%%&éi{l} egegﬁUMn organic
and/et iacrgenic tevdcesa Theseupaiedalp cas be gsedqidﬂiuiduallymfw'tth@ecombination

ér*f , al um num oxi de, indium zinc oxide, tin
of e'g““éa'%n Sn-0 (G TO, Zn-1n-Sn-0 (ZITO, Ga-1n-0

(GIO) Zn-1n-0 (ZIO, and other materials suitable for
useTﬁ@ ttﬁékﬂgscsoafr RETCY 1256/ dah HRSRAEH. TRE AdckrBA thjédlor may be

or
forme of a low work-function metal or metal alioy. The low work-function metals and
metal alloys are selected from a group comprising Ca, Li, Ba, Mg. The electron injector

may be formed of a thin bilayer of LiF/Al or CsF/Al or Mg/Ag or Ca/Ag.

The above described example embodiments can provide a buffer-ITO,s/capping-
ITO4s dual-layer ITO structure for inverted OLEDs, top-emitting OLEDs , semitransparent
polymer photovoltaic (PV) cells, tandem structure PV cells, and functional components
comprising a stack of inorganic/organic diodes, transistors or devices that make use of
transparent conducting layer(s). The inventors have recognised that the TCO-based
semitransparent cathode can be further optimized in order to enhance light harvesting in
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and/ or inorganic devices. These materials can be used

individually or with a conbination of different
woreoens@bs. The thickness of the TCO | ayers capChgG2008/000168

adj usted. The electron injector may be forned of a | ow

wor k-function netal or netal alloy. The | ow

wor k-function netals and netal alloys are sel ected

froma group conprising Ca, Li, Ba, My. The el ectron

i nj ector ‘may be formed of @4t hin bil ayer of LiF/ Al or

CsF/ Al or or. Ca/ Ag, The abov [ d e
the GPHSRRCHE 5% 28 WHIoEh 416 HaBRTFaRS (07 SUBREN RS Fandem
strudtié tHirfiel photdVolidic detisese for inverted OLEDs,

top-emtting OLEDs , sem transparent polyner

photovoltaic (PV) cells, tandem structure PV cells,

andr ngcﬂdbwﬁo elzepodecot thec exgmplei egbatlinerds lcafbe used as a

oA B P YA Bl 0 BB S0y Ay e
flati panelndisplaysh avganice gwgganiceand hyhrid Mmtq‘(g(t,algags@asors heat mirrors,
eleaﬁg]sth%ﬂﬁga‘{q i) Feﬁ{ Qﬁﬁﬁﬁcﬂﬁngaoﬁsuréﬁ@%s %HE' &h&egpt‘oglectronlc

order ‘arvest | ng | nt ot oacti| ve
apliggtions alt cafe Blso &s LlS in mamont deviess. 6905%9@1 Rt juggiogs. electric

corfiditd, S trbﬁ‘s em'c?ﬁ% U@L‘E@?P&Iﬁh@r figon Ehepyv @isbla}@ automobile

evl ces. gr ad ed- TCO el ectrode of the exa
'nd@MWE’E‘W@m@éﬁP'%‘é %‘é‘l?fdﬁﬁﬁﬂ‘?%rﬁ%yénﬁ'geﬁﬂﬁ o pdygrtisgment
dlsﬁléﬁ%%g gptt: aﬁﬂnﬂﬂﬁ{dnif@rls Qbﬁ@dt&&ﬂ‘@ anfl iR Brgemicvéledtidtlics including
| ane nLc, inorgan

ﬂexéh\%l%ﬁ@ﬁf@'—%ﬂb?&?&r taip film trgrgﬁugérrséoﬁlﬁg% St r r or sg c

electric shheldlng, t ranspar ent dlodes transi stors,

cir U|t and oth el ectroni ¢ at.i o I

o) sEe,cbalecineRn rEBs ebR. c8 freBBh.a b, Hlany ' to6Hsea
elettrdtiet withsmooth earfaces, l'ttgmelacttls portdmtmﬂyahnginbphnar tranisparency and

L t

WIﬂi\ nﬂ.‘%lggp* %&Ep% ?Eﬁmuégg Ft? Eﬁ‘ﬁ@y&%arﬁ%olﬁgggﬂé tertulown lprocessmg
teniesgilrey sin addijivage tmans;zanefmytarsiecrcmﬂctmtys ﬁha;examdﬁmbon@ents
otk BB i S 44085 Yol L A fooston it
nottraquiring prex pwmamaah@,g O'tﬁ'rexamp@t%nbomeefﬁ%wea'a Rrpyitable for
usegzgcﬁeg%gsﬁ iG3Rd REAdiE d6psraltisgh qual ity TCO- based

snoot h surfaces, high electric
conductivity, h| gh optical transparency and with

subsgi@ptdripld ¥mBBdif@RBEan ‘Iéédbtadjbfdm{hg'lﬁ taHdaA OBV cell that has an

mater|als at Iow\Proces %
increased V,., a thinner active layer for better charge transport properties and having a
broad spectral response in the solar spectrum. The example embodiments can also lead.
to obtaining a TOLED or a semitransparent OPV cell that has high electrical conductivity
and optical transparency e.g. via index matching and current spreading, that has a
smooth surface to reduce the electric shorts, that has a high deposition rate with no
damage to the underlying layers, is stable in air and that can be produced in a scaleable

and low-cost process.

In the above example embodiments, graded-ITO film is used because of its
preferred properties of high electric conductivity and optical transparency over the visible
light wavelength region. Magnetron sputtering is described as the technique for
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tenperatures. In addition to transparency and

conductivity, the exanple enbodi nents can of fer other
wa@ewans@eges such as not requiring addition of PENSG2008/000168

deposition facilities and not requiring pre- or post

anneal i ng. The exanpl e enbodi nents can al so be

suitable for use for large area rigid and flexible

substrates. The exanpl e enbodi nents can lead to

obtai ning a tandem OPV cel 12& hat has an i ncreased Voc

cerppbpa e dethiss s, BHTals bt e flvab e UF JebRATRS om0
films obprod it Botmeadtive mqunl-reaﬁwbcﬂdmmﬁﬂﬁ/%ﬁm@nsmon spudtering

t obt ini 0 t cell
cor B B 13,y BB U SRR B RN b e
protiucenisigia naaiity | T @mstmthendtewnllrmt apipreniptechthat (rQ &lms can also be

pre |J’e‘d2 90993!‘ etcnl%éué?\ﬁ ?dﬁgg r#qglﬁMLé@foethér‘haﬁ @\‘rgb%?atitoh%e{)%sition,

ectric s t deposition rate .
electoond hear eeviaporatien, usriiay IPyraligis, sghemical vapar: depasition. gip-coating

tecﬁrﬁ]g%éesg ghls%?]l rl]atsﬁg d@g S %e(ibLU)‘ rﬁetﬁ@dil tﬁt%giaﬁcéh" ﬂ'labﬁé“l/rd?p §|§uttenng

€ eXa odi nent s, rae-

ang varipus hysicat and ehamieal sleppsi n&”p'i“éﬁ‘éi’? dlwil Psp?epcha?éedoﬂ‘at (these

depdsfiBn %étﬁ&dsl %m%c{uqﬁe \éhéghe&Bﬁi s(bﬂitérﬁ'@' tebhrﬂdjlié)aé@ﬁ%d in the
over the visible Ii gl\g/det{ thre

exaiale eEPPIIHETE. RVe TS el chi Br Ga ol Roe R that
advefde d@@gﬁ&ﬁnﬂﬁﬁe‘a éﬁeetbmorquema:*erahhmsedreaiemg aredfeduced using a

vl 0t BBt A LS8R L, B B fr e

light fahéraissiblg deeide lkan beautofided ihi dtregst epaotier tanspdsent epnducting

magqg'lgf fa?%,rl g énﬁgwicoaﬂy;‘}?ﬁ%&c?ng %{r@&tr%l Fo apﬁag%g l’fr%ﬁsnjﬂ Sgl le device.

Thédeaprobds® danbitiens: ancluae s buthare proé ienited t@,ytempheature and deposition
po gchnl ques including but not limted to thernal

Vévaporatl on deposition, electron beam evaporation,
spray pyrolysis, chem cal vapor deposition,

di paﬁéé%%&%a{i ee‘igl“ RUERbodMERE cdndR&le QSF?&?le\'ﬂé&lb(lle—Q)ch as

ance magnetron sputterin vari ous
usrp@9§|ng@| deﬁﬁ%ﬂ'%ﬁﬁ?ﬁlm acpEbinatiemof, rPJf%‘g ?b"F?f'% teghnglogies.
appreci ated that these deposition nethods, simlar to

R ol aE Lot S S IRaF el b are
notdfnile8 16 §thd B Bxh@%ﬁl’hdﬂj&fbtﬁémﬁadédwalém arenetirig $ridy, Ga-in-Sn-
0] ‘Cglg'g)geg ﬁ%iﬁg) ZZI%‘S &h(?n ?&It())t E rl‘ﬁc’ 8 ?chbg)land gt}'/lclarc?raﬁsp%rent
conducting materials suitable for organic electronics. They can also include using
conducting polymers/organics, transparent conducting nitrides and other transparent
conducting materials. These materials can be used individually or with a combination of

different materials.

‘It will be appreciated by a person skilled in the art that numerous variations

‘and/or modifications may be made to the present invention as shown in the specific

embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to

be illustrative and not restrictive.



10

16

20

25

30

first transparent conducting material |ayer and such
that a desired filmquality for the |ight
W0 e@naniss3i bl e devi ce can be provided in at | eBSI/SGIE8/000168
ot her transparent conducting material | ayer, of an
el ectrically conducting structure for a |ight
transm ssi bl e device. These process conditions
i nclude, but are not limted to, tenperature and
deposition power. The descr2ebed exanpl e enbodi nents
can have fabrication flexibility such as using a
CLA | e deposition process or a conbi nation of
dlfferent fabrication technol ogies. Furthernore, it

1 ARBRSHAN SHIBh R £ e oove.

struchurk ¢dmpeisingr oxi de materials, including SnQ2,

o4 0 g A o SR S0 s 8583 (RuOprocess

condiibes;i al s suitable for organic el ectronl cs. They can

I I
B S O P RIS oty o e

er transparent
firstlayetu sait 12 least one sitker t'ﬁﬁ‘éB@!eﬁfa@Cé\dP@t!"@ reatﬁnajéaxgrehfmg formed

» usih Qéc\Sh&j Pl%keéé &hd%ﬁg‘thﬁt &'@ e P fr@ﬁn tﬁé ﬂl‘it Blfoeé@rﬂondltlons and

teria reC|ate

A ﬁ O Searss affetts for th
i n wheseigthe ﬁrﬁgqumwglgnlﬁsa%pyfg&rllqyﬁg ayed verse effects for the

llgﬂmpérfsh*ﬁ@.ﬂiblé’ "H‘evl&)’d@ﬁ‘ngnﬁﬁﬁaﬁdh bheaiir #seakt by edthérotrasparent
shown in |E)em fic enbodi nents w thout departing

COWP%QtWe%%HVF or scope of the invention as broadly

descrl bed. The present enbodi ments are, therefore, to

onS|_ﬂ1er d | ? ‘%ﬂ o be .illustrative and

not T est r“%rﬁsAﬁ}g' "?el WSl I'y conducting
st riuet firste pfooessa cbmc!jﬂiﬂnst cangisesai filst dépositien power and a first

dest ttuctture comprising, a first transparent conducting

eRRAten 'S ?%}g formed using first process conditions;
at the asecomh erasesee conditions peconeptise cdise¢aond Wgpasitien ipawer and a

se%é’;\)ﬁ ep[,%{é&g%ﬁ@err%gpéy on the first layer, said at

eas ansparent conducting material |ayer
bei wherety thedfirst deposntlon power, the first deposntlon temperaturé and the

second deposition temperature are each chosen such that adverse temperature and
deposition-power induced effects for the light transmissible device are reduced; and
wherein the second deposition power is chosen to provide a desired film

_ quality of said at least one other transparent conducting material layer.

3. The structure as claimed in claims 1 or 2, further comprising one or
more metal layers wherein the first layer is formed over the metal layers:

4, The structure as claimed in any one of claims 1 to 3, wherein said at

'least one other transparent conducting material layer formed on the first layer together

function as an index matching structure for enhancing light output of the device.
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usi ng second process conditions that are different
fromthe first process conditions; and wherein the
WO peost13dseyer functions as a buffer |ayer to reRCygG2008/000168
adverse effects for the light transm ssible device
during formation of said at |east one other
transparent conducting material |ayer. 2. The
structure as clained in claim1, wherein the first
process conditions conpris&7a first deposition power

d f t d ti ] t t h
o t i GHS SLHRBHS 88 CADEN L andaRoF i fresups Salpes e
saldS a Mt dﬁsoahén Othaﬁ@mt abmlmlng\,fmmtmah fblirmred ongthe first layer

oot enets o fBpGYe cBRn| et B eldedie; CTPCL 0L e

t hat adverse tenperature and deposition-power induced
eff cts r I
cca 8 ity o UairBdT By Tl & (e plecEaRRiaims, wherein
the dirsislayert andosaidiaddeast dnei other transﬂaeﬁrélcpnw@ng fmgteriah fayer are -
it ri&fﬂndifé“@“&ﬁén'ﬂg IngdRsitidh tbéhtfdue or
fonég@]?‘%'naaepﬂgfﬁlgéag gl rredI in clains 3 orp%%,I further
botizonpri sing one or nore netal |ayers vvhere| n the first
| ayer is formed over the netal |ayers. 4. The
structure as clained in any one of claj 1 to 3, .
whet-ei n T sirugture assglaigied 'gtcﬂ%'l’" g'r ‘Hﬁ%rﬁﬁ}n@\?tlﬂrﬁbﬁéﬁrc'tsifﬂ@"ed
usmﬁiéll?édt @hrrérﬁ)(@b)frﬁgﬁ@ﬁoﬁ@pﬂtt&ﬁgl rst layer together
flunction as an index matching structure for enhancing
l'i ght out put of the device.5. The structure as cl ai ned
i n@ny oM stfuctdre a@rmﬁﬁﬁbng anly ainesof th presiedingadlaimst wherein

{ one ot .z duct t | f d
the STt RBOTTOrLPOr S & FEP B EMEP Blinct s on Fo Trprove

current spreadi ng of the device. 6. The structure as

t he £ S‘Ithq %yl}/cltt?l{éea oélal % r&&:&l'iengf cﬁélﬂ'lsr@ fo Wh&heih said at

one
leastr aresgthercinansperedt) mndugtlnmmeherlall Iaveay%for@eé Lﬁﬁ\&fé&'%@%ﬁnw

(RFc‘) %n%krgﬁlsgg@%gﬁhfl on techni que, a chem cal deposition

10.  The structure as claimed in any one of the preceding claims, wherein

the second deposition power is about 100W power.

11. The strUcture as claimed in any one of the preceding claims, wherein

a substrate temperature during deposition of the first layer is about 60°C or iess.

12.  The structure as claimed in any one of the preceding claims, wherein
the substrate temperature during deposition of said at least one other transparent

conducting material layer is about 60°C or less.

13. . The structure as claimed in any one of the preceding claims, wherein
the first layer and said at least one other transparent conducting material layer each
comprises one or more materials selected from a group consisting of SnO,, Ga-in-
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7. The structure as clainmed in claim®6, wherein the

first layer is fornmed using direct current (DC)
wWOore@naesaen sputtering. 8. The structure as cl aP@EEGR008/000168

any one of the preceding clains, wherein the first

deposition power is about 10Wpower. . The structure

as clained in any one of clains 6 to d, wherein said

at | east one other transparent conducting nateri al

| ayer is formed using radi ®&requency (RF) magnetron

s L 28350 L RS I TR, R e
1

trarf%Pw_%ht tshdabigtmatedald.pover . 1 The structure as
claimed in any one of the preceding clains, wherein a
substrate tenperature during deposition of the first
| ay®s. | STHDSIctHERE otaimed irsclaib® 13, TWikeretrr the fficat éayes and said at

clai ned in_an . ' i '
eatt e Fap e sePichE R M Ao th i ine PR bhoparent
corldeetig roaterisk her transparent conducting material |ayer

is about 600C or less. 13. The structure as clained in

any one of the preceding clains, wherein the first .
layts. andl methadzaf foenisg aselestrisally cragGiag sttfucture for a light

trafmEsBlel diidER IR thathol B¥Rbri§Agh conprises one or nore

materials selected froma gro_up consj sting of, Sn

o OBINGOA, G CyranseAieh. BATSIG) TEETaLEYSY. SPipes st process
cor%ﬂrog&' O (2109, In- ISn- O (I TO and other transparent

conducting materials. 14. The, structure .as clainmed.n

cI oG 20 jarst 6ne ofhes FansRErenLEATAUGHNG Tatpgel Jpyer dlieqthy on the
ﬁrspll@eﬂ_tu%bt %do@ﬁ@ pAécees conditivrat thap aretdifferetit ftomy dhie first process

conpri se the same transparent conducting material. 15.
°°Ug'tllﬁr’g§'tﬂﬂ§’ of forming an electrically congucti ng »

st r whérelnethé dirst iayér fghdtiohs ass ivisferi layes talreduceadverse eftecisdor the
..conprisin form ng. [ t cand [ n
Ilglﬁ,at%ﬁnysnﬁlgy%?wf?s Igﬁrbn%f {o#’r‘é?ﬁon 5A558 3 84 ttcﬂ{)éng;ﬁw%\' %ansparent

process conditi

conducting material layer.

16. The method as claimed in claim 15, wherein
the first procéss conditions comprise a first deposition power and a first
deposition temperature,
the second process conditions comprise a second deposition power and a
second deposition temperature;
and the method further comprising,
choosing each of the first deposition power, the first deposition
temperature and the second deposition temperature such that adverse
temperature and deposition-power induced effects for the light transmissible
device are reduced; and ‘
choosing the second deposition power to provide a desired film quality
of said at least one other transparent conducting material layer.

17. The method as claimed in claims 15 or 16, further comprising
providing one or more metal layers and forming the first layer over the metal layers.
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formng at | east one other transparent conducting
material |ayer directly on the first |ayer using

WG emonshsps ocess conditions that are different PCD8GLI0&000168
first process conditions; and wherein the first |ayer
functions as a buffer layer to reduce adverse effects
for the Iight transm ssible device during formation of
said at | east one other transparent conducting
material |ayer. 16. The net2®d as clained in claiml1l5,
wherein the first process conditions conprise a first
deposition power and a first deposition tenperature;
t he1gecomkk pethodss darddtihany onergiiclaias 8 5ted@neherein said at

deposi tjon power and second . depqsi tion r .
lea5 v e RE (RO eIt T B, FILP ) SHTCTRg BE dfe o taver
togekreer ffumiction dspars indes matching, sttucturé i fos enhBnsing ight routput of the
t.enperature and the second deposition tenperature such

deYif%t. adverse tenperature and deposition- power induced
effects for the Iight transm ssible device are

" edyged; TRNASHIALN dfintdifin Sy UM SLRARE 15AH 1BOWREreiPsaid at
provide a desired frimaquality of sard at |east one
least lome  pthan dpaasratentc eendyetingn gnateriabriayar foggped . on the st layer

tod D AhcBSn & AigFBE bt 8brBadHg dtithelGeviddlr t her

conprising providing one or nore netal |ayers and
formng the first layer over the netal |ayers.18. The

met bed aph& hitHBRchs daifitd iRRAy @he &f dialfhs 16 td 09, Wherein the first

wherein said at |east one other transparent. conducti
layRe Ao S0 Flip2pt PR RRTPr FFERRIER SHUREG PSieggldaKe, are forned
usihyRCSHy8iRaPdepaBitibhl teohnitiier Hichgmidal depasitionftechniqiesordiotry

 rght output of the device. 19. The nethod as cl ai ned

in any one of clains 15 to 18, wherein said at |east

one 20t heThé histisgrhas olairmed dhuclim@Omathersaimlthd fige layeo isnfedmed

USI%B wggt éulrrre% (6C3)yrﬁ£gnetron sputtering.

22. The method as claimed in any one of claims 15 to 21, wherein the first

deposition power is about 10W power.

23. The method as claimed in any one of claims 20 to 22, wherein said at
least one other transparent conducting material layer is formed using radio frequency

(RF) magnetron sputtering.

24. The method as claimed in any one of claims 15 to 23, wherein the
second deposition power is about 100W power.

25. The method as claimed in any one of claims 15 to 24, wherein a
substrate temperature during deposition of the first layer is about 60°C or less.

26. The method as claimed in any one of claims 15 to 25, wherein a
substrate temperature during deposition of said at least one other transparent

conducting material layer is about 60°C or less.
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together function to inprove current spreading of the
device. 20. The nethod as clained in any one of clains
wa200036683 wherein the first |layer and said atPCE&62008/000168
one ot her transparent conducting material |ayer are
formed using a physical deposition technique, a
chem cal deposition technique or both. 2 1. The nethod
as clainmed in claim20, wherein the first layer is
formed using direct current30( DC) magnetron sputtering.
22. The nethod as clainmed in any one of clains 15 to 2
1, wherein the first deposition power is about 10W
POVET.. 2Zfhe rhbthotrisiulaimad ichay ore of daitms/ 15 0e26) fwherein e first

ov# il B AL P o o A LR PP cach
corhprisgs eoneyor( IMBle matptials selected tfitoer argrouR 4ondistingneft Snidt, &=-In-

j ' fa. Cl 3 I

snELEITGF 2l S BAPOR s ok 2B fp ISP G (T and other
transpateoticanductingimaterialss any one of clains 15 to 24,

wherein a substrate tenperature during deposition of

the first layer is about 60C or_less. 26. The nethod .

as 28.ai e mathedyasoHaimed ig Claime 71 whetpin the fijptlagerand said at
Iea?(“(gl'%I SRELtrARIPRRNE ESHARCEHY AR riflaBRs dontpiis8fths 8hfheatansparent

east one other transparent conducting material |ayer

condyctinbmatesi®bc or | ess. 27. The nethod as clained in any

one of clains 15 to 26, wherein the first |ayer and

said at | east one other transparent conducting

material |ayer each conprises one or nore materials

selected froma group consisting of Sn@2, G-In- Sn-0O

(dTO, Zn-In-Sn-0 (ZITO1G-1n-0 (GF O, Zn-In-0 (21O

In-Sn-O (I TO and other transparent conducting

materials. 28. The nmethod as clained in claim 27,

wherein the first layer and said at |east one other

transparent conducting material |ayer conprise the

same transparent conducting material.



