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FI BER PHOTOVCLTAI C DEVI CES AND APPLI CATI ONS THEREOF
PRI OR RELATED U. S. APPLI CATI ON DATA Thi s application

wheoeh$o9tt ai ns priority to United States Provi BCDH82007/067925

Pat ent Application Serial No. 60/796,608, filed May 1,
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Departnent of Defense (United States Air Force Ofice
of Scientific Research (AFOSR) Grant No. FA9550- 04-
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licepse rights in this. invention. [FlELD THE
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ApHicagbestiN: 60696668, fabdMayn, pegd.i cul ar, to organic
phot ovol tai c devices having a fiber structure.
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mpetteni al s provi de desirabl e physical properties, such
as flexibility, permtting their use in applications
unsuitable for rigid materials. Exanples of organic

FIPRIDCPOFaGir paveNdgyiNces conpri se organi ¢ photovol taic
cells, organic light emtting devices (CLEDs), and
or gahliccprpivot maententrolates tehrgavicaiptaslestrdpigidseisceandy ar t
el.ectromagnetic radjation into electrici by

pofiftr RBEATE R BRI st Moo el Bl s mect e
across a |l oad and exposed to light. The el ectri cal

power generated b hot ovol taic cells can be used in
BAGKGRG vk
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chargj [ j. € i L I '
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dashatilowod tvadeovatiewi afepplidivaeforiatrminibex o NMeaope.s Mdudrials used to
vol tage, the open cj rdcuit voltage or Voc.  When i
conptrugd OLgaa %tqqfieqtrloglc evices are relafively inexpensive in comparison to

their inorganic counterparts thereby providing cost advantages over optoelectronic

devices produced with inorganic materials. Moreover, organic materials provide
desirable physical properties, such as flexibility, permitting their use in applications
unsuitable for rigid materials. Examples of organic optoelectronic devices comprise
organic photovoltaic cells, organic light emitting devices (OLEDs), and organic
photodetectors.

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, |



10

15

20

25

30

el ectrical contacts shorted, a photovoltaic device
produces its maxi mumcurrent, Ishort circuit or Isc .

wQwen3wper at i ng conditi ons, a photovol tai c deRCTESI087/067925
connected to a finite load, and the electrical power
output. is equal to the product of the current .and
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.opti mal .conditions. Photovoltaic devices
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grpdtot pvesintagie of disviricel powvastothedeat! wsleneptimag condiggqusat i on

2 inc is th f the |jght.ingident .
() M50 5 BT BB R Mgy b BRSOy o
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and some have achieved efficiencies of 23% or greater.

NpHRERRYO vl davisstis oy iled FGaraIng [ s@ustige (3)ceere Pin is the
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expensi v produce due to e problens in

fabricating |arge cnysifad . Veg®ifr @n crystalline
defects that. pronote exciton recogbingtion. .
mm%?ve?eélq@%m liRe QhASRYRRALS SEicPP doMIkOEBVBFICH ¢
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o Constructing organi c photovoltaic devices having
cfBtitntuirgsidiies-bewdplaviabd, espeoiailpof agd airfley acesarp dfGsulhand

techni cal chal |l enge. Sqme organi c .photovol taj c. devices
XRERBYS O AP BB B B RbCg IR Gy g Cryyfily raediaen
cryfllih&uwerBé tifak BRFAAS cLliRrédrthindliod! GRMkerBRAY avalabai C

devices results froma severe |length scale msmatch
anprphgasisilicon photovoltaic cells demonstrate ettficiencies ranging from about 4 to
12%.

Constructing organic photovoltaic devices having efficiencies comparable to
inorganic devices poses a technical challenge. Some organic photovoltaic devices
demonstrate efficiencies on the order of 1% or less. The low efficiencies displayed in
organic photovoltaic devices results from a severe length scale 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.
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exciton diffusion length (LD) and organic |ayer

thickness. In order to have efficient absorption of
wae®rhb®72l ect romagneti ¢ radi ati on, an organi cP€T/UM007/067925

must have a thickness of about 500 nm This thickness

gre xceeds ex i t.on diffusion th whi IS
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ber structure and the use of waveguiding in a
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lmhﬁmﬁyﬁbmsﬁﬁmﬁuﬂther enhance the ef ficiencies of

organi ¢ photovoltaic devices having a fiber structure.

SUMVARY The present invention provides organic
S@Q@&g gl taic devices having a fiber structure. In an

I ment, the present invention provides an organic

phot Ti\ﬂpr‘emncindemiomqarovidpsr orgamg photbivoelstic édvectshadi@g a fiber

conprising gn indiumtin oxide fiber. at |east gn .
SR P B S ERROGIBI AP £r PSR ARV BLPR BIiIoH g PR Fidfovoltaic
deezic%%ﬁ@%mg ractr@d S&olde %&Fﬂﬁﬁ@ B ild®e A okRR ffHef Saft least one

el ect rode, a second el ectrode surrounding t
photasamitevd @gemc éﬂydr sireemding ahd k}rst:dm:tmdeeiud tebactrh‘elly connected

ot IR fstPErnd DRt SRbeRO8h TR i aF el dand

cl€@iRilliydoRfected to s o1g@iiie lay@dr.r adi ati on transm ssive
first electrode surrounding the fiber core, at |east

one Iﬂf@@@@@%@@b@d@ém@ ﬂ@aﬁﬁ:&@m igyetios reGderdinrygamephgteyaltaic
de%}c%ccto g)g&m@ %lr g&te 4 G3ldi%n ?r%ﬂ%@%&%’ fitP efegtgo dd sﬁ%%undlng the

ectr a Second el ectrode surroun
filer gaurel at 1bay efic ﬂnﬂosﬁehﬁﬁ{ze‘ dn(gaiulc Yayeo sureminéthgtthe ﬁhse electrode and
organi c | ayer ei n t he phot osen t|ve or gani c

el?‘é?@r”%@ﬁ%%@e@ t%ffﬁwseegftrwﬁea%%ﬁ% ¢legtrods sprougdingthe
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r co n thereo | n~“anot her enbodi nent,
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|
1a§tg 46 ﬁecnﬁﬂtSffswﬁs?ia? R O 8 ORI o

C O afibiher dmbbdidbn Hf%%és‘éﬂﬁm@&%'p%ﬂ@es% dpistildtohicn
oxide fiber, at |east one phot osensi tive organic | ayer

desipercounneising at Ivestione ixcé berapiveipatdpest encphatoxedteiopell, the

photovoltaic cell comprising a first electrode comprising an indium tin oxide fiber, 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.

