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WD 2007/ 130025PCT/ US2006/ 016730 ORGANI C
OPTOELECTRONI C DEVI CES AND APPLI CATI ONS THEREOF Fiel d
of the Invention The present invention relates

whQoBf:18@ps C opt oel ectronic devices and, in paR@E/GIEPHI16730

to organi c photovoltaic devices. SBackground of the
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votfta at their maxima. The fill factor of 14
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ol\%\&%?ﬁlg%degél %gem}nst rates |l ess internal resistance
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simultaneously under operating conditions. Nevertheless, as the fill factor approaches a value

of 1, a device demonstrates less internal resistance and, thexefore, delivers a greater

percentage of electirical power fo the load under optimal conditions.
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Phot ovol tai ¢ devices nmay additionally be

characterized by their efficiency of converting

el ectromagnetic energy into electrical energy. The

conversion efficiency, rip, of a photovoltaic device

is provided according to equation (2) where Pnp is

the power of the light incident on the photovoltaic.
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i ces, especia l'arge” surface area, are
thedlgﬂifinélﬁﬁﬁt@ﬁﬁe@%}ﬁ@ﬁ%‘ﬁk‘ie to produce due to the

probl ens in fabricapiagareg/eLysepl s free from
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converting el ectromagnetic energy into el ectrica
ofteghsgiing If’rﬁxﬁt‘éweﬁ?m]t’lﬁ%tl%’i‘dv ant ages of organic

opt gelsalr B uesidBN ©efrodidé corgsifd ph&lbecb ltjc devivesuiviich edisplay
deS|rabIe to provide. or anlc %hotovo tai

inctogaed pRGESS BT PYRICHG B GHBAT L0 focy e S
viewasthe advasiRs of hfgﬁnicrmﬁ(gamwmmpmwmmﬂlswsmddmwm,els would be

e SRBIE o BroyidR AraEm O PR ol b e BETEC Gl IHER: ifparable o

and, Mg itk @eppgart thap irotrgandd pieteollevideasss. havi ng a

fiber structure and nethgds of maki ng the sane.

In accordance with a firg&tl asﬁ%ct of the present

i nv Enﬂ)bdumentshdf thei regpnb vingetior reskploaprarids CELARY pgﬁog]gCtromc

t r §th§c%d ¥&énd beftfods of

do s e R AR SR SO SR aE Syl b
HMhh@ﬁhsgms1tlve organi c | ayer surroundlng the first

el eﬁ‘{ E&ngaﬂ \arﬂheacfifs\t G ek’y 0?91@%&%@@1115&1‘[?0&1 ethbiel Btprovided an

el ec a ‘second el ectrode _surrounding the
aprgahicompeiyiag anartidabdiber ©arg, ya suligiont E%fls{nésst"ﬁeﬁ“t electrode

suPbhaH ththJ: ﬁ%&‘rcoreo— at least one lpRot@§mSitidla b&anvi14yar surbR@and the first
aspec Eresent |nvent| t her

de
cloghiieosed ISRETiR A OB OIS Y HEToRss b doSgrRL etmode

sut @RI Sh&& gatic |888dind U@ 1Al Qvifletil & e blganit ieyer.
photovoltalc cel'l conprising an optical fiber core, a

radi ation transm ssive first el ectrode surrounding
the fiber core, at |east one photosensitive organic

| ayer surrounding the first el ectrode and

el ectrically connected to the first electrode, and a
second el ectrode surrounding the organic |ayer and
electrically connected to the organic |ayer. In
sone enbodi nents, a pixel conprises a plurality of
photovoltaic cells. In other enbodi nents, an

opt oel ectroni c device conprises an array of pixels.
In a further enbodi ment, an optoel ectroni c device



WO 2007/ 130025PCT/ US2006/ 016730 Bri ef Description of
the Figures Figure 1 illustrates cut away view
of an optoel ectronic device conprising a fiber
structure according to an enbodi nent of . the present
i nvention. Figure 2 illustrates an cross
sectional view of an optoel ectronic device conprising
a 51fn RESrdlce %{huéf SecBind Qé'pg&trkg tﬁ@%@&nﬂm%[dﬁeﬂfereqfs pkdigded an
esent 1 nventio | ustrates an cCross -
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the?ﬁ%%'ie@trf}@%ﬁn%] efl’él ?gbﬁ%@{ed o4 tﬂeqﬁst@i&%@é ahf¥ 88oh@Blectrode
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ure es a bund fiber photovoltalc
surwhdlsg tecwgaticlgyerand aleiselti wﬁ@ct%ﬁ tothpeorgES ke
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accor to an e resent inventiaqn.
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dlsg&mgo Y Pldidtlofi tglﬁyﬂiﬁﬁv@‘:fﬁﬁreqjécﬁgdé Bn aufEROSH KB Rbred Uishheng at
invention. 20Detailed Description The
leaghroge ehntowiw@m orgpnip fayen aelecicghenmnygpeasion aththnfist Telectrode,
an cﬁ*oﬁﬁ% g S%;&%Id WUl RO OIh S foa PRI R RE AiBh Gvitand &%&mc layer.

g er structure. In one enbodi nent,
pr eBehedimagie e itesnpigpey iienestiom adshidenally seqkt T&eﬂ’r@‘élfi‘i’ Fiithods for
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di ment S, the or gani C opt oel ectroni c devi ce
metb@drpfqrs eenvaTtinEo Blsv BT ALStic efNergyT R ﬁlﬁaﬁﬁﬁh gRerey  comprising:

rec&%ofb@ﬁhﬁnte{jﬂg %nlomgﬁﬁd’iﬁeh ugled of NinV@pticAl Siber, transmitting the
di ments of

radiation into at least one photosensitive organic layer through a radiation transmissive
electrode surrounding the optical fiber, generating excitons in the organic layer, and

separating the excitons into electrons and holes at a heterojunction in the organic layer.



opt oel ectroni c devices of the present invention,

opt oel ectroni c devices of the present 30i nvention

conprise a fiber core. The fiber core, according to

enbodi ments of the present invention, conprises an

optical fiber. Optical fibers suitable for use in the

present invention can conprise glass optical fibers,

qua tz optical .fib I ' ' fi ber. :
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L L R L S S 3 S A

d| aﬁeaceordawegwma fsmmhadsmy;t oPe gmserd isngotion, 3@@e grarovided an

cor.e, :
T e S L R e
thenfither lcarept Iphlralft)?rbﬁ dhqtes@nstlveaoﬂgame rlaycrsrsgrromdlmthe figst electrode
engt. in .

4 E?Iﬁlcalf 8&6({ [OfL ?ﬂ%"ébecgrogég}aég cz:igsg&#lgveiecgﬁ?% %Lg'%(ﬁndmg the
pluraitgbfigrghmio inyaﬂscaud elbirigaliy coonedsestp theagurghity ofiotganic layers.

cores I,

i nv%n ﬁcgﬁd%f?%gskﬂ?aﬁ ?}ﬁﬁtﬂrgﬁ%e%wpﬂr :Egge%rgt r%lg\ten{rla? € %sed%wded an
appapioneenirasing: an\sptivatibbes cowda bklrdlﬁzeowhoéwﬁmﬂltwerreglh@ disposed
::110%‘[:y e A HE&H{]Va%St & thla Sivde eéécﬁ'phﬁﬁ)@&fgmv@ r%@m? %;hgrlsmg a

Ront i'C radiation having ‘energy greater
radidtimn (urfanstrtmesred efidst oatergnodt i Blrroaddlagl the dibsordsedd by et one
B cpBnf 847 iPut B iS] hBroddARFACLAERT clctrode
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absorbed by photosensitive organic 20l ayers of-

opt Skéseand othecerdendimenss ar of b pesesieinveniting aretdesgribed in greater
det%ﬁ?o&g %Fttaﬁédsdes&ﬁbtﬁ)ﬁ%‘?t}}% HBE Wb f8 J ncl ude

errals co ng at |east one anlde series

element. In some enbodi nents, upconveter material s

can conprise nanoparticles conprising at |east one

Lant hani de series el enent Lant hani de series el enents

suitable for use in upconverter materials according

to sone enbodi nents of the present 25invention

conprise erbium ytterbium dysprosium holmum or

m xtures thereof In sone enbodi nents, upconverter

mat eri al s conprise netal oxides and netal sulfides

doped with ions of erbium ytterbium dysprosium

hol mum or mxtures thereof. In other enbodinents,

optical fibers may be doped directly with ions of

erbium ytterbium dysprosium holmum or mxtures

t hereof 30l n other enbodi meits, upcouverter materials

can conprise organi c chem cal species. Oganic

upconverter materials can conprise |I-12CON and

4-di al kyl am no-1, 8- napht hal i m des as wel |l as

1, 8-napht hal i m de derivatives and conpounds, such as

mul ti branched



10

15

20

25

30

napht hal i m de derivatives TPA-NAl, TPA-NA2, and
TPA- NA3. Organi ¢ upconverter WD
2007/ 130025PCT/ 1152006/ 016730 materials can al so

‘&8'59({75@@02 (di met hyl am no) ci nnanmoni trile (ci Scangk006/016730

trans trans-444-
(di rnet hyl am no) styryll-1-naethyl pyridi ni umi odi de,
A[ 4- (di met hyl am no) $rigf Descyiptiangif fiee Figures
(di et PR A R%20 8 fib
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quantu ots. ant um dots, accor di ng to sone
efibro dirreime @coré@m tQasr AR diEment|of fliy DRt PRAtion.
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(CdSe@ﬁgfgdm Emtel Iﬁtrl%lce (CdTe) C&gﬁd ﬂgl nc sel eni ggcm i
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core- thﬁllré 5 ﬁiﬁ%’t@%%%ﬁﬂ&i@&' ke PRERHIHAR o aBeording to anRmbodiment of
addition to those provided herein, enbodi ments of the

pthe SeEpant infgéieei on cont enpl at e add| ti onal upconverter

mat er 'li?éu%e @@iﬁ{ﬁﬁ)}s%bﬁkglt L61RBSHibis B aMBEILStovSHARNIeiSe according to an
chrom um Upconverters, in sonme enbodi nents,

cepboganayt SfibrsEereniii e he optical fiber core. In

150t hetig 2P @A Bh&y cird e Ik FTaibedihofdeolRlicsRoisesteating fo an
a surface of the qgptical fiber core and at the

i W@dﬂ%ﬁ‘@é"ﬁlﬁe FHEUANGEEO ore with a radi ati on

trans m;%r?é ¥ @isfildys Shor€diREH ERREs for a fiberphbi@Tol@RId@Sice dcBording to an
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s?}’a]f"tdé?fi“ﬁ@f%“g@ﬁm“?‘ﬁn%%t her embodi ment, a fiber core
can C Q‘@ﬁé $ @isRayR lcbiivatsioh ¥ imiens earot ©fiien ghoagaemls device according to
Scatter] ng ents, accordi ng to enbodi nents of the
phieddhed mfeﬁ'ifé;%%“’lpé‘?f'emé‘ﬁ’ﬁn%"(?at ter el ectromagnetic 20

radi ati on propagating aj)&ﬁigzdtm@c:hpmgl t udl naI axi s of

the fiber core. In sone %E”f? Lel ncgdm oreanic
agent S BE BFCL PP PREE) gt Siatons Biirapnagios ore

r ;’ﬂﬁ)it(ﬂ’bltaic ﬁtbﬂc\é@ hﬂvuig Offibek btmdltdi)éﬂ om@aqhewm tht pm@nt invention
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oot SanSreRy b B el PhGouBElif 4 ks e A op R isive
ChifsBelechodd quﬁ‘bmrﬂglga]@em:teﬁ(;om at l[sphenephdiostngiévetesgandayer

%P@%&L}h %st c]txgé] e gnd 81acét§1cas {)) arect,tl d:to G ﬁrgt%ig:%gh%,l atglli%%gecend

estbp@dinmnbundiathcapmid Iser gal &Ibcﬁ&aiﬂw@nnecmd pp@e prganic layer. In
Eﬁ)ﬁgkﬁﬁpﬁil&e&t&%& orn:}mc Oopgoefé{; a&nﬁc exrfrllce (-:r ! a’lﬁé Ir??lgto%q{g%l cell.
c 0 rrp r |'l§xﬁuﬂig1d:ev io mmpcmeﬁs thhmam hemelmbiddn pezong erfilndiments of
a.transition netal :
h ég?egggm v%cgr tlr t}é\ resent 1?ve11t1cpn Eﬁ 696%5:91%1% @%gh%g%f tffe ﬁr@%
nmm:{ﬁeﬁpdmﬁisea: fiba@nore. ?Hha/ﬁlwe sorg facdob@nggp emémmﬁm@fﬁhﬂ Taesent
rise.ar adi at . a . . .
m rnéla%, BHS[B?'IG ?ptl gei rf%tgr 'bzxma%gge\{@ %Lﬁ%ﬁr’]lé %‘0} g%%h%@?e\%%%t mvention
@nl@smdude@iaes optical éiberssubrtr dphiesl &bérs, iand/plestic gptidabiglets (POF).
EStth 1!1c¥11 B!% sS mrs%gll %‘{llbgditné Ei}ﬁoe\ébﬁhﬁét%i %@Qity%t@f métﬁzﬁzrylate.
]t rragne 'C spectrum h some embodi men S,
r Ianduﬂmr pmbodimentss plagisiopdcahiiltesy dan bs capetricisd 9 payilugirpslyelobutane
el ectromagnetic radiation wth m nimal absorbance or
ot her interference. Moreover, 4eI ectrodes, as used
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WO 2007/ 130025PCT/ US2006/ 016730 herein, refer to
| ayers that provide a nediumfor delivering
phot o-generated current to an external circuit or

' “Rjﬂ}ﬁ,fyﬂ&g bi as voltage to the optoel ectroni cpdevkBBs/016730

An el ectrode provides the interface between the
phot oacti ve regi ons of an organi c optoel ectronic

dBEB@econiniing pallymers: Jusles Perfgrosyclebutaps prby(RrsAgs. £ Qptical fibers,
af;(%?(ﬁf? olsbRdehiRifda & %e‘i)?erséﬂt &fventiof, @k cdrfRM¥k ibBe mode optical

extern circuirt. 5A ralatlontransmssweflrst

dibers rpduyplt m@e@p@&h@b% Gt Tbarp &u P ofah the peFseitt fryention can be
Reepent invention, conprises a radiation transm ssive
conducting oxide. Radiation transm ssive conducti ng

oxi del soim eberimenih 6 PRt 2k AoLGHPTT B LAY ﬁ{eﬁ‘?nh
fox}egﬁqn(éég Dlve 298kl eked %b}ﬁ%ﬁlﬂl@abélﬁ 196l @b T, . In afh@r

zinc tndiumtin oxid . In anotag gHbOdl i I
mBog AR Ors FS e TR FASEing PRE RS0 Ao Hbout | mm. Tn

%g‘m{ek §rﬁbcfﬁ.\r[1ﬁ91ﬁ 1,3tk Ord daf AT aBdnkRer B Pﬁigzﬂdgﬁf)hl(hbout 20 wm to about
materi al such as polyanaline (PANI) and its
dhepincal rel atives.ln sonme enbodi nents,

3,4-p ﬁ{,%}&%é Qél?gdﬁ{g‘té{ L LENS RS, I%Mz)ve %qgﬁgﬁﬁalﬁmg from about

swta era ransm ssive pol ymeric matert al
f5@0 nmhe alfdut K10 mnebtqﬂm embedimentsh @ Fbes 76 grisie g length ranging from
qti,on c% %ﬂx}x fek Elﬁﬂodﬁk&htarfﬂgecofeatﬁn ﬁ%ﬁﬁé@& rfuging
car o nano be ayer aving a thickness operable
&tonl zﬂ:aﬁftwgaxttolahd)dtympms vi si bl e el ectromagnetic
radi a
{FaneSLPyE 1iop R B R oDy bR b, con
ﬁﬁfu@ﬁde&iﬂe mﬂqae uﬁa ofgerarsn an apdergiocdibe omra?sbﬂldn =t <] @rtsedlppqmverter
r|c nano
éﬁ% ﬁ\é era eé 8‘1‘&% Qi 8%151:?}051%3.'@%&%&}7 ggea%!? Bhan that of the
feuﬁci:rﬁh@neim radigtiond ajgomiyed Sy tlteemae@i‘al tolcrpaty tfeupmeippd state. Upconverters
e r adi r
ngﬁa%g Of% L}Sie %ne’r? % prﬁsee%a? jiweﬁl%o% 1T 31{\? el%x%b&‘iﬁlm&é g%%‘]%bglgg %ﬁa%%adlanon
GpéEeab Ivslbileoradattlolneaa%veitﬁam ta:}eiay»lep«abq;abaqnbcpctj))y@hotosensmve organic
208l LE QIRINGEIEEATE AL bR hpe embodi ments, a
RO PRYEF T Can conprise‘el emental |y pure metals or
aI I oy ﬁpcmelwlrss msmmle ambghmmts, @em%i@dean%%msﬁpmﬁwmg at least one
Taesehid 61{]1]16511? ' %J)rﬁf érﬁl%qﬁne‘f‘l% R%FQGL{WLH D 8te 190 REtfrise
f u n clfm Het dinments, a
r:mnbmmctm compizmgialsasy encfhan@lﬂméﬂ wegesredaent danthanjée sgries clements
tb m%lfent%ﬁ]gse é\%ﬁ%brﬂgﬂ&r R AR or 9% B h A hend df E{E‘préséht
a radiation transmssive 25 first
@mummmrhwmrwmmm@@m APl of PeEshBereot] dpsome
B&’ m%gtg q.{pcc%ggrté} 'Hﬂatelrlgls @&Hﬁrﬁ@ IneBIRQsH: RNhetaBulfides doped with

| ation transmssive first el ectrode can _have a
tlmscplfnlé)ssn T inig dyfspropirmblnlmiumg of ihres shezgobuln Oéwoelﬁl?ﬁdlments
l vEIPM iR R idn@ e il efbARS sW@n, holmium, or
@P%‘tj%g{rge%% odngcan1 g%gl a1 tlhl ck r%gg’gwgr eat g?s%t%han
Qpiedséeraobni ¢ devi ces of the present invention

conpr ;[rﬁ@thé}temlbm%ntg REcRADGLP ﬁlﬁﬁﬁﬂg LY RoBPGRANE chayildl species.
Qt)t oel ectroni c devi ces, accor i g to sone

dprsond vrepESTeTaRHC b TRIR p@@)ﬂge fl fyliadipylamino-1 ,8-naphthalimides

PR YR S8 DB Inkbi¥iG 1R @RHREiFatik &YBH Sempounds, sukh a%ﬂﬁbranched
embodi nents, a photosensitive organic. |ayer

tqaphikﬂ%@ Mﬁ@%@ﬂ&%laﬁ%ﬁ@@ ad ThArAdh Qmaﬂlf HBC%"WI
ot her enbodi ments, a photosensitive organic |ayer has
a WD 2007/ 130025PCT/ US2006/ 016730
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t hi ckness rangi ng fi om about SO urn to about SOO nu.

In a further enbodi nent, a photosensitive organic

| ayer has a thickness ranging fromabout 100 urn to
WPk 808 tun. A phot osensitve organi c pay®s2006/016730
according to enbodi ments of the present invention

conprises at |east one photoactive reglon [ &gg
ehalenalien gRe tamPrisa tdpp i Hamigo s R BrBEH e 5&5{] gans-4-{4-
eq&ﬁhéﬂ%ﬂ\&j LehnTaYet ﬁ)ﬂ?ﬁﬁﬂﬁ@rﬂi}hﬂﬂe di[sg@GlctyRmidd)yrylpyridine, 4-

R LT e

%&&ﬁﬁhﬁmﬁﬁﬁ pisienkBn) O @Raifves-r egi on of a
photosen5|t|ve orﬂa ic |aye

cupes<Eon ey Ser oy RN et M R

snﬁxsﬁ&éexdrauga@xmdtmmﬁaaaﬂ) (P3 HF) pol y(3-
octy |op ene P30T d poh%%F nﬁn %0

sone dhbEEhFERS lmﬁﬁwﬂr‘f@? SU RAEB Y & “6’?1"‘1’&% £y
PHSIERCAItY BecbRHpAR sife ebplifbas ensdonipyies BFgamd /vl agnaitonductor

can conprilse sem conduct
ABRA I B 5= SO oG (o ST YT ST (SALp e P erfrce
V('ZHS' 4)€ 0B SonvEHE thaRalp n)alsp Ramiyse b@e ‘dlneﬂl)ahﬁﬂaﬁturaemf quantum dots.

PeL Y R, e YL SHEL R AR D) Vo

PRIk ABafe 4ok HftoheettedBd tytiafs cumpﬁ‘il%&ranmapl’mhbm]ls,enésa,s
and derivatives thereof. 15 In a further enbodi nent,

¥Hduct i ng pol ymers for use in a photoactive
r egi O UpBénvartd) i @aenrmbbdiventq bgﬂfei dispbsay} enithmaie qpoingd fibgegore. In

di P
S WS; %quALw%ng }é{x%)gwléegﬁ% ) grt%\};@f e@ 616 f/l%arge? %:Il" the ?]%’qcal fiber co§ and at
pmk WibRiatd sfehe(fBANJare with a radiafinotanacissinedirstetpiconde.
accor %I N9 2R € o%dnen n(f‘an furgh%{] ?o%g)oﬁ?g ét%e[%stso'ﬁggéattenng agent.

mol ec ST NGREC & e ecu
S]hilahéthéremﬁ)@d:mbuﬁga fitser aorp bzmtoompmse\aeﬂm‘égﬂ' ofipcgferipg agents. Scattenng

hotose Sit 0
SO AT e ee SRR s B Sl RSO TRE B e et
lﬁ&au@rdopagaﬂmg aiong th8 ConBitudimal avieodf] Iﬁe*:rﬁben@m i Ireoree B@Odlmems
. | e ca r [ ' e fiber
£ %aifeﬁlgg a%a u sca nf;[r the erfggfr(%n %%%HE r?é‘f&ﬁ%ﬂ Eﬁﬁli?%gwam frdhn the fib

%oi@perﬂltﬁng(jbm@wn@f f.ha]sg}tpxechgdiﬁ(icgq bgf)ong AILOTE P 1otosenslt1ve organic

pyrene, benzo[e] pyrene, 3, 4-
d?ﬂﬁ%? y 2%&% ?éne 1, 2-di one, and
1, 3- bi &s{tt@bﬂ(agjagmﬂshy s@me qnd:)opiq@niy JJcap cepaprise transition metal nanopartlcles

2§rda.nsr1]1¥ dr og&icéﬁﬁ%bqg H)%ﬁ ediybL i, ?én%ygl Q6B Ediment, g c«!nﬁpnse gold,
sone e 0 pres | nventl on, excit

diiysiocipat mnbmzs, mﬁﬂled;urp; amépletimm Trestsion et tl@@pﬁgthl% according
the gt gaeds ?sry&[nsco gﬁ%cﬁ%& WeEN 1201AS8RIARN RE: cBRtle, a

accep anic layers, in sone
eimabmtﬁpmmﬁtaknammd henapp@sw hpvreakmIes FENEBRBIOPBOgR tm to about

I one bul k heterojunction forned between donor

and acceptor materials. In other enbodiments, organic,

301 ay diptoelsipric devicas o the papsRtymERtaB FPRPHRS ISR BT {pR PP GHEve first
f QLIRE: :91@[% tHORQY: cABUR AGHBR hAmIBYE ok 8led helbf, felts to the
context of ordanic nmaterials, the terms_donor and

ageiptooat lqaetfpemalthopatsﬁ@dmmnav ihpaisissieripeplsthe legipmagnetio spectrum.
N 9088 binf se gad]@ﬁbﬁ ﬁ'&ﬁsﬁfsm% ﬁht%ﬁils LhAD)istdeld asmBdnetic

unoccupi e écular orbital (LUMO) energy |levels of
t mélat@hwtminﬁ@al lgbrorlgpgeras P@Pﬁﬂﬁéﬁf@ﬁﬁf’ cMeEeET decgodesipguged
IS in contrast to the use of these ternms in the

i norgani c context, where donog and acceptor nay refer
to types of dopants that nmay be used to create
inorganic n- and p-type | ayers, respectively. In the
organic context, if the LUMO energy |evel of one
material in contact with another is |ower, then that
material is an acceptor. Otherwise it is a donor. It
is 5energetically favorable, in the absence of an
external bias, for electrons at a donor-acceptor
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A photoactive region in a photosensitive organic
| ayer, according to sone enbodi nents of the present
i nvention, conprises a polyneric conposite material.

wofo7A8hpgseri ¢ conposite material, in an e b R THER006/016730

can conprise a nanoparticle phase 10 dispersed hi a

olymeric phase. Polynmers. sut : ) RGrd e
B@F%Féﬁ@ Igemdbrt grovids B SEECPY %@Leﬁlg E)Oﬁ&c%%%%gég rrpgrrrilse an_
6ORLMGREECor PRvIANRS Hassulidze astht itogivends dévire| daicigitode provides

%g:zgﬁéxga:c@ Ig?etg/%:/t{nhg | g)ﬁcgzae‘)e (%ggl%)@ a11‘%9é1\nic OPtr?elg%tIr(r)tlaﬁc device and a wire,
IR QAETBAS Sor viches foammpartiztherhplaserids be frgmdhy grieppgoiouit
pol'yneric phase of. a.pol.ymeti - L Bk of t
conpr  §adiatigp nSmEELve, ﬁ%?%é:}rg%en gcr?g%o g(? %Qltﬂgal ege@ Car bo noe
12530 ARaHoh, Coapriean rabiip frmemfssivd @néisting oxdde ggdlation ,
Forsusscr B bR ahue B o anes b it 10
GG OFTh B 0xdidd @ITO), and zine indium tin oxide (ZITO). In another embodiment,
met hgxycar bonyl - L= 1,- -6,.6) 080 RERMsi Lvmeric
iy Oﬁﬁrﬁﬁlﬂ%g)? %%Sg rgh\éﬁnsoél © ?%lec{a%%ﬁ%aa S%)_par ticle S has Oej,mer

AC e Hutigastpolysmiliee T ande s chemierd rRldiERpr | dpsome embodiments,

I,ngle-wal | d I itablfl issi oneric-
TG st saap s i

nmbodi nents of the, tecirod
pie@s@Nor ihn ieshélbarode. t hethsotrylmsiments, naisingytapgmesiyefjrt glectrode
i n pol yireri ¢ conpogit iy i Snb 3RP&SH1E o eadd Pattially pass
f?‘hgotﬂg’\{‘ﬁ%%ﬁ’t%bof:ng&%.% ellﬁzegﬁgllg E@lﬁbodi rrgnt s, the pgl yner
tvinaslemambgretieradatibe i n pol yneri ¢ conposite

material s.ranges. siskie ARt ddeQab coryfiise a

one eh’oa&a?hﬁ%eﬁ'?) ° a 5%82}(&2%%%?%%2 ratio of i,:o 1 J -
Romyéste haeyiklidoinppiegejanorartpEEMRIeAFGEseH P 8 RPNBET PIEsey 10°
to ab %{e %:s%'iﬂ" m,zé:lllﬂg]dﬁnefnﬂ E&%ﬁpﬁﬁm@ﬂabﬂﬁﬁbtubédﬂﬁlllerenes, or
AEREREF P s ‘pRase di spersed in the polymeric

. ) | hase
aninprds Seseofit Injadasiter emoditagidwirdisiep transmiig fft El%éfr", °¥8
used .her.ei.n, I @b o ARas 8 pass visible
ncgﬁlgﬁ%eratrlg% éay%%l?aﬁrg% a};t@g?lnegs O\S%r alit o?irg allrybpon. ) all
rdmopasgnidd ediatioxa Foswmoskdediments, %ﬁ% 1S B0 F RIS S eRgh™ Y
D PLARNGERODY MARE LD 16 vBIRla0RAIG biiiGgfint dectrodo can
I*ayer conpriSing the polymeric conposite naterial.
Canipdse hgnophifitnceresetdlper abl e t o f or m nanowhi skers,

30accef g}’n#;gsn{ QainfeHE, SR RS ssive dist ElefTRKlE 8 have a thickness
si ngl e-wall eg carbon nanot ubes, '

lti-walled carbop . .
rramond fyers aboah B iy 9 abpEingdn- ll“r'?ﬂ@ﬁ!@;%@ﬁﬂfbea‘fsn%ﬁ? :’aﬂon R missive
WL SKELS nER RIS RssGhNSipdtdni AbeutRGBMuAD Heat 909Gt He another
phot osensi tive organic, |ayer, |

, .In so enpodi ment _
Carboflasrhe aier EHETPHE L P S ToY A P it fom dbot
r%uggﬁ?{otaia&lt QoPHAS & d Mrihdd empainiemera iediftha siansmidBe first electrode
20071130025PCT/ 1 JS2006/ 016730 I n enmbodi ments of
phuotheeect thigkoesegrasridhaadrP?-i sing a pol yneri ¢ phase and
a nan ddofibfic BRAREof tﬁé‘&e&ﬁﬂ NFERfidrCcopBasar Test vaspiatsavsitive
donor terral and the nanoparticle gmgg,(ﬁ serves as

t dreamacopgst @pton}ggmnica:}evp%qxcgg)dmg&smrﬁ ments, canl coinprise a
E fu%[i&jo‘fgﬁ&t{)sgﬁhiﬁv%foréaﬁg wyeparation of excitons into
e

es "an ectrons. In enbodi nent.s mh%%eig. ranping from
nanopdn sotet eebogdineent & PROFSERFIVA PBAGRBYT e lEEaTS BRF TS
PA%E30 AR ﬂb&ﬁﬁq&&t In\ehef SbdAINRIEs, 4 PDIREEAIE Orghisly Bier has a
conprises a plurality of bul k heterojunctions.
In further enbodi nents, donor materials in a
phot oacti ve regi on of a photosensitive organic |ayer
can conprise organonetal lic compounds including
por phyrins, phthal ocyani nes, and derivatives thereof.
Through the use of an organonetallic material in
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10t he photoactive regi on, photosensitive devices
i ncorporating such materials may efficiently utilize
triplet excitons. It is believed that the

wi 09/ Bbakr i pl et m xing may be so strong for pCT/US2006/016730
organonetal | i ¢ conpounds that the absorptlons i nvol ve

excitation fromthe singlet oun% # 10]3%5 y to
whémﬁﬁﬁﬁgégﬁ@%éP@%§0@@&i@?ut PWI L\ qé tHe 1r'osses

gl?o%&gﬁsﬁfv@ g%g’é.\ﬁlt‘; By grlqﬁé/ L%k fhgng fihe a‘ﬁijun gT)Oetm @ebpitS60 nm.
ate to the tri et exciteq stat
| T et photesRIHR JRERS IBHET f‘S‘P“é‘ﬂ’@% i efogpp ET RS septipntion

eﬁ%%@ﬁ [daS R ﬁﬂaioﬁétﬂrg k&foneX Ghich Hisctivay geeltit oadiation isahsrbed to
hi cker photoactive r e

e
ewduqe@ﬁ@ton{avlng} mp)ug]gsegueglltlg Q’F@Pm& nét? glﬁ(gné)nts %ndrhé)geéh}nt me
gﬁﬂ&ﬁméﬁs‘: 2 BhRbachRli6gisd 448 ‘élnh@zike a\pblyllnau tPobyaersi sfitabilefgr use ina

evice efficiency rther e
ah{&@ggﬁ‘@(mw & pgp‘rgse[nﬂtl‘g: EB ﬁ’é}{ g%‘y&, 11%/(8lereleu% ?%g%ﬁlt S comprise

?&&h&%@mﬁ&gﬂ@mﬁakayemmﬁgnﬂﬂbmpnmﬁempmﬁyfQHEBPMYG-
na h enes ures hg$£60f 200pt oel ectronic
d@VW@@%W%$U?ﬁ%16F%E@ﬁ ophfDg n conprise a second

el ecty;,Qee sHbdankkAt Rdyhdesuimiga i oseliny photorktiveyogren of 2

enbodi nent s, the second el ect.ro r
ﬁhqt%ﬁellsﬂwg OE%% EP(&%“@P ﬁoml'ﬁ;g:f; 5eilmconﬁ1écrt1§g ol %? hinStrT)gl% glrm_l})cédlmslent

%Qﬂi@&ﬁlﬁ&m@ﬁao@ﬁie@ i e pladn/ gnepuinydenes sieh as polpphenylshe vinylenc) and

and al so netal all in eri .
Felyieny ewnglegﬁ) éﬁ%@f gﬁrggrwa% esgfhé}?oé‘ 1 f_na et ﬁﬁé@gﬁﬁ;@
esesidaB: polyinbe c&ecfbﬁfpﬁseeltoacﬂwomhes ummﬁmlesﬁsmg@eﬁvames thereof.

tI' oL a
et BraTOU So B R ey A6 Pl EHE L0t
ARt BdcRgtiteropmi bout cail@mﬁpﬂl$ polaBodnylpoidipm (PRVEB) pelyamides,

cooad e il (19 D GCREE0E (180 RPEe IR L 1

a fur Afpﬁétoﬁiﬁb@ﬁgmmbqordlh@tOS%c)ﬁﬂb@ﬁ@f@fsr @f’@éo@ﬁlﬁﬁeﬁ%]é a

t hi.ck &l VB e
S Ry o CE AT Brat ST R AP R Py oo A Sgon of

%ﬁ@@ieﬂmﬁ'@: drglmii:(l:imr @mtyoﬂpnmnmgnmmgﬁncqy@aﬁql §@)@g@éarm 102, coumarin
ween a sensi ti ) d Secadcul

é? éPWﬁH@l gﬁ $p¥%4é§Db§% E%E%Z%Q%Fggngss rangizmm

feb@pri@EbeyDnizen G o mﬁlrﬁlgr catbodimentpsppiigaelpqipg can qapyprise,10-

é E%Oé300%?p§ﬁé"l' g"‘?’é%lggﬁ% 918 tenzo[a]py%{eoﬁlr%t FedP[E]pyrene, 3,4-

I nven In

mﬂnﬂmmcemtyslpbm@n 1fzj¢10¢¢eandc1@h’@tﬁh4§@mﬁ%aff1ﬂ%’mﬂﬂ‘ Ayer s

sw a Lian blocking layers. In
Iard)x ogutg%dg dﬁégllgnlt i nventi on, an exci.to d
bl ock i[rr@nieay@pdmmyf thepressal INYeHtiony ?pfciltﬂéchssomatlon 18 premmtale at
%‘f &cﬁ ‘:i“i &9 lf‘ ng&%oxtn%d B L1206kt BORK atdWRceptor rnaterlals

e and prevent par asitic eéCI {o bl

mmhiawgs atons ep]ﬂ?@‘il@lﬁ%fﬁ of bf et i) EPRRtF gideest o bull

er (1265 ol‘rHedangmeteh @(910{ Phd aebplol RGtetiAle TRAkHRT Mi@Ndiments, organic
ﬂ ex0|{ons may fuse, an EBL can add't'oﬁ%%%%mﬁm

er;tersa@mﬂdﬂ Frfluelity nf wﬁ heterpiupeions fowned beleen fep
n% deposition of the electrodes. In sone
enbodi nents, an EBL can have a sufficient th|CEETgl)&le]mmve

to fi |hnﬂlpp¢nt¢:@p@§g@rc aHeials g Rt LSRR

01;()'3 QLY rh?éflgﬁ bed 18@ LORRLE FReE QUINIORLE ket ﬁlﬁ)ccupled
I'oper a e

L, according to sogF %Tbodl terils.
molem@rprwéhUMQB@éw fomels eldwo EgsHpE Rt 41 fBﬂ"y?Fé‘PF%ma etia
conposite material. In one embodi ment, an EBL
conpri ses carbon nanoparticleg dlspersed in
3, 4- pol yet hyl enedi oxyt hi ophene: pol ystyrenesul fonate
(PEDOT: PSS). I n anot her enbodi nent, an EBL conpri ses
carbon nanoparticles dispersed in poly(vinylidene
chl oride) and copol yners thereof. Carbon
nanoparticles dispersed hi the polyneric phases
15i ncl udi ng PEDOT: PSS and pol y(vinylidene chloride)
can conprise single-walled nanotubes,
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mul ti-wall ed nanotubes, fallerenes, or mxtures

thereof In further enbodi nents, EBLs can conprise any

pol ymer having a work function energy operable to
WELMHadoe transport of holes while inpeding ddifs2006/016730
passage of electrons. In sone enbodi nents, an EBL nmay

be di sposed between the radiation transm ssive 20

f Thisis inpongast ffbe sis@f HessHvms Sulhe inpieyREc efEhivdere dgwar apgd
a&c@&&%ﬁ%{@ Bfpes SHRMhdEs thilima$ BE B RO TREY Feﬁua/\&l Qh&hBype

he "opt oél ectroni c device conprises a plura

dﬁm&@g@n@ﬁwm elndhegaemic qoaiey i the EBMO @&%YH%VBH*P@&% @éﬁnal in

betweeRiat N8R IRRE Ath tlaY @i & UnGedeBME Chherwise it is a donor. It is
Opt oel ectroni ¢ devices of the present invention, in

sowezeilp §varhlesn theahsenesraf B pxterpihbiap.dor clecpns@ba fqnpeaceeptor

| @Y &Hon S4LERUAE RGctdpRr B8eAN TR I8 GbOBenovE NG the donor material.
protective |ayer can 25 provi de optoel ectronic devices

provi d’éﬂlOFF@P‘éﬁeﬁewntlﬁaiPh‘E?Sé’é%‘éV& OFAPA B S FFOCRS R Ie

P& tTdtokdn RO §8 lokerld ERerntidn opHRs Y 884 c@fposite matenal The
applications_including photovoltaic ap Ilcatlon

seakanaisiseapPerinmateritlia ap pybdipsnhean %EW’F‘ %Wﬁﬂ?% Ze P&me
PALIEARE {nG FoBIRAS bhide. nl&ﬂﬁﬁdr@émtaﬂl@fo@ﬂ@d@ﬂ@&ﬁﬂ FyRberic ﬁ)h&e ofa

protective layer conprises nan art| % ]
;iaxogﬂ(dwvmalqaléﬁlé CRUHIISF F%)gafeﬂlaﬂtsfg%fﬁ Fye F‘Se iog 1@%%1?@% g PPy C3
g%&gﬁlbﬁigdgﬂwﬁd) demE) ek QIj(E6)tylIasgRe)l{P3QT].0 sone

ments, _can i se. | e-wal | ed _car pon.
ooy histte SR PR iU P P UTa O G Brds lgse of
Oﬁolyﬂléﬂc bR BosithRERAAI comprises atGpkaAL &Elgcﬁlﬁﬁh@aﬂle}él cesonf
odi ment s

t he ent i nven n
AP eé&ﬁb?ﬁ“&’é‘sea’%’iﬁ%‘%‘%e&rcﬁ%P“ﬁ@P ¥ RORE GO Fullrgres
esbatlé foe Bie, in the @aiephieitla phasergh adel cnbodimrdtagh contprise Uels
t he. seco ectr,.o trica
RO AR RO P ERE o A S s §HHonyjgs forusein the
Z&ﬁ&ﬁaﬂﬁ%ﬁﬁﬁ@%bﬁﬁ@%éo@aﬁb&%@dﬂhﬁs ext @upeike sieflatvilied nanotubes,

%%%1 in s ne enbgd q$nt£, can be operable to

ed ggmp PURFUEE RSt a portion of the

c [ r Curkh ﬁﬁmx&oa}ﬂdnﬂs efyt hresdnt inkentibn, terpolypteo®| nendprinlecatio in
deyice. In o ext e I
G B R p ek b p e € L. TEbAk oppodiments
etht peleméren giropaticle ciip mMmeeln calmn%ltd hgerfdldyanges ﬁom about 1:2 to

OB B SrP RN GE BB e MRS Bkl P EODRAG ) W bemM

Bi

gehgésﬁsmla‘bartlicmamppéﬂ In a further enbodi nent,
ext er I’]]gl tal béz)g el ﬁ g]?ag{ ﬂ%eﬁg& gjktﬁee%cjlﬁ&etnc phase

-non- absor ro gne C ra

' Ic@amtls@raﬂe@n omeoslawshlilqewe% oguhisler.l2ayesd héroin, fertthecrystalline

ac%%bo 591%% g;n ticle fn% %B % é)%%%]fet)g gfnct%ﬂjgl? Haln%?ﬁﬂcl&c ?ﬁﬁ&!ﬂhp&mts Oin some

i men I nven can
f amEtOHmentsocmp bt pwdeded by enlleﬁdaugfpévtoslew@«fewga@h drygecomprising the
Vé; %ﬁﬁé{n% 1|nf3‘l¥ ﬁ{; Rratefal. Hftr%gn Ha%r ?Arﬂcles OS%I%}.E quoﬁn?l)(a%[w?lugigrs
P del Tver charge cafriers fromone section
ofccerring pt @gie@uﬂaocbmr@s daviowrisesizporHisd carbent jappfubesqmulti-walled
%o %91%%63? Nhda ﬁlﬁgre&?é affch & emgo&lné{t,gﬁnc}v&hﬁléxfs %&n}!)rﬂs)f @f:vstallme
can conprisé an excito nIockln aye
tRGBMf dnngatipeihe phaiossumfive orsnd |14fr'em tﬂ§0111@ ambcaﬁ@nmt% p@sfe@hﬁr
di ation
Al R R L S T s A et
150rgani c | ayer and second el ectrode. In other
enbodi nents, charge transfer |ayers may be di sposed
bet ween the second el ectrode @nd protective |ayer of
an optoel ectroni c device. Chairge transfer |ayers,
according to sone enbodi nents, are not photoacti ve.
Figure 1 illustrates cut-away view of an
opt oel ectroni c device having a fiber structure
according to one enbodi nent of the present invention.
The optoel ectronic device (100)
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20shown in Figure 1 conprises an optical fiber core
(102). As discussed herein, the fiber core (102) can
conprise a glass optical fiber, a quartz optical
a plastic optical flber The QRirR3b06/016730
‘?62@?ﬂ%@%é (102) is longitudinally surrounded by a
radi ation transm ssive first el ectrode §104) The
r adi athi ebadimegntsraf pldtenstite TEGenSEPRPHS RSP L ITAY Phagp and a
a'rtﬁ:?e Iﬂl §eaﬁixé ?ﬁlm&wtlﬂlﬁé%%gﬂvéssis\é%o&ﬁ RelEkI R ﬁ@)ﬁhﬂ)%amcle phase
as ind I'h oxid [iumindiumtin ox
oaervzs mh@@cmrmmmmh@wcfem%@hqt% Pgtipy fpr the Separ&hon of excitons
UL AR $8 é{%trtnllsr $ elﬁlo%ﬁﬁgn%%leﬁe%oﬂaﬁxcﬁ'é bl QiLREISS tRbughout the
an exciton ocking | ayer 06). In some enbodj ments
thpiynERic phaseghe zéwawawprmgr%@ teh& BRI HAPFORIPETEE p @lrality of bulk

Qkﬁg [$8d,d N a polyneric phase such as
% et hyl enedi oxyt hi ophene or pol y(vinylidene
chlormagy

ther poERENIE, Y matcrials it HRHFiaH!vs yeek of a photosensitive

leJ nRSIGRS bdd ARipREIRIILEMEBMYE Eortpbdk inchl¥ghg porphyrins,
30phot osensi tive organic |ayer (108), in sone

enitoifcsRcs and mﬁtr@@@méoﬁaéﬁlrorg}e%ﬁwf AR ﬂl@ﬁm‘ﬁm&#cgﬂatﬂlﬂ

pal gﬂfﬂ% 2k BveGAARD ShdiRenshiVe dBhOk Qﬁ:@@&ﬂaﬁﬂg\/ﬁcl%&éﬂiﬁlﬁmh;&ifﬁdhenﬂy
in some enbodi nents, can be jn dire

(th@@@ mpkegpxcgg;ﬁnﬁﬁq belieyed #1%}11{3 ﬁmglﬁfetﬂP]ﬁHPlgﬂg&}?Y be so strong for

t(fr Rk&si \é&n]f)duh&tﬂlaﬂ kieGbipstRné hodlye extihiioh A0 the singlet ground
odj nment s, charge trans

| udi
cSRITT RO B e PR P 6 2 g B LR B Eipgrersion

r 8t ﬁfe'sﬁl%lei ExBRRATBStb VR thiplérseheift eafer TDkElohdd Meuﬁﬁ end diffusion
WO 2007/.130025PCT1US2006/ 0167 Opﬁhotosen

v i

dergihpCriPIElFilond Besp TR Iopr gy ADp Y ey of o iker
Bive 2gicANashied wpriext ids ﬁrﬁﬁ Idﬁuh@mgrbeﬁf& RiSstansSto Yéxch the donor-

first el ectrode O4E agﬂ§$ %%asen3|t|ve organic

| aggeptor etgrgyunchippeW IOyt BEEHLE evlge "W&HPc | ayer (108)

I S Sum fneethbbdimants, ae@mdx fheddis md@hétﬂx:icﬁ)/e regioe of a photosensitive

photosen3|t|ve qQrganic la sone.

CHHGH R C OB e P B e g ot

SconMopi@tir@i ddvicks dffie ]ﬁﬂelﬁl‘md/eﬂioa&bmm a(sdcbOd sledtrpde

ot her enbpdi nent charge, tg r.d.a c

asrl}rrgw)g@mgaﬁe %ﬁ%&?ﬁé%g%? ?mle ishlg e)-co NS elecgr%ge &m%gmprlse a

dﬁlaplosiedlsém{emmetahﬁfemmbo&m]s venpnsgmf ap elegnymiplly pure metal,
108 d trod

I(fh%h oécﬁ Pnde%l%d?éteﬁ gn 5 8§m er(i:su[ 98 %Izréa%s]tg)npssgd Bf t%\élog fhore elementally

phudd aserds. th vmmrgmmmntsa@xe sec@rl%)cnmomheses e@é,rﬁdver

el.ectrode (110 n.s

eaTl Ay, o E)}a})fbgThg gec(nru(l) cggcstrog? (r%gc!togﬁﬂgtg sou%é]%blﬁjﬁﬁlgeﬂ% can have a

afhi¢kbaRsmgigoiren a’@dut Vet tondboktell), pmo rin oﬂnptpﬁnibodmmmssth@ sachd

el ectrode (110). i S surro rotec ive Layer

(eiwdec%ﬁﬁé‘f%f &ﬂ]ﬁ%@?@ﬂﬁ qﬁ&&ﬁ&@&ﬁ A by S R

SRR IREAN SHeBIIES cledtidge £l hizk@eiafghd Roriabaat 2@ nnofo about

the protective | ayer conprises carbon nanoparticles
(@6@Psed in poly(vinylidene chloride) and/or

copol Wey& cbrh?{sﬁigfhﬂuﬂih ElucidcyDIF), nadvaay tblsbes exsladiments, can be

ﬁ%%;éd%gﬁ e E%F%ﬂsllﬁhﬁg ﬁ%?%lg gagerla?lg ?‘elrc];glﬁcy eﬁec bde The LiF layer can

MiaXt b ie&knéss eme@f from about Fhagybmt ecibbutd 0 |aﬂgs&0m£ 112) is

surrounded by an external netal contact (114)

operable to extract current over a |length and _

circunference of the fiber optoelectronic device. In

some enbodi nents, an external netallic (114) contact

can conprise netals includingupold, silver
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or copper. 20Figure 2 illustrates a cross-sectiona
vi ew of an optoel ectronic device conprising a fiber
structure according to another enbodi nent of the

vﬁ; ?Q%&gnvention. The optoelectronic devi cepC208006/016730
I Sp

ayed in Figure 2 conprises an optical fiber core
(202) and a radiation _transni ssive flrstnﬁégctro

( 204) OgiaPleRTAm TFCOTHRE T8 BrF TV FILER " WIS s, AfR further

b QdBliOeKiaPes by es ore %Qﬁi))re%bd(fﬂoﬁ Ul@d&ng 13@13‘ dflieabodients of
transm ssive first_ el ectrode

dEnirerenidaregiien. ¢ ergg;t%lﬂocgﬂqg AV@ (E%Q)@)n aghfp F?ﬂ?ﬁa Rhgteeenerated

ee&&’c(ﬁn@fb thd REh Ashr kRYREoctadiABihterficesQE ﬁlﬁﬁbnebzﬁﬁitfc(bdﬁton quenching
(210) surrounds the hotosenS|t|%¥?%% nlc

(DBBYCIOTRREE SFEBBISIoIoF B Mot dn g grer which
(&9@13 ﬁ;ﬁﬁ diPfEd, @:UEQL Bh ddal?]i&{aﬂy falQda ﬁﬁf@s)lmﬂfa&leﬁ: onsbsdneet

t hose provid e varjous e
et R B PO O TEe bR AR ARG g havea
Zufriche: Rkhsslo Hl fRekole& ok shofti@ A}featnahiclactivdt othfmwme render an
30transn133|ye first ehﬁftrode (204) extend

| BErgictipioR I By BAF ¥ remai ni ng | ayers of t he
opt oelAQHBI HdcOrdfp\b ﬁcﬁne(ea%ﬂlmeﬁh af ﬂl@]irgehﬂ,ldvem“adm, can comprise a

extension of _the o 02) .an :
rpggfpgpp Bﬁnlf‘}s’é‘h@ﬁtie%@] b:eonfa 2 1@%@]1811&(?11 a %Bg COIP%S%.}] c’garllaolg]:l ng%or?%mcles
Gﬁﬁb@x@é&@ﬁt@pelﬁﬂﬁ]eﬁa&ﬁﬂyﬂﬁ@i@m@bty&yﬂammlfongife ERBOT:PSS). In

Oﬁ%}) %! e?n ! %ﬂg Hg%fl 2 O Q b%}gﬁ%g%i% _?%g!nis;e%l i ?51{/(%&@ idene

ldhloﬁaé)raﬁa eSpobyneEigese C:hnbmnainomﬂeﬁes dfspaaged in the polymeric phases

t oel eﬁé&?—g i)g%deVI gﬁgﬁﬁ’ggu d 3l %ﬁg%}? {%opn%glsesstn%&@vkﬁeg nanotubes,

|rﬂMﬁ~ﬂ¢al[l€mnanmﬂilB¢‘sEﬁ1ﬂerhm o pixgekethtedn illt:flldhﬂl iegbodiments, EBLs can

r.i ses ralit f Qt 9sens ANSDO
e Bt bl e B G SRRl R IE g of
q@kﬁ&&ﬂeﬁmﬁﬂmgquamﬁﬁﬂﬂﬁmaﬁme fiber core (302) can

Sconptise a AQPL 5 lransmissive
fiber | lin s(:ofneaen'galo‘% an L1 aa[y b? %.bsg s8d Mﬂhﬁh 29%1%&? érgn isst

fﬁrbt&ltecﬂmie&m(l 3 @Bc)tosessﬂsm forgauin dheyek ctlj'yn optpelettranip deyice. In some
f b ensitive
t%r‘?é]ﬂﬁeg {51 gref : i Si)‘ptgﬁile%ﬁ”%{lp Qm:% g%ﬂ%nses NS kRY ofblo®Rensiti

can conprise a
r@xgtinixt lnyoes, ERAm e bs dispased brtdero thanioloseneBvesugtricdayers.

i ndi u @p%oeﬂc@&%éj&ewc%ﬁoflﬂﬁe <G ARl 1 sOtd SbodRlien®l G further

i ndi u I'n oxI de |at|on transm ssive first
elogptiscapoiestivg dnwo&md@tﬂhﬂg)fhea‘ieﬁfqnﬁ skecteode ThePrpipdivk laﬁ‘rj can

%;%%\%? e@t&%egggmc h&c%?@%gﬁémﬁ@u{.@ﬁ¥ PoredsBErhvify 1BRby permitting

an conprise c on nanoparticles dispersed in
ai:)mt yeer & widehvasay siaphliGagons including photovoltaic applications. In some

o 1?43081?%?\/ %t Yy L]%%@H%q@é% Eﬁnﬂﬁﬁ&'ﬁ%olg/ﬁmﬁg’&)ﬁ(ﬁohl%ét&ﬁm €In one

rst i S surrounded. by
aeriliorlistenp Htrowentist by sreonpigantaopayds deposy i rdviyhace

p%g&gé)e r]}@aﬁl%a\&?clé?ar Bk& ih 9&1@(&111%13&%% e:hlduﬂie}s QEBrding to some

I'ment's, can conprise a P3HT-carbon .
15nwd opratst ¢a@|cgmp@qewqa§}eﬁ@ﬂ§<bmlnﬁ@mb% gftj-yaljed carbon nanotubes,

PhRLOSENS LI Rs flegani ¢ | ayer (308) is surrounded
Optoelectronic devices of the present invention, in some embodiments, can further
comprise an external metallic confact. In ome embodiment, the external metallic contact

surrounds the second electrode and is in electrical communication with the second elecirode.

11
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by a second exciton bl ocking layer (310). The second
EBL, in some enbodi ments, can al so conprise carbon
nanoparticles dispersed in

“QH# &%thylenedloxythlophene or pol y(vi nyl pdens2006/616730
orid The second EBL is surrounded by a second

hot osensiti ve orga I

Bobesensrieooh oot SyeriSE s of Rcdfs SR et ovr
erRe ﬂﬁ'ﬂ&f‘of e Are G SAd Senpil oy H‘E Iﬁﬂ)é‘z d@’&ieﬁl’:ﬂmalhc, device. In other
i ncluding a polyneric conposjte,

elbedinoTiadineReEl B R DS EN b1 GBI P the entr

8&%@% W ciRNBELaRS of Ratib@bplobiectiohic Fbvied: @mml ety ik contacts, in
n ot her enbodi nents,

he
bt @%W%Fsv@ﬂé’li’ﬁalﬁﬁeélw|taé%,1gqluc{1 @fde & \ﬁr, 86?‘96’?’? g:l%further
RALYIREAt CexiRta® bl contali€ bancHe l'dygexabl@tbl ryieet ic@-abeiripdsiaceomagnetio

havi ng_ an el ect romagneti c rad|at|
RETPT Bk SleRe o R SOV R Ty SRR Paps
that  gftobiB&rohicdsticsd] @adtiliag toayee cfiB@ents of the piéwent invention, can

d I
zl?l'g?g?@é}g)rél%f(a Qrillflg;f tligw.g%l laélgl Zbg?rgeé%ijngfra gge?se as us\éd fifirg’ ﬁ Crgﬂgto layers

ronagne
rehh iy RLERP th: frlh%?frdii’}/odehect@h of rmsmmsletﬂrm derigaitvi agother

| ayers (308 312). back
ApFdign pItnl(OBF] er)n %Zf@neg’.c BI) Ig,g{c? gg&%ﬂﬁ%ﬁ%}%&& 9%1%:3%@ zgnogxcﬁon
erReeh pat S, conprlses a netal, such as al uni num

gol d, SIIver or . cap t
aPownAhanes e o e PR RRR prpeh B bR ERBsh AR
rpRstb@hiifve drEaltSies siduediktion stinelissot fiod ele¢i3dd ynd/grcphotosensitive

|80§§%81% earg%( %Jlglts?{]?ng Ig]%%ﬁ?)'&n?]ﬂ éf’f_} re?%llgoﬁﬁrg nts &Itcu%r@ (Ijransfer laﬁfers may be
QiR 68 ive@thesedend ebxetrodEhed bmtegul‘tedmend] an@gtoeln@xogm dgyice.

fib 302
qu\a'@f %éﬁl g th.Yg%,ea%%%iglgé & s()ma )ne\%[n%g{tsa'ﬁlle%gt ﬁl{oﬁﬂ&[% SS I ve
2 007/ E@@@zsmﬁmﬂe&%@ﬁmaﬁ 8Dansreptaslvclraicoierish hpingcadihegstructure

310 iJitat
o Berbar ot bt BBy hiALIT o oPel e deree (100

G;hdiﬂruintﬁgufé 1 tvonghesknguiicl Bbqr bérg 108 htAsglisgpssed herein, the fiber core

el ectranic device
o L
co nt e qiteald‘ﬂ»&miee(d 02) Osrﬂloﬂglmémﬂéﬁ%‘rfm%w afagigtion transmissive

|

T i o
fframmsmogmamge@uaersavh iyl e o4 AElOT (isivgp Ggide, or zine
| 11% 11%1%111 oxfae S‘ﬂ%eraclﬁ%%qfagggﬂgs R0 <RPIRE (199} & A FnSRAYYGE exciton

nprise at ot osensitive or gani C

|1ﬂ<;céamg1ay;e¢ D& &k fome anoo‘ﬁjﬁ’@ﬂéwft {100 cop g FERE s
CI%.H%%I&EEE s?erra%q if L BéRA gl Y pél‘ﬁ: p@&gtsﬁ‘&lr as 3140 oBRfMIenedioxythiophene or

osing exciton bl ocking |ayers
H@h@mﬂh&ﬂmﬁmwmkbsen5|tlve or gani c

The EBL (106) is surrounded by an photosensitive organic layer (1 08). The

photosensitive organic layer (108), i some embodiments, comprises a P3HT-carbon
napoparticle polymeric composite. The photosensitive organic layer (108}, in some
embodiments, can be in direct electrical communication with the radiation transmissive first
electrode (104). In other embodiments, a charge transfer layer, including an exeiton blocking

layer, may be disposed between the radiation transinissive first electrode (104) and the

12
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| ayers. By providing a plurality of photosensitive

organic | ayers wherein each |ayer has a distinct

absorption profile, optoelectronic devices of the
wBh8588025 nventi on can increase or maximnm ze eXUITLBM6/016730

generation across the el ectromagnetic spectrum In

sone enbodi nents, an opto

|l ectronic. i : :
phoneniites agAmicderer £8pd0 H%‘i’\‘ﬂ%ﬁ 5‘% “"’? E‘B‘ﬁﬂ‘?“gy .“?@“%‘?Hc’“ between the
MoleTeae %x%ﬁb%lﬁésiv}é Qirdi BBERAS (l0oat éd photongsiivotdanisdvedPHal
axl s, eacC (0]

“the plurality of ph it | ans).
conpihephwtagensitiyp altgﬁ%ﬁlaﬁréf?@ﬂ5§%f?°&‘§&?ﬁ’§E‘t%wé’[%‘??“ﬁ“?géeg, K
ﬁ]ﬁ %E&H&Héiﬁ% il iREN 08)phesmatmiogashisore be in direct electrical
phot osensitive organic, | r. sur ' 1S bransfer
comeuticsa HidILRERRACEIFY O THeRTe ool {halgdtransfe
18} GheRHGn cRMEh Blosemgk: ghee sawodimas b disurrdibagioehie

organi c |ayer and el ectricall t Ja€udirect
R e e S s

{%é&ﬁﬁc!ﬂf&on%%ﬁ;ﬂﬂﬂﬁ etvoadl the g;hajmhsit[vay@msic gl.ger.s{é 3) pwst i isecond
et Do B ERERG Py A aoos0 SeABEGH 10} UpRED TG ovh
QB gold) 4SE, akRs, canopppt oel ect roni ¢ devi ce (400)

ohot dsensin] deupi SN witRb BRI QR B 1D i e
ﬁglﬁnérﬁ%inbb’éﬁiz falerialX iis sonferenbodimenf o fig ?onm?éite mater%l of

hot osensitive organi,c |l a . . ok Radne ghlorde)
oo SR A BT RELs (R PO R e

Bl b RIRERehiGof 2Ub atbamamipstirips 128 HOBPTE PFerTlipd cabon
does not over] ap or m nial | ARsu thddedche

apSBbEd W‘%@@FF@?W&P&E’ ﬂé‘?ﬁﬁ%\régrﬁegi ons. N th 1) operable
pr es eTHe pestRaid Ipat(] 12) Grsurmorasl b 2n eXRMBITRRD SHIRT Ll Peper
organi c | ayer of redqi Vi, teHRE @bt deite. In some
o Sihr okl ing RIS B AR e -aaaietun e, v
whibdEméhe ap hasrosewsllia (F &) ovtiaehead cPEYEF Tl RgRERe Tl stver
can have an absorption profile ranging from about 600
RhY¥P8*30about 800 nm The phot osensitive or%an'

ic .

| ayer Fighre 2atyisaneskOGosarr ihen) seH R AbFRPFETGH® PrEF e e s

rangi ng from about Dhith &t 8PRstbresed0i@vdntion. Bihe optoelectronic

Eﬁbﬁ“\ﬁ”&]%ﬁrﬁ agcoﬁcﬁn ‘ﬁﬁ?‘?@qu#‘[’%ﬁot 05 e_ns?rte ive r @9:1 NS, . diation

BB EEE[200)eisphyedsig FECOrpIPTIEs 81 gRUICHIdIRER SO ) o

phot asensi ti | ANBL thadiiiBg fiderdbt (201 An exciton

SBEBHHTS mﬁ*r/eg?%eg@a%%ﬁgel,ecgt ror de sé/\qfl 3o (204, and &

2ihE BYOABFEI FUSPAOEE BIRTF S L EIT E Y ;Sr esent .

i nvent i.on can.i : bl e Rk d@n BXclih Py €108). ab senn

é)ﬂlPtggeémgﬁeeoIg#édCl?ﬁ)?g}g%gt [ l(1:1 spgct_ r {Jll’ln |%) ?Oﬁf compositions of the

aoadden@HY) syrraunds the phorosensitive BEAERRES (D8] e I SRP R _

deyi ce, co g}%r(' @j) 08k QB 1dyleds (B04-Pbpire seaisient with those provided

r@Yronscan ‘oe partially coated with a non-radiation

tin drsniiesiewnbodimgps desrrlied beTE prevents el ectr omagneti c

{2 2t 30 ERAGAKIN 6008 3 D ohaatfteuciraanz i o
e t

nmaemisa'v‘sﬂ@@iec@@@ﬁiﬁgﬁéx’ﬁ%c'lﬁm@ welly; bG8 ?heény ot %ea? of the

mat ek Al hafceREQYOT RS ohgith i) @kterisivhlof tht ioptival Reer stio (@F2) and

i gure 4, the optical fiher corgJ 492), c%ﬁ‘?acﬂ*?ate attachment

codiateh wnshisse st deciedh (Y (B 1YY° BEOWESH t he

p | LM ak B o Qe 0becti#@8)rcviThe opt i cal

f%éé)gpg%b?ég&lbﬁsé@not é?é\g?ed with nmetal cladding or other

non-radi ati on

13



10

15

20

25

30

10transm ssive material in the photosensitive
regi ons. I n sonme enbodi nents, an optoel ectronic
devi ce having a fiber structure conprises a
W@t}ﬁ‘? &J taic cell. In one enbodi nent, a photeyobsaecmic73e
conprlses a fiber core, a radiation transn1SS|ve

first el ectrode surroundi ngthe fiber core,
o n e p]hgmgé dhsiatpapecrop-gehipen Vlﬁ\y of arsqpﬁqegaw&y%gevtcﬁ éompnsmg a

%ru %}11% g%oo?@% ?elr SGhSdifidk bhs RBREGHRSHQ whbtein the

a 15second electrode, .surroyndi ng
bb{ﬁelewt@amldewbmsmﬂmﬁd phiradist ofiphelPiepsib s rieaicddl o [the

tg% OP{G%X'\G ile 3 GC O% £in &ﬁpﬁ@ibéﬁeﬁe (3d2h. eThe fiber core (302) can

alc c rises plurality of

phmpmzs ey optical Gibgram i@t a}gﬁ@fﬂsﬁbﬁ’s op Hesta QAL N, 1 n

a_thither erpodi CH%Qﬁoz) ) sgﬂ&ﬁleé@yta&h&atmldan@ﬁmem@sleamde
fiber core conprising a plura ot osens

(W) i s po ST " RlcHgh GO0\ APPSRy fpemissive

%ﬁ&m&%&%e <RACH imdRRDE OSeN §dl1tdnvmd1ﬁ@ghmmmmm sridivgn do
aticon transm ssive first electrgﬂg*ﬁywégun

toh@ef ’[[‘hfg:pdl@tmnéranwlsqn@a@%t e@ﬁt@ BWH% St elxc:lton%lockmg
'1@%?{30@“ ﬁ.l][ fb%@nﬁgdﬁﬂgﬁts fehd Skt Eﬂilﬁ(@bﬁ)@dﬁco&tpﬁse carbon nanoparticles
ec ca

r connected tQ t he el ect rode
slepord ik @@wle@rephéﬁﬁ%m&p%@o ﬂ’éf ea?dg%ﬁ;(ﬁ ;rp&}q@m%dcne

hﬁﬁhglcally connected to the organlc Iayer Fi ber
otovol taic cells, accordin

p r esemhe finhEHe (38@ is sipeuntied B}‘f‘ ? Etﬁ“ gho{ogel}sgwg oggamc ays—!‘rQ?O 8). The
ﬁ[&?}&&t@ﬁﬁﬁﬁgdr@nl’oﬁ@eﬂmwnﬂbﬁﬂ gmbdiemndnt gpintcgahprize] 2 B3 Tscarbon

e optica er, c El ectr net i e
ﬂ@@@aﬁ@}g%glwgc t:qpépop%glfhﬁmt mﬂ% g}g@g 11ga1%1§ 1a§z§id(§&i 1sQBrounded
fi Q%Eco‘i@ Ef‘orcoﬁ BloSianElap 0xd). rrmatsa:pnccm e scumeaamﬁwﬂmteet@ can also -

tRough the radiation.tran ﬁ]SSI (% F&ﬂ)h&g%g and
mqm@n%ersrérb@mwg%ﬂ‘élﬁc}l%}’sm BARTR 31339’ SPTH 3
YRRARARBESidakds. In ot her enbodlnents t he

recei ved el ectronmagnetic radi atiaon, can.
i nt oI &h@seﬁ?ﬂﬁk%ﬁﬁ@“@!@d&\y éé%ﬁogéf’ Otosens?grgﬁlsg%?g éerrqlglr%é The

%&ﬁ‘lﬁ%h%geﬁélﬁbetdﬂ@nﬁﬂi}leﬁﬁll 2 inlseme ethispdimdntsy; tanenomprise a polymeric

enbodi nent, at | east a portion of V.
angeral, d?f%%ai m)lwa]]c Spm goﬁlt gﬁvmﬁa&l eﬁ?@C%Ol% gﬂhcvrgggtlmg r::llbsorpuon

gﬁsimb EhaCRigbly@terlapt that dfehefhgitogseinddyei (\3@8)0 i{lgqh@r@nqb@@@ents the

ber. phot ovol t ai c. devi . . 0 a
oS Bl S JRALETD < SR b ey s

fpoliyméiia %1@150396 datieg it éia:noma@emadmmosmmmfém%gt does not
fiber thov talc
] BebroRN 6185 g Bammiei v O ac e o 111

f act orrhg E@aﬁcﬁcﬁrgztﬂi‘:ahy@ (82) ks muepuhdpdbbi@seasnt @afptwéﬁ {314) that can

g y o(%%\égeléltc %alidc tig)lfel }!lét%géoéb%nﬂg (ﬁ);\dl q@ﬂ&t@%nﬁtuffé (Jréaﬂcqﬁeﬁr(?){}g),
dzm)qaaat i the ctgamcla;semfox tlhserppore Sdn tseqoﬁd/@mtméﬁ(i%@nm s0Te
ay conversion eff oLt or.
Kt e
e rrb odi mﬂﬁtembommnntokhmnthnmeeS disropdvad ik cere 3020 atiation
g%%%%%rallv% 1S 1& %He g&%"/ﬁnd' %:Ioﬂ@ A&t bl@é@%h}‘&? ¥10) dxiher

evi cés ‘tan conversion
efohiaidenily Bgogt ﬁat@'[alttlm;qyeafbﬁ [ghe opg@bectrqqucdiefnﬁ? -+ Ry longitudinal
%I‘%Odl N Ehé oygt?c?ﬂeﬁbe? Aol @\5 }aﬁiaﬁorp’t?aﬁlsxﬁﬁﬁvé:ﬁﬁt McPieAY04), and

ngg I Cl enci e feater than 35%
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In some enbodi nents, the present invention provides
an optoel ectronic device 10conprising at |east one
pi xel conprising at |east one photovoltaic cell, the

WBQ@Jﬂ‘é&;‘:% aic cell conprising a fiber core, a@CI/0S2006/016730

radi ation transm ssive first el ectrode surroundlng
the fiber core, at |east one phot sen3|ﬁ|ve qrgani.q
OeLC! onic device

byt cxsitanrbingiie &ﬁgelt(ﬁ@)wﬂrfé%ﬂﬂé'ieéﬁ%c B OhHi ot
gﬁﬁf& hgﬁ&hMegggggghggtto the first electrode, and a

con ectrode surroundln% t he

el ect ﬁ;htlmagh Kigwo A dbetdes s OPP eéctraplg gﬁxg%e%agv% %y ;ﬁlo%sensmve

%9 g@x@ eﬁrbocﬂm@ﬂ@BﬂH@}IJﬁs%hiﬁn@ﬁiidn tﬁﬁteﬁp]iﬁzmmoeﬂectromo devices
ri urallt% of photos nsitive.or
P

beypieing Exatcs D HHGPEHBE A MEFR PO BR R O GTPHr dovioe
%’1 gatﬁlfete qmﬂ% %%Lar?l%ﬂfe& ﬂl?ﬁ fie Jhiolednsitior @gatnipydrs i Ingoree

Ity Or pnotosensitive region
pmbodugqg$, ey ehterigelignip devipe c{uh(‘éan]qt)?%eea]i ?e&% rlg %86;{%5%%5%\;% %anmc

%EOSEHSItIVE region conprising a radiation

transm ssive first el ectrode surroundi t -‘1 0 e
cor e, Aaturalisaefirhaieengiv %@Qﬁj?yte’fs\f g f’cj)f’:]bg“gﬂ’%g ﬁ{B% dub Bi¥iter, in som

SHLESMBEE FB? dspRirzick&lon BREGCH yeadleverd ﬂ@lwotpwmowal ogganic
PRSI AT T S
%ﬂ%& Lieetgtbe Alotie, Wﬁ&]ﬁtﬂdd&fﬁei d‘felloqireg;;arxt|1mreiliay1@pn increase or

hi sonme enbodi nment s, co plurallty of
IR sl M T B S D
°pt°ehﬁﬁﬁk@ﬂb&hﬂaﬁsﬁ@qﬁﬁﬂﬁﬁm&@&wancawmmyﬂ@ﬁ3@WWém%m““¥a

In a further enbodlne
eOHPRY g@w’@ppngpyeavg@? |a]§m eachgﬁl xe Mxts, &gl\rffnitlﬁenggmahty of

%ﬁ%&éﬁlﬁﬁ#é ¥eibfs cphptiey otaﬂauon ieekhssive ﬁrst elecgp@@pn'oundmg the fiber

photovoltaic cells.for $nd difbtricall

ik Peban SRy R aLgesw ey

CRRseb el & Befilshdkajnedy] entd sytccfnd okviode sursendieg the prgaris laper and

enbodlnents onent | LA furth
by a4 e mepus B e 5 P o bIEk o s

C&ﬁ%@ﬁgzﬁdﬂmm ByéR theBbﬁh hﬁed 1ﬁ@¢d1mﬂdﬂwal phayesensitive organic and

phot ovol %gcell .0 one #mgpdlnent for 30exanp|e

el R R PE OOPP Y R ™ Can conprise a gl ass

optic algufd bigistetrs e ypdletrenioddvise ({9Rbroaweisingp s (402)

G ing 2 PR ARp&ed ASngits longitudival

rlggﬁﬁﬁ %é%ta ﬁt%\gto g%x?e rgﬁ{uﬂsc(gdéll g-(de(ibfg(f 82m df) Ie 14 1ggirsr céxgl o} N

odx. ﬂ@ﬁoxﬂe&ﬂtlhodlﬁlﬂ:ﬂts,dh@l@lm%s@vef orBRYic JgYrs Lo of eachsggipn (40

%ﬁs&%g Ea[n g chosgﬁ] BULUCT 00t i REhaRBRY 1@&49&&1&!)@11&@{1 |proﬁ1e that

can be varied I n any nanner_ con |
MeQ%Bﬁ&&QGQﬁﬁ@h&MM6WGhWﬁ@%@ﬁpl{oﬁ@sﬁ% EP %ﬂf%gms "

aﬁ?lg;( RICSE &F? % odnne%% rf&%?ﬂ];\éjg LR o%&nﬂﬁ&bdﬂga%wﬂh%ebﬁte@&mm can have

S surtab w de range

ammbsmmmouqmdile ranging from japoué Afe feFGeft ,%g(h{ng whge the photosensitive
pl ur al RkkeSat fafn KBoand0e Gim fo
Iﬁfgﬂc%y%ngﬁﬁmhg %“Bmggé q%%@ggms Otovg%$%IC cel| can -
cahst $00uire The shotogcrsitiye)oedanig fayeid f‘?ﬂ“tﬁ‘rﬂ‘ﬁlg CERyhayp an FhspHon profile
5 h ovol t hgctively constltute a

%ﬁa& @%&B&ﬁhhan%ggdgng |IIustr®%os a g} at
( 500) Ezfprﬁvlﬂlex 2 phioliB\ S PPAp eIl 8 U2 Hice r&&%"‘i"g’mes
E oﬁo[&g%z % olehiSe &%@\ﬁﬁg 4 mueRt dbedptiobieoffle, bewelectronic

alc cells (50 ) can be di sposed on a

connectlon plate (504) for incorporation into an
external electrical circuit (506). Each fiber
photovol taic cell (502) is digposed on the connection
pl ate (504) through a | ongitudi na
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10extension (508) of the optical fiber core. As
illustrated in Figures 2 and 3, the | ongitudina
extension (508) of a fiber photovoltaic cell (502)
&3%098593? se the optical fiber core, the radipghRRooso016730
transm ssive first electrode, and any exciton
bl ocki ng | ayers operable to transport desired
ede®ickOitshegedneit atvettidnraphokos ensixtinize exvitgm pineralionyasrass the
cg he ra |at|on transm ssive first el ectrode.
SPPEEH° PR 15external circuit (506) can be
conpl @i sshetenibodighnts e Sbet enaal anmptoebdtiopicgloviterpmprising a
( 10 1% H‘E ! hc?sr%nifglltﬁti)fee e 2 ng? gair)l\f)m %‘@Jﬁl& c\%)glje%g%ﬂéé? 9§?~radlat1onbtran§1ﬁ‘issive
uﬁﬁﬁlﬂﬂla’aprmhis iebectromaghétcmadiadiod prodd getivg abingrikd 1@@5}@@11131 axis of the
1}61’ %{;’Jaﬁ}{é’ #ht %’Iber ﬁit lb‘?‘e coF)tFm%tn?ﬁe?ﬂ c.gd &S ngé 1%5&11% aﬁdmg or any

er pno OVO ic cells ca conmpri se

‘ pnﬂhey meateirigl theapﬂmcadssuterﬁ?dhgﬂmqnc Avalheyn ig Pigum i, thalgpigcak igher core

u%ﬁa can be coaigcliJ ngjt Pﬁgﬂ HQtF(ﬁﬂr%llld) Berw Jﬁ%@,{lﬁ%%ﬂﬁi% rgiohfA04, 406,

rrse conj uga s sucC henes
i 408). UElie wguqmbﬁl;e@ 8o1h g:)quk @qqted pﬁb m@}al le:@pang)m gﬂ]gl non-radiation

: puztn¥1§1?§519ecl%¥cér§a? ﬁ%?g%?seésg %‘9 ;l%}oné n other enbodiments,

eria or use as a bundling
rrat ri ¥n sare cotbniiniests, @@Mod@ﬁ@g@@ﬁﬂ@p l}g@plg Ariiper sipacture Comprises a
myokrghagc e &l 4 @&%ﬁdmaﬁci plﬂ,@{owm?ﬁm o dtise b Al olifiation

ot osensi tive polyner, such
asanﬂojsglfdgﬁﬂa@wtr@cm S@ﬁﬁéﬂ@)& thedibergergyal l@ﬁsgﬂy{g @E@oqg}aﬁﬂf‘r}q@rgamc
%.2 118&111%1!11?&1&1: glgcgr%}l ﬁ{&lécﬂlcﬁlﬁﬁcoﬁ&%g % RetMe8ubMLand a

talc cd
wbtw(d%h@dy Iserrivefing ﬁ?é)m@aiﬁ Hyer qnd eléﬁﬁfa&&wwwtﬁd il organic
Uagbiﬂ enfBS iR, @1@ pﬂé&%)tm@ Fert dogpaRE la%ﬁﬂrali%} (ﬁ%otosensmve
e an e external netal contact (510) each
f¢rb@uc Iateot aswoividgil ergigl | (502) . When exposed to

el ectn Lﬁmgle%oﬁlﬁghﬁﬁ b%voftﬁ@cd?lcbbﬁﬁf)ﬁses a fiber core comprising a
hexyl t hi ophene) matri x canﬁgenerate excitons in

azd@nahw @ﬁplto@s‘élﬁﬁ%@ Togame Aigeas sithrgongitydipal axis of the fiber core, each

30RBRLANL LBiok cGitbrstn a@@dﬁnon_ﬁﬁﬁsnnsswe first elecuode sunoundmg the fiber
pol y(341lexylt hi ophene) matri x ca

a9, £ lenshe e Retp BV BB fi‘é"ro“?ﬂg‘t&fg?/%‘lsi el glectically

(RBRIctek s 8GRt LBRroaeRgl b dbriitdlece¥deaish@amhg (e@Bdanflayer and
t he opt|cal fi ber cores_and the external netal

d%ﬁ%%@-%C%%%@ﬁioﬁpﬁéﬁmﬁﬁﬁpbvolta|c cells (502)
r ecei HiRgpixsblA0 se1lg R dheR chpodilkents of the present invention, are

3- hexyl t hi ophene frix. ca ubse nt |
t ?Péﬁéiﬁé? feCTlﬁ%dWeW%ﬁﬁ P A e sl s b fog gpricl S
Cldid UitctloR@fhktic ral¥RiS0RAid Q2D e TR tkel BXi6T3RL optical fiber core,

ot oel ectroni ¢ devi ces conp st _one

cHipe SPbRIRAnLS eradt %ﬁ%ﬂ?ﬁf%ﬁ?ﬂgb ﬂ%tr%\tﬁé‘f’? By i'F . &S%gectf"de
SHABNE ﬂﬁ@:ﬁbtﬂ@ﬁélﬁve G oy ThyRe thsmigh Evanetdge fillilx dhsﬂzarmhlbodlments
P S et e B B B A R BB b e
C@ dcstte@ng AR &lithincthérmiticsli fver. fIn b @mpmambomienaatdeaem fostion of the
of resent inv on c have conver si

ST BTt Blon Rt i SERECER b e o e
apsgistve oesniaBydods for produ0|ng opt oel ectronic

devi coa, eOpLL piing. ROV Al g, @ LLDE SRSy (HRRASLABention,

Ofantdit@la¥ b I Factd esated thap 081 Tptladr e]lnlaca:]sttler(m éher photovoltaic dewces
phot osensitive organic layer in electrical

communi cation with the first el ectrode, and disposing

a second electrode in electrital 10comrunication with
the organic layer. Materials suitable for the fiber
core, radiation



10

15

20

25

30

transm ssive first el ectrode, photosensitive organic
| ayer or |ayers, second el ectrode, protective |ayer,
and external netallic contact, in enbodi ments of

W;@‘opﬁ’ﬁﬁngf the present invention, are consi seEUS2006iN6730

t'hose provided for optoel ectronic devices havi ng a
fiber structure described herei

n, 0
radbaorione s FRRSHE SF T - gl P TOie B s P ppgprovolsi
&Oag{cgswh'alsﬁl%ﬁﬁ@éw Bitkan (CRNPT i S€s sputtering or

|

radi ation transm ssive _conductive. ox] de
onto Iascgjmeﬁrﬁ)@@rr@ﬁts tffbar quo@g? tatcgﬂﬂglm. tl@ 6’%31& mvention cargtﬁsplay
conver%h ct,1§nc eg | 1‘? n%%dt&%aﬁ aBRQ RS ENSi fliokeoleigdRices, ilmﬂmr

r ca nication with the first eL§¥; 2 mmmmx
aﬂqunmgscaaégo@stmtﬁ epny prion PRSERGCS BT thaRaRY &y

%Pnbeo%m%{ﬁg %bg}%h%%lﬁﬁﬂgh% caﬁ&bﬁl‘ay%ﬂ&ekdit@l efficipoies Plaaisshan

I’on, "or vacuum 20t her nal

aaogieiﬁ&’n dnelfeter eehedinge Iflé%tp}l?te‘ﬁlta’ﬁ gﬁiﬁ?ﬁ F %]a‘{‘?%é con‘}eﬂ; a
gﬁﬁaﬁng gﬁgp&&;yﬁg organi ¢ | ayer, according to sone

, npri ses depositin e
eI cctin otee e s by Aot oanarghg davee

%gpg n% hPRast SRIpkeCRBkREE at%asﬂhnp pEQGoltiig celiite Ipb@igvcdjﬁuc cell
ng an optoelectronlc

eqrm;mng@rﬁﬁ:gr cofey 3 {aﬁ@‘pomwﬁw%%gt%geﬁiﬁ%%lsurroun{:‘hﬁ% the fiber core, at
R n%%géﬁgﬁiséﬂs?ﬁ@e QBN aer @Y RBAIOE the ﬁmel&ﬁoﬁﬂm@@ﬁﬂgtﬂcally

nts where a phot ose e organic | .
compyi¢dsie ghefirgt Ghﬁgglp,ta@ ﬁaetcg]ru{] %1:021 8% 191 1115(%11 o@% e lay r and

Qﬁaﬁ&ﬂ@ R Rc1EA0 %&J’ré&hﬁah@yeﬁ hasene ammémhemtsga pﬂm@vg]tegmﬁll@fa
['ayer Can produce h crystallinity in

. Iees
bisekeoriEsep 8 PR ‘5"11?1‘30 ﬂ%ﬂ%‘b"e?qﬁaacéa Y5hases as well as
resul i, ol fngr S‘Iﬁﬁcﬁﬁneﬁt s.@ﬁasmm @éll dsﬂh@m:ammgmsw acfiber core

phase in the_ pol hase. anti fiho
conpsing aid r@gy of H)ilg ve ?glﬁ]@ﬁ eldl < é glg rlﬁl al axis of the

BRRALHDESK Eﬁﬂtﬁs&ﬁsrﬁ%@ lrelgﬁﬂ comphany Nadiskidnibesgnissiie first electrode

m xtures thereof can form nano -
FHTRERE the @Hgé;greag? st.ong B]I'l osg V%avﬁ ng&ﬁfs E&/Eﬁu}rﬁglgmlg rti'lae fast

Qt&@&&ﬁ%ﬂ&élédnvcﬁnpﬁc@awm th myseirst elacimde,dndhy secondspiode surounding

enbodi ment s, n co Pi.Ged ayer

Ae 24 lepgg ﬁﬁ%?féﬂf‘r avef ?l%cg“"?ﬁ%%“{é%%g 10s QEGARNGo! AVEL

for antdoh® cpBsdiehtoh pixDORHORS 13@@@@@@1@%@6/‘39&% Fapfher
rangi ng from ahout Nt S ihek N
§%ﬁ@&3ﬁﬂﬁépﬁ@ﬁ$§%mgwgﬁ”Eﬁ§§lE& ?@%ﬂ‘fggﬁgﬁ l'ayer can
Qﬁlbb&afe@cgmf ockbipittc dvive putsises AnnEnAfP ekl Rl plcgmpLsing 2
met hod duc ng an optoel ectroni c device further
d@ﬁﬂﬁyg OHB@' h% at | east one upconverter and/or

scat t Gﬂ;leﬂgxoagﬁmﬁc defis fohsefii il applications i sompcRntiognept of the
g%g%ﬂ%eg%c{yg%g ggncénnﬁgedolgéess Sy I SnedBYh&GE R subi@nbodiments,

component materials for one fiber photovoltaic cell are selected without reference to

- component materials selected for another fiber photovoltaic cell. In one embodiment, for
example, one fiber photovoltaic cell can comprise a glass optical fiber core while another
photovoltaic cell can comprise a plastic optical fiber core. As a result, in some embodiments,
pixels and pixel arrays are not required to comprise fiber photovoltaic cells of identical _

constraction. Fiber photovoltaic cell construction can be vared in any manner consistent
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provi des net hods for converting el ectromagnetic

energy into electrical energy. Wave-gui di ng may be

utilized to increase the efficiency of the

\98%0‘?@%09:9' hi an enbodi ment, the present i nQRldOesn16730

a method for converting el ectronagnetic

energy in the formof waves into electrical energy,

t Wigh the nhizdials emmetbéds gescliaddermsing mydens peclend mﬁgﬁ“@tsus'eﬂable
Vay e angd, ggf%?ﬁ&mg&e el ectromagnetic wave to

transmt a lon into a photosensitive |ayer.

-sone émboai emhotlisneniga rdurrﬁlgypﬁ@wemeE%@ﬂ@ﬁ@dﬂe\baﬂedt @n such

t &%ﬁfﬂletntsr adi ﬁﬁérgﬂotb\%ﬁtﬁc @elp&ﬁ%&ﬁﬁtﬂ@ alsingRe p@{egérrih&plurahty of fiber

| ayer can’ conpri creating total internal reflection
ofhotolveltadt esdls pmm@qulrcqnalv@e atingla pixpk er f ace of a

phot O%?eﬁl?é 3 ¥ Seatis g%@ﬁ(ﬁ’e 59()5%@ %’ Bé}gyh@c&mﬁgb @8@ '@502§ A%E6ink R an

pro uc evanescen waves Oor
mﬁtodmgpﬁthwe@ggn‘gamnc "I]hgﬁbq‘r _ph(ptﬁvogﬁc é&ﬁ:{g éﬁﬂzmtbe digposed on a

nn?%%ﬁé%ﬂ @]ﬁte g ! e?’ﬁf: tdc&gm%ﬁ&ﬁh‘&) QRBERGH IcfcBBR LA (P, Each fiber

ectric npri ses rece|V|ng radi ati on al on

g
t hetavelir wlldF Al deppsd op thy ornsetion alater(pha fhrough a longitudinal -

| SARSBH [S0f\e didWRrAdbathen | nto at | east one
photosensitive organic | ayer_ throu a radjati

trans rﬁﬂégliwi‘;fétG@n@éW‘??@e’mé éﬂrth%ﬂﬂ’ﬁ%‘wﬁ’é‘ eﬁ'@“%‘fft (ISQ%I‘J?F iy |

g[ﬁﬁ%@ﬁdl@&ll?ﬁb AR mbAsel oA H0SRBS! hi Mﬁm‘a&iﬂfﬁﬁﬂisﬁve first
|'ayer, and separating the excitons into electrqns and

heteargdca prckan 6XEoB PloRERg BYETT PPoFabls to HgpRrcdepigrottopheenerated in

Sllﬁﬂ% <SIRedi blggtﬁé ByerdtolBd 1%&1%&%1&11&1&1&%%@ Ele&ﬁﬂe éConnec’uon to the
ur ||ty ﬁ etero uncti ons.

Frsicsnah gt oOR c%é?%ylaﬁ%é frQigh fhe eF‘SWﬁ’éJ&Ft%{IC ‘f%ﬂs (310) of the

|ﬁge@5ﬁ@&@ng@c@m@mpr mat eri al and an acceptor
rmterl al In sone enbodi nent.s, z{fnor mat.er i

-conpr | Ig ggmaeng)@%‘ﬁ acphﬁwéfglém%%ﬁan [h 5 éléeg&s 8 Imatnx in which fo
R8T ia B ur ARSI fis£5hofb vBIRAORAS.t ll’kﬁ)kcﬁelﬁiﬁa&ﬂa@im@for ‘anﬁlmg fiber
acceptor materials for uselnnﬁgposaf t %E‘ﬁtf
 TOBRP ol F EmeGRET S PENTOTF PRT DS BrGy PHEG R & BPR Tor use as
f@munemggﬁhﬁﬁ,tzﬁ aﬂﬂﬁc%gﬁwmets dcaEb@@rﬁ@mg?ﬁbd polymeti ﬂilch o)
recejve ng the . |on N | tica
rbatenes weudnerunedanigipliostansh laforgeriay ason.
I Gt b@mduh@t@p&gﬁere:nm&iamnﬁe&ﬂe fradt a4 omdiirgoeitecn comprise
g’%fa{]})cr%gg\g;tgﬂg hon I%%supgtléva(? gtliﬁg%%lislbo%e mchhtp R tﬂPQp h’P}f(', Iarkff fSAn
enmbodimBigis,s, foli' ansipld, b plﬂtgoselhsachb pdmmgn atch as gcﬂmsaexy@mophene),
I nt . pho nsiti r..co
t‘fﬁﬁﬁg ﬁ\sg SF ‘#181 ARt 8?113{3% oug evarffé" ac:cgnce % Gedle
Oﬂiﬂﬁ_&ﬁmlﬁi&)@ﬂis (oeny SThe t)blaﬁs'msxylﬂnqumeb emtbﬂ on@gagtvwith the longitudinal
E%g%?i}:ml% gS@ SL(%I &18 n({?él?ﬂ? ?1%&%%8 %Sﬁl 156 gls ?xtgmglg g c!}rﬁ‘%?(ﬁi 1 ?P of each fiber
epleolvoiiRgiids(2). Waeh adpbmfl to dediomeghetid mdugnctnhéte poly(3-
hexylthiophene) matrix can generate excitons in addition to those generated by the fiber
photovoltaic cells (502). The poly(3-hexylthiophene) matrix can transfer the additional
excitons to the fiber photovoltaic cells tSOZ) through the longitudinal extensions (508) of the
optical fiber cores and the external metal contacts (510). Fiber photovoltaic cells (502)
Teceiving excitons generated by the poly(3-hexylthiophene) matrix can subsequently

transport the excitons into the external electrical circuit (506).
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WD 2007/ 130025PCTI 1JS2006/ 016730 | ongi tudi nal axis of
the optical fiber. Upconverting, according to
enbodi ments of the present invention, conprises

Wa%@ylgdoag radi ati on recei ved al ong the I ongumjmmsmosmm'/so

axis of an optical fiber with an upconversion
material to create an excited state .and
r adi &wkastecirenicglesices Cé’%‘f‘s”&]aé? ?té)gﬁP%el Comgnsragoatt eQ:ﬁ gow tiber

]Saﬁg%vglﬁ% {80 $EAL Bubodhens)] ddniphiee s tetlledPIleei prgltpiixsh ﬂltf.‘a(g can be
shorter 5Swavel ength than the absor b%fq

aone oe pboditFiguEsaehiE SORT ET 1ments, 10 pro ?cosrt]) ay gﬁsngfrgb Scal!urbells

Qp& m,% émg,ﬂaxgﬁ@r ORbITRILEE blls oE MEPlebesEmvémtibn eandve conversion
Iation. In a further enbodiment, transmtting
¢fﬁeelrca?dlg§?iebﬂial?@éel ved along the | ongitudinal axis of

an opf %ﬁlsenﬁ inR&tioh H]E@pr@w@d%@ﬁdﬁﬁﬁm &ir pioteimy qpénsicetrinig Evices
conpri ses scatterin

pempsisingPronidipes FReT ¥ ?ﬁi H]épeoglr‘gﬂgﬁ fa 1ai16 nhlﬁﬁsmg@?rs%l%ﬁhé:ona
GRAVEL T EheLbRE ﬁ{spﬁﬁ@mehm ommo@gensmmgar@cdm dheglectrical

S, VR OF E R O PR SRSV R - coctice

- Bl St QRSN wm; fhe Bikai la@6m Matetials aumtaﬂ:le ﬁﬁﬁhe Blees g@mladlaﬁon

t | | [ ust r at ed. ctrode.
horoRsi Arhgeseamr R Pyl ipel S,

gﬁ)lte'c’nﬁ 1RRAahd Blidrhd gneaﬁﬂ:l’éphta:t,oﬁ embdditents (ﬁh@ﬂﬂ@d@pﬁ jpresent

g}?vlgtlg@\é?ﬁsr%gorn%%{t%qa Co%j? érg‘kl ? o&t&?ecfxﬁn{: Sr’ré%dgghawng a fiber

@ﬁFE@Jdesdk&&h&in from1.5 mmto 0.6nm from Thorl abs)

was stripped of. QbY RS

cl addPiePsiRgS © Egaigwasﬁwg%%gde(}%gt %}?{:ﬂﬂ?l are.  The
CRAb&IAENtE, Bemprisbedputtaing bh@p coltioamadialion mnsyisfyaegaycgve oxide
o LD PR 51 TS 0B SRRk

dried ih oven for 15 min .
Myeri8Qfectritdl eoﬁh&ﬁmﬂn fith €e finsislestends SPFORSIFEY @Pp%iglgélep OTEATHE

h d f 3 T VACH
(Iwreqnl t?}@ﬁ{%g%}%c:trgjleog(yép epec;c%l]m pé %11 g&ﬁﬁg Y dm( ﬁﬁ’d Qdfblaﬁgtb}:ﬂg”
tghneslGhRngthg. g}ahpoplng a e@gndpﬁ,qcﬁgdqﬁg elgpirieal p@gmu]gﬁ]tng]b glﬂﬁgy

e S, isedQhRiting @e
gggtpfg&}sl?}feocggamﬁ Ty, %cc!%'rcln?%tlo st dehisedBdehts, dffriset A heiting

horoughly cl eaned in an ultrason di
hatdd et thoda oe the pezasin d:hyﬁrsfbplﬂ@p‘wowhé% Heroswige §B§§P§‘é‘g’y°r P
for.20 min, and dried in oven at 100C. The fiber was
tcﬁ@?ﬁgexposed to ozone for 90 min_(rotatin the flggfl
3 ti mﬂ&ﬂeofwmﬁm@g 2BEPteRlagironAC fRYISETiR PO o |
(Bayt.ron P £ stibseguentdry Iaemsmlﬁﬁnmts where
b ap <pliie pﬁ%g{“%‘ﬁ%ﬁd e Y e 15
1d photofertsitige oﬂgmkhwgomwnsmmp%@ T3 W“élﬂ% aPOABE P
[?)3? 11303 Qtalnxeah@g 1§19ln%&ﬂl@ﬁy&fcaﬁ&bﬂﬁcémﬁ&ms of
g)a E}B@ r| ‘can .

crystallinity in both the polymer and uanopartlcle phases as well as result in greater

dispersion of the nanoparticle phase in the polymer phase. Nanoparticle phases comprising
fullerenes, single-walled carbon nanotubes, multi-walled carbon nanotubes, or mixtures
thereof can form nanowhiskers in the polymeric phase as a result of annealing. Annealing a
photosensitive organic layer, according to some embodiments, can comprise heating the

organic layer at a temperature ranging from about 80°C to about 155°C for a time period of
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chl orobenzene was deposited on the fiber through dip

coating. (the thickness of polyner filmwas about 300
In the final steps, LiF and Al -el ectrodes were
kjogd Vvia thermal evaporation at the pre€IaIsenoep16730

Wqg@gﬁton The t hi ckness of Li F was about O 3 0.4 nm

and the WO 2007/ 130025PCT/ US2006/ 01673

whging i kbauhasinioa ebordd mw&ﬁeﬁrﬁé YRR 1 Elelg:]’f"%ba’sm"e
.4 ﬂ%&!’f o YiPredlRaa fof atihinkied /-\f ter pr epar ati on,

THe ¢ ber phot ovol tai c cel | S. ﬁ cgmmg o

t er min gfmecarrbodimengertasthaf oGy g P’E‘Rﬁ Tgelss e IRt

§011¥p?§éstdls$9§1ﬁ%eﬂ feast 3NSuRbvefirQREY: sceEtegng @eﬁ 1111 ihe ,ﬂbgyzgre
rent -
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cel | Thpddiggnde 6 o@sd)f p}gjﬁl}uaztg Q?FPS@B%%‘C c{evwes é&ls | gg?némn also

%)iesqhﬁﬂld@f’cﬁ c@nv@fﬂlrhﬁ glaérarQpiato EHemyonto iaibntnta’i endriyh ¥ ave-
hot ovo

taic cel r|0 .anne
BrGosven s ¥iise BrRRIFCRT S ER SR PR E s  b)
di SpliaYS e@bdithdnd e prakiiagentgiovides a tuhthod fopeqnverting

photovol tai c cell subsequent. tg od
ﬁimﬂoﬁﬁ-gtﬁ:@r/ EnyE 1B Itl@g?ﬁlrtof eesrmto 1egtnca? gl;lr%gtrlr}% % 1roa coenépnsmg

&Qﬁ@m& b @ﬂa’dtkm\i@leﬁ@@@veﬁ Midenidneyr s ecnamug;ptlcowa\@ GRS

e for 10the fiber photovalta r
e S

SHRSH YRt hdaaneak Ipﬂngostsinﬁw}a locgawis Gryed can pepisy eRELns total

| As _displayed in th ~
g%ﬁt?ar}g@nglqn:oi eg S%ﬁ%nqtgsvgg i& o }1@%2@% eolrg%gﬁtwe ganic

LGl bin M:g &Jeﬂg@yeﬂfo pedtRcd dvbescophetveyalfiells én e plhotosensitive
Firgure 8 displays short circuit current (l,e) versus
PEANIS{AYE coupl i ng angle for the fiber photovoltalc

cel | ﬁrah‘éﬁlbbdhn&ﬁj‘kﬁﬁéﬂw@ot dvavrtin destersianpiceeneney i ¢lectrical

| ayer and, subsequ S5apn D& of tical fiber,
PSS e gy oS pibE e gt B ofan optc

G Sititihg e lridigen nit(hﬁ laabiomt p]mtqsglg;mve g{gpm@ faperShrogghea radiation

flber§‘%%;ov tal;anl hFo@%ﬁﬁﬁ§§§5ﬂ££ﬁéeﬁﬂﬁﬁﬁhﬂﬁgh&$MMENWe

%ure 9 displ ays the
CRAWRSen Anddehiratingnigyexvigms into ¢erdPrang oleAiplhpiAg ?‘Fé“é“
for Iﬁe fiber photovoltaic cell prior to anneallng
HE™ShEFbsensi ti ve organic | ayer and subsequent  t .
20annasdoina gmbbthmpnma@stemnm@é%?@ssm lupaliygf bulk heterojumctions.

gf éﬁﬁl ste @rel%r esﬁJ}%ﬁepog&rfcﬁ&ﬂs dirsed AYiRdntyace B 4 Jitﬁor n1ater1al and

re 5 denonstrates an.i ncr % hase
@ﬁmv&p@r mateasﬂf frcioem @ylbﬁfbmelttﬁ & dpnos BRicHRIGPBEIE 4P siaciic p

8% ue| ”%0651 gteg?gr&gl%g&ggga Y Bhdr S pHREHD TibinSEAR SCfﬁlﬁtortmﬁenals for
e

ave been scrlbed in fulflllnent g %H
uae innshakjofibe sreet hratiph i@ APRSBITI b U6 §Fy 1dg it
ge% zed gﬂg; t hese enbodi nents are nerely

1110
|ve of- the principles of the es . .
i nvenﬂi&aﬁommmm@lsﬁqm@ﬁeﬂpé alongoifig loagipding ﬁﬂ?ﬂ a?? pipppgical fiber, in
ther eo Uiki¥1e RAIE Ny diRr Eesian@lksghatliation mceived
t%%mngoyﬁ?%dgﬁng pgfflﬁ fromthe spirit and scope

oflortgtke fongitdinklgpis of an optica ﬁber comprises mirared radiation.
In some embodiments, transmitting electromagnetic radiation into a photosensitive

organic layer comprises transmitting radiation through evanescence fields. In other
embodiments, transmiiting electromagnetic radiation into a photosensitive organic layer

comprises upconverting at least a portion of the electromagnetic radiation received along the
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That which is clained is: 1. An apparatus
conprising: an optical fiber core; a radiation
transm ssive first electrode surrounding the fiber

Wf)%tﬁhsoozs at | east one photosensiti ver@ygRm6d16730

ayer surrounding the first electrode and
5electrically connected to the first,. el ect

inionlontigi DB SuFr DB RESBP AR Lo gap B prosn
Sl EROE] BRbH¥%s SBAGEI At rdcBifedDigRMhClohAydinal 2% of Fheptical
apparatus of claim?l1, wherein the.o

Gbvrprithsa spenEEeEMHFEA! Eafreats ey ﬁfgfeitagglé%{ﬂ%“%%ﬁaﬁ"“ into at
qe:g& %F‘e or%fni@laﬁr @siela dRRkEiRAktafe] Wigken 1O Smithe rempen s gshorter
of clairm 1, wherein the radi ation t.ransm SSi ve % L
shedugbdbandbmbreRela ot T fomGmp AR, B ot of aifiton
\%\%@ﬁ)@&gﬁ A8 ufbbhfsion daterldl Cordpeay iafrarsd @diatidnai m 3,

ereln th di at ; ; . . .
Conpringditienmap o CBRTIBRS PRI Tl el P ot udinat

%Eis \%:] Hoptid %ﬂl?]mﬂtdr)] B pRutbsesitive Dreailib eeyerppmprtes scatifring| il Tadiation
L, erein e photosensitive organic | ayer conprises
@fcl@ﬁﬁﬁ%‘ﬁ&aﬁ%ﬁ%aeﬁi‘%ﬁl?}g %1 The appar atus of clngi m 5,
\th Ie L e)ﬁ rﬂ%etﬂ%& fiheiheaicletdneghaic coogpinforbsirae! aawRcREnE to
u e [ '

swbepors tigbr T veptonr g byt S B e MR nto an
\Sﬁ@ﬁﬁ(ﬂcgﬁ?hdonor mat erial conprises a pol yrreri’c

ase_an e acceptar eri.al,.c j T
nanop&RTHTEFY AR “"g@g‘.g%‘iué{l%t%dpb ratu g 6%@3 8?115}1%11% example.
wherei n the pol ynmeric phaBeAB®RBrli ses a conj ugat ed

polymer. 9. The apparatus,.0 ' , Wherein the
conj ugat ed pol ymer con%?’?':%zé’kﬁ%}ay(g%lﬁhexyl t hi ophene),

pol y( ﬁ?@ﬁ.ﬂﬂyﬂfiﬁﬂg:e@aﬂﬁa el filsr phwitovbimieeslivie peeptred acpordmg i the
appar.at us claim?7 wherein the nanoparticle phase
(,fglﬁ‘ﬂ“il%@%cea'ﬂff:'l erenes, carbon 25nanot ubes, or mpxtures

t her ehe jaciklof a Fheti apga fiber 817, BichiGH, fom Whestelp §-0ppe from

I@L}h%&i@%ﬁsﬂ’%ﬁ% %%}Smglﬁéizgz% %‘Jﬁee 1}%1;(%_ Oé)’{'[réfs}.‘ é:%c]i_dmg was burned away with a

torch flame. The core of the fiber was then cleaned in an ulirasomc bath with deionized
water, acetone, isopropyl alcohol successively for 20 min, and dried in oven for 15 min at
100°C. The cleaned fiber was subsequently coated with indium-tin-oxide (In/Sn=90:10) by
dip coating (over 10 layers). See Dip Coated ITO thin films through sol—gél process using
metal salts, Sutapa Roy Ramanan, Thin Solid Films, 389 (2001), 207.

The ITO coated fiber was thoroughly cleaned in an ultrasonic bath with acetone and
isopropyl alcohol successively for 20 min, and dried in oven at 100°C. The fiber was then
exposed to ozone for 90 min (rotating the fiber 3 times every after 30 min). A PEDOT:PSS
solution (Baytron P from Bayer) was subsequently deposited on the fiber by dip coating and
dried at 100°C for 15 min. ( the thickness of PEDOT:PSS film was about 150 nm).

Subsequently, a solution of P3HT (Amerncan Dye):PCBM (American Dye)=1:0.8 in
chlorobenzene was deposited on the fiber through dip coating. (the thickness of polymer film
was about 300 ). In the final steps, LiF and Al electrodes were deposited via thermal

evaporation at the pressure of 10 torr. The thickness of LiF was about 0.3-0.4 nm, and the
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12. The apparatus of claim6, wherein the donor
material conprises organonetal |ic conmpounds. 3013. The
apparatus of claim 12, wherein the organonetallic

\V§9ﬁ9ﬂgag§'conprise pht hal ocyani nes, por phyr iBCI/US3806/016730

mﬁrlvatlvﬁs t her eof 14. The apparatus of claim®6
erein the acceptor materi al i ’
e et s by ms b e SR BE SR 3ENL SRE Y o 1.

paratus of cla:n11, wherein the second el ectrode
conprises a netal. 516. The a at us of |
wher ehfterprrparianathe Sbsp 1?%%‘:&% ﬁﬁiﬁvwﬁ}%%fz'aﬁ? 411}1%]\5? gf ourrent

Qnsfe) ng{ circuil-voltagd) ShoRiRakiBduktentind effiaientyl Figurd hdisplays current-
conprising at | east one bl qckin

apipas plotsgorghe ByenplptorplizigRrd T U Bfon g . Figre

' ?@Sﬁ%@lﬂg 2l NG S0P ploB RS tha fiP@ pYsterdlisic calhpms id canealing the

. Thie apparatus of_.cl aj 8, wh in t '
ploTipFoRsitive OB 14YER &0 igrepd) ‘%TR}&YE)? SR 6‘{"&‘%@35‘5%@%‘; fer
fét%tcl;v‘(:t‘)gﬁg @élt %biﬁﬂﬁeﬁ%@@nﬁdﬁﬁng the photosensitive orgamnic layer.

] = e e n t i 7
of clTBF ié‘?%\?ﬁ%"ﬁ%%*; ‘?%)é F?EJ“% %&%@g Z‘f‘) "%rg‘}?ﬁ%s ?‘?"g‘%ﬂﬁﬁg digle for
g?glggl: ﬁr%gw_@ltaw délﬂ pibat ty a;?fealﬁ@ﬂlﬁ&phbﬂ@&nsiﬁvef argdnisrieree gnd subsequent

sed in poly(vinylidene fluorid o ‘
B A S A ST M
Ip@é‘[@ienﬁﬂﬂ\rero@%éﬁﬂilﬂ/@r fubieassethongtn theliteoltage dBthe fipg phatqepltaic cell.
appar at us o

[ claim?21, wherein th . [ :
COner%@§8§“BBWVW€FF¥m56Wﬁ%§bFéwﬁ§ %?@%ﬁﬁkﬁgggk gﬁuﬂm
%B&%h@f@b?&taﬂ‘f cell bx’:ltbflf’fb 2ihealiny difegqihntotehstiyeoirgamisriiyer and subsequent 1o
conposite materjal co i seg.c ' o
S ERSETEP OB AT [ GHT O By LB iy shor e
APREH: Bf 1S B phdtévoiil cellharet nichanepng ta Iphgtpggpyitivesganic
conpri ses at | east one upconversion material. 25.

1ﬁ@tapparatus of claim 24, wherein the at |east one
UPCONFRERIcaRsphRE emivabio eiipeics @erses diaion apnndias gl festhe fiber

ShSRERiocf g PRI gl 3y Ry
annealing the photosensitive organic layer. Consistent with fhe pattern displayed by in the
previous figures, Figure 5 demonstrates an increased conversion efficiency for the fiber
photovoltaic subsequent to ammealmg.

Various embodiments of the invention have been described in fulfillment of the
various obj ects of the invention. It should be recognized that these embodiments are merely
illustrative of the principles of the present invention. Numerous modifications and

adaptations thereof will be readily apparent to those skilled in the art without departing from

the spirit and scope of the invention.

That which is claimed is:
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25erbium ytterbium dysprosium holmum or mXxtures
thereof 27. The apparatus of claim 24, wherein the
at | east one upconversion material conprises at |east
one nanoparticle conprising at |east one Lanthani de

1 series eterrent.. ; 28. The apparatus of claiml1,

: \/\gglraé)ﬂ)ﬁraq’?éwglﬁpﬁggl fiber.core conprises at |east one
seAbpesal NBera@ent . 3029. The apparatus of claiml,
wherein the fiber core has a dianeter ranging from
abayliatiporgpmmiseivapsieletags swourhiag Apahea o of cl ai m

1,.wh it A, ' t i
L 0 5L By 5L R R B s

electrichBy Gonhectaliey @k firdtkRéectradd; ahd on transm ssive first
el ectrode has a thickness rangjng from about 100 n
t & segswdelegtrpdagurroyndingithe HBYUE byEansse %qt%%ﬁw f?ﬂﬂecterg to the
in the organic layer has a thickness rangi ng
Organwggiﬁ?about 30 nmto about 1 p.m 533. The apparatus of
2. cITht apparatwhel @diim t,hehesen thecopgicalditeo dempases a gldss okied diber,
of at |least 5 nm 34. e apparatus of claim1l,

quartzgpptical HPEARE %??é‘lc_é’ﬁ’ﬂ‘éali D} | oxi bl e, ' 35. The apparatus _
3, Oofel a@%ﬁ?a&l’s oMBRR T NWhBRIARP M1 tafs@isRRe ey @lcbRbde comprises
cell. 36. A nmethod of producing a photovoltaic cell
a radigtlompransiisgive tophwiingongean optical fiber core;
disposi ng a di atign transm.ssive fir.st el egtrode
4 o 1ERRRER el FHE ot RGN Bt Sy SO B0
compRRQRERA Nl IxYR, QhIiaMN BdiuAYel otifle, &k ORCindifin tin oxide.
conmmuni cation wth the first el ectrode; and di sposing
5. aTheepmuntes elcdaiodb wheren de phogesensdbraiartaidysheammprises a
hoto%:ﬁﬁe orgtiani c layer. 1537. The nethod of claim 36,
P eF&81°he radiation transnissive first electrode
6. CURPEbRREus of claim 5, wherein the photoactive region comprises at least-one bulk

| heterojunction between a donor material and an acceptor material.

7. The apparatus of claim 6, wherein the donor material comprises a polymeric phase

and the acceptor material comprises nanoparticle phase.

8. The apparatus of claim 7, wherein the polymeric phase comprises a conjugated
polymer.
9. The apparatus of claim 8, wherein the conjugated polymer comprises poly(3-

hexylthiophene), poly(3-octylthiophene), or mixtures thereof.

10.  The apparatus of claim 7 wherein the nanoparticle phase comprises fullerenes, carbon

nanotubes, or mixtures thereof.

11.  The apparatus of claim 10, wherein the fullerenes comprise 1-(3-

methoxycarbonyl)propyl-1-phenyl(6,6)Cq1.

12. The apparatus of claim 6, wherein the donor material comprises organometallic
compounds.
13.  The apparatus of claim 12, wherein the organometallic compounds comprise

phthalocyanines, porphyrins, or derivatives thereof.
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a radiation transm ssive conducting oxide. 38. The
met hod of claim 37, wherein the radiation

transm ssive conducting oxide conprises indiumtin
oxide, galliumindiumtin oxide, or zinc indiumtin

oxi de. 9. e net hod .of, cl ai
14, DHbE Bonai pUaBal Bty Coe Sl Rt Bltsl orytenes,
naphtRERe! AAGkhe of RGoAMbes. 40. The method of claim 39,
wherein t he phot oacti ve region conprises at |east one

bul k heterOJunctlon bet ween a donor material and an

15. mg ar%tﬁ?&gprléjﬁ{ 1, Wl%e:l‘eln][—lFL: sercrgﬁdqéigctﬁ)fde %ﬁ*)mr?é%rgetal.

onor erla I SeS a poly

16. phasepmngus bclgac Eﬁ;tvﬂferdi_ﬂt}&rmabl @aipists#smanum, gold, silver, or
nanoparticle phase. 2542. The net hod of claim41l,
COPPCwher ei n t he donor material conprises an

17. 0&999@}&@4 bt & lﬁpmﬁ ﬁﬂﬁr %Hgaﬁg&?%@ﬁloéﬁﬁ§fa&ﬁ

conprises pery enes, napht es, fullerenes, "or
18. n@ahetpiesus dﬂclﬂ'hel?‘;ez(rﬂwdn e at @B dldalingHeyer comprises a
conpri sing anneal i ng the photosensitive organic |ayer
de“?ﬁcﬁ?ﬁﬂﬁ%% nanowhi skers in the organic |ayer.

19. 3%@ 51 tﬁ%mglnpf 8, %’%&éﬁlﬂ% poMABERI dmigeiteanaWYeS Kk phality of

se crystalline 1-(3-

nanotlltlmt; loo Ryl camion digpérprcoipyrbl (3 ﬁh@h}/{l@l@e@h@y@qphene)af 5  The
{TE bg gl?ﬁﬂg%ﬂl% | ﬁlr?}:ng &y %ﬁ%ﬂ? I&l&ém&gﬁ% Sc c% g)%s% a%c%né?ns%g a glu:rahty of

nanott‘i’de@ of Afletdi@s Bispaddin ﬁ@iﬂy(ﬁzﬁ@ﬁ&éﬁe&ﬁioﬁ&e)c onducti ve oxide
onto the surface of the core. 46. The nethod of

21.  cIThe ap@eatuswicdlaiimn! Biriso spmprising dpepdsstize [aygesurfoynding the second
electrd ectrical 5comunication with the first el ectrode
¢ hprises depositing the organic |ayer on the first

22. elraekpeaudyt dhifh ZRatliendn tikirotectivt layg compriass ﬂhﬂﬁﬂeuc
deposition, or vacuumthermal evaporation.

compasife masetidd of clai m 36, wherein di sposi ng a second

23. gerg(g %1115}%9 ud O §LiGEAS 'vﬁ%lrmgg[@(;ﬂm ét?)%'le@/(‘ﬁsft@mta]fbﬁal comprises

ayer conprises positing second
mﬂbmemﬁmbm@ﬂﬁwamthedﬁﬂmﬁg@mmﬂukmyéﬂomﬁwough vapor phase

deposi ti on, i.n or d ti
Shesepasis o b e s HER S priarag st one
upconlv&"élﬁ)'h RR&qdpconverter in the

25. The apparatus of claim 24, wherein the at least one upconversion material comprises a

Lanthanide series element.

26.  The apparatus of claim 23, wherein the at least one upconversion material comprises
erbium, ytterbium, dysprosium, holmium, or mixtures thereof.

27.  The apparatus of claim 24, wherein the at least one upconversion material comprises_
at least one ﬂanoparticle comprising at least one Lanthanide series element.

28.  The apparatus of claim 1, wherein the optical fiber core comprises at least one
scattering agent.

29.  The apparé‘tus of claim 1, wherein the fiber core has a diameter ranging from about
100 pm to about 2 mm.

30. The apparatus of claim 1, wherein the fiber core has a length ranging from about 10

um to about 1 mm.
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optical fiber. 49. The method of claim 36 further
conprising providing at | east one scattering agent in
the optical fiber. 1550. A photoactive apparatus
conprising: at |east one pixel conprising at | east

0 hot ovol t ai.c cel.l, .the ot ovol t aj.c.
31. Cgﬁ%iﬁ?@fﬁé& ofI é;%ngp]f, i“@jgfenﬂ H'B: erggig% net;rgmasﬁlrlsgsa\:?eg%rjlstoe%ectrode has a
thicknEé'SQ-Qﬁéﬂi%ﬁbfﬁeathf 00 8he¢hbREe pewr roundi ng the fiber |
core; at | east one photosensitive organic |ayer

32.  sThe sppaditwgpiichen 1, vdteran tetargatéc lavier kel adhickiesss rapging from
connected to the first electrode; and a second
about d¢ gpytp 3geUtduytPoundi ng the organic | ayer and

33, CIfi€ Mé{&ﬁ@hgﬁf c%%s}%?eh}ﬂﬁlgts@&)rﬁr@&ﬁjoge h&ay£thickadss oFaleast 5

appar- rein the optical fiber
nm. conprises a glass optical fiber, 25quartz optical

. fiper, or a astjc optical fiber. 52.. .The t
34 ofhemnerwe! et beri taerpuae g e Coompr | Ses

35, aTR! MRkddYoraiRhoteplif fieCappiahs is Bhotd Rt rat us
o?gcgllgi m 52(? V\%erei n tﬁe pl Srﬁalai t)I/S 0 0phot g%?}tﬂai c

36. calthshed ef produtiegla patovatirc egblrpnarisingof cl ai m 50
conprj.si n n acray of pixels. 3055. The apparatus of
cPlg?.l[‘J’I"iil_ ?Ig?lﬁlé’ﬁgﬁwré:%eh pi xel of the array conprises a
PhidpMind ¥ra@fatiBh dapMBistiae Girse eletBodeafh dihefaappiuhatcuss; of

cl ai m 50, wherein the apparatus_is flexible. ..
disposing at least one photosensitive organic layer in electrical communication with
the first electrode; and |
disposing a second electrode in electrical communication with the organic layer.
37.  The method of claim 36, wherein the radiation transmissive first electrode comprises
a radiation transmissive conducting oxide.
38.  The method of claim 37, wherein the radiation transmissive conducting oxide

comprises indium tin oxide, gallium indium tin oxide, or zinc indium tin oxide.

39.  The method of claim 36, wherein the photosensitive organic layer comprises a

 photoactive region.

40.  The method of claim 39, wherein the photoactive region comprises at least one bulk
heterojunction between a donor material and an acceptor material.

41.  The method of claim 40, wherein the donor material comprises a polymeric phase and
the acceptor material comprises a nanoparticle phase.

42.  The method of claim 41, wherein the donor material comprises an organometallic
compound and the acceptor material comprises perylenes, naphthalenes, fullerenes, or
nanotubes. -

43.  The method of claim 36 further comprising annealing the photosensitive orgam'd layer

“ to produce nanowhiskers in the organic layer.

44,  The method of claim 43, wherein the nanowhiskers comprise crystalline 1-(3-

methoxycarbonyl)propyl-1-phenyl(6,6)Ce:.
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57. The apparatus of claim 50, wherein the apparatus
is a solar collector. 58. The apparatus of claim57,
wherein the solar collector has a conversion
efficiency greater than 6% 59. A nethod for
converting photqnic ener into electrjcal .ener
15, cotpresiong: Chaads Ve dies O YIS 4 electrode
comphi 8 gféﬁtfé‘flﬂng ak d??%o%tiﬁé a MY ARMItERbmskiRE bonductive oxide onto the surface
- “transmttfFng the radiation into at |east one
of thepbmt osensi tive organic | ayer through a radiation

transm.ssi ve el ectrode. s di th t.ical fi ;
16, GERRREPAG! CHED Cone R PO G Loy P iy el
commafRatGt Wil teGs N8RBT ompli SeselefHitiBe afAnitabRS odtthdfirst

heterojunction in the organic 10l ayer. 60. The

electrodettyalip obatiizasmn Seatinghesrer phashdepystticiapr Yachap theymgl
lass optical fiber, quartz optical fiber, or a
e""allx’%\t]é?l%'[ic optical fiber. 61. The method of claim 59,

47. WTBE Riethodh claaeliza! ivberet dEsoRingsi seeorsl dedtiodel i electrical
conprises a radiation transm ssive conductriég?q oxi de.

commusERtTheithsiarreanie layFasampises dprosiding thawoongslegifods on the
PR FRF e, . T .
organi5 AT ST P PREE L AR 36, i COMRl S bR 1 1

48. OXhémethoddf clbie Jsefulthe cofnpeikimi prdQdingheleadt ont hpconverter in the
_ heterojunction conprises a donor naterial and an
opticahfib@tpt or material. 64. The nethod of clai m 63,

' I {0Rh&" dofpri 13@Rgat B Edaffteri ti
0. LB BRI BB AP} A & BB SRcrng sgont
the optiaaidiber.t i cl e phase. 65. The nmethod of claim59,

wherei n the heterojunction conprises a plurality of

>0. bﬁﬂﬂmﬁﬁ?EY%@m%ﬁﬁ?%#@?pﬂ%ﬁ% The method of clai m 59,

WhEELk Bnd BRel @i bt (P eSS tVoRAB el MBdhiaitb@taic cell
67 ThenrrgIt%ﬁod 01% cll%;lléil m 59, wherein the radiﬁati on
compongri ses infrared radi ati on. 2568. The net hod of

ngi?ng&%&%%Eﬁ%"%ﬁgpriSing provi ding at | east one
a radiation transmissive first electrode surrounding the fiber core;
at least one photosensitive organic layer surrounding the first electrode and
electrically connected to the first electrode; and ‘
a second electrode surrounding the organic layer and electrically connected to
the organic layer. |
51.  The apparatus of claim 50, wherein the optical fiber comprises a glass optical fiber,
quartz optical fiber, or a plastic optical fiber.
52.  Thé apparatus of claim 50, wherein the at least one pixel comprises a plurality of
photovoltaic cells. |
53.  The apparatus of claim 52, wherein the plurality of photovoltaic cells are bundled.
54.  The appa.ratus. of claim 50 comprising an array of pixels. |
55. - The apparatus of claim 54, wherein each pixel of the array comprises a plurality of
photovoltaic cells.

56.  The apparatus of claim 50, wherein the apparatus is flexible.
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| rav:hat1ppl gﬁqnw/swe}ﬁlegt e urar?)ﬁ)rrl] 1&# HeQ K T.l&fllfﬂb%lf ency greater

the optical fiber. 69. The nethod of claim59
further conprising providing at | east one upconverter
in the optical fiber. 70. The nethod of claim 59,
further conprising renmoving the electrons into an

ext er nal 300 71. A photovolta

57. ¢ SRRt ot of @p{q adyerein he APR RS 18 ?Oi |°8b?%ﬂf

58, ¢ Tﬂ@éﬂﬂaﬁﬁs\/&‘ (:flélﬁ15§7 QILRRLE BdGoRHESIRRREhAGa thR efdidiBsticiency

core; | éast one photosensitive organic
gfmefﬁy369$urround|ng the first electrode and

elec onne d.to the.fi t |

9. andaubih FubetBReni T SharRi FecaRyR e Syeftiis
e}e%&tu{ﬂgqaalhﬁorpﬂeﬁgﬁiqungxﬂldhﬁeaﬁg Rd 6ptlcayBtier; 572. The
photovoltaic cell of claim 71 having a conversion

efransmmgyh@aém@n inth ahleastomng phathgensitiye erasnicdpyer slappgh a
of claim.71
at | east

eRitkhelex EigR Th Hentg ﬁﬁck@ﬁ@hn@ne photovoltalc cel

e photovoltaic cel% conprisjng: 10an optical. flber .
c%ﬂpéfﬂtlag theciattorsintoreleaitens andboles pighelqrgiuptipndn the organic
surroundi ng the fiber core; at | east one
phot osensitive organic |ayer surrounding the first
60. eTE@InEﬂ?d oﬁlﬁnﬁ I59ctvhéreml thy optivah&bérad atgtess btidal fiber, quartz

ctrode; an a second el ectrode

Opﬁﬁéﬁbﬁb@ﬁﬂwﬁﬁwﬂﬁ@c@ﬁgﬁﬁlc layer and electrically

o?ﬂ@ﬁ%ﬁl%ﬁ_})zgﬁirﬁ%91§rﬁé@ﬁﬂhg 148U - trahSmisdiNg cRehréde @Rdrises a

alm aving a conversion efficiency greater
mwnmbhamnﬁﬁEmVGcmﬁhwam@amdeus conprising: a fiber core; a

at
tﬁgl paie‘lg)g) o(t: 8 rgl he\:/r%inf t (E,%dlzg{o% tarn(sjrgnessig’/g E:(r)l%lucgn gxide

comprises indium tin 0x1de, gallium indium tin oxide, or zinc indium tin oxide.

layer.

63.  The method of claim 59, wherein the heterojunction comprises a donor material and

an acceptor material.

" 64.  The method of claim 63, wherein the donor material comprises a polymeric phase and

the acceptor material comprises a nanoparticle phase.

65.  The method of claim 59, wherein the heterojunction comprises a plurality of bulk

heterojunctions. -
66.  The method of claim 59, wherein the radiation comprises visible radiation.
67.  The method of claim 59, wherein the radiation comprises infrared radiation.

68.  The method of claim 59 further comprising providing at least one scattering agent in
the optical fiber.

69.  The method of claim 59 further compriéing providing at least one upconverter in the

- optical fiber.

70.  The method of claim 59, further comprising removing the elecirons into an external
circuit. ‘
71. A photovoltaic cell comprising:

an optical fiber core;

a radiation transmissive first electrode surrounding the fiber core;

27



10

15

20

25

30

20a plurality of photosensitive organic |ayers
surrounding the first electrode and electrically
connected to the first electrode, and a second
el ectrode surrounding the plurality of organic |ayers

and electrjcally. .connected to t '

o 5 ByEPenby 5 SRRE TR sk Pup B P ode and
clectricl} B&neCRARS ihsif?g ckictrb@ashdone buffer layer disposed

25between the plurality of photosensjtive organic

| aypeqond elepgodersisrouppiang Fhaereanic kvar sdrtectijpidly sppngefrd to the
at. | east one buffer |ayer conprises a charge transfer
quanﬁg?Z 79. The apparatus of claim 78, wherein the

72. lcrme gﬁotgggmé &dll dfaysim Tomyidgsesonaarspneifidendyl gredtérrthan 6%
. ayer . 0. An _appar.at us_conpri si ng: .optical fjbe :
73 cdbe photovoltaigegl) frcktim 11, BRVGiheAIY IS Hg: i Feggrasedhan To%.
74 dh@ﬁﬁﬁ%@ﬂ%hﬁﬁﬁ?ﬁé? | ongi tudinal axis of the fiber

core, each photoSensitive region conprising: a

r adlieadt ioas phiehasnprissigvae |¢ast ete ogopitaid ek, ube phatavaligic cell

the fiber core; at |east one photosensitive organic
compngEgr surrounding the first electrode and; a second

e%gg%ﬁ&@gbéqhhgunding the organic |ayer and
electrically connected to the organic |ayer. 81. The

ap patigianstrakmidsaierfirdt, eledrede surrqundingdbohberapest r ode

has. a t hi ckness r.angi ng. from 5100 nm {01 afhe

Bl ofs BRcERsiRE Srelcdr ST RETR R bR AR B fned
electr@By SodnbbEk REES (Tranichedd;:am 200 nmto 800 nm 83. The

apparatus of claiml1l further conprising a reflective

exseqond lelaetrodd $urtoupding s orgamie dustathelediacally copppeted to the

orgamecI lgy(f:etr.r ode. 10 _ ‘
75.  The solar cell of claim 74 having a conversion efficiency greater than 6%.
76.  Anapparatus comprising:

a fiber core;

a radiation transmissive first electrode surrounding the fiber core;

a plurality of photosensitive organic layers surrounding the first electrode and
electrically connected to the first electrode; and

a second electrode surrounding the plurality of organic layers and electrically
connected to the plurality of organic layers. ' '
77.  The apparatus of claim 76, further comprising at least one buffer layer disposed
between the plurality of photosensitive okrganic layers.
78.  The apparatus of claim 77, wherein the at least one buffer layer compriseé a charge
transfer layer.
79.  The apparatus of claim 78, wherein the charge transfer layer comprises an exciton
blocking layer.
80.  An apparatus comprising:

' an optical fiber cote;

a plurality of photosensitive regions disposed along the longitudinal axis of the fiber

core, each photosensitive region comprising:

a radiation transmissive first electrode surrounding the fiber core;
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at least one photosensitive organic layer surrounding the first electrode and;

a second electrode surrounding the organic layer and electrically connected to
the organic layer.
81.  The apparatus of claim 1, wherein the second electrode has a thickness ranging from
100 nm to 1 pm. ‘
82. The apparatus of claim 1, wherein the second electrode has a thickness ranging from
200 nm to 800 nm. |
83.  The apparatus of claim 1 further comprising a reflective external metallic contact

surrounding the second electrode.
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