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LATERAL ORGANI C OPTOELECTRONI C DEVI CES AND

APPLI CATI ONS THEREOF RELATED APPLI CATI ON DATA The
w@r@ser30appl i cati on hereby clains priority unBer/US®08/082262

U S C 119(e) to United Stlates Provisional Patent

Application Serial Nunmber 61/001, 700 filed November 1,

2007, which is hereby incorporated by reference inits

LA AL PRGANCOR TR RIS DephiCE S SPPEICA oNs
Department of Defense - tljgR@gbt ates Air Force O fice
of Scientific Research (AFOSR) G ant No.

FA9550- 04- 1- 0161. The Federal Government retains
(e K@ghts in this invention. FIELD OF THE
REL&%}E@W@EBE@QE% invention relates to organic
o[Ithe Prehit DPiicatida Wefed§ chidls piisrifyaindecdd ©IS,.CLH1 M(gaoiliited

phot ovol t ai ¢ devi ces. BACKGROUND OF THE | NVENTI %I
Statesyowisiongt Pasent AnplivationsSena] NymbeigaldPQL, 1R fbled Noyegper 1, 2007,
. b ] ' | ir Lh a wde variety of
Whmha%%’fq'ﬁ@gg?ﬁ‘ égﬁéorr%g‘?bgg%%m geslhdg%ggéstgns. Mat eri al s used
STATEMENTSOF GOVBERNMENT OpCBENSERIGHIT'S devi ces are
rel atively inexpensjve in cog&arig&n to their

i ﬁélpsglgﬁq:rglogmtr@dﬁélﬁogg]% H@rsg. rbp Fmeﬁﬁrt%ﬁ%ttd Defense - United
Statesl’ﬂ‘ﬂl\f%gk%‘?@ﬁic%?Sfigfﬁﬁceké‘s%a{cﬁ%@o%@j I8 NS, @hws8d- oML -0161. The

norgani c materials. Mreover, organic materials
Federpr Govetemeigtsttaaiscertgh yiseresalrightsap ¢lris invsptisuch as

| exi il i itting their use in applications
FIEL%@#WE%?%&@ d materials. Exanples of organic
onthePrQ6ht iAo 8Mhee o GRME bpRcREGSMIE dedb@t®d Ontaiticular, to

cells, organic light emtting devices (OLEDs), and
organgy gt volipissiesides.ect ors. Phot ovol tai ¢ devi ces convert

! atAQn into electricity by
BAC%{}W%Mﬁ@I& ed current when connected
aQpISsiedronAtbvites usxp ofadictmatbligf bre bbb@nilgdtdreasigdly desirable in
power generated by photovoltaic cells can be used in

a widersiprjets o R ietiensSOr Hrwmberad reasght | Materiple #86dig copsifick pyganic

ot e POLGIAT B8 Lol 4, sl
countpipaitoetdbgiptodéivg costprodtiags ovtrsoptaetéamonicplespiebpmduced with
o St o, Sl S35 e ARt rgpris,sch
s 1Ry NS PILERSS Mo Sy B TR Brampico
organjzhayttoaledttoaicodedes cempssecwparac phatovataic ¢allsj arganiotight emitiing

. th trical power tput is equal to the product of
devw?‘“’n@[iﬁ? 9nd %ﬁﬂﬁ%é\ﬁqtﬁ%ﬁ’ e maxiqnum power P

Photovoltaic devices convert electromagnetic radiation into electricity by producing a

photo-generated current when connected across a load and exposed to light. The electrical
power generated by photovoltaic cells can be used in many applications including lighting,
heating, battery charging, and powering devices requiring electrical energy.

When irradiated under an infinite load, a photovoltaic device produces its maximum
possible voltage, the open circuit voltage or V.. When irradiated with its electrical contacts
shorted, a photovoltaic device produces its maximum current, I short circuit or I.. Under
operating conditions, a photovoltaic device is connected to a finite load, and the electrical
power output is equal to the product of the current and voltage. The maximum power

generated by a photovoltaic device cannot exceed the product of V and I.. When the load
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generated by a photovoltaic device cannot exceed the
product of Voc and Lx . Wen the | oadvalue is

wopipnoiwexl for maxi mum power generation, the cRCT/ES1008/082262
and voltage have the values2 | nax and Vnax
respectively. A key characteristic in evaluating a
photovoltaic cell's performance is the fill factor,

value L gnaSd b e 8 pobd b B be b S UGS L vt
maxale-')Wn gespeeiwl@t their maxinma. The fill factor of a
phot ovoltal c cell is provided according to equati o

(B keyxh@rapm@m@vﬁm@nng@ Pty vqltaje aehles perfarmengerip fhegiil factor,
yid Thﬁgﬁfef%gt%l [sgh% re oq’l P{%Z)ﬁ(lgg)ﬁtg C c@ﬁ“} C?%mag;goxllecf% i) Bm}{&%f Bo

currerﬁ Qﬁﬁi Ivbltzig&SNerN@Nthéitr heikans, Tlaﬁﬁll Ifeetcfrldf la pﬂ’lﬁ'GDNO]talc cell is provided
proaches a value of 1, a device denonstrates |ess
accor‘ihﬁgé?‘?%atl?’ééll)st ance and, therefore, delivers a greater

per cent age of el egLr a{, o thegq{oad under
opt i nal conditioﬁz (E’ﬁot%a\%ltm dewches may

The fitlddetot @ﬁmplicyoxhétairhé plxclye tdsg than ly ag heind \&f ﬁremeez mqbtziﬁed

simuléggc\f/%[yt &rx%%@g]%eg%bgjcg)% %tgé engﬁg%}ssl H%&legizlle clor approaches a value

of 1, @M&V&Hﬁoﬁh&m@ﬁég&ﬁtéﬂw BsQYAE dnd GRQE B deliRorehl Rthiepn
(2) where P,nc is the power of the Ii ght i nci dent on

percenthge pitad¢atiail pawer tolile legd undes ©pPOOp! Einddiqne) Devi ces

c Bhof el Senii ot A EnaTRE BRAS il S AR L OB AR For

convedtird déRRRped crdtdp iBto déRAtS enerdpWEHE t’:@nv@fsﬁdrﬁ&fﬁﬁl‘bncy, Tp, of a
crystal |l ine-based devi ces, especi all Iarge surface

photosplésic dewies igipravidagl accerdmeds ﬁ@lﬁém@} UK%P Suutsdhepveref the light

fabricating large crystals free from
1nc1denp§%?1;|qt?mﬁoe%g£1 ects that pronote exciton

reconbi nati on. Commeyifed (IyVay&id ail)e anor phous
silicon photovoltalc cells demp efficienciges

t
v L S el e el e S
and scﬁﬁ@fx&%oicﬁi@vgd SeNichgiSs BN gltefaiei; IHERGLRE SRR |ta@l1ﬁe°based

I norgani ¢ devi ces poses a technical chal’l enge. Some
devices; gimcmllp btaogecdut faccarda\are disticidnmmsixpensevedtd praduen diet the

on order of 1%o0 The fic
problgsipiiaaing Bee el b rpar i eelihREERR S rish
reconﬁmca?i\ﬁﬁ‘ r @ohﬁx‘i@&ﬁll? G BbI¥ BiBRbIEds RBICYE BRoBX 61t AiOfells demonstrate
fusion length (LD) and organic |ayer thickness hi

efﬁcmnccb@lraltgmgwﬁvm aébﬁﬁ‘biOelﬂt% absor ptl on of visible
ctromagnetic rad n|

CoBRREREE areaali P e T SR Bt P °
morgﬁif@&@ﬁ@es DSdstaaachidal b'l’idll@ﬁgé eS'tgﬁehox\gﬁm@ fphb@vblyaid: dékhbe)s
about 50 nm often resulting in _exciton_ reconbination.

demonstrajgffigicpeietien theaises of 3 7qperdossd d hedef sfficigneins daplayss &n organic
phot09g1¥alg 8&1(%@%85&11@ 'ﬁ%m £¥e¢e{éﬁ%§§ﬁ §&hie mismatch between exciton diffusion

length (Lp) and organic layer thickness. In order to have efficient absorption of visible
electromagnetic radiation, an organic film must have a thickness of about 500 nm. This
thickness greatly exceeds exciton diffusion length which is typically about 50 nm, often
resulting in exciton recombination.

It would be desirable to provide organic photovoltaic devices which dis_play increased
efficiencies in converting electromagnetic energy into electrical energy. In view of the

advantages of organic optoelectronic devices discussed herein, it would be desirable to
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efficiencies in converting el ectromagnetic energy into

el ectrical energy hi view of the advantages of organic
W@pi0oes®ses roni ¢ devi ces di scussed herein, it weCl/tisS1»es/ 082262

desi rabl e toprovi de organi &3 phot ovol tai c devi ces 't hat

provi de efficiencies conparable to and, in some cases,

greater than inorganic photovoltaic devices. SUWARY

.The present invention_provides organic t '
orovi QBB e By 3 4B DR B RO PR OPLSE 68 ome
cases, 12t 9hh hbRBhicPhbiébliie daneesmet hods of making the
sane. hi one enbodi nent, the present invention
SUMMARN des an opt oel ectroni c device conprising a fiber
core, a radiali .SSI ' ..y . :
aPF bRl A reb it BB offoelichBhicRle B Mitfuding organic
hoto PSRl O&RMGs  avingad filsar istudtaneennd Snothioais od nmagirightbe §ame t
pho el ectrode and electrically,connegggd to tGF fi.rst .
efreene aRodimeRy, te RETORIARY AP ATTHLEH SHHOBLCFET e dhee
compg%iﬁ%% e OPé‘ b &blidn GRS f861 I8 skrrdBNag B Eber core, at
el ectricalTy connected to the organic layer. In
least @@phb@binsitde\ceginiglaytresuoogahing thedirgrelecinads ambelectrically
emhodi nents, the non-radi at.ion transm ssive secon .
connﬁﬁ;; vheﬁst&é@goﬁsfn aggrlgﬁ%P@Oﬁ;ﬁ@?lﬂvsﬁssmneﬁ%&fﬂgg%f.“a“y
BQ&Q%Q@F 1€ctri dafhedt d it i aytiall
(mvesgéon el ect'rode c%ggrsgqess thanaab%%?l9%§?ofﬁ?%e g
coveripgdhosgasic layes ioseran pwbodiyentshihe sphezdiaipndesngaisiye seqpad
n: radi ati o ansn%ﬁsive second el ectrode covers

n {
electrpdgdoes Ao, Eﬁ?fyﬁw 2EWa About 80% or |ess than

aposimd Qb &fimbhis, thb abRsaNgiohitv@salsgias second gRkctrbde covers less
anot her enbodi ment, the non-radiation transmssiv

. ¢ € _r

than abewid¥5do ef e phelgeensiive osganisslgyerh dm olBLEMbeHTASBE, i gon-radiation

hot osensi L, r ' r i f r I TRR
vans PRGN OSBRI ALOP0 Sl Mook, S BT ST TR s
about Pe%ﬂdgaphabsmtiﬁs@ togahictlinger phodrosen sinbodiencat, gaaman-radiation

ayer hi sonme enbodi nents, the non-radiafion .. .
transeigHR FROSE] ECISEIBSRHCTE 108 RRBQBOUGILs o g SLoiBrsiiyp Spganic ayer.
In a firthdt Qﬁlbl)ﬁl?@n{ ﬁln%%oﬁ-quﬁti%@%?n%igsﬂ% sERRHQRRRASHE ENRrs less than

organi ¢ layer hi sonme enbodi ments, the non-radiation

aboutt508nafiths photesemsitive drgahiedtyend &1 soovesersbddiments Hhenetbadiation

10% of the photpsensitive organi ayer. . hi .sone,
TR FRRY SR e SHT RN IO Eo Gt Qs eh B 20 the
photolsél}ll\éﬁﬁk 'o%n%ﬁ?é’r! $£ Sorfle BABS AMRhis 26h6 nbRlrddiatin E@ERissive second

enbodi nents, the fiber core of the optoel ectronic
electrodasgoversilssitlearn abaut 5070 af gieehptpsemsitiiespryanie: ye

structure, 1.n one enhodinent, .for I o] :

cop S e st S E R PR st B TSR e Gl mprises o
photoRblt3Ocslegr ees. 1 n another enbodi nent, the fiber core

of the optoelectronic device is bent at an angle of

| &= someambedimentsote dibgr ease of the ontoelseirpaie dayiss i heahit an angle to

the.fiber cor ' | ' at
form b V°5tapRENRRLE Y ol A S B e VGG dofe GRAE
optoelectronic device is bent at an angle of 90 degrees. In another embodiment, the fiber core

of the optoelectronic device is bent at an angle of less than about 90 degrees. In a further
embodiment, the fiber core of the optoelectronic device is bent at an angle greater than about
90 degrees.

In another embodiment, the present invention provides an optoelectronic device
comprising at least one pixel comprising at least one photovoltaic cell, the photovoltaic cell
comprising a fiber core, a radiation transmissive first electrode surrounding the fiber core, at

least one photosensitive organic layer surrounding the first electrode and electrically
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hi anot her enbodi ment, the present invention provides

an optoel ectroni c device conprising at |east one pixe
w@owpnssing at | east one photovoltaic cell, theCT/US2008/082262

photovoltaic cell conprising a fiber core, a radiation

transm ssive first electrode surrounding the fiber

core, at |east one photosensitive organic | ayer

surro j t first ele :
comegFL s P CaT e aREa sSooprieo PRy g g gpesgic v
and eléﬁﬁé’aﬂgl @hfsdiéPRehParghhie1Ayer CRVRhieEnBddem&ttgaryitel lcayprises a
and el'ectrically connected to the organic |ayer. hi

pluraligy népleﬁmtiamﬂls Ingotheryeaibodsngits, 88 §pwelsriipme Fit’:‘g}%@mpﬂses an
a ell t

array tgq X %Jrr]thgr € el?/o{' ﬂélerg{ % éptggg&goﬁl@%vgce c%plpnses a}n ar%aly of

pixels@edcH &ﬁﬂ:‘B torepidaed phiralitpof piptteallaitcelini ¢ devi ce

conprises an array of pixels, each co sin
phusnether SRSFL et tnXP@lwrP‘gldeWe%ﬁ& qféifl{@% eciectromc

h ol oRi b t of
o R B 085y Wl i
the prmhﬁﬁbﬁnionpcmmprchey pm;ding:a ﬁbcii a0, tispasing amlatmr'aansmlsswe

t he present |nv ntion, rovi.din
firt clsgred® o SPEGER T ercats EPONTE P ATSh P ESHH PSSR Gye oFeinic layer in
electrigal&ohn?dfca21n JvidihE #E& e%tr&lbe af@88postHSPASH-RQiafion @AsHhissive
one phot osensitive organic |ayer in electrical
second elentneredateleotrioal ¢dmmhaicstionswittethe @rga@uelayqnwh@rﬁmg NPy
radlatlgpg{%?lp}rnggivg %?f??ﬂ%tﬁ{egg?(;n SSI fy S%%rgnlg eho% sen$§§e &amc layer. In

ant ¢

some ¥ABS@hRnisBe BpRERAIranit @Bvits edtapsesh }bﬁot@ﬁ@l@ﬂdce&l ectr 0 de
partlally covers the photosensitive organic |ayer, hi

s Ghe pesatith dnventies additienaliy poevidestmesheds of évn‘teéméﬁo‘ﬁﬁ?t@%neﬂc
energ\éagfb tegt\nﬁgilﬂlte%lerc € % rées Jtﬂg cﬁ%lgfgt?g #eglgb\rf]i\e/dg{rtf?c?}%gsent invention utilizes

wave-ghid@d c%f 0 HRGEst it ﬁﬁaegqy (bﬂ‘doﬁvﬁlsieﬁ of tleatrormapgnedy eldrgyinto
enbodi nent, a_ nethod of the sent invention Utlllégﬁxmed

electrigahaacksyi ditRpditments of epigdeq g avices ehithg PFsCRIGAVALOD
I rical energ
hmeuﬁﬁgf%ﬁ%%aggﬁ &h uﬁ?@%@%ﬁ%@%egg%?%gs of the prgsent
i hysontd mnbcdhmemts,tzenieﬂhed é@rrconae;mug plectzranagnetc gmrﬂy mgo electrical
i ncrease such effjcienc

ener g}y GTIBENET S0P BELERG o) S48 PoTRUTEREC A ER Y hplpeicctionic

dev1c.‘;e ltl?@éﬂtbéi@étroﬁfbed&i/ce%ﬁﬁhbﬁgi ItRE Bbr¥] Mhdlafich dah@hisdte Arst
or circunferential area of an optoel ectronic

elecummdlng thedfitee beret atdmstomhomemm grefmg layer suseunding the
first egeﬁﬂ? d It]?(%?, 9?9{1}1@@?&{%@? zhs | f\get %llgcgrso:de o gotr{o% fadiation
transnRBHYOSRORd EleModePAARRIIY coPetig thelbfganiddayrg abd eleéﬁnbslly connected
el ectrode and electrically connected to the firs
to the ergasialoyks; Qned the redigtipmisiraedivad at PRHQHNGES RAINTS 61@65 ¢he side of the
cl.r | r I
ctoc G5 BT3¢ b AHLY ERIALH DR L8O B IR B Hpsion
down ftadloAgi@inadl axik O€ deviitbr adrepthe ratiationrie trpn’smnttsd altothg at keast one
side of the optoel ectronic devi as. op oser to bei .
photoseasisivg eEgagic laYPr SmaeTSFte Rl 9By FLBC PEDir AV 1l DS BERFTRIGRACitons
are suf)&%tu ﬁggn‘P %to%'le% 288 eleBfods PRt EQE&rors MEmb R ol N
'S tte Into the at | east one photosensitive
extemat gmmutan Icammuniaatlgm mathabeomrelettomic devidehe or gani c

The generated .exci.ta
r}/ some embodiments, radiation is 1n01Hent on a side of the optoelectronic device at

any desired angle. In one embodiment, radiation is received by the optoelectronic device in a
plane normal to the longitudinal axis of the fiber core. In some embodiments, the fiber

structure of an optoelectronic device permits incident radiation to be received and collected
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are subsequently separated into hol es and el ectrons
and the electrons renoved into an external circuit in
weeovensideat i on with the optoel ectroni c devi ce. PATIUSIHING 082262

enbodi nents, radiation is ifcident on a side of the

opt oel ectroni c device at any desired angle hi one

enbodi nent, radiation is received by the
over z? gqtng? lfq?nge rﬁ fri]IIl %dglé&%? :qg*lbgg | a‘?sgg}? ggtggllsg%}%ég cli]e%ice of the present
invengmi’ ogh FLeAYS and/Bec o8 hdigti BV EarPin g inOiRER Qb @l SiRNrC

evice permts incident radiation to be received and
circurneréréod adavetheapmeteationiagecofangingl feam abaut eigrees to about 180

e di nents,, an optoel ectroni ¢ device of the
degrefpyopar it aanciweR SEoRHeS s e Rpetap Rl 26k
radiatfh [8R81a8 ahgl6 o 8ittdehee #aABinGiffben Mou€ D ﬂ@%&ﬂéﬁb&tﬁbﬁt@O defeRs.

of the optoel ectronic device ranging fromabout O

ddybeas operablsderecens ierdans sastiation oxAG Yide rangsoiansles,
optoe?e%‘gggl%: %g\lfl% d J£9hL rege%\f Fl’%’%ﬂﬁ@fﬂ in ?cgﬁé glﬁb@d?ﬁéﬂt@, e&? Lb@fhited to any

radrati on have an angle of I’'nci dence ranging from
particae btieftatiggoaasihiveahoticeipardidgroaptare dfiradieiing Aperablte

to receive incident radiation qver g w ¢e range gﬁ_
optoelgqhpais ’de@ﬁsdéﬂ the pressiit envgRuo: el Qﬁcopﬁgerﬁ khaye a radiation collector
or condA4ENL} 1%13 1 Mh&OWEn.enbodi nents, are not linited to any

particu ar orlentation to maxinize the recei pt and/ or

c &phhordémerts ofulethbdoof coAserting ekafromagptioehergy mdmekectrical energy

e S e B RO DLV S 0 ST
optoele:aﬁ"f)ﬁ\e’idkﬁce. ErbQdid @ iR int SBhMRRinG th CaIBYEs tihEilence comprises

el ectromagnetic energy into electrical energy
changiugiiheioviantatign eoprsiinyl ofttee epoel peitonisdevive relagyetoghe source of the
. ..incidence.of .radiati.on at _the si of the. . .
inciasshFRdFRR: o AT OB mb el Btk cidensn romrisg
changifep@sirofQhe 1igHis6@R6 Bra3dipg tHeasdichanglatige tdvhe position of the

orientation or position of the optoel ectronic device

optoefesirgmicWevie® t he source of the incident radiation. In

OtTlill%Ee aﬁ{abo(eﬁl%g%toalmémsdﬂje Ak 't}{ég)fréét%ﬁt iﬁ?iglg“ﬁm% dAchsleng Greater

comnpri ses changi ng position e f source
detailph ¢he dbtdigd tdeseripadn af therinveakiah whechtfollbhe position of
toel ectronic device, These and ot her enbodi nents

the o
BRIEE[E WON@EQﬁEF%ESon are described in greater
detail (i Led: e _ . p
R e LS S kPSR OB BT e
embodinidnit of thepressntaneentios- sect i on of an optoel ectronic

devi ce cording to one enhodi nent of the present
it 2afiistelegar epelRe et AavES str asGmhaipent ofthe
panQQﬁbéﬁmﬁpcording to one enbodi nent of the present
invention. Figure 3 displays short circuit currents
f digure 3 clpdeys ehert oindudt aherentsdonarenteklegironis dayice according to an
Snbogigﬁpt of t.he present invention.
embodiment of the present invention.
Figure 4 displays open circuit voltages for an optoelectronic device according to an
embodiment of the present invention.
Figure 5 displays short circuit currents for an optoelectronic device according to an
embodiment of the present invention.
Figure 6 displays open circuit voltages for an optoelectronic device according to an

embodiment of the present invention.



10

15

20

25

30

Figure 4 displays open circuit voltages for an
opt oel ectroni c device according to an enbodi nent of

w0 b@opsssent i nvention. Figure 5 di splays shorPCTUS08/082262
currents for an optoel ectronic device according to an
enbodi nent of the present invention. Figure 6 displays
open circuit voltages for an optoel ectronic device

[ t enbodi ment of the present
DET@ﬁéﬁ%ﬁﬁggng?iﬁﬁED DESCRI PTI ON The present invention
PITRY ipe@Sntah e peiti s loeginicOdtiteel éioinatevices) dhdlading organic
or gani c photovoltalc devi ces, having a fiber

photoxeaje deiiees, hayingefibersbarttentn onp émbp@g@ﬁt therretent iyention
provu?ers%' o%‘teosele%g‘ofﬁg tdgﬁil ? Egrﬁgﬂélﬁ% dey lsrcé?)r& AR 1h§6m%ﬁnﬁés%rﬁrst
ara ransmssive first electro
electrsdb" mmuddmg t}teh@)efr icbref atdease pn@phdieseagitionerganic layer surroundmg the
ani ¢ | ayer .surrounding the fir

hot senS|t|ve or
first ofgefpqc BHLCIGEC SOnRTeLes Dy Bt B BT agion
trans sﬁ%ﬁ gﬁd el%@@o& ﬂ&?c‘fhﬂgs;‘gk/éﬁﬁgjﬂﬁetoffaﬁﬁ%y%?'aﬂ@ eREERAy connected

e ectrode partiall ring the organic layer an
to thc@trmcr layer |1y sqoa ﬁmbb@ments theeptnetgatrpuic ldayie¢ comprisss ae
ﬂ@% nts, the optoelectronic device conprises a
photois

talc cell. In sone enbodi nents, the

NPR s6AE ERAbbAMehis RS Mof-$hd ST ve @Eddﬁd %16@&&!@6 Sovers less
| ess than about 95% of the Photosen5|t|ve or gan
a

than abayfe% % phthstphetosensiigionganicslaye dn aiher erbodimienis, the non-radiation
transrtgléga}g %1313 %ct‘?o e c%g?rg lé%g ﬂa%da%f)ﬁt%f)e/ %eés‘?ﬁ’ Jb%ﬁ’g%(g%g o(#tless than

ess an ab ess ‘t’han about

aboutt70€; Pk PEEOSInkitive ofda@RIhger] &y giothdrRudodintedt, the non-radiation
enbodlnent the non-radi ati on transn1%§|ve second

transtaSelre pesaBd ElsviEnds GOueTs 1ok ANk CUS00% e Phpfesensitive organic layer.
Ina ﬁ?ﬂ'fyr %ﬁl%gﬁl'rﬁ(fhi/?xe Aofe E}legtlér?ﬁfﬁfsmlésﬂfe%e&glrdteF@;Erogé@%%&t than

non-ra I on transm ssive secon ctrode covers
aboutl56%sof tha phabmmltﬁ@ wrgahictlhger p os@seeasbddimentsrtjanomradiation

| ayer some enbodi nts he -radi ati on
transTpis$iie ﬁ“r°§§‘i1 plecizodeioers s g ABORALLS of fesuan Rt 0% A the

photoSHRRE k&SR lta?é?'n TREGHE erdB3aiRfentshic RBRE AR/ thdn¥Rissive second
organi c Tayer. in some enbodi ments, the non-radiation

electrodemwmsslsssuharsémahw%IOédterpi@@Scwte\resorB@Btslab’hlan about

1 % af the photosen ive a l.ayer . n
B b € ETRSERR hénsan BR Bthideq Y los HRURSROSY
optoeﬁ@@@ﬂb ABLSs cfffth@ﬁ&‘e%lt afeh@et, opfbRItcE6Eic @éw&é&fbf icSSrestint
I nvention, optoel ectronic devi ces of the present

inventier eorapiase acithes £p%se Téxeffib@teeorémcgordméo fmbedimestseof the present

inven gr%%rpglgnges a% %‘Eﬁ?ﬁ tl(?gl f&rfs stt ? ﬁqté él'rsgﬂlgtg%: k)%%?net invention

can cdrprideSass dptidid ﬁpeles@mZudpmeﬂtﬁb@fs mplaampkieﬁ fileass@OF).
optical_fibers, quartz opt|cal fibers, '

Plastig smlcaaé fibers pigrseme prybpdinsniss €71 bo gt ugted P{]&lgrlngﬁi% Behiorylate
o ST G AR A RS TS iy
(PFB() dmtsining pobencrgradlr asqieefiuarbeysdrtbiutane pohyyatyetheran @ptlcal fibers,
according to some embodiments of the present invention, can comprise single mode optical
fibers and multi-mode optical fibers. Optical fibers for use in the present invention can be
flexible.

In some embodiments, the fiber core comprises an indium tin oxide (ITO) fiber.
When the optical fiber core comprises an ITO fiber, a separate and distinct first electrode may

be optional. The ITO fiber, in some embodiments, serves as both the fiber core and first
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(PFBC) contai ning polynmers, such as

perfl uorocycl obut ane pol y(arylether)s. Optical fibers,
w@emonsisngy to sone enbodi nents of the present PCT/US2008/082262

i nvention, can conprise single node optical fibers and

mul ti-node optical fibers. Optical fibers for use in

t he present invention can be flexible. In sone

electrg%o glg nt S I %\ﬁ Cfe%i% (ggct[r ?‘Eplé Ds%%s% agrgxp aﬁgﬁ HQ?ISH’IJIIQSIVC

conduefRP 6k18§$s (ﬁ@pdsa_(ﬂ)rfl teerface FRRETTD Ebéi pﬁd)\iidédh&relﬁj rst
el ectrode may be optional. The I TO fiber, in_sone

efmeuherembedimsaisya Ebersorsotinidptosiqctiopicdsyise gfithe present

inven& i &4 eﬁ gtard?gr?etelj r%hgﬁrom dAU%BP'l Hﬁ# WbSibod J dafis tn other
PR S e conp tro ransni ssive

embodi@itats b ifibgr evté d@ lheﬁle didigmeaadanging fiensabiouagepmfto mhmltllTrﬁ)n. In

fi ber as provided herein. hi  sonme enbodinments, a fibe
a furthes embefinagnt.opfikss Celecan hate adigmetsr FgingeloR 8b@}i20 pm to  about
200 i nvention can have a dianeter ranging fromabout 1 mm

H about 2 nm In other enbodinents, a fiber core can

havgbeé Bt a8lofding B \ntdenh ot 86 Wan BQvdanyt desidiDléhigth. In some
mm |In a further enbodi nent, a fi ber core can have a

embodfimertst eeﬁbqr&ﬁgq Qa5 mV@MeaB@J@n@eg Ao Bohefft nme do 2bant 1@\0 mm. In

ccordln enhodi n
other SRR ol TPE G B AL LB REE Ao i REfEut 1 mm
Ina ﬁﬁﬁﬁ‘r BRAYEdithene "Aqwér EGHeGhi Haver Oh 2R %ﬁgl@é)ﬁoﬂﬁ'ﬁbblﬁ 1@8H %o about
mm hi other enbodinments, a fiber core can have a

100p?ength rangi ng fron1about 1 mmto about 1 mm In a

urt her enbod a fiher. core have .a | engt

! S ShEPHABA 1 sopre ARG RN ot BOGTaI! ieiepEPgp Guther
compﬁgec&{eddr'?ﬂort: ngé&)??@rt&gb adiyBRsB0@by LS o PEIER §the art, an upconverter

nventi on, urther conprise one or nore
isa rnvamahmatﬂw . endi$ clactdamagnetic radyationdavingskéngl graater tlean that of the

ctcts i RAGHON Bpaes BY 1B HEUR EAG g Ot SAPER tipggnerer

sultab'lehﬁtr u§¥ intthe pRL &R ik IREH] 84 kéiné aslbadihRAtsahimabbed ilXyartd fadiation
material to create the excited state. Upconvert ers

and emifivisible gadiafion af evavelengibs p}p@@b}ﬁ to beghsatbicd By phatos@iive organic
1ayers\ﬁ'}%quegep%llc Q}%ﬁsagﬁg Wg 9 J4adiation and emit

eng s operable to be

abpRroRegtehy irdvioaathslitnbms, cah gaitide thaye4sls c@hprising at least one
opt oel ectroni c devices of  the present invention.

Lanthepide aereastelguacnt.i b sgar?eer@wéaa?%mp@m@% m3rfaliren comprise
[ a
ranor LR SO LSLpeTonl Sk 05 AR ARTAIBRSL 183 ccmcns
suitablOfop LESE upaooyEaict mateaals@ocqardmglm gorat embadiments®f the present
Lant hani,de series e]ement. Lanthani.de series eleneg %ﬁ
ome

invention coIppsereghius ITRIUT), SYPRFETIE, MM, of mixiyres ihgren

embo L TPV ER ﬁtrﬁaté}flal@s B IRah! dme%%a Het4 QAW S Eoped with
lum - ytterbium dysprosium holmum or m xtures

ions df Iaﬂnmn;‘ yttarbmundy@mdzmmﬂmimm,mmmcs tbcrenfatlarqﬂwlr smbodiments,

optlca? ?ggrslrgaey &e ope 1recqiey Wl%’l? 10ns otf erbn?mUI }tt e(rjb §’ pros1um rholmlum or

mixtures thereof.

In other embodiments, upconverter materials can comprise organic chemical species.
Organic upconverter materials can comprise H,C¢N and 4-dialkylamino-1,8-naphthalimides
as well as 1,8-naphthalimide derivatives and compounds, such as multibranched
naphthalimide derivatives TPA-NA1, TPA-NA2, and TPA-NA3. Organic upconverter

materials can also comprise 4-(dimethylamino)cinnamonitrile (cis and trans), trans-4-[4-
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ions of erbium ytterbium dysprosium holmum or

m xtures thereof hi other enbodi nents, optical fibers
woreapoloso3odped directly with ions of erbium ytPEr/b52008/082262

dysprosium hol mum or m xures thereof. hi other

enbodi nents, upconverter materials can conprise

organi c chem cal species. Organic upconverter

TR R A NS LT TE T ——
(diethggg' YPbénraRIcRIEE cﬁﬂmﬁ?ﬂ@dﬁm@ ﬁﬁn@@-[%%ﬂeﬂf aigg)étyryl]-l—

:r11t_ hal'i m de” derivafives TPA-NAl,
methylRaidiism sCrodrzanesnliopatoni-tathdi4-atderi al s can al so

nitropﬁ?r%h?égyﬁﬁl{e%iyﬂeaﬁlﬂ%h e?hna{nlge )49 | ir%%ﬂl@?a%ihg-w -%itgo%{iﬁ)eﬁla %isp erse

Orange23NDispetsd Orhd¥es, Bid BigpeeE Red 1yl ] - | - met hyl pyri di ni um
I odi de, 4-[4-(di nmethylam no)styryl]pyridine, 4- i
(& ammrah@dmmfémp@eqﬁ%@aiﬁnﬁﬁmwﬁ Ay 3fhratokes material, laser

. anNs-.4-4 -4- i 3 ) [ 1= . N i i i
e o ALAD by Sy B 8
anti-céﬂrtéé@ﬁﬁgl?ﬂ/ésﬁhmml dnfiodinydrits, aninprijedubatitoted benzophenones,
biphenpyls ﬁ%@%@i@ﬁg%dgyeg%ggéé&%ggﬁ@g S_ seprpag@ gﬁxgsri]tgzeerszs%’ch as
cyanimgéﬁﬂfn%s. HPORVERERm &R, 8hii Rbin e ABRhE ¥9esBddmprise phosphors,
anti - St'okes material, laser 'dye, anti-counterfeiting
fluorogigers pthemaovhiavaicj anl/dripbpwohromin thenScalkspsciesat eri al s,

| aser. dyes and anti-counterfeiti.ng dyes,.in sqne

b aitiér puboCaiEr FaE T RS F LRt e AR dots
QuantdhPRREbSord s R SohiE Embbdineats Schndyaiprise! Ty Vegnd II/VI semiconductor

pol ymet hmes, "and spectral sensitizers such as cyani nes,

materrabs; sucheasicadmiun seleride((ibish ¢prdmivis tellaride (i andfzacselegide

(3 GRS PR B b QAL S AP ot

e b adlifid@Nto, thoHeGROMEsd Rfreifpéebddimsnts af the@m@ehisiaveiant um

dots. Quantum dots, according to. sone enbodi nents, can
contergplisr 3dgeiang] upgoryter malAalsei BT S BSitioR i3I s8ch &y ch
chronfis cadm um sel eni de (CdSe), cadmumtelluride (CdTe),

and zi nc sel eni de (ZnSe). Upconverter materials can

aliis anctlosrRhibedingeant diteh edres, ac cdridingdd sores embodjugntswiithe present

dots. In_addition to those provided herein

inventigfs G FEHIES CUTPRI71S 0B EORT I HRRIRY PETS c O PadfpTigedby one of skill
i dj ' bbbtk AN dnl 191
S8 Ry YRS I 5 L .5 R QTR 1R i
energy tese than dlut of therejectronegnaticandiadomasoded bytthempiedgktntcreate the

.. i.nvention, can further. conprise one or nore . .
exciteg Sl ohvEIESTboRC daF B OBIREH AP oy nplyging Load
sulfid@hid leBd SQ¥MABOGYAIbRdolss @ Material operable to emt

el ectromagneti c radi ati on having energy | ess than that

oUpcoreyeatesondmmdgwacdvstterdingomsenziodinens cpy be Hisposed within
mat.ef,i al to.creat h i i
e onfRGHHeRerieS 1 AR EpbaFrElE WEinRibylortilggporer canbe
dispoded DnUkuificd 6Rdle Spiidal GBertodde hiftbatl theintsifade ofithefibentatotdth a

radiation transmissive first electrode.

Fiber cores, in some embodiments, can further comprise at least one scattering agent.
In another embodiment, a fiber core can comprise a plurality of scattering agents. Scattering
agents, according to embodiments of the present invention, can scatter electromagnetic
radiation received in a plane normal to the longitudinal axis of the fiber core. In some

embodiments, scattering agents can scatter the electromagnetic radiation radially outward
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Upconverters and/ or downcoverters, in sone
enbodi nents, can be disposed within the optical fiber

W@ 200e/058300t her enbodi ments, upconverters and/ oPCT/US2008/082262
downconverters can be di spdsed on a surface of the
optical fiber core and at the interface of the fiber
core with a radiation transm ssive first el ectrode.

i her cores s enbo further co rlse
from i BB ¢ BiinilibeePRppiiy g roaired SRy OO s
photoéenﬁﬂub@ brgaficBa s RivRling ehefitidreba, i ty of scatteri ng

gents Scattering agents, according to enbodi nents of

eaq@neg @gants, ity TR @nbocb@ﬁn@c@ntcemp@sfeﬁmsamgﬁ@fﬁl ganoparticles.
Trans t1 n?e[ttalg sui aI%Feefo}[SQe s@g%te??gggerﬁg ﬁfngoéhpx{%nt can comprise gold,

udi na Fcore

silver, ejas‘pp@ﬂ febiusn, palladiudl amigplagent. STaasitisn aletad haidperticles, according

el ectrona netlc radi ation radially ou mardfrfn1the
to sonyq qrahodABRIES.FER FPPTIFGOIH SOV BES- o 9B cmbadiseent.det ggmple, a

{

ransi gl OPdet ApBfirFRAEn BRI ARRRS oy Mo R Elobou
50nnﬁnbod|nents can conprise transition netal

nanoparticl es. ition nmetal.s suitable for use as .

C DRtk Sginr ol in biesens M0t oA et Eaheissive firs
electr(gﬁl s@hrroﬁl'ldl %’fhe fﬁfépg@l% R@Hﬁﬁbl’t’ffhnsﬂﬁksh%j lablBed@ReLin, refers to the

[ati num Transition netal nanopartlcles according to
ablht}sto ik leastipadiatynass radation onthe iveseble oaggoroef thé eleetromagnghiespectrum.
a transition

In sorf AR BN 2 RaE BB ab PRy tHE T S s SRS i
radiatiof vaROMini@al DIwrbekdens ottt ipiferemlay lMS&o@ér ¢lb@rdies € nted

i nvention conprise a radiation transm ssive first

hereinereerttp duyerssthptrrsanide Agnadivan forsishversieerhoteagensraiemhourrent to an
extem%{ cé}f};e It ? ?)%o\é??mg% a;% %gg S%éet Cfpcgott{;eg%&{o?]hc: (ﬁ&rvwge A@E%ljaétltoﬁe E)H)Vldes

the intefaiéedietwéernt the pebteadtive regioet dfanspeiic optoeledtrandnadevice and a wire,

enmbodi nents, radiation. tran ssive materi.al s _can
lead, tace; gl hea et ErrdgHERTing et CBAEe RATEIHO AT fip e Sxtelmal crcuit

FSIQ&Q BarmiQLNeS; sLélE&fcfd%r%ﬁ:@&%n%\{%rs@ﬁl\é%bodlments of the

el ectrodes, as use erein, refer to layers that

presenp irorenten, &ompdsasra Ifadlatldletram/samssn@e qﬂmdu@ilmn@d@tlﬁedﬁaﬁon
cur.rent to an ernal ci rc r providi n

ans i YRRt BPBE PR By R Co G Poieoide (ITO),

galhmﬁﬁﬂd’ihﬁiﬁﬁl 88 () ARBndIStESAAS ETO)) %d?ﬁ&ﬁtahﬁﬁloﬁf BkidB$IAO),
an organic o?toelectronlc device and a wire

and zmcr adaym 6in oxtded 7. H@hnis anothex ¢rabrdiment, Hyy r@ﬁétmhtwgmlsswe first

electrci(ﬁ £ ﬁ,{)lilg{l%e a ﬁd}aglt%{ln éritagsir{nlgsﬁgg Ir)c?lal eCIF (rr]r?a erlail sﬁaéhr n%o%;a.{u%ﬂle
(PANB RO 6tk BRGhRaloklatines. pr esent inventi on, conprlses a
radi ati on transm ssive conducti ng oxi de. Radi at

t Fesesie anshadimenpdlutprhygthylanadioxyt wpé%ﬂ?e(PEP&Du % htﬂ g suitable
radia‘at(f‘sf’l1 Erag%ﬂé gelk/% @]%a%%hg %%%dr’rbtl) 2(%/9 t??fgﬁs('g gllgét’roc% & Elglgb('ﬂments a
radlatlaﬁltﬂaﬁﬁﬁi)ﬂsmé( fieke elcb#dbde canrdmprine a cation ﬂaﬁdtlﬂbdj)l}’fﬂ'élaVlng a thickness

| n anot her emhodi ment, the r dlatlon

0peraltl? %d@@gp%a Y pasg visiole elegimemagnstic siatiofe a radi ati on
t PR MR SnbEdiRfnY, a5 HiGt P SlshRdsi U ASctRRAE ¥&NBbrhMise a

composite material comprising a nanoparticle phase dispersed in a polymeric phase. The

nanoparticle phase, in one embodiment, can comprise carbon nanotubes, fullerenes, or
mixtures thereof. In a further embodiment, a radiation transmissive first electrode can
comprise a metal layer having a thickness operable to at least partially pass visible

electromagnetic radiation. In some embodiments, a metal layer can comprise elementally
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(PANI') and its chem cal relatives. In sone
enbodi nents, 3, 4-pol yet hyl enedi oxyt hi ophene ( PEDOT)
W@ 2009089383 sui t abl e radi ati on transm ssive pol yPr&r/U82008/082262
material for the first eledfrode. In other
enbodi nents, a radiation transm ssive first el ectrode
can conprise a carbon nanotube | ayer having a

pure g7 g RERBR Gds RAb R aBBIbA PobaBaRE ) Akl cn
comprietigh Werk fuhafiinstalsy &n bhé Shbsdifehf, Bstexemples 8 Aphividk dunction

conposite material conprising a nanoparticle phase
me‘talbh%@)é’p!ﬂ@ﬂmmﬂpradk%ﬂ%ﬂﬁﬁ?@Vphase. The nanoparticle
phase, in o nbodi.nmen ' .
72 L B0 A PR RE R e ks
rangidgUdrh @bor@ Moath foedHout & pfmadh @ttied Bmbodinteiiss s radeationrnshsmissive
el ectrode can conprise a netal |ayer having
first elegiredar@adiagp e fugmesy gngng |fr@§s%b0¢lé¥ﬁ>(? Bt a€%§09 3. Jp gnother
embo&k‘%ﬁf, QARG ﬂr&sﬁﬁ'ﬁ%i@?ﬁr@%l?clu%dé eﬂﬁla‘%’yﬁqgfcﬁﬁ&g fangthg from about
nmetal’ I'ayer can conprise elenental lypure netal s~or
200 n@al tb apsut 8B mal. sinsufutthéd emodimergea mdiation adnsuhissime first electrode
transm ssive first el ectrode can conprise high work
can havgadhickpespgteaies than lod- enbodi nent, for exanpie, a high
2Ol e FB B, 8 B MR B S R leodtorte MR lopensitive
organicilit. Elpeelacadeicaanichguecoading ke iomesembatigienty, fan@omprise a
aboyt. 10 nm.to about 1 mm |In other enbodinents, a
Plural’r*&ﬂ?ﬁlﬁqt?ﬁ?nflf%?@’iﬁag@i1%363“1“i rst el ectrode can have a

t i SHeeSHbSAREhE T SERGRARRN ork B c MYl RastPOMknERPadPihg from
hi  anot her enbodi nt, a radiation’'transm ssive firs
about 80 @at toateuichnmh du etler thbodinests, 2 phgbsegsitive nrgablaye2 06s a

... nmto abqut 800 n I n fyrther enbodj nent.,
thicknegsfRBgNS ot drurflam a??ﬁ@%%ﬁ%@@%%ﬁﬁﬂ%@@é% 2
photo%é%éi@ilgg B3 187 b § BECknbsWhgibR 108! &St 00 fmAEUbSRS00hm.

reser]t_ | nvent I on conprise at | east one . .
p Agthosesassiti vevargamig dayier; akenyding topmbedinwniseditlee pfesentwmyention,

accor di t 0. some. enbaodi ment s an _conpr.i se,.a. .
compiies anfeptpnt PhRETBERgrh Pk h gTeRRR SRR LP Sifons ghsorbed to
produSdHREtbARRhRh ndayHuBERBeME)} dibsoiald i@ ¢lecttony @hd hélss.aln some

t hi ckness ranging fromabout 30 nmto_about 1 nm hi )
embodinteats, @ phajdaaiva regiomcarompsisn gipolymeero Pglyiiess sutpble fppuse in a

a.thickne I i ng..f ! :
photofvE AT HEs PRMARLE BRIl I8 oRELBoARRH, cIP RorifRe
conjugAtEpolp@dsrsautinhcikivphendsangudigg polgB-aaglthichBene) P3IT), poly(3-

300 nm A photosensitive organic |ayer,

bout
octyltbieplg) A0, bR HERNEIE Thhe present | nventi on,
gfl{;}yrﬁééﬁb&&imk&@%oéﬁg&s @Hi@&b@é‘fog u¥Eiel EHohtiDe %ﬁe&!bfa

tronagneti ¢ radiation I's absorbed to prod
photosexsitive ngzantei leyer ray canpssgemidondudingyotymatre. Imome embodiment,

. electorons, and hol es hi sone. enpbodi nents, .a photoact.i ve
semicprietng BaREBTBIH G PRETSIANg b oreI Y HbF P L FRARY e Gy ene) and
poly(ﬁéélgegl IRE(I;I@ vAVALRPAEEPWIE af BrRA1Pds tRerBHOTIADERS bhibY&iments,

l'ayer,” I'n dne enbodi ment, can conprise
semiconducting polymers can comprise poly fluorenes, naphthalenes, and derivatives thereof.

In a further embodiment, semiconducting polymers for use in a photoactive region of a
photosensitive organic layer can comprise poly(2-vinylpyridine) (P2VP), polyamides,
poly(N-vinylcarbazole) (PVCZ), polypyrrole (PPy), and polyaniline (PAn).

A photoactive region, according to some embodiments, can comprise small

molecules. In one embodiment, small molecules suitable for use in a photoactive region of a
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conj ugat ed pol ynmers such as thi ophenes incl uding
pol y( 3- hexyl t hi ophene) (P3HT), poly(3- octylthiophene)

w@ BR@03930and pol yt hi ophene (PTh). hi some enboRPCTES1088/082262
pol yners suitable for use ilh a photoactive region of a
phot osensitive organic |ayer can conprise
sem conducti ng polyners. I n one enbodi nent,

sem.conducti.n ol yners include phenyl.e vinyl e , .
photosegH{ Ve BTeae R Bt PRI IS CRYBIE S ARETaHEI D £ BRIy 102 govmarin
110, ¥ L 18I, abPEYImardNIRIB! Ty ald N enibdeieak, a dniklDhbREule can

enbodi ments, sem conducting pol ymers can conprise pol g
comprigerperepasinen ht Inal furtber, enzhodiraet; small pelsculpepasgonyirisg ,10-

o tur . | : . 0 ™
iy YA RIRE 7B s, P SRS R YR Behllchipfint 3.4
dihydmlf,l-%@fél\l_ fobiu ﬁal(ﬁe-rlgﬁk;&{oﬁle,\e;nd)lLagb'fsg@(dﬁlﬁi)th{/]laﬁl‘iéﬂ?)phq(am-y)alm des,
. .poly vi nyl car bazol e) .(PVCZ), polypyrrole (PPy), and
dlhyd@éib’?/}@mll“?%édlé’h’ﬁm)dlhwwa?-oact i ve region, according to
o RN pr D E A Fof o B REHRR SbreBfated
heterophmotiomcihitheongej tayenformpt bttveen sdjtcone doragand ecdepiosmaterials.
can conprise coupmarin coumarin 30, coumarin.10
Oreangiaaieiri 53136 DB LHSHTSRITETie FTBRE lrpone bulk
heterofefiBiE forRIRE BeiviRR Hondt apiBbdcptiRR nefsHs. CAbtIE? BRIbodRnents, organic
mer ocyani ne 540. In a further enbodi ment, small
layerspompuist @plucality o Dbk hster@uritionsi fampgdd befseen flelqs\and aeccpios
¢ k%—one, 7- met hyl benzo[ a] pyrene, pyrene,
matelig®nhzol e] pyrene, 3, 4-
dirhihe ten¥xtHf oygan@mhierigls| the tein@ d6noraind acceptor refer to the relative

|, 3-bis[4-(di net hyl am no) phe_n)lll -2, 4- i
positiefistpf dredighsytoesypics melpcplar orbital (M) @ lowestyppesupied

oo ST ch 5 RERTP by YT by SRRRDroni ot
This i0ing@nirast t@ghersé of thest tbahwinahe Adygantontbatevheandonor and
acceptor materi ani c hséers, I n sone

ls. O .
acceptOR B pEhOSYRAS ‘l?ﬁgp%}t_%%éh‘?la}’ tdi 9 Areatedhpyiepris nafnd p-type

| : t: i L
layers,a %%2%?%19 RUhE _OF%B?' %In%k@, iF @8 1TVI0RG RS URS Bf RN RIateRAltin

mat er i ot'’her enbodi ment's, organic
contadt sidranothemsriower, theplthat ahatenel of anaskkptine Otherjvisedt isanbonor. It is

for be en.donor and accept.qr. terials. hi,the
ener g GO o T AR ALSARER B FLGSTRE Ay BY e BBRH Aifor acceptor
junctiGFSER6RS infotth8 hedePtol RtdrRll, &bl Y& HPEIth nRve itb thd\@onor material.
hi ghest occupi ed nol ecul ar orbital (HOMO and | owest
uAqdetqaried nesioadn k ahotopdnisitive of gauOpy B neaceidingipeioneof
W0 cont.acting but different organic. rj.al N
embodiff bbbt by {hSiles FRERRloFg PRk BonT el e
polymleRe tgaposite eudérent lin anR@IbBdEEHE caf BEmPESEPhMopami]d fifasy
. to types of dopants that nay be used to create
dispersadon gawinaric phase. pPalypers|saiane for pradyetng; thepglymeric ghase of a

poro 2R PR e bor LA RBS 0 SHE el g
hexylthivpRéned (PIBT )amd ot plootylth{dpheeM(B3ROTY. is a donor. |t
is energeticall yé{lavorabl e, in the absence of an

el someAmbsidigents, She pmoppttigleghase disppirdrn Meqlymeric phase of a

polymeric composite material comprises at least one carbon nanoparticle. Carbon

nanoparticles can comprise fullerenes, carbon nanotubes, or mixtures thereof. Fullerenes
suitable for use in the nanoparticle phase, in one embodiment, can comprise 1-(3-
methoxycarbonyl)propyl-1-phenyl(6,6)Cs; (PCBM). Carbon nanotubes for use in the
nanoparticle phase, according to some embodiments, can comprise single-walled nanotubes,

multi-walled nanotubes, or mixtures thereof.
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junction to nove into the acceptor material, and for
holes to nove into the donor material. A photoactive

WO e@pof3dh a phot osensitive organic | ayer, accPeTUSZP08/G82262
sonme enbodi nents of the prdgent invention, conprises a
pol yneric conposite material. The polymeric conposite
material, in an enbodi nent, can conprise a

t h di d I ' h . .
RS B B3P p B e BB OB Bs o
polynferie RePasGic MAecri A91MBeCREIM GBFRI1:5 & R0 Loal gf oﬂiélr EﬁBé(ﬁments
such as thiophenes including poly(3- hexylthl hen
the polypBeTty namepapisieago sz pylymistio Compersly niatg ety tanges bout 1:2to
aboutgrqjé) di ?c?ncn?t p bgtéhg ent, natnp % lg ltﬁe ﬁ@gﬁgg&b’f}gﬁﬁﬁg}%gﬁe& fo PCBM

range€ BOPIAbSES] : Ato dRABL: oone car bon nanoparti cl e. Car bon
nanoparticles_can conprise ful]lerenes, carb

ndhd furthes embpdirent, theqaneprstiels phase dispeised) iathe gplyasrig phase
complfls%[s ayfégst oﬂe hgfovﬂ@&%? aAtdaﬁ!)\QhJQPé}S% usls@h&@ﬁ‘l RIFRed Mtalhne

carbomrﬁﬁﬂnpwrchfﬁ)ﬁﬂgd ﬁrpnnoxglhr—ah’eypdf&na;ﬂo@ﬁa,aﬁ()@rtﬁclés (N’c(ﬁaha@luskers in some
Car bon nanot ubes Lor use in the nan artlcle g

embodigegisys eﬂgo&gﬁg RS AP OtOEEg]ﬁl 1e/p dayer compnsmg the

polymeHB Ql)ﬁp&‘ﬁ{el r84le2an @af%ﬁ%an&ﬂ%éleé’@&ﬁﬁe d20Rh UREswhiSlers,

m xtures thereof.ln sone enbodi nents of the present
according tnsonorgmbddemenss, mpompnmmagiamaﬂled earbait nanojtybes, multi-walled

ol ric osite.materi nges from about
carborl el o RGeS 1 O BB BRE s e ety aaipripg oystafine
PCBMIaAARMnk qheepﬁo@dsb@sm% @ghﬂamybf: i %fﬂ@érhb&hﬁi@ﬁt@ I dadlflrther
ranges fromabout 1:2 to about 1:0.6. I n one

increaggrihgdlispersion dfdhe egpantiele phage lnahfr prlpmeric phase.

o TR SRIEER B A0
nanop&ﬂi@mﬂfaké wﬂleepqamslec plisp esreehsianidnbempretiyherd the phapearticle phase

conpri ses at | east one nanowhi sker. A nanowhi sker,, ?
servesu@é #epRiphmalegpkibereby forming 8 heiprojwetien {5 dhe separation of excitons

o WORIBREELLLS, LOIRLEATuARA Al 2Rt impyghont
polymtic phasdyiihe ghbipaciveeetipm gt the phgintslenaicompeses ayalniatity of bulk
ayer conprising the polyneric conposite nmaterial.
hﬂm@ﬁﬁ%ﬁﬁﬁ;nanopartlcles operabl e to form nanowhi skers,
aARL RN ALNEMBAIRONE RRBLALTRR: S a%ﬁ@toﬁ&fﬂ% rré?@n ofa photosensmve
single-walled carbon nanot ubes, nulti-walTed carbon
organigdayet giresqmising orgﬂnbme@qﬂecscompvuod%mehﬂdum neeplityrins,

o B RSO TREies {PhReb B R PR AE Sl
the phbtdab iR reLiof) SRR ANy SdSRRE S Rdtinghachamarpialstrhyf eficiently
phase in the pol ric phase. I'n enbodinents of
utlhzepmple@ gxiions K @gb%lﬁgecttbwhp singlyt-Hriglef npiging mapbasesteong for
I
orsandARPR b 8 o HESRRLY IR & RORERRRAL R 1R o

states Hi’iectB_/Ctﬁ el t@lﬁ)léﬁ&i(ﬁfetl&tatéshﬁirﬁbﬁtnﬁ@ﬂﬁﬂdiﬁgesaash@hﬁé@ mith@ohwdision
separation of excitons intg hol es

from tb? éﬂ@gkb@smteﬂ statertD oeR TR §X<ikedState: %@B%ﬁftlﬁf%tﬂé% ang} diffusion
lengthddf%‘?ﬁl(etssglt&tfg 19%9&%%&)“18 singlet excitons may allow for the use of a thicker

photoactive region, as the triplet excitons may diffuse a greater distance to reach the donor-

acceptor heterojunction, without sacrificing device efficiency.
In further embodiments, acceptor materials in a photoactive region of a photosensitive

organic layer can comprise perylenes, naphthalenes, and mixtures thereof.
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pol ymeri c phase, the photoactive region of the organic
| ayer conprises a plurality of bul k heterojunctions.
wo poobas3her enbodi ments, donor materials in a PCT/US2008/082262
phot oacti ve regi on of a phdsosensitive organic |ayer
can conprise organonetal lic conpounds i ncl uding
por phyrins, phthal ocyani nes, and derivatives thereof.

Through the use of an organonetal lic terial in the .
p HBfoae Finbedlf@gfsoﬁ pﬁﬁﬂ@p%ggﬁ erganIG Jayss 9 @peptoelectronic gevwe

furthdr RERHROLsHnlk 39 nﬁ)'r'é:{ﬁ?({&ﬁ@&{ér ahFoPBYwilohl &ted Rldetial i PHotRensitive

triplet excitons. Is believed that the
organgi lagéretintsoinp lembodimentsgcansgonipeiss an' of thagpamverter and/or
or ganonet al.lic col nds that the absorptions involve
downg |%%ﬁ?%ﬁn?¥§ﬁv¥ﬁg8§?ﬁ€tet ground states directly to
t [sptbdlbdioRic ®¥idet 8the pads@st inRIntibh BethbiRg 4 Mh-120REBS transmissive
associ ated with conversion fromthe singlet excited
secondebacirodopartially pqvisriag thexdiptasensitivgrsganihlayero g gpme embodiments,
the ncl)nl-}ca%}altig‘ﬁ: tl‘%lrl]%mlgélI’é yﬁ%b@({]elkcﬁp@fer}aﬁ) ]::o ﬁﬁ%l ae&et?ff CA% g&ﬁ Hefbin, metal
conparirson to singlet éxcitons nay allow Tor e use
refersab bathi fhteKlE cpnpoéRaof hiv elemegiatln pureSméthie elgt, igpldetind also metal
excitons may diffuse a greater di stance. to reach,}h
alloysiswanateapeisrialn eprapeied oE FY O ff mare hanenialcryre maferg's In some
embodfYdntE tl‘Fsf sfeb&ldeéj&%rodé Eorﬁ#rﬁe'g %Bld? G4l Jflﬁﬁfnhﬁm, BFESREL The second
materrals 1 n a photoactive region of a photosensitive
electrodg andéarding ye sorcaembaiipents,ccap dayd @ fiecknessaphgihg fremeabout 10 nm to
m xtures thereof.ln sone

d nbodj , . )
aboutﬁﬁd{cras Enahen spebosimenis.dhe sfpend Fctegpt bifect bicbipss ranging from
aboutq%glfn?rﬁtoga r()H]Ie m(.: ‘iﬁBrﬂlﬁﬁ e%%fiﬁﬂengqx? se%gﬁ@aga{éd%rcan have a

and/or do er S. ho

wnconver materi a osensitive organic

thickdedy £ihgingi ffons albdut 20D afhi toabb,800am.conpri se any of the
upconverter and/ or downcgnverter materials descr.i bed

hdp eamiallpe same dis intescrriiyc@garif laRe ihFemeppbodiments, the non-
radiatiq?lvt? M ¥8ive QRIS FecBroOods At @(Lrhﬂ@ﬁymmh_@ ?h&%se?ﬁﬁﬂf@ @rganic
el'ectrode partially covering the photosensitive
layer.olng@mecenhisndéments, thenoreradidton inaesihissive seeondelectamicabivean less

ransyi ssi.ve_second. el ectrode can conprjse a netal. As,. .
than ApQRch 16 OB PHABEAISUPERLANS B Hoh OFET B P wieeion b 2o radiation
transrissi®d s&LRTEREBdYeoR s FesT Bl Al abo Bt W%, 18R tkhn ARH: §195%r less than

metal alloys conprising materials conposed of two or
about7oPeofthe photbsdnkiyivp organiedeyari Imbroter sorpedisrmnbdhereent-gmdiation

the secon | ectrode conprises 0 ilyer. alunm nu
nenstpSE AP s T6F Bl rnae SUak pb P plglop M taver
In a fRARP inBBATent SR3MoN3YEatfort RABKARES seadtd dlttlod® By RS than

10 ran to about 10 nm In other enbodi nents, the
about$&Feeicthe phetoscasiéive arganlaye t hi ckness rangi ng from

abo 10 t Q..abhou - thn : [ '

et PRt BT g it S TR IRRR:. con e
disposdd®etweAQ phittdsensitvldrg @00 1ay6t addsepaid dledtlode.Cc D€ Lifigyer can

t he photosensitive organic | ayer, in sonme enbodinents,
have 3 Hicknsshapging fiom thoahs Argsirs e abatd0 engstiomsde does

NQH sGREBLESEEnEONET il REePOAHRSE ﬁl?ca.kgﬂa\‘t?al SML& ﬂeéﬁiﬁﬁg na
o g § A

In sone e ITEhtS, t non-radi ati'on transm ssi ve
layer s@aprixinglithiim oglide ¢biyO) snd EFS In other embodiments, the LiF layer can be

completely oxidized resulting in a lithium oxide layer deficient or substantially deficient of

LiF. In some embodiments, a LiF layer is oxidized by exposing the LiF layer to oxygen,
water vapor, or combinations thereof. In one embodiment, for example, a LiF layer is
oxidized to a lithium oxide layer by exposure to an atmosphere comprising water vapor

and/or oxygen at a partial pressures of less than about 10 Torr. In another embodiment, a
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t han about 95% of the photosensitive organic layer. In
ot her enbodi nents, the non-radiation transni ssive
wa@ ewonsb3ed ect rode covers | ess than about 90% PERBS1008082262
about 80% or |ess than aba#it 70% of the
phot osensitive organic |ayer hi another enbodi nent,
the non-radi ati on transm ssive second el ectrode covers

..l ess than .about .60% of .t he, photosensitiyve organic ..
LiF 18 o 8 B G s ararES xR ma e i el S omprising wter
vapor lah@d# Bi)'B%h\éﬁa paganste@uRS 1¢e daneover 97 Bsbot lagthabsisut 10
50% of the photosensitive organic |ayer. A |ayer

Torr. conprising lithiumfluoride (LiF), according to sone

e | . . | |

T SHERGip IR P EE AP SF R BHES e
vapor had/er axjdeh Chmetine pamel nggihp dvnadiaut 1 hoangsbownts Hoars. In one

about 1Q angstrons. hi sone enbodi nents, the LiF | ayer
embodigienh @ LAk layenistexpaseita P JimasphArs eQMPRYRE Waleh VaRer gnd/or oxygen

. X I I .

o B GERAERA0AI POV E SRl Lt i
exposektodinzatshospmrd ¢anmuising watkl tappumnddon kg gérafpe a tidef peciod dtss than

or substantially. deficient of LiE._. hi sone .
sbout G e S iof o S5asbuies e L) SERASPiGe eafaprising
water khforlaB¥RF ok b eRXH26Rlin @ sBhe \cAMBHIMs SIAAYHRAdH Mi@ntion, is

t hereof hi ‘one enbodinent, for exanple, a LiF layer is

dependwit aipge thetpartial prashirenefohe weter aigrar ahg/orgpugsn iethe@tmesphere.

at nosphere, conpr.i si ter vapar andjaor, oxygen at a_..

The hEhFTRB PERFLESTPIL SR i “oncl 3P Fu R B syl i B time,
aptdetdctrBhio Al BN £ theplebert aWRhtidiS 10¥drblé &@BodiMedts, can further
| ithium oxide | ayer by exposure to an atnosphere

comprassradelitionalglayess sychias gne onmere exsHp blogkipgdayert [ cphpdiments of
the prg%ﬁérlgl%n%soplhﬁrg gxcﬁtgﬁl E}(?%g?lggﬁgeg (]*E—Igﬂ{?agr c{ ﬁsc%nhff@gl}(oggéeggrated

sone e ayer 1S
excitoh®toathe adgimsidae (e disopiaiisg interivet end pepeait parditiorexoixongprnching

for a . tinme period ranging from about hour to about .
at 2 photoSeBEH¥e oqgﬁms/ﬁéecgﬂgqu&%ﬁ?-, Inzadtien tailg}lt%theﬁﬁ@s@ar waich
excitogg‘{r@kem@,e BLTRY hadifiShalif el as%%ﬁéﬂ AP ﬁ?@g@&%&@r

period greater than’about 15 hours. |
introdficadt dueing elapasitianeotithe elettirdedes.alnesomesengbaulosentds,tap EBL can have a

at nmpspher rjsin ter v r and/or. .o en for, a
sutticBhiBiopar ga bk hotkatt H3te SAENBEFR od SHRERp Py
organi@phBIRBRME Bebe fdBerkble. | ayer to an at nosphere

conpri sing water vapor and/or oxygen, according to

s dng Bintieelirdimsite serhe einbogimesisiof thapresent wiventios, can comprise a

dependent.. upon.th arti.al, pressu of t.he ter .
polymgEE EotmBaelte spatlial By Bt crp gty BLREF £OmpHaSh (oo napgpartictes
disper@@ﬁhi3@4-p&Ef@&?%h@di@iytbjbﬁhﬂﬁIp@[yst/y&l@%ul(ﬂdnaw(YMDOTIH&S). In

shorter the exposure tinme., Optoel ectronic devices of
anothqr gEbedmaEhtan; Eﬁle AeIBSes CArbep RanepFHisdisfispessed énpoly(vinylidene

g ur [ [.S 4
chlorigdfhISbofipe (ofiE Lt Hino b BKEE A AR RfoIhe B
includinp/ERD OIS Ssandepoty(vimylildneckiatigle) eanason{pdst ingkrwaltid anotubes,
.confine photogenerated excitons to_the region. near the
multl-&ﬁag%w&bﬁ@ H%ré?qsa%@ngﬁaeb%@v@ﬁt he gmbodapents, FiBLs can

comprikeSR§ I%Egner having a work function energy operable to permit the transport of
holes while impeding the passage of electrons.

In some embodiments, an EBL may be disposed between the radiation transmissive
first electrode and a photosensitive organic layer of an optoelectronic device. In some
embodiments wherein the optoelectronic device comprises a plurality of photosensitive

organic layers, EBLs can be disposed between the photosensitive organic layers.
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at a photosensitive organic/electrode interface. In
addition to limting the path over which excitons may
waledobs®sp3 an EBL can additionally act as a di f PCBEUSI008/082262
barrier to substances intrad8luced during deposition of
the el ectrodes. In sonme enbodi nents, an EBL can have a
sufficient thickness to fill pin holes or shorting
defects which coul d otherwi.se render an o ni c
NSRRI Aeuer LG SR ABICBOTgY pBRS R RUBRisgeap urther
compri$¥¥n e@éﬂé}ﬂﬂ'rﬁ'&?ﬁﬁ cBitaltDén BRESEREdimBYCIHe IeQfbnat ffbtallic contact
conprise a polymeric conposite material. In one
contagsiediecmudtelectnod ERL isomplettsiesl coampuncatian sypthrthe s¢cend electrode.

di spersed.in . .
The cxleGRp R FUISRiRE AR S09% AP B HBRES o e cpraRlsdn r A pwrent over
at leadt BB onRIBe citinfBRhECIndaBRAR bR ifibePHp t6EEtERMPIdvERS External
carbon nanoparticles dispersed in poly(vinylidene
metallihbantictie jn somek eoerdiyweisscanisemprse mefalsiaeluding gphls silver.«s

conoe, FPEERG5c ERHRRELRRA Fl GRS BRER En

absorlsddi@éctronlch& it radinabnibak,intdlk ldastwak paotosanniveleganic layer for
full erenes, or mxtures thereof. In further

furtheg pbfoaptiBnt s, EBLs can conprise any pol ymer having a
r i 3 .
SPHMIEL ARG AITIEL) SR f U RS, o
furthes oompesexbhdigearinsier luyelsBChamy thesfdl bpesed used eren, telfier to layers
radi atjon transm.ssive first el ectrode. and

) a .
which iy SeBicE FRaTgRCasTigafiom PRgASFiQ O Rdeieptcdsiic to another

. de . .
scioY) 8RB, RRCCHLPENY eyt e St afeat bl con
blockingyayes, EBLS can be di sposed between the

phot.osensitive organi c | ayer.s. Optoel ectroni evi ces

o e st o B L T bSO B RGP R e
photo§dhs#iRe brgaf ke And Pad@atioRItPAbmI¥Eilva firdt Glec @BdS&Id/dr aQi@tosensitive

enbodi nent, the external netallic contact contacts the

organisd ayss dné he-radationdransmissivg seqoad elecede. do tighcakpdigents, charge
ith th | T ; i
st e SRR RELER 5 IR BB BLP o e

protecti¥t 1@t oCall sRodledivmic ddvidee Tharge tR@Efet IyeBf adcbeling to some
circunference and |l ength of the fiber optoel ectronic

embo@i@iﬁﬁ@g?”@?f@ﬁ%“%t allic contacts, in sone
e . b NE i . .

TP B aygEaR SR afTELELR BRI 10 ekt pyeyioncn'e
etchedm@tmabvenoot @dtee fastrated totabmsdrha refbectiof.| Boonerspmialgnerntioh exciton
el ectronmagnetic radi at.i.on back.into at | east one . )
block{pg s AHATER .2 BROJaTAEI S gREANIC e G BioF CIRELAR B pig forming an

interf4R AR BE bE AR ClaflY AGEScitSE BREELE thykPcSRPEsISITPRBOTE fr $xample,
of the present 1nvention, can further conprise charge

can b etelmesifarthé side formiqh an ipgerfaca wdther PIRT/RLCBM photgsanditive organic

1 herein, refer to |l ayers which only deliver charge

aYl-carriers fromone section of an optoel ectronic device

t & MM SBbodRGhts ORyers Bf SNEpt8ATBObnEdvicelah beXaked Bi a
_ char ge transfer.1ayer can conprise an_exciton bl ocking
lithogtaghisrmethods, including photolithographic methods. In one embodiment, a
photolithographic resist is deposited onto the surface of the layer to be etched.
Photolithographic resists, according to embodiments of the present invention, comprise
positive resists or negative resists. Once the photolithographic resist is deposited, the resist is
exposed to radiation and developed with appropriate solvent. A pattern remains on the layer

of the photovoltaic device. Photolithographic resists can be laid down in any desired pattern.

One pattern, for example, comprises a series of parallel lines spaced apart by a constant
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A charge transfer layer, in sonme enbodi nents, can be
di sposed between a photosensitive organic |ayer and
w0 awvas93en transm ssive first el ectrode and/ orP@EI/US2008/082262
phot osensi tive organic |aydsé and non-radi ation
transm ssive second el ectrode. In other enbodi nents,
char ge transfer | ayers may be di sposed between the
non- r.adi on tyansni ssive s ond el e trod

dlstanﬁe -of\Bex e\yg opgxﬁé e Fgish eolﬁy qp(lj?ﬁl%c oty (@éllce éj_'%llﬁlé gtched by
any stifaBRoMr ok SNRS DIveRE GREHhI W elofe SPRBPIRSIDIRHS STBFHIS resRt B

not photoactive. hi  sone enb odlnen¥ | ayers of
subsequentigseppedfiom the layeref thé opthelegiraiedevisaioanng behiedsn ¢ehed
etched to prevent or reduce frustrated total interna
‘reflection hi one enbodi nent, an exciton bl ocking

| ayRike RAIREREE 2 bR sEioh 0F e:msptbemar@ﬁcg@m& dcaMﬂingQal@ne
be etched on the side formng an interface with t

embo@rrgfahoﬁhp pagsent inyentigri Thmonspelesironls dexised(l Q@nﬂvﬁt@ﬁﬁlgn Figure 1
comn gl SEATRL S AT BB PR 0 A0 £ LiRalEabe

radlatioa)tfahsmﬁslvs Gine: ckotvods (1e4). SThel Iaghetlm trénsatissive ﬁrst electrode (104)
optoelectronlc devi ce can be etched b I|tho

can capETS < AdinHR RIHESPIRGCRNPREGRESIE RopAELT Afidpgtivm

indiurft @i‘ﬂ%%%e&t zmn?mﬁﬂﬁﬁ ?h lo %Hﬁg Tae ?A&atfo%%faﬁ&mis&vg iR %lercﬁgde (104) is
onto thé surface o e layer to be etched

surrouflded by b hngﬁoamﬂnakmyay@t(k%)am 50067 ﬂngCmemBD@ﬁ Bt ( 0@ can

t.he present en It t
compigatie PRt 6 SeREiedng TohGTBI RHOL AR % eai ot i s
polyet@?feﬁédlbﬁﬁhlof)fﬁero@ $bB{vih§liRNBeRREE THRABI (198) &rrounded by

vel oped wth appropriate solvent. A pattern renains
an phcoinsemhléwb ayganicdéyer fEOHH dhopbotpsansitiye orgesic layer (108), in some

e LB S0 B ST BRI,

photoSeRkiti®s offaniRaiydr I(B18)] inReme TRMDOETINARA EAn lbeymahrect electncal
const antdi stance. After develogl.%rthe resi st
tle

commugigationith Hee regietien Eapsuysive s qdg (19fen I@P%Iﬁfeﬁn‘whmems a
l.

B

radlatl‘thfﬁlntlhasﬂvaﬁﬁt etefctrb&e( 10p) arel the phatnsensidew brganicdayedr GE)3) to

behind an etched | ayer ure I.] ustrat
providerigdizect gheptrigal C@@%ﬁ%@&éﬂe@%ﬁepéﬁﬁ %dagsﬁl r&f@ﬂ%@é%mﬁ% elggjrode

'
100 BSOSO TSR Do s 10, A
non-ragibationi te@smassive pedond leletcirbds (18 0) paridl2goversithe plpntpmmtwe organic

ST TN AN ER T O RETE R

optoeleb@RREHSHEV@ 0D) AdtlcoPdr8e by @tehdnadiatiSRRakaTRiveRcand electrode
radi ation transm ssive conducting oxide such as indium

(110) isi apernbiatio, regrivd ¢lenironagentin tadiation fereonvarsion ifo elegirigal energy.
In theielﬂfg’ﬁal)%’:l% glbo;\r’?rgmﬁﬁg%r%gy ge r%ltoé)?rgé nhg,ﬂc, H’ﬁ%n}(ésﬁs;e ﬁe%rﬁicéléc%%ge (110)

coverd a0} 50%bf Sy BhotsseAdivesgsnic ldyer (:_IBB) (106) can c onpr i se

carbon nanoparticles dispersed in a polyneric, phase
s iespragsemboliments, the fiber core of the optoelectronic device is bent at an angle to

layer

form a V-shaped structure. In one embodiment, the fiber core of the optoelectronic device is
bent at an angle of 90 degrees. In another embodiment, the fiber core of the optoelectronic
device is bent at an angle of less than about 90 degrees. In a further embodiment, the fiber
core of the optoelectronic device is bent at an angle greater than about 90 degrees.

Figure 2 illustrates an optoelectronic device according to one embodiment of the

present invention wherein the fiber core of the optoelectronic device is bent. The
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pol yet hyl enedi oxyt hi ophene or pol y(vinylidene
chloride). The EBL (106) is surrounded by an

WEhbevossnsi ti ve organic |ayer (108). The phot oRenER1008/682262
organi c |layer (108), in son® enbodi ments, conprises a
P3HT- car bon nanoparticle polyneric conposite. The
photosensitive organic |layer (108), in sone

oo RGBS B G5B B TR e

presertéd B FiglireMIQsli RN Bo oftodlB@f @ ddvaRRsh Bigukéy & bent at an angle 6.
i ncluding an exciton bl ocking |ayer, may be disposed

In sorpeembediments, ¢ sdbeitiWrdegreghs i ebenembodimgnts Pde gicaige than about
20 acfd 0y LADS IS 03F3L LY BofAARR L BYEL Rl e o

the optc&ﬂifkoﬁ’fohmrﬂet/fca (200) skowe irf Figsie Xpeeiits eaditatioh@df] ecasnidfrérh @ne side of
otosenS|t|ve organi c layer (108). The phgqtosensitive

the deaws anbe cm;ré@ ¥ fesgyppoging éweffaaﬁeéy imskeaping AR apgorption and

trode ( 110) partially covers the
Cmﬂmﬁﬁotosens?flve organic layer (108). As illustrated,

t resqmog tmbxrdlménts,rmlepm atpheelityi dpioetecuogia @bdctmfehe plt@éh)‘.
and optoel e nlc V|ce 100 not,. .cover

inven g qPeh 515 LGSR GBS ABUROR ey} Gbrics. T

such ARRIARERs to%tcfefééﬁbﬂi@ devigsd Jﬁﬁ@ﬂﬁﬁ’éﬂt e AEand? ih@rporated into
conversion into electrical energy. In the enbodi nent

clothisg) demts, ibackfiagks and bther diolesrand subsetientlytusedh ©rricerveysion of

second el ectr ) _covers_ab 50% of the

clectr e SudFEy YO Sletitent ek Brddd nfits o
enpbafhdBAbSdimbhs, dnl dpdel&crioficievich Ba®pg @gibestRRire comprises a
device is bent at an angle to forma V-shaped

photoeqliaigeall: dn opp ewhediseph giphatevoltaip gelf cqyaprises p &g carpyen radiation
transn§E§1\9 f 1%9 élfa&md% sﬁﬁéfﬁr?d?rrl%&la %@f %&E a%'ﬂea?trkg{ reph8{osgrg1t Ve %amc

core o
layer ﬂmﬁoﬂﬁﬂlﬁg tlﬁeOﬁlisCeldﬂwde and Slebmhllﬁtorﬂzﬂctadh ol the cﬁfrstlelﬁefodi@ and a
about 90 degrees. rther_ enbodi nent, the fiber

non-radiAtion drangRisSiyp ﬁ%ﬁ?lﬂ% @{e% PRGN VPR HBR O ERIGRY S e
grees. Figure 2 illustrates an
ebmng%'oe C?P%E{@Qgﬂ%mggag%cordlng to one enbodi nent of
t Emepplaﬁemltalomeﬁa,tacomrdMgem einbotlineents dféhe prosant afventien, are
t oel ectrponi c devi.ce s bent . . Theopt ctron
operatB i S 657 T Etic SR EiP U SORT S iU xis of the
optlcaP ADSI oS L8R r3Badnbic HRNAHBR r&lcBRAM & PldnB nbinddI%6 the longitudinal
However, the optoelectronic device in Figure 1 is bent

axis oﬁthemptlgal diber epre,lin sgmqgn@n@@@ﬁntﬁe mrsbe tqansmltmgidb@ugﬁhe radiation

transng eg?sg%lgaro'%t nes ]lrﬁm nt S axg ?eg]tqe t il g%?e%getnce

fields.aiPstherXnbAgh €8S theh fé@elb@dléle&fdlﬂﬁgn@ﬁ@ra@fatfbﬁ @an be scattered into the
opt oel ectronic devi ce (200) shown in Figure 2 permts

photoseagitize praanicdeyes by Septieripgnaasds withia the Omtt?él desri deadigthss
embocﬁ%%}ry £ ga&% topt?o Catife fe@%vé& 91%0&31&%1%&%’ F{dmﬁoﬁ %ﬁl‘l ﬂﬁdergo

|on a SOf 1 on conver

upconSé&sidn et bd leﬂiﬁtﬁd&nto(lhe phétogenpitisve atdahie layiroel e Ct ronic
devi ces of the_ present |nvent|on can_be assenbled into .

f Biber pRoto yRltaisienty s errdingp seme smaodigienizg dhe prassnt iygntion,
can dlgﬂaf&' & 8 acto e%'eﬁfsptthﬁm 02PuRBkiRE Eﬁxggﬂlﬁlegﬁ:/ﬁﬁe@%hefovﬁﬂﬁc devices

sent tion can be incorporate
can demonstrate a fill factor greater than 0.5. Ina further embodiment, fiber photovoltaic
devices can display a fill factor greater than 0.7.
In some embodiments, fiber photovoltaic devices of the present invention can display

conversion efficiencies, n,, greater than about 6%. Fiber photovoltaic devices, in other
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clothing, tents, backpacks and other articles and
subsequently used for conversion of electromagnetic
wep@pgy3dnt o el ectrical energy as provi ded her BCTUS1008/082262

some enbodi nents, an optoeli&ctroni c device having a

fiber structure conprises a photovoltaic cell hi one

enbodinent,.a photovoltaic cell conprises a fiber
emboéi%{e%&su ﬁamr ﬁedl Al {ggtp Ictglr&er%%r} %t%lcblnqe% rglge%itegﬁagﬁt Bouqel 0%. In another
embo@iHhe %ﬁpﬁdt&@lﬁ[@:&mc@s taydkplsyesmvanidinngfitibaciéd grédter than

el ectrode and el ectrically connected to the first

about d p ¥ t Ingdfertherrranbedivaent rfher ahotaHoliaiqsiges sy display 6pyersion
@f4s0al 'y covering the organic |ayer and
eﬂkmﬁyﬁ%g&&@%ﬁﬁy %%ﬁnected to the organic |ayer. Fiber
pwianothbodiments) the prsaaitiengoh proerm@dn bptotkectobnit Hevice
pr.esent |nvent|on ei ve

are op rable %g
compRing lspsi gRepixel SoRTinEH 6ot peR itk figlh thephotovoltaic cell
compiéflﬁg b {H8e Qb ﬁﬁ&lﬁﬂ%{ trhrl ¥ YN Gt elgétﬁﬁé s&t%tﬁrdmg the fiber core, at

tromagnetic radiation received in a plane nornal
least dne ;ﬂlbmsbrmtg/letqnghmm]aymusroommng thedpst adedtrofle bt eledriesllyi n

b be transnmtted th h th )
B R R K R —
coverﬁ%%@&%ﬁl%b 1dyeeart dadticallyofhedidl @UBOORUME e NEsome

firelds.” I n other enbodi ments, the received

embodilwnts; & phefaeelfaic celldifanivel comprises aslutalis efphiotpsensitiug organic
la(m_sphotosensltlve organi c | ayer by scattering agents
YIS t hin the optical fiber. In a further enbodi nent, at

| BasdmeeBsdimernts of pikblecohgeRby/Spluellee bf Iﬂimgmﬁbiccbells In other
radi ati on can undergo upconyver si on and _ be en1tted |nto

embodifenishat eriaplssirInied T egaaomprises ¥t array P@ixehh Jnsart
embotﬂ?n h{: %ﬁ ORR)%&Q{I%Q geflge é&Hﬁlﬁ%F@? HE ﬁx&g etagl’? Pﬁ%ﬁ&gﬂ%lsmg a

entl can displa r greater
phnﬂhﬁoﬁphﬂﬂwﬂwhnﬁﬂMEnts fiber photovoltalc devi ces can

de nstrate a fill factor eater. than 0.5.
E bR BRo Y56 SAUACor oF BBPXEHBRYGBIA 18 SHBE o of the
preserﬁ n;g&lnﬂ){n rd &édstrﬁ@tg& ﬁfde?érﬁ@ﬁt%r frbf@he Andthe In $8EEembodiments,

di ment s, ovol t'ai ¢ devi ces of the present
componmemateualscfanorw @mr ahotomim sélbare e¢ledted wrtho@gefemmce to

comp«%q fpﬁlagasnﬁlggt? t 60/%h&gh€ E %/13 lﬁt cgf?velm o%ﬁmenq for

exampib fdr&'fﬁi&??l‘i‘&oﬁﬂﬁﬁi &l dah@bm ?ﬁﬁéii ﬁ@f/éptﬂcﬁll P thRwhile another
enmbodi ment, fiber phot ovol tai c §EVICES can di spl ay

photovdtpiceesdl ean cemptiss plestesopjicebfilbsr corearsbisgilt, 15 99me gmpodiments,

h nhodi h
i S0 oSRRSHL B RS RAEHEL B0, S 5.

constraéieh. EFbaPhaRivbRaic ChiE c@isGaetidn ¢anbentatiod 1rM1@'th£fQﬁ>r &dhsistent
opt oel ectroni c device conpr|5|ng at | east ane

el
with tb%ma?eir@lsr@@ methods descaived Bergingipgirediice pevely and ] arrays suitable
ﬁwaxgggggl 1c;:i{%lllsconprlslng a fiber core, a radiation
Slé%

rans rst electrode surrounding the fiber
C o esmaémb@hsentoeplptabityosfitsir phyv@ voltdaci!s claaibe bundled. In such

ur roundi the first el ectrode and el ectri_cal )
embodigishcFaeH 106" PAROYGials coli gk PRI aAtelr Rie G sty of iber

photoV SRS HIR TheY BolRRAPAY BRI QdmaRasikEa! | Y

In another aspect, the present invention provides methods of making optoelectronic
devices. A method for producing an optoelectronic device, according to an embodiment of
the present invention, comprises providing a fiber core, disposing a radiation transmissive
first electrode on a surface of the core, disposing at least one photosensitive organic layer in

electrical communication with the first electrode, and disposing a non-radiation transmissive
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covering the organic layer and electrically connected
to the organic layer. In sone enbodi nents, a
wEhbewoswehs ai c cell of a pixel conprises a pl uredT/U§2008/082262
phot osensitive organic | ayd?s. In sonme enbodi nents, a
pi xel conprises a plurality of photovoltaic cells. In
ot her enbodi nents, an optoelectronic devi ce conpri ses

secon B B P Tl R SR i o

radiatRAGFnBhiseive 6JHAL le%cﬁ@d@pd?hallyaddv%ﬁs thd plﬂhﬁﬁeﬁﬂﬁ{'é &lgﬁmc layer. In
cells. Fiber photovoltaic cells for use in pixel

some gyppdigienisoths optaglestpric drpiee P oraprisss éﬂ’h?tl‘?édﬁarl% sdht
i
UGN o ORI AR Lo e
embodmﬁ:nfsl, banprides sputelingoc dipadobtiny @reﬁl&itlenttmdsmnsmh@urbnductlve oxide

onto ASPBEFS PHGE SUBN R CIEBIme oA S AUANHE ABICIBEIS Ve organic
layer @éﬂ%&l %UB%{CQE& RARLRVEL &b&ro‘?l% |cbm‘foﬁ§bs%ﬂ@§1ﬂn§§th@ organic

ass opt core whi | e anot her P hot ovol tai c
layer methle fosireleotiope by dipecopling tspin copting; akpdri pﬂae$e dsppsgitiofyr yacuum

esul t., in.some enbod nts, i xel .arra
thermrgtipging, dySeREy 4 pocuraue ff SerTelsoptuieniah ddhiee
photo&nsitise BF%aﬁﬁU lage Niclcbrddtd 8 RomEichBDod PR ¥Ohpases depdsiting the
construction can be varied in any manner consi stent
secongeleptredreomthie organicdayaidhmepgihvaper aé@@ ideprséfiie sRIp oRting, or dip
coatirl%roduce pi xel s and pi xel arrays suitable for a w de
ange of applications. Li sone enbodi nents, a

pMutiddstof pefdutinben optieleattohit device,gh kome ambb@nk@mdﬁmﬂer
hi such_enbodi nents, each fi ber photovoltalc cell, can

comprgsrrsmnpalingdhephgtessnatipe Repnis layes o1 b‘lyﬁlisalhil gqmepmpodigents where a
I e

oot BABESLOLLASE LR SR B HALHSFIAR L e e

a nanqpacticl eipisaseenheadsigahe ommin ga}@ptnepmducredﬁglmr degrieces. cr)t!stalhmty

thod for producin toel ectro |c devi c
in bot mﬂwﬂ RO PR Sl FroreB L BEat e i of the
nanopafitR ﬁlﬁl@éﬂﬁh@pb@hﬂ‘g pRast! R@hoRi&e tpﬂés%@@&hﬁgslﬁg fullerenes, single-

radi ation transm ssive first electrode on a surface of
walled trebaronanotubies poliirgalbed claléa@smamtebwhot widwrss thevesf can form

v SR YT S bt P S AL AR o

organic/I RS M ceSIAURSB GOME cIbBainiAES cﬁrﬂccﬁhﬁ@eﬂﬂe@tﬁig the or%amc layer at a
conmuni cation with the organic |ayer, wherein t

temperpdwreaaiging GAm abansdA°C <P wbous d §51aifos adne pawdpdranging fjom about
s t
tminEAF RS 1D AL GBI BRI it 00 vercan

heatedfoptbmalstraingtegel | . Di sposing a radi ation transm ssive
first electrode on a fibher core, in sone enbodi ments,

c Bnysmesesbadimentera mgthed fori nrodusing aorioglerdioniq dyice further
compx?s{e%ﬁ%%ﬁﬁ%)ﬁﬁlcgs? Bgé'ﬁédn_ége Rt/ oP B ﬂeﬁn%&'%eﬁlﬁﬁlethgfﬁbgz%re

cor rrent S,
phoztdnismsﬂotmotho@rcg‘@mcmcinellemtrehiealemcea lthe present invention also
X nlctlon with the first. el ectrode conprises
prov1dd:é%§l}p qoﬁgelgpgg p’gomagnetm energy into electrical energy. Wave-

guiding may be utilized to increase the efficiency of the conversion.

In one embodiment, a method for converting electromagnetic energy into electrical
energy comprises receiving radiation at a side or circumferential area of an optoelectronic
device, the optoelectronic device comprising a fiber core, 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 non-radiation
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| ayer on the first electrode by dip coating, spin

coati ng, vapor phase deposition, or vacuumther nal
wa@eweakidny. Di sposing a second el ectrode i n el BCT/DE2088/082262

conmuni cation with the photesensitive organic | ayer,

according to sone enbodi nents, conprises depositing

the second el ectrode on the organic |ayer through

vapor pha 05|t| i n oatin., or di coat
transrh g GoR Slprtbs Bt s BB g e tierbi el BeStpihidppected
to the %Eﬁ%ﬂf@ 135 ®Onck H{etlliﬁﬁtl&i’ﬁ%de?@d%ﬂ BE@M H6retpgd®ats along the side of the
phot osensitive organic |ayer or layers. In sone

optoclentnaté Aevits anhprasediotretngrserived atvag cod ghtiieslevigy &or transmission

along (é}}?ggléglﬁﬁgna aﬁgngggf b%& frzrcl)artee I%gélldléﬁbogﬁge g?nsﬂgttg%&% éﬁg%[ least one

photoée%)ﬁ@iﬁfe 6@&11@1@551# €& géﬂeﬁ!@ Excﬁll%ﬁﬁ BetBe @fgaﬁfcylsyeall The gér}ératéﬂ excitons
bot h nmer and nanoparticle phases as well  as

are sub@gumttly wpgua detp helesgad siegironstat pReOHARSIEFIPIEPEIHA AL Be
organ]fcu ft}feg ?ué(g giseyeﬁ%&ﬁﬂ?peﬂﬁi g‘lg‘ﬁc ar %ﬂﬁﬁlﬁgﬁg ﬁg:’oﬁﬂmlidaﬁbﬁ‘ Qrith the
optoelgtirdriic Watiteed car bon nanotubes, or m xtures thereof can

f orm nanowhj skers in the polyneric t
o SRR B8 LSBT R Brgar Rpotosensiive
org c%(fa'} ? Qers%aﬂ&nft@n?ﬁﬂﬁtlgmgh%fpévaﬁesc% {59dP Th Deher

e organi c ayer at a erature ranglng
embodlmmsabmiﬂﬁg@etcaomlagmmic 1&Earf into aphdtmngiém oganit layer

angi ng fromabout 1 m nu to about 30 m.nut hi ..
compESHSP BRI LR SeERERe PR BIA A gy Er T fn @ Plane
norma?€o fb%gk&ﬁnil%&lsm% optical fBEr €8S Ipc&lve&ﬁ{ge a€BbagE fPdtnfe 2
for producing an optoelectronic_device further
embO@Uwpm of 8z piesspbEIvaRiCH, CorapRIes ebsorbips salidtionaecayrd/ ajp side of the
opoRERHEELE S980halRg 5 b PR Ao SoT SEbl l B amivin

radiatidhesto it ldaﬁt\tﬁxﬁblrglﬁu(ﬁﬂa§§t tprelxt theexoeddwoals, \iﬁlﬂfrelﬁ ol/ehitted g
electron%%%etlc ener into electrical ener

radiatma\l@g aike waaylea@ha am the abporked;radiation eTntsrnmle@mhoel}r%m the
pOI‘thH f H}ﬁ oA AbS rﬁé«?ﬁ‘y the AP HLARRL conﬂ)rﬁ% f?)%rsequadlatlon
ver Ing e ronag IC energy Intoe ectri cal
eIIEii Gythepempbodiasnt, @arsmvikthg thadidédtioaneadved isiodbe plnotosensmve

circunferential area of an o ectronjc deyj
orssiGRIEFREPFCppe e BT Bl i Enyih & goaderife agent

ﬁrgécﬂﬁé Qﬁb&fn"ﬁ@ﬁt@ SEdUSjunbhiG cothitdes @ PRirAUY 0P BIstiHeRrdjictions.
er core, |'east one photosensitive organic |ayer
As dmuxst:d bodimg buﬂcehawrpﬁmctedres tforoetd at H 19169’@@67 picadangr material and
conne ed t he f|r§' elecé%gdeﬁle 1 h
an acqgpier BRGmateEat ?O&EP&SB%? pplypeyic phase
and the %E@e%‘tcﬁgnit%l Qbﬂ@ﬁb@s d BYi8parBild pBhRC Ddnenkhd adtepoemheials for
the organic layer. Once the radiation is receiyved
use 1nanetb¢rts of thenpresenp biventsonsdre aensisient svithethese priwided herein for
ctronlc devi ce, as opposed to being received at
°p“m§ﬁ“ _ %W‘?he devi ce for transnission along the
| pginidiethBedimats Sra@fatibin i ih¢ibalt oaQrside dflike optdelattranic device at
transmtted into the at | east one photosenS|t|ve

any desprgd Angle] Byere webofanenatadiaior is spriveddy the opiagigsirenic device ina
plane ;’IME{I to Eﬁéqorggq{ﬁﬁ{rﬁi £4s ¥k HBB5core. In some embodiments, the fiber

structure of an optoelectronic device permits incident radiation to be received and collected
over a broad range of angles. In some embodiments, an optoelectronic device of the present
invention can receive and/or collect radiation having an angle incident to the side or

circumferential area of the optoelectronic device ranging from about 0 degrees to about 180
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are subsequently separated into holes and el ectrons at
one or nore heterojunctions in the organic |ayer and

W b@9oes®ses rons renoved i nto an external circuiPCT/IS2008/082262
comuni cation with the opt@g&l ectronic device. In sone
enbodi nents, transmtting el ectromagnetic radi ation
into a photosensitive organi c | ayer conprises

degre%s{ ﬁ.glaltln%t gt?qoéiadl t I Ot teﬁe@x&oﬂ V%gg:%??erocﬁlefa{‘t&/log g’olp::ict

radiatioRGadd a@&gleﬂbﬂn@td&mtr@l@ﬂ@ frbtn%o@tf @&égré‘eshayl&iut 90 degrees.
conprises upconverting at |east a portjon of the

elrebsing prgyRRle fecrepeine Hcidsat rediatipy averiavide pangs of Avglem)|
optoekﬁr(%ngggé\{l&g 'go’@ﬁl Cﬁééegt ﬁ@a@d&% ﬁ%h&%ﬂggdﬁng%msé arg not Ij}lmlted to any
partlcﬂaleﬁtediﬂatioﬁ\te plaix dlize dmrrpmpstemd/@b sapﬂmem)gra(hmil(mt IAma result,

received  at side of. the, optoel ectron Vi ce th
optoelgerpie Sriiess S Hie Rreteat myFntiog c@p By Sensiger eﬁ@%&aagtﬁ%@n collector
ormnﬁ&ﬂnﬁﬁh ?ﬁgﬂkﬁghﬁf'on into at | east one organic |ayer

to relax

e excited state, wherein the emtted
r Edibatlinmmtshzfsn@th@d*@mftcenveltm@dﬂeqtglnkagnhtmertek@' mt;scimﬁeohl energy

sty G GRolA B LAY PEHBEE AL GIFAPEy Boiabth fpe sde of the

optocle&fafié 8&8cd. Th 588 enibddindnts) thodhRtiAg fHérahBRIof eiti@icaBshprises
transmitting the radiation received into the

changisigdho edentatianyas p@ﬁl@an pﬁthea)yéxele@tmwp idswise sadafiviedhe sryreeras the
1nmdeg§ré'1ﬁ{a¥1| N uéﬁ‘%ﬁethe S go%%r emb%}iefn n\f\g Itr{odﬁlat‘?’ﬁgttﬁee nﬁp&gof incidence

roj unction co

comprisep bhﬁr%ﬁﬂgtpbsﬁfonhifhﬂfe lﬁ@ft %mwptotzidﬁngsme AsligtionauRsiecto the posmon

herein, a bulk heterojunction is fornmed at the
of the joptosleptienic @evige-donor material and an accept or

"R seoﬁﬂeaémbddﬂnélﬁggf l%.gﬁl%g%] g @ntqﬁs%‘ﬁﬁoﬁrq'ﬁﬁﬁﬁéﬁ recelvecf by an

conprises a polymeric phase d 1 he acce€ptor materia
optoelectnymi¢ dadceofMbapresert imleati@haseprisBomisiblaradiationaftraviolet

naterlalsggor use in.nethods of the present invention
radiatigpdinfrgrediradiatinn of combinabiens S‘F B59f-ded herein for

.o’@fl@ﬁlle@ﬁltt Elﬁi%hﬁorgﬁ\ﬂo%)eiﬁusttaﬁ‘ecﬁ%e SRR L ERBE-FimitiRE LBk 8

is thcident on a side of the "optoelectronic device at

any desired angl e. In ob¥AMRIIl ment, radiation is

received by th t.oel ect roni evi.ce i.n a pl ane
normal to the iB%EﬂqﬁgFﬁﬁKﬁg%%%%%W“tﬁ%W?%ber core. In
SAMRnShREL R Sle of BFibkt HRbelSdtFonid diveceOlasitepared according to the

opt oel ectroni c device permts incident radiation to be
followirgprogedirand col | ect ed over a broad range of angl es.

p?%ejeaﬁ et Oﬁg%gllg%qngdzeaﬁnb%? %’pﬁ[ﬁ%'}ﬁ%p r f‘g"b’f Fec r ag 6'1'{}1 frrtom

Thorldb8ywagstdppeangt &ithaaheeNThd urd belysied €ladding was burned away with a
circunferential area of the optoel ectronjc¢c devjc

torch Hagpgyi e sareat tisdiber pasikign etsenftdoméacvtttasme@@éaw@e% deippized
water, %@&%H@ 15029(%% ﬁgfgc%l su@d@sﬁp ?or trﬁﬁgbfd &‘Féﬁ 1ﬁ%v9ﬁ‘@%r 15 min at

|'ect atlon ve an angl e
100°Cl ﬂmledﬁaaﬁai ﬁlaamwasgubsreqmmlywoateﬂ wdthgindiem- tmyoatakat(m/%% 10) by

degr In bein er abl ecei ve, i ncj dent .
dip copieh (Y Pok) YR abaitt Coaisga T Orthiigmsdhrongh sirisk proggs asing
metal SE¢1 §ﬁ§p@tﬁ n%} REmRAKS 80l SIMYEInh 080 [200$P P87 embodi ment s,

are not ted to any
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).
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particular orientation to maxim ze the receipt and/or

capture of radiation. As a result, optoelectronic
walewpossodf the present invention can be consi PEr/Es2008082262

have a radiation collector 22r concentrator integral

t herewi th. Enbodi nents of nethods of converting

electronagnetic energy into electrical energy

b RRR Y R AR B FAR AR Dye)-t0.8 i

chlorddehflk &Gk depisitedi o tirdibel throwyhedip obaihignghd ticknedwpblyagr film
the angl e of incidence conPrlses changi.ng the
was aput AP Ar) o B fakiten: 3A Ade @H@d%wewpe@fq%dﬂﬁt thegpagljcyaporation
e h as
o oo LB 1§ U bl Rt i o
P3HTiRCBMesrgaic buypr dovesng dtzoug 50 of dlsa phom1;emit1‘tehE-SHIT gmBM organic

o A RSREt BR S D AL S5 b erwas sout

enbodi nents of nethods of the present i nvention,

radi ati on recei ved by an optoel ectronic device of the
pM@epteparntiemth@phowm@aics@sfoanaicbIOétheatHdeappf@nlectronic device was

ltr | et a iation nfrared radi a
charadlefsf s R o BivarisRit veliie P Shit ERHBLoHPRARDY i he sice
or cirdunfeiehfidta@sh dithd fiferfoptdeotrbaic @evict withtradigti @XeI Mg a bandpass
EXAMPLE 1 Lateral Organic Optoel ectronic,Device A
of abowb 0P inm toi abguie80&rmn andan wiquske el Y B&/e®tr oni ¢ devi ce

Bl SHREACORH SR DRl LONDD BLOGEINLE 0o FEns o

functi6iof the GndddBmt akdl© 6T (hb@sdeled radi@tonsdt hispjead tiodf fibers AR pRovided in
razor. The hard pol ynmer cl] addi ng was burneg away. W th

Figure;3,iih¢ shortqiresit curremt veBrewih thammels ¢idncidense oh iy radiatonigeeived
ata sﬂi@ofatﬂe Eiilbf:xr 2B ofheg\ﬂ? gl%%%égg(}sx?l\?gféy@g% G%O%Etﬁfmc @%@(}fﬁr&ﬁge varied

I Sopr opy
as a functiorv efithé angl& bf themadittidinOident T éhecdideanfetble dptbelectwase device.

(HiehSL §hsindes Bipngiasticlesty b prEge apiaplstronis devipqas

ﬁmctlgﬁ) éf tﬁg 1ﬂc-f(91ﬁ Qﬁgl e bf dh%ecfehfee Waa iR at 48l deRIr AeeSiser UsIBustrated in
salts, Sutapa Roy Ramanan, Thin Solid Filns, 389

Figurg ﬁzon)elgm en@rEyit Vhléager@‘l@snmtb thef ariglsr ofvipgiderteo 06 ﬂ@hhqaatlon received

in an ultr on| bat h
atasifig GG RoF Auitant dfeBuurer iy oSSR Ry qen o varied
as a finBti6Y 8MNthaingdle 8P e rddigtidd ineidenvass tHehs@db PtROSR el QradOnS ice.
for 90 mn (rotating the fiber times ever% after 30

nFi wyre Hilpsioers oy dwpijcpgents Bwlaﬁr pispaed ppieeiBalyens doee as a

func’u?jljlJ gg gqucaebgﬁ%fff Qisfh% E&&R{q&d tre?ﬁ%tL at%r upt{xn giggmﬁ%%ncg gr i qiber

As prcﬁﬁi%'ﬁn REforé 6] the wast albauitculeht vitjes smﬂhsbﬂa@l\é b¥incidence of the
M (Anerj can

radlatley éﬁcew%g abomtﬁh%ﬂr%@ges@h;%&@%ﬂd ptisiepl thmpriamangsf the
optoelgm&qggeﬂéeocaﬁ%@tv'aﬂgd i DRk LLENES §né:1£ oP@e¥aR At #Pident around

the circumference of the optoelectronic device.

cm.

Figure 6 illustrates open circuit voltages for the prepared optoelectronic device as a
function of the incident angle of the received radiation about the circumference of the fiber.
As illustrated in Figure 6, the open circuit voltage varies with the angle of incidence of the
radiation received around the circumference of the fiber. As a result, the performance of the
optoelectronic device can be varied as a function of the angle of the radiation incident around

the circumference of the optoelectronic device.



was about 300 nnm). In the final step, an Al el ectrode

was deposited via thermal evaporation at the pressure
wW®@2002056B03 orr. The Al el ectrode partially covererUs1ve8/082262

phot osensi ti ve P3HT: PCBM organi c | ayer covering about

50% of the photosensitive P3HT: PCBM organi c | ayer. The

t hi ckness of Al el ectrode was about 100 nm The |length

of, t.he fiber S Qut 1.cC Af-ter .preparatd t he
ot mbss pb el b el B ABR! Bl Bl B
varioud®bjeets ofdlge iahaltdal éf Jhoeld Helteddphived Gat GRENerabldittchits are merely
_ vglt%ge and short circuit current by irradiating the
illustratipeofdhe principles efthepresent apvention. Nuaeoppgodifications and
adapi RS PRI SANLE LY Bt BREE i@y the WA Reparting from
the spiritta@d Sédpyg ofthelitGenmddhc?. Figure 3 illustrates short
circuit currents for the prepared optoel ectronic
ddbpicehigh s£1368e iS5 on of the incident angle of the
received radiation at a side of the fiber. As provided
in Figure 3, the short circuit current varies with the
angl e of incidence of the radiation received at a side
of the fiber. As a result, the performance of the
opt oel ectroni ¢ device can be varied as a function of
the angle of the radiation incident at the side of the
opt oel ectronic device. Figure 4 illustrates open
circuit voltages for the prepared optoel ectronic
device as a function of the incident angle of the
received radiation at a side of the fiber. As
illustrated in Figure 4, the open circuit voltage
varies with the angle of incidence of the radiation
received at a side of the fiber. As a result, the
performance of the optoel ectronic device can be varied
as a function of the angle of the radiation incident
at the side of the optoelectronic device. Figure 5
illustrates short circuit currents for the prepared
opt oel ectroni c device as a function of the incident
angl e of the received radiation about the
circunference of the fiber. As provided in Figure 5,
the short circuit current varies with the angle of
i ncidence of the radiation received about the
circunference of the fiber. As a result, the
performance of the optoel ectronic device can be varied
as a function of the angle of the radiation incident
around the circunference of the optoel ectronic device.
Figure 6 illustrates open circuit voltages for the
prepared optoel ectronic device as a function of the
i ncident angle of the received radi ati on about the
circunference of the fiber. As illustrated in Figure
6, the open circuit voltage varies with the angl e of
i nci dence of the radiation received around the
circunference of the fiber. As a result, the
performance of the optoel ectronic device can be varied
as a function of the angle of the radiation incident
around the circunference of the optoel ectronic
devi ce. Vari ous enbodi nrents of the invention have been
described in fulfillnment of the
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various objects of the invention. It should be
recogni zed that these enbodi nents are nerely
WO bdoussgsat i ve of the principles of the presentPCT/US2008/082262
i nvention. Nunmerous nodifi@ations and adaptations
thereof will be readily apparent to those skilled in
the art without departing fromthe spirit and scope of
the i nvention. That whi cfbib/gp\&%ai med is:CLAIMS | . An
apparatus conprising: a fi ore; a radiation
transm ssive first electrode surrounding the fiber
core; at |east one photosensitive organic |ayer
1. suar appadhtusgeontpasistiige st el ectrode and el ectrical ly
conphected to the first electrode; and a non-radiation
t PatiSht®&i ve second el ectrode partially covering the
Ohgadibtol @MRMiaNE fakedédiodaklyondiipabt detrd;he
organic layer. 2, The apparatus of claim1, wherein
t 19k lepstinme PBOIPEENSHIYS 0T PELC laver sprpungding the dirst electregigand
r f ' reisn the optical fiber
elew%%ﬁgﬁ?ﬁsﬂeégteg t%ﬁlggig@o%?ﬁtggg% aﬁhber, guartz optical fiber,
o mnphdistiorctraphiissite detcdrer electrodd pertiafip avatring tlof orghmat tayer and

1, wherein the radi ati on transm ssive first el ectrode
electricgfly pomissted 10 Bii4838hI® ffans i ssi ve conduct i ng oxi de.

2. ° -Th?éﬁ@%@ BPéluﬁ%l of whirginthé fibWheFEdinprites iRGhiatal Sber.

transm ssive conducting oxide conprises indiumtin
3. oxXihdeppayatub blicheinmdj whereinrthosptiba] fiber compeis¢srrdglasn optigal fiber,
xi de

0 6. The apparatus..of claim1, wherein the
quarts ppicaL AR; ?ﬁ%%la%&gﬁﬁ’ﬁ]c% {0 er conprises a photoacti ve

4. T eppOdpparhius UTR1ARPA ek Bk redididh Banswhgivel listtd@trode comprises
phot oactive region conprises at |east one bul k

a radipigerergjsunssivenondestingepide. donor naterial and an

acceptor material . 8 . Gl ai . .
5. aipepRieE SRS Era i BRRBh dnfhisBlPtdldhioting pide
comp#aEé} ihdiamAGCeatq zalhemdaim o oRidesainaindipar tin oXide.

phase. 9. The apparatus, of claim@8, wherein the )
6. pdibgmapiratupphglamng éﬁﬁh@r@@sth%pla%ﬁea@atf%argamcg%r corgpyises a

atus of claim9, wherein the conjugated
phom%%ﬁf%gg{ébnpri ses pol y(3- hexylthi ophene),
7.  pdihyg@Bpaetuy bf tlamp Bewkgreindhe photbacties régiar emhprises it leasThee bulk
ppar at us of C(J@ai m 8 wherein the nanogarti cl e phase

app
heterqyppghion be&veey ) dopemateriabind i AsHHTBRE lor i xt ur es
g. theg %B}f)aratus of claim 7, wherein the donor material comprises a polymeric phase

and the acceptor material comprises nanoparticle phase.

9. The apparatus of claim 8, wherein the polymeric phase comprises a conjugated
polymer.

10.  The apparatus of claim 9, wherein the conjugated polymer comprises poly(3-
hexylthiophene), poly(3-octylthiophene), or mixtures thereof.

11.  The apparatus of claim 8 wherein the nanoparticle phase comprises fullerenes, carbon
nanotubes, or mixtures thereof.

12.  The apparatus of claim 1, wherein the non-radiation transmissive second electrode
comprises a metal.

13.  The apparatus of claim 1, wherein the non-radiation transmissive second electrode

covers less than about 60% of the photosensitive organic layer.
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12. The apparatus of claim1, wherein the
non-radi ation transm ssive second el ectrode conpri ses
w@200e0354303 13. The apparatus of claim 1, wherei PCT/082008/082262
non-radi ati on transm ssive28econd el ectrode covers
| ess than about 60% of the photosensitive organic
| ayer.14. The apparatus of claim1, wherein the
ngn-radi ati op transnj ssive second.. trode cov
14. | 3P Sphrunpbd i bR BrSpiee DGR GURL FEPYR Gy ERAPAT clectrode
covers R%€than ABout 509, SRS pRétESnSitivE baficlayepher ei n the
non-radi ation transm ssive second el ectrode covers
15. | &&s appexatus bHelpind 09w hdreiniilee mmtadgaélng itrehspeisgreegsped electrode

e ar tus of. cl Jherein the fiber
cove%%%{}ﬁag aﬁ%‘ﬁ-rg’la Tgﬁﬁ %enminfeo cjlfc%ar atus of claim
16. 1@he \élﬁ%{r@t'uﬂ of ﬂ@ln@m,g\klﬁerbli‘a tRdAbér cBfk idbaites sn addle. The

apparatus of claim 16, wherein the angle is | ess than

17. aBbewrppoauesf deim 16.gvhersia thgagicis aBowP0degress- 16,
18, S ShRrEIE oPOR? 16 M SRR areflA | B0 R, BOu IR

aratus of rern the appar tu3|s

19. a T@lb@b@f@ﬂuﬁ af €lamel b, wiktein Alte arbais ataater clompbosi Hgdegades.
| east one pixel conprising at | east og hot, ovo1 ta| c

20. cdhe aPP%’fét“E) Hgflé%llt‘é{h‘?fe@é % aRIBFALS 18 pigotoxokaipgell cor e

21. ﬁaﬁ?«‘gjpg{alt rbo SSI ve first electrode surrounding
er cor Ieast one photosensitive organic

| aykastone poxeh cbmmm@atﬂearss onepledevodidis calldthe pbetovelisad ¢efl

connected to the first electrode; and a non-radiation
COMPIFIRZs i ssi ve second el ectrode partially covering the

organi g diRyesre@nd el ectrically connected to the

organic layer. 22. The apparatus of claim21, wherein

the fi laeadlamretrmnmsn@efsrsfaﬁie@l;@dﬁ garounding the fiber cprgs

appar at f n122 wher ei n_t he fier

conpr P & gie % OélF gﬁg os%is tlvg organjc layer su%ﬁé#cﬁr?gl the fﬂ?{ ectrode and

electrfdal¢ ConrRtted tHRSrbCelepioide;adndf | ber. 24. The appar at us
of claim 21, wherein the at |east one pixel conprises

a pl ur alnionyadintipmhausREsse seoens) qlectrogs partiglly spyraing the organic
layer %ndr e&hnllﬁz n}ﬁ{?&é‘ﬂoﬂgé Bfl-gnaﬁ Mid ity of photovoltaic

s are aratus of claim2 1
22. Camgrabpirt@s afclaini ay, \Olﬁerﬁlnxbé Bber2dre chngprizppar aiticsl Her.

. Sl kit oL AT, AR NS | 508 SOLRL COULECLRY oo
o PR BB edlygfe oty of ol ol 25

24. The apparatus of clalm 21 wherein the at least one pixel comprises a plurality of
photovoltaic cells.

25. The apparatus of claim 24, wherein the plurality of photovoltaic cells are bundled.
26.  The apparatus of claim 21 comprising an array of pixels.

27. The apparatus of claim 21, wherein the apparatus is a solar collector.

28. The apparatus of claim 21, wherein the fiber core is bent at an angle.

29. The apparatus of claim 28, wherein the angle is about 90 degrees.

30.  The apparatus of claim 28, wherein the angle is less than about 90 degrees.

31.  The apparatus of claim 28, wherein the angle is greater than about 90 degrees.

32.  The apparatus of claim 21, wherein the non-radiation transmissive second electrode

covers less than about 60% of the photosensitive organic layer.
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30. The apparatus of claim28, wherein the angle is

| ess than about 90 degrees. 31. The apparatus of claim
wQemssnei n the angle is greater than about 9PCT/US2008/082262

degrees. 32. The apparatus2ef claim?21l, wherein the

non-radi ati on transm ssive second el ectrode covers

| ess than about 60% of the photosensitive organic

| ayer.33. The a ratus.of claim.21, wherein the
33. n%%@ APRgratyy lztlg—gﬁs whersin, eggeg%até?%%ix}sglasgwg Os\ei(‘éqng electrode
covers 1BSSthi{ bR BOULorIR IR osehat i GHoRsie IBjet.i VE Or gani ¢

l'ayer. 34. The apparatus of claim2l, wherein the
34. nBhe apmiraivs ofvlaimadis mbstsiy thegwngadiaidoneEanspasivedoeqnd clectrode

| ess.than t %.0f _the.. j.tive organic
covery IgSsetpan .u?g%ottﬁlgedp Iboftosr?%ﬁtllﬁ%&%%ﬁgg Slé| ectronic device
35. CATREthSd BOmaking vh @piv@ledtrbhibdevicOc@npribisgosi ng a
radi ation transm ssive first electrode on a surface of
t providinga fiBers396%i ng at | east one photosensitive
or, R . . e
¢ B Gy L PRl gh ol B oRERBMTAERRLER: B i bl
t didposiigatilyat Secshutosehsiite agenit tayet modledtdel communication with
conmuni cation with the organic |ayer, wherein the
the firpfghecttedesdion transmi ssive second el ectrode partially
\?\gﬁéﬁés?nré o or9-¥ gﬂioﬁ t1a@¥Bissive Seconll €1cERENOE cRictridapédhanication
erelmthe fiber core conprises an optical fiber. 37.
with tHhergamit fayer,of herdinitha 186 radiatior iransniiesivpsecerd cle¢tinge partially
conprises a glass optical fiber, quartz optical fiber,
Coveryy egr%?pgsgfiyeg. optical fiber. 38. The nethod of claim

36.  3Fhe WaARHORIIT clatd 35afhatkinaRe ibar ot Ssthim@sek b opticil 6bém ode
conprises a radiation transmi ssive conducti n)g oxi de.

37.  3%he Methodmiflebdm 3P, whericin the optigad fiberroptsisphd glasseepsicel fiker,

organi & | ayer .conpri.s phot oacti ve region. 40. The
quaﬂzrfﬁ?‘ﬁ%(ﬁb&f’ %P&’.l?ﬁ%ﬁé??{wvﬁzlrbgﬁ'n t he photoactive region

38. COMRIMh&ERS] &f clhian3s3, wiieeeih tHelradiati@f ansndsdivenfidoedleamide @omprises
~donor material and an acceptor material. 41. The
a radighonriraspissive sPAduEtng @Eei n t he donor materi al

39, CRUPLieRRR & c&%ﬁ@%ﬁgm&ﬂg Eg&@ g%Tsﬁ%e %f%glﬁt 19Yer %Bﬁl?iﬁhé%l a

conprises nanopartic The thod of alm
photo@fivewbpgtrei n t he non-radiation transm ssive second
el ectrode covers | ess t han about. 60%.0of the.
40, piibe isdidiaficlaim og AR By BRotoRsiiveFrgionevHees At lepsy opp bulk
1198 6ERiebn b IBn&YARattAM Al R ACLhRRITSHIVE second
hetemi\?’gcltrocfgecoverg 'ess than abou 50% of the .
41. phibe ot dficleémaiOgwherein thy dpnorguaterfal sompribesc pyflyoerag phase and
35, wherei.n the non- rag{'.alti gn transm ssi ve second
the ac%qpé(artrpgaléal comprises nanopartcie phase.

42. The method of claim 35, wherein the non-radiation transmissive second electrode
covers less than about 60% of the photosensitive organic layer.

43. The method of claim 35, wherein the non-radiation transmissive second electrode
covers less than about 50% of the photosensitive organic layer.

44, The method of claim 35, wherein the non-radiation transmissive second electrode
covers less than about 30% of the photosensitive organic layer.

45.  The method of claim 35, wherein the fiber core is bent at an angle.

46.  The method of claim 45, wherein the angle is about 90 degrees.

47.  The method of claim 45, wherein the angle is less than about 90 degrees.

48.  The method of claim 45, wherein the angle is greater than about 90 degrees.
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covers | ess than about 30% of the photosensitive
organic |layer. 45. The nethod of claim 35, wherein the
wo pimensses e i s bent at an angle. 46. The met hoRICD1S2008/082262
claim45, wherein the angl 87is about 90 degrees. 47.
The nethod of claim45, wherein the angle is |ess than
about 90 degrees. 48. The nethod of claim45, wherein
r.eat

9. o mERR P OnFER iR AR snd TGy Sl comprising

elr@eivihCaldiBoe koY side 6P sptigl fib@eereyi ng radu ation at a
side of an optical fiber core; transmtting.the

r SAPSRItEE tha rasligion ippst 1%@%%%@%% QFEATRG R ¢
he organic |ayer; and

sg&grrgtn%ﬁ%{tﬁ{leg 12)%%?%&%5&% te%)r%le1 ectrons and hol es. 50.

Tlsepamtﬂgaﬂe efcitohainto doctrodsanéhnles.he fi ber core

conpri ses gptjcal fiber..51. The nmethod o l.ai m
0. S MR o o A5 pinesaim Freiiber cosmsBEE dngPied foer

0 i l 1 fib
1. Rk B hdd PeHain SR AP Blicd ST corbriiSs Befias e foer
quartzpmttoahﬁlpm ¢1i ayplasiicgtical fitlmy.er conpri ses a phot oactive

he net hod.of claimb52, wherein the .
52. 6%%]?9(6%{ 1 1 W@glﬁbl} {hgépb %)tser}séggtor%a&éc %X?r comprises a
photOQ&{\@rr@glgﬂctl on betvveen a donor material and an
acceptor material. 54. The nethod of claim53, wherein

53.  t Adedentiend ofeplaimi 5%, wherept the@hotpagibioyRBirn cORELES aa}?asttowe bulk
hetero?}c i 1%% ho's tgvoeeégrdo o 58 %5}' a\?ﬁsan%@e%?%r Iﬁétg,%;ﬁ phase.

erel er core IS bent

54. atTh@ et & cldif 5 3Thﬂlefﬁiﬁ thedondr rahtaiiah dompriskes polpmetiephase and
le is about 90 degrees 57. The nethod of claimb55
thea Plemﬁteﬂhlecowsés panopwdislehase- about 90 degrees. 58.

reater
> t han aétt)out %ﬁ)al egfg)ggél%g@%ﬁf QOIE %@ cain%llér;n 49
56. famehnmthc&bcrfpﬂam mmmtmgmg]ees aéboem:% dnged:snt 0 an

rn
57. e)"(l“ gmet od otr c?alm 55 wherein the angle is less than about 90 degrees.
58.  The method of claim 55, wherein the angle is greater than about 90 degrees.
59.  The method of claim 49 further comprising removing the electrons into an external

circuit.