In another embodiment, an optoelectronic device comprises 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 connected

to the first electrode, and a second electrode surrounding the organic layer and
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connected to the first electrode, and a second
el ectrode surrounding the organic |ayer and
web@ctsiocnl |y connected to the organic | ayer. PEI/US2007/067925
anot her enbodi nent, an optoel ectronic device conprises
st _one pi xel conpri sin at. Iea t o
elﬁﬁ%@@i@&){%@%@ 181t orgpyc i e Tor SR grapig layer
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o R oY S, her o™ T S

enbdthamtdcat ingetionedlsacmbpides@sthad pbitisralludiyg ofiber photovoltaic

photovoltalc cells. In other enbodi nents, an
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Wﬁér@l%rth@&rlgast gﬂl@ﬂﬁﬁd)s@ﬁsﬁvé &%hﬁ% &y E(’irﬁﬂ%& $8lc¥& ohb r st

el ectrode on a surface of the optical fiber core,
U PRYROEST n@temal Iaehsﬁtomﬁ @qmrtﬁd dewndye. iape-congfantiting éy@ rquimfum
| ectrical jcation with the first el ectrode, and

doﬁ%ﬁggmﬁﬁhgn (%o d electrode in electrical

COMMARinG ki fbydifndnt, B enctd@at prodayiag a MBEpIRItevIIRAR divice
| east one photosenS|t|ve or%anlc | ayer conprises at

conyises pivEidifrcningiuneiin prgide fiban corardisposnskelsasiener i al |
pﬂo ﬁanj%/e orﬁé‘?% € #‘netlﬁlfl%l}%{“ﬁgl}‘meéﬁ% @%ﬁg%@gﬂﬁn nﬁ&alde

ﬁtﬁe@ ot adldibpging af debetd gbaiode oh tlatteicalesnmeuriaitipn ivathsthe
provi di.ng an .indiumtin oxide fiber core, disposing at
ph°§ﬁ§?“¥ﬁﬁ§”§ﬁ8@8§@53|t|ve organic |layer in electrical

COMER GaldnPihvihitdh Jd'aﬁldngﬂly ﬁ&i‘gﬁieﬁ‘ n{%ﬁ{o‘&@ & c‘%ﬁCTrﬁﬁﬁ €

and di sposing a second el ec In electrica
clexromaghetat ¢nergywntohel¢decad hnrtrgg ehsorte epgbodirgant) £mietpd for
The.greéfgt inv ntion a d| onaL rovi des net.hods
CONYPTIRG SIPETPTAY! F&E?ﬁ% P’tca ﬂé@’yﬂ“ﬁ‘ﬁ%%ﬁ%@?ﬁgo al
ra8iA868¥long ﬁleqaﬁglﬁmm hXi Bf an SptiEat B, frMsnfi@RMYekd faBBition into
el ectronagneti C energy into el ectri cal ener gy

at denyiperios photpssasitive agganic layer, generating excitons in the organic layer, and

separating the excitons into electrons and holes, wherein the organic layer comprises
at least one upconverter material, anti-Stokes material, laser dye, anti-counterfeiting
dye, quantum dot, or combination thereof. A method for converting electromagnetic
energy into electrical energy, in some embodiments, further comprises removing the
electrons into an external circuit.

In another embodiment, a method for converting electromagnetic energy into
electrical energy comprises receiving electromagnetic radiation along the longitudinal
axis of an indium tin oxide fiber, transmitting the electromagnetic radiation into at

least one photosensitive organic layer surrounding the indium tin oxide fiber,
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radi ation along the |ongitudinal axis of an optica

fiber, transmtting the radiation into at | east one
W@bWUrodwnsi ti ve organi c | ayer, generating exciRCHES1007/067925

the organic layer, and separating the excitons into

el ectrons and hol es, erein the organic
2EBIPre Sedtogs 1 ‘E‘ng ga&ﬁ?iﬁ%cﬁ%ﬁ‘r&?ﬂg@ﬁé’ﬁ%ﬂ% mto electrons and
h@gﬁl-Stokes material, |aser dye, anti-counterfeiting
dye, quantum dot, or conbination thereof. A method for
conviarsping @H&Oémmdgnethbds Qaﬂﬂ@fr glVSf'mm inyeetiectid cal
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inBARH ReSctremB skt iFeAdiatich, MRER et PictroMay@tici rAdiation, or

el ectromagneti c energy into electrical energy
coptnprtiongdhcredéei vi ng el ectromagnetic radiati on al ong

t he j S ' de f

tr anier i P e e RS bR b e i o MG i
gre@asdetahia th&ldét@ﬁ@r&stmpt&)nmfgmmczeﬂtmyleﬁhlsmfcnkawsd| ng t he

indiumtin oxide fiber,generating excitons in the

organic layer, and separating the excitons into
Bﬁlﬁﬁbﬁgﬁﬁﬂﬁﬂ@»@@#¥ﬁEk@G enbodi ments of nethods of

e present invention, e el ectromagnetic radiation
r ecdiiged lmﬁnﬁratwosmsscnthinel abectf aqﬂm@nehaic deddé edmomsing a

infrared eIe trona i on, travi ol et

il St BTG HEITE 1 AUFPPSRICToPT b BTt SREOEher eof
Thesﬁgﬁﬂé@ 0L LHOQALARALBvigh & af hbﬁ%oﬁaﬁ@ 3@\%6 cornprlsmg a
i nvention are described in greater det ai |

ﬁbﬁéﬁ@ﬁwt@l@ ade@dmgrto na@ nmbﬁdmt@@t pinthe prasent m\mn@hnf oI | ows.
ustrate

cr oSt 0E S TTBHAN il 1o iV s Skl ettt o

fils IRudticN@edt dfghebn %hﬂbU@ﬁﬂﬂhﬁoﬁtﬁ@ PrdEmgndcation.
enbodi ment_of the present invention. Figure 2

i |1 USewgtiedlugtradessabsaiptipn HEENSIEY ppcHr ag a pition of ingident angle
at ‘ifﬁ;n'e? snacf&m;a{ (ﬁ%aﬁc éhgt%(ml‘?ehé HEEW aecc I:gjt(ra'eaﬂ%n{b%dﬁﬂent of

dirmen sent i nvention.
the bteysitriatersionr 0Ss sectlonal vi ew of a photovoltaic
devi ce ca r|S|ng % flber tructure accordi ng Io an
f

enbong\"FErﬁt Iystratgsge (gg)@rpt efestramagnstic 1gfigngirayeling in a fiber
Holtd\}éﬁﬁlcg’lte%%e %Qc%?&lﬁ kPth éfrﬂ &ﬁﬁl'eﬁtyofstﬂ@ﬁleﬁéht fieRtidincti on

incident angle at a er end face of an organic
phot Elgmietéailspldﬂ\khﬁeemad: oum‘esn@)r {rwident mgi)@das rmcnnctmm df h e
Eresent 3 ure illus rat s . refrac
e

el BB 18%#3&%1 frgR! rﬁﬂs&}an gni CTficE (o 3,0 bi3lerRltive

organic layer according to an embodiment of the present invention.

DETAILED DESCRIPTION

The present invention provides organic photovoltaic devices having a fiber
structure. In one embodiment, the present invention provides an organic photovoltaic
device comprising a first electrode comprising an indium tin oxide fiber, 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.
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phot ovol tai ¢ devi ce according to an enbodi nent of the
present invention. Figure 6 displays theoretica

W@ ova39for i nci dent angl es as a function of re¢T/EHS00VE57925
index to achieve total internal reflection at an

|nt fac hot osensi ti ve or anlc Llayer accordi
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phot ovol tarc devices having a fiber structure. In one
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hot voIt npr.i.si fir | ectrod

RN e S Rl FRC bR e P o B FEL P Bge end o
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el ectrode and electrically connected to the first
orgirae tayed avhernie the oseadhly el et vereatdenst onmencanvartes material,

r t t

anfi- ﬁgg%scm%tgxgr la?&%g eé;oué%#egm%e@g (ﬁ{aﬁgmrl goetsgrﬁ%ombmatlon
theﬂeuiéntl on provides an organi c photovoltaic device

conprising.an optical fiber core, a radiation

{r arSRmRaN RS sy B SempeRfatSRAmhanYaltug denecoiseriding to
erﬁﬁdﬂ%etﬁg’Bﬁthe?ﬁeslsftaﬁ%n‘ﬁgﬁ 1ﬂﬂgﬁgg%gﬁg§l'f\6%r E’(frg@ﬁr%% fh@)(@crond

surroundi ng rst electro e ectrid
clomdes taed phatosdneitif ¢ petanel lewtrs, (a(mset &nth ia teeBGMapplication

| ecty ode surrounding.the or Ia e and
Q1L ety Hptactifiaek eiss e STy flgfday fy 2006
the T-’L![rﬁﬁ‘l'g'rﬁwd t%)é%ﬁlp%ﬁé’ﬁ% ih8e&nade 1h@1§§éd 1ﬁ%r1819§&ﬂt\/&ﬁﬂ18ﬁts of
material, anti-Stokes material, |aser dye,

phetaiolteiguievises ef the nepsenyt envequamtnhlmocrottalc devieerddithepiceamt

suitable for onents of . .
inkiER R Rao <Rt AR e SLRERRRGM: eyt ipgntion.
anfIRIBEINiber BYRMfla@hotdvBkdid devige OPtht padsciitiiR@Inti6NEBprises an

first and second el ectrodes, and photosensitive

ingiughin exidajibers, Whereths @Iptlﬁaé fbRT $0§C CHRRPIEST aa pl il At Gide
) 0E hE e R LR IR REE idim e

fitied co@ninsoattt entiddahertgnetyes amlorlthl debpitioaMétrer 0ote and first

enbodi ment s of photovol tai ¢ devi ces of the present
el5aipdi i%ﬂilerpqﬁ%l?%?lttél e/ FLR8e SpmpHging gadipfon transmissive

co'nH &Hl’g' o‘%‘iheclﬁ%pﬁé #8pRBd BRIALRabd HEhe GRIEN thb xRk Woer. In

odirnents t'he present invention, an optical fiber
sucb embocﬂlmn‘pshtimarvdnhm(m tcandanssoe oohdudm@ @Erids eant conprasn ghlbiom

F O SAe (bl PR n TR ¢ O aMHRORY Ha 2 (KT0), o

in8RBAtiRbgdand distinct first electrode may be optional.
The indiumtin oxide fiber core, in sone enbodinents,
ser Viagngdehenbodimenio pfirg alccirpdregonsprsengaanctal haying a thickness

operable to at least partially transmit visible radiation may be disposed on the surface
of the indium tin oxide fiber. Metals suitable for serving as a radiation transmissive
first electrode, in some embodiments, comprise elementally pure metals or alloys. In
some embodiments, suitable metals comprise metals having a high work function
such as gold and silver. In one embodiment, for example, a high work function metal
has a work function greater than 4.7 eV. A first electrode comprising a metal can
have a thickness operable to at least partially pass visible radiation. In some
embodiments, a radiation transmissive first electrode comprising a metal has a

thickness ranging from about 50 nm to about 200 nm. In other embodiments, a
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el ectrode. In other enbodinments, a first electrode
conprising a radiation transm ssive conducting oxide
woreap7hs09di sposed on the surface of the indi umRPCHUS200T@57925
fiber. In such enbodi nents, the radiation transm ssive
onduci ng .oxi de can conprise galliumindiumtin oxide .
ra%@lq*bsrén PPREvS ﬁ’iﬂ aﬁ‘ft’fqdﬁ CSQHPH@%éZl“}"é}T cag Rayqih Hyckpness ranging
frO 1288ut (AR to Hout NS D Tk B f¥cH EmbbdinRAREREiation transmissive
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filyesleqitpda compoking s snapdwrabtld cknesatangimgdtonp abaut 400 gm to about
12‘ ransmt visible radiation may be di sposed on the
ém‘ace of the indiumtin oxide fiber. Metals suitable
for 1merfitAg @shodimad] afdd@fioh hanshissisé Aigst Bleb®éde comprising a
el ectrode, in sone enbodi nents, conprise elenentall
copnositerpeterigl epmpgising snanopardigleephasmdispaitedtia a pgmmeém%\ase
. ise ' . i rk. f '
mF bt RSB R PR S AL AE o B8 B i AR AR phse,
in@xaepibedingnhicgin covapisef darimin mnonbdEQ fullkded, omiktures thereof.
function greater than 4.7 eV. A first el ectraode )
conpHPLcHsf i1 pErcamRodimpntyen PrtipdldIbse sre sp@pEpiseass optical
o Al HerE R e b L HB B O Pk T YRTE iy
socemmbcsliments anetaistrhetsd af pdiymkthgbmethacyglang hrotimrabout

0 nmto about 20 m | n other odj,nment s
e S STRE RGSA SOR & s e ot P DRl s PEBC)
co‘ﬂ?a‘iﬁhg ?élgn{é?s\,/ Such Js'}Je §e§rcfo@ﬁ&h_@ 90181(&?91‘@@1*%9&'.? OpRcAI LR,
about 150 nm In a further enbodi nent,” a radiation
accprdingnto seing smbodisnendd efdhe prgeent orsniie, wan eompiissl sitgde made

ort RUENRE i RO B SRR RRS P ke B /i B

infédtivh, @l soflelc@hd dHNY, lafd fikkiBle cONposi te materi al
conprising a nanoparticle phase dispersed in a
pol yitepime cprbadeneithy apepiead fosiewpronf ¢ protavrlficéevise odithe
i - C i
L HTLAI  rhe dhnaid FoBAIRRET W SLBACE A, 19 2018
endfodihadtsiraptibefdef corboambamers dikmeteormag gt abnit 90 p@anto
optical fiber core conpris gl ass optical fibers
abqiyia} f-of5tq ather srpadimeyyy a Eﬁgfsctqr% ﬁw iBRFLCF [49gHng from about

20(&19%3 2bdut@8h Ly optical fibers, in some enbodinents,
are constructed of polynethyl nethacrylate. In other

enbodlh optidas fibgd @sd, iaCca@pingc@korhic babsdimeatsCitazsitlenith echgify
per fl uargcycl obut ane (PFBC) containi ng pol ymer such
fropa apeut0f) @ﬁb&ﬁgp%lﬁodﬁ@- gaiofea P?‘I%@@hﬁ@mss an @ﬁtqaifé\ber core has
i I . j ' t t .
o OB o ERGE L0 | B S8R0l TR, TR Brlr RARRER gpgical
fited lcbie-HaD d Geriieit Ha@@ingffidde hsout PP uncR) abbubBI0SUhOr use in

t he ]p resent ' ' ' '

n a further embodiment, an optical fiber core of an organic photovoltaic
device can be beveled or tapered at one or both ends. Beveling or tapering one or
both ends of an optical fiber core, in some embodiments, can enhance reception of
electromagnetic radiation by the core. In other embodiments, optical concentrators
and/or lenses can be used to increase the amount of electromagnetic radiation received
by optical fiber cores of organic photovoltaic devices of the present invention.

Photovoltaic devices, in some embodiments of the present invention, comprise

a radiation transmissive first electrode surrounding the optical fiber core. Radiation
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i nvention, in sone enbodinents, are flexible. In sone
enbodi nents, an optical fiber core of a photovoltaic
wa@leo7a8098f t he present invention has a di anet ePCTHBPOTIQT7925
fromabout 1 nmto about 2 mm In other enbodi nents,

an optical fiber. core can have a dianeter. rangi ng,.from
B VS oA Y g@f&%fﬁfﬂf fnihe 4y Qi Frst PHBbaD o diatign in
thé VRAJe £QIdh dFaBe ActicBinfic §ROGUAT 1h G aRBsin?RtsMPdlafon
about 800 mm An optical fiber core, according to sone

tramwivesdivieenateralhean pass eindlhelectrghaggetic piagbo wtithsomimah t o

about 100,,nm. .l n ot her,  .enbodi ts, an optical fiber
AR PG O ante D QGO T orraisait: 27 i hef Syl 1 tayers
thifProvide @ nfddiiirh €r RIDEEH Ridto-g@trARt biadnt td DedxtanileiRas or

al en%h rangi ng fromabout 10 nmto about 100 mm In

pravifing hes vadigbo 9l the aptockatrepe dewre. f Apsleckedaproridgnthe

: ' ' i :
i Ay RO R R Lo EAL D B Rl PR R
wetidsadotradn ooptht catkarfsifoetrarspoing ithe charg: @ixediom@ifi@n the
can enhance reception of electromagnetic radiation by
el CHEBE | n ot her enbodi ments, optical concentrators
and/ : : i :
ol et AR (T B AELARRE & S el of he
presnesveition; gampiesep b oidataint teinsmisiviccesdwafing logider Eadntion
i nvention.  Photovol taic devices, in sone.enbodi nents.
gAY SPRUEARS DR o S9C BBRBTINCAL,CqLgisgt g tn oxide

(Ifog RaMueS MGk tif dkidel( €SO PARLSBAY B4 BLIIBIATDS, MRAEAhdium
fiber core. Radiationtransm ssive, as used herein,
tiy efide ZITO)t hearahdriempotioneat, theraliatioa ttahsthisyive sk electrode
radi ation.in the visible region. of the el ectroma [
cobfitsPr 4 didn el i Ml v R LREARAEROYT
andbis&ht@i@al G2NivEASE sohf i dah&as, 3onpaRethienédekyakiophene
wi th m ni mal absorbance or other interference.
(PREBYEbMg p suiggbéefadisdies trapgnigy eIpoiEmeria mafesfab fortthe figy er s
o OV . for. ; - ' r
okt P O AIRALHT Bliafi5h | PG} A HERE B Fscs o
cavisuint ragetube ldybehapi e theddne oo peraibdtioce |cadtpaeti 2yt ragdeisible
pr ovi des_thg_ i.nterface between the photoactive regions
elegtrogpenptifaitt @lighot ovol tai ¢ device and a wire, |ead,

tr acR, anBthePLBEdiARANS rdd@Stidn" tRRSRRLHE MstlcN@ 16 ARE@Rprises a

carriers to or fromthe external circuit. A radiation
conrassemg Erivkecdmprssingsd eiopaiele rhesodishangedtio apolyneric phase.

enbodi ts, of the present invention, copprises.a
THERRRPHBHC PRATs 1 QeI PP OSBRI gmB R DR BT
fullERASLEMIMBre§ ARAHE! 1S fitcH 8BboditheiO ARaBARAAIBA Sive first

conprises indiumtin oxide
electrode comprises a metal layer having a thickness operable to at least partially pass
visible electromagnetic radiation. In some embodiments, a metal layer can comprise
elementally pure metals or alloys. Metals suitable for use as a radiation transmissive
first electrode can comprise high work function metals, as described herein.

In some embodiments, a radiation transmissive first electrode has a thickness

ranging from about 10 nm to about 1 um. In other embodiments, a radiation
transmissive first electrode has a thickness ranging from about 100 nm to about 900

nm. In another embodiment, a radiation transmissive first electrode has a thickness
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(1TO, galliumindiumtin oxide (G TO, antinony tin
oxide (ATO, and zinc indiumtin oxide (ZITO. In
waewrhaw7enbodi ment, the radiation transm ssi VRCETUSRN7/067925

el ectrode conprises a radiation transm ssive polyneric

ra]ggl%lg{fr:oalb%bso%? EO(i1 8 | Kq% 39{)@% glggl}“uzthee}ne%lblotdfc’mecnlg eamacchaltion
trﬁrsglusﬁmeﬁgtryéc%ggbﬁf(ﬂa{v@a RENSs gP Ran St sui tabl e
iation transm ssive po ynerl material” for the

fir sithosdvedthicatteices, mn mrheembafd)ménmmﬁﬂﬁa presenathiveritiomn comprise
ransm ssi ve first ele%'rode cor es a carbon

At AN ORTIR O RGRY T FRRFBHYC SYPRTERAE aé %S’a‘EﬂeéJPtCBméetﬂef Bgteyial,

an@iagtbk@bl &Meﬁ’ﬁsﬁsé{r'(ﬁrb blrgi- Qg fcAIRAREL hanfad i& bloé'bmﬂlﬂatlon
anot her enbodi men a radiationtransm ssive first

th@leeﬁtRhM@Od:tewmemes ageas ding 0 baree embediimghts commongiinga a

na icle ase di.spersed in a polyneric phase. The
]ﬂwgﬁgR§&%|gpgm%ﬂgggngﬁggﬂg embodi nent, can conpri se

car banomanratbedesentd, @l'p'h@fo@&%ﬁlve%gaﬁ%é(layéﬁ&s hheiceRds rdnBing
a further enbodlnent a radiation transmn ssive first

fresh @bowtGdene srghous B Imetlzdr eibpdimdngsy m@otasmltryk REEIc

1o B oo oot RRatoat ottt & i BRBSWAB kel fordger
erifdahentay I\glﬁot6@ﬁ51ﬁ‘3@”ﬁf BT 8@ BN BidkhefUafgifR FidhSaldiut 100

al | oys. tals suitable for use as a radiation
mﬁﬂﬂﬂ%ﬁﬁé@?m@ first electrode can conprise high work

f un % |pﬂgto f"[‘vé3 Orggﬁ'lc (ije%/% 090%81 %etg %hl%bdl ntss orth‘lile e%resent

on trans sSsive

inhaﬁloa ctdimmkseesﬁexsange pllg)t(f)atcﬁﬂ‘a: adptot ml;(élnclm:lbarcabagmbnd
nm. I n ot her enbodi nents, a radiation transm ssive
ragliatign 1Sé1bé‘éfb?‘b@é’fﬁ‘é‘écea?xﬁ¢ﬁl¥§whé§%m@& Agsaguantly disspdefe nfeo

elwﬁlo‘h? afPRMEs. 9119%091@6 D3N hSiBQ&%W%@‘on cén E&g#n‘?ste' 2N

transm ssive first electro é as a thicknessrang
pdlyroen dlobyrher SGitabia foo usiaut ptd@ictive regmna)ffalp‘nb’rmensnlve
emhodi nent, a radj.ation transm ssi.ve first el ectrode

OTEYHC fyGle 1 ORGGTR Nty FWHOMOTISA SANTYEHER PERBEBVYFR &F ¢
thEPHERS Sucriding® PEIR(EROQHTRALR) PP TE pelryeﬁsamtmay&rﬁ%) on,

conprise at Ieast oné photosensitive organic |ayer
(PéﬁﬁmwmdmngnmmphﬂmiPTbhe upconverter materi a

antl-Stokes teri al .dye,. anti.-co nterfe

e, InGuIN CTHPRBEerLD PolyaE MEFEof ferd GPTopuraubs Plegs
pl@@d@bﬁ@ﬁve FE&HAE GiyeBcdnConipiBe SSHREhdRILS pol§ARr AARhE SE a

plurality of photosensitive organic layers. In sone

crehasienreyeny condupting e emsistindledophsanicae my@nefh sécheas

P TESRRS IS O 80RO, DS IR T
thérebhi lakoties Smbadigiongs, bemicoahetihg BOlyARTd @nqimu bo&&ﬂllommes,
nalplqthaleillejs all;]d derivatives thereof. In a further embodiment, semiconducting
polymers for use in a photoactive region of a photosensitive organic layer 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 photosensitive organic layer comprise coumarin 6, coumarin 30, coumarin

102, coumarin 110, coumarin 153, and coumarin 480 D. In another embodiment, a
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enbodi nent, a photosensitive organic |ayer has a

t hi ckness rangi ng from about 100 nmto about 300 nm A
WEberodwnsi t ve organi c | ayer, accordi ng to enbdi/og2ons067925

of the present invention, conprises at |east one

hot oactive region in which electro netic radiation
s B SRmp B PBE B oAb rS AHEH TR SO Eedtne | y
mQHeéﬁ%é&ﬁﬁris‘e@t, h?&r"oBé}%[aﬂﬁb%ﬁka@%-dn@, RONME

-§i
enbodi nents, a photoactive region can conprise a
mefby \prego[a|Ppiepermysensubdnabledpyfrene, ddedihydraxyphetyolbuticne 1,2-

.regio f,. ot nsitive o nj.c layer,, in _onge ..
gD ofT har LI BARR o Eafl SARV G B R siebDeRByingy
dihydrepiaenes i ncl udi ng pol y(3- hexyl t hi ophene) (P3HT),

pol y(3-octyl thi ophene) (P30T), and pol ythi ophene

( PThip.somg cadedinegivoefi the present joiopHen. sxsitan dipjosiafion isuse
prieél Rt POVRAGE LN Gidn§ Hh A P ant gp@%ﬁﬁ%@ﬂ)&w& fd‘&%ﬂi onor

ager can coﬁprlse sem conauc ng polyners: A one
andrddcepiterandterid e n0eg@nibuaydragn pehy smbsdinteatsudehfresynk ene
. vinyl enes, . such as pol y(phenyl ene vinyl ene) and
ingentipn nCaip R [RE [sastng PH s erpipperon fapachtvget denes and
act:%ﬁ&eﬁgteriblg & HREr ﬁﬂmgﬁg,t&%%ﬁfmz% QQH%EEQQPQ‘PAIM fBulk

o al enes, a d

nprise poly uor enes, naph erivatives
hetdrejuections lfornge df hetw dvardoanbadi aveeyitor meteriglonduct i ng

Photdgen ey & Biephie R oy b isHpr QBT and Seocfior refer o the
reRAVY besiNdMI IR ﬁighé@@&&?%ﬁ?ﬁole@%r%ﬁmtﬂ %HOMOLand lowest
pol y( N-vi nyl car bazol e) (PVCZ), polypyrrole (PPy), and

unootyragd mpleeulprpghital (A UMMOY osasgy lecls of Hom cordectiog duhdifeoent

sonme _enbodi nts, can. c i se |1 . nmol ecul es. In one
ordRIEaRRZRR. TS in fONeSOPRA 85 Tk (R St HRoretfle
copfeat, adkd ¥ehor aad Bsteplor thaphefePRERpstdNEBpAItYaIAL Mal BY @ked to
conprise coumarin 6, coumarin 30, coumarin 102,
crease Hgrganic n-ond polyre fayarsi sspectinely ¢ buhgorganisepntsxt,) if the

LR B RO TRC by GRTR opf G B REERIO G pen e

matetigds be sceeptoprdtherwise it is a donor. It is energetically favorable, in the

9, 10- di hydr obenzol[ a] pyrene-7( 8H) - one, 7-, . .
bretRy BR Rai51] pr-dncelopnabs gm-z%‘aff‘éth pRgtien to move into the
acdeftoChAALIOXY R BYRS APHbEORRA 1 doflb O SterigiNd

1,73-bi s[ 4-( di met hyl am no) phenyl -2, 4-di hydr oxycycl obut e

nedi 4 Iphotordiveydgion ide phdtnseasitee ergaocti lmﬁm; & cofdittgte some

resent ipyention, exciton dissociation is . .
entbodlirigts aF B8 PIR-CH M HRbrRIIBRE § ROYRENS FRap e mygal
THHIRRHcRetMRitatHargRNtin 89 BRAbodiment, can comprise a nanoparticle
phase dispersed in a polymeric phase. Polymers suitable for producing the polymeric
phase of a photoactive region can comprise conjugated polymers such as thiophenes
including poly(3-hexylthiophene) (P3HT) and poly(3-octylthiophene) (P30OT). In
some embodiments, polymers suitable for producing the polymeric phase of the
photoactive region comprise poly[2-(3-thienyl)-ethoxy-4-butylsulphonate](PTEBS),
2-methoxy-5-(3°,7’-dimethyloctyloxy)-1,4-phenylene-vinylene (MDMO-PPV), and
poly[2-methoxy-5-(2’-ethylhexyloxy)-p-phenylene-vinylene] (MEH-PPV).

In some embodiments, the nanoparticle phase dispersed in the polymeric
phase of a polymeric composite material comprises at least one carbon nanoparticle.

Carbon nanoparticles can comprise fullerenes, carbon nanotubes, or mixtures thereof.

10



10

15

20

25

30

and acceptor materials. Organic |ayers, in sone
enbodi nents of the present invention, conprise at
wo egt13ne bul k het erojunction fornmed bet ween BOHUR208T1057925
acceptor materials. In other enbodi nents, organic
ers conprise a plurality of bulk hetero uncti ons
Fl e BRb T G BaPale BRiERe. Hetr oK, G
conPMs&1L( 3%et95>%afb%?ﬂ%rs b1l -phery®, hEL, TBCHBR/NO rCa%tql
re

acceptor refer to ' atlve positions of th
nanpighesfor @@@:mﬁh@dampa@mtﬂ rhasgrbiarding (HEMD) erah@tiln@m@s@n
unoccu r bital UMD, .energy. | evels o
oS E St S R TRpRhes PRV G ety gt ke hipl
IS iR sepRtchibdtinidhtd OahélpR st 1ﬁ\féﬁﬁ6n ttRd P ymbr ‘Johﬁnopartlcle
i norgani ¢ context, where donor_ and accgft or ma refer

rafig in; RQIERICHE CQIBRRAHE MALPTEAS gGSbféoragbwttl @raé@vb 0.4. In other

BRI 90 B B SO g B

raﬁ@dse“fdrm hbaut 1200tadolit W).6h laond hﬁbodlmeth@rexambEmhb hatio of
material is an acceptor. OGherwise it is a donor. It

paly(3hsey tipphear) tp RERMrangcs franyabayé 1 dgeehed 169-4an
I
ext e Nt rtRbAtnbddftherk! tﬁshaﬁagﬁmg%et @}aggrggg“ G @Rﬁ@gol?zrnenc

junction to nove Iinto t cc
pHaed emnprfsemtvleast nhondrvevhikkeor A matevhisker, 8% ysbdbhoaint rofes to a

cr SR s BT oibcdt e ari e foat b TeammdR o
NBRJIWHIRHS iCQMRATHhBRIiABE Mk @brod 18R 13OInMBRIHC SHRAReRI LR

material, in an enbodi ment . can conprise a
orgamo fraet ¢Qmmlmtshe pdlymuc@@@ppﬂteangt@tlgfln&arbpmgpamcles

R N S R e s o

sist)€Rvallsd bhb@mhﬁmels nahltck A1dralyvhInheiptd, Bhofiieraks. In
( P3HT) and pol ygs oct yl t hi ophene) £P30T In sone
et iaent sianpyhipkers somprisa@yEaklioe PePdd uémn@almgéhe

pIB‘P#SXﬁ{lVG 01%%9 yrgg, _I%F(ﬁ%xy- ﬁ&gﬁ%} Sua?qﬁ%ﬁ%tle(?%g%s) :

dlﬂ}emi(bﬂmﬁ(tjae Darfapatticlé piehiserit thy Ipolyiydrioxphjsel
, 4- phen ne V|n Iene (MDMO- PPV), and
pol v toaé%lwreﬂl%s CORPYSIpE pRekIcEishgtepde

ndif aﬂl'é{'é'ﬂhﬁsp\’%he é’b. il pggﬁéégveg%%%onzama paRoRad o &

se di sperse ymeri ¢ phase of a polyneric
namopq;msllemhasmbmes ad tlmcanq:ﬁpitcsresataual Itlaaehy foneingar Heoeyojunction

oparticle. Carban o art
for & aé?{[é@ Ofc,eéi%%t}? 1 ‘rg e@%gg 68{1 F@ggpmen%s wherein
nadnBpiraetks EI‘é'dlS%'él%@@ shroiiHoabihe pt)%éﬂﬁqahlagb thotoactive region of

nanoparti cl e phase, in one di ment, can conprise

the O(gynm@mwmarlb%wplylr@htymf bullk lpehernylneaonses) C1 (PCBV.

o o AR G5 e S AR RRABIS E Ll aag
photosensitive organic layer can comprise organometallic compounds including
porphyrins, phthalocyanines, and derivatives thereof. Through the use of an
organometallic material in the photoactive region, photosensitive devices
incorporating such materials may efficiently utilize triplet excitons. It is believed that
the singlet-triplet mixing may be so strong for organometallic compounds that the
absorptions involve excitation from the singlet ground states directly to the triplet

excited states, eliminating the losses associated with conversion from the singlet

excited state to the triplet excited state. The longer lifetime and diffusion length of
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conpri se single-walled nanotubes, nmulti-walled

nanot ubes, or m xtures thereof. In sonme enbodi nents of
W@ b@7p3®3ent i nvention, the polynmer to nanoparPCTU82007/067925

ratio in polynmeric conposite materials ranges from

apout .1: 4 to about 1:0.4. In. other odi nents, .the
trig tﬁ’i‘Fé‘Pnf B! aspart fo 1%1?taeth’6°I}Sﬁni§’o?ﬁ[$?é%r ?eclb*ﬁﬁéé F]%léker
pHBR Rl @fcgidna RIS thif1eMexRRMmdy diffufc ABRYIer distinbe td Ra@Be

enbodi ment, for exanple, the ratio o '
domet-g¢@ptoehytctdhinspheneithaus sROBNIngaleyes effidencabout 1: 1

to t, 1:0.4...1n. a further enbodi nen .he .
nancbabteiedtiindii ot olod S s Re B yhf resigmafa
pHoRdtBAdi®RSorghnit RISE cANDNPARO Phiysdhes, naphthABRWNAEKEIxturds

used herein, refers to a crystalline carbon
therspbparticle formed froma plurality of carbon

nano : - are

or odoc Bl RerelE PRSI S onklh IR, SRERUIERD G &
entlsdpmnérsts 0fjthe pecspad iyivaitiot, @RS at Rastehe np&invefaraerial,

nanogarticLes operabl e to form nanowhi skers, accordi ng
anfipSteberamarpYaleRe s, AP URISHSHINgElYSi HINBIMAPY RiacasRipBien
th?%Pf?tMQS&e eﬂ}ﬂoﬁirﬁé’l\@, kﬁggoéﬁgﬁgq{?atgﬂﬂg’,t B- okc%rfﬁiaterials, laser

ul I erenes. I n one enbodi ment, nanowhi skers conprise

dyes yatialouhteefciiGBNMy chqnaahmniyts, becphbibasenshdreoferoblgadidonto

l.ayer, .i.n sone enbodi nents, can further .increase the
AP SIEHOGRE [k B AP OB &Y AT YHE T ER gHer | o

phasgg uhder&HRPE) SRVISKAS inRROL@aGTIp¥EnVeRGF RMSmaterial operable

conprising a polyneric phase and a nanoparticl e phase,

totehat gedtiomeaghetipidiggion baving cagrgn gipaivo thapdhatiof #ic and t he

i cl e. ph h . al
oI RFBRBED <R IRRUG el RPERhleslRida Ry o

Upoodv @S shitibR 1001.85inandprebde€ invenison, iMsoad@absEMESts, can
wher ei n nanoparticles are dispersed throughout the

abserbypgpicd rgshigtinn andgamibrigbledediatien pteyivsiengthsoperableda ke c

I . ' . : .
L PRBELIEE P SO oPh B LSS0 L e
inphvioaact i ve region of a photosensitive organic |ayer

o ST Aoy b B Ar e Wb st on
LahM Q@ ctibEe 145600 Tn B OLABRIREA! ﬁﬂégn{l@&e@ Il e@dridlNednhe

phot oactive region, photosensitive devices
coONTBE panapkitrdessuoiprivaiger lcabtonriypnthfide semdsleyenunit] | ze

triplet excitons. It is.believed that the. .
Lt e fR Bl RRG 8 B0 b s according o
soflcoIRhaits bethe ?f’e@@ﬁtnﬂ&en&mﬁboﬁlﬁﬁs@é}ﬁﬁhﬁtytt@[%m,ray@fn%@mm,

excitation fromthe singlet ground statesS directly to
halmein,rar phistures thereof. In some embodiments, upconverter materials comprise
metal oxides and metal sulfides doped with ions of erbium, ytterbium, dysprosium,
holmium, or mixtures thereof. In other embodiments, optical fibers, in addition to the
photosensitive organic layer, may be doped directly with ions of erbium, ytterbium,
dysprosium, holmium, or mixtures thereof.

In some embodiments, upconverter materials comprise organic chemical
species. Organic upconverter materials comprise H,CsN 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
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excited states, elimnating the | osses associated wth
conversion fromthe singlet excited state to the
W@ eiopha7exci ted state. The |onger |ifetinme anelCT/US2007/067925
diffusion length oftriplet excitons in conparison to
a.thic

(ol gt Ten-SatsmesdsRop T lae mee s St Ee, 4-4-
(dﬁhétflﬂﬁﬁmﬁ))ﬁfll%@]&ﬁfldﬁb&t aNnGRy 159111{0%&%&@%&%@{@@&9@&&@&

het er oj uncti on, "w thout sacrificing device efficiency.
trams - [4rciraethetatyont) ptents | - -naatleyd pyréstinine e tdladrssul fonate, 2-[ethyl[4-

210 A GG e R SR LR B o B,

Dﬁﬁ&ﬁ@@fangé&SPDﬁ}éétﬁ@@raﬁ%&%l fnd PRPEQSRBGIIL I ve organic
| ayers, accordlng to sonme enbodi nents of the present

i nv et fgrh cremrhRdiment agpopaester aw&er@bc@ﬁ\scem@ﬁe AreAnER gpts.
Q@Ntﬁm ﬁh%g? of o%e{ol s%bleégﬁio?%n&%%? 'ca %ﬁééul'ﬂlt(ﬁ aflg ﬁlt/V 9
seﬁﬂffmﬂumﬂﬁﬁteriumpémh @k tadminmat s&ldnadeS(C dany, Icacﬁhltnhﬂ&llurlde

materials, |aser es, anti-counterfeiting dyes, )
(Cdshwadmivst sulfide (Q%%%blre%ﬁa%qlﬁ%(ﬁbﬁérl%a&fse ekﬂ%%@e%pq Hio
sef’enR{%c(?9§@n9lFﬂc'o}{€e %‘%I‘ﬁllg &)ﬁ%’ls %n@%@@@ Ig%ﬁéll mﬁi’ﬁé&tﬁ@? of

one 0 in the art. ers one 0
mmnmmhénart an upconverter |s a materi al operable to

t el t h ter
Enarnidiop s Flas biogidel Siananod i Bhibedb rbeatsy
cotntk%lﬂlﬁE %Hdllﬁbnaﬂ QApESRRLE: hikeriflX %bﬁlﬁgsﬁg ahBsitidPReRKE Sl Bl

suitable for use in the present Invention, in sone
cheprbwd.ment s, can absorb infrared radlatlon and em t

Vi Si di at S

2o oRUERR BTl G SR SRRLGENE s Miavte for
inpdipbAveh b 9héiss/dn§1ﬁ$e ofgahitdayasi§ 266¥rdinB & Bdrh®Bmbodiments,

Upconverters, in sonme enbodi nents, include materials

copemse Pehstigted bangarhcngprs. binhemanidirhcays, léﬁaréﬂ dprgsntuch pi

o R B s SO SLotehs RMRE] My AR ARTR" Safubic
ansiedouaterielt@igriyts cdragvniyaise @ho@hbtseﬂu@bplmimttherﬁwchmhhe, and/or

for use i upconverter materials according to sone
phofrshEnie sremisel PREPresent invention conprise erbium

Yt t e dDItaRYRRIRS bRk BMEIW&N’BnUQﬁ C&h?ltlw £cbNelEQfode

In sonme enbodi nents, converter materials conprise
sunetipding ﬂiectémtmmmhlmm @aparsalayedda sdmp ecthbailinenito s setond

tterb um um hol m um or nixtur.

e e
co@qwséd &Mant Qerh ERIPNAIO SRAR] &V Bola! SRINISo haMPAlloySRYmPBAsing

doped directly wi'th ions of “erbi um ytterbi um
materials composed of two or more elementally pure materials. In some
embodiments, the second electrode comprises gold, silver, aluminum, copper, or
combinations thercof. The second electrode, according to some embodiments, has a
thickness ranging from about 10 nm to about 10 um. In other embodiments, the
second electrode has a thickness ranging from about 100 nm to about 1 um. In a

further embodiment, the second electrode can have a thickness ranging from about

200 nm to about 800 nm.
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dysprosium hol mum or mxtures thereof. In sone
enbodi nents, upconverter nmaterials conprise organic

W@ b@nmidmi2 speci es. Organi ¢ upconverter materi aPGI/US2007/067925
conpri se H C N and 4-dial kyl am no-1, 8- napht hal i m des

as as 1, 8-napht halj m r at es and
oL CoBE L BN B AEL aFetibE Ty S gmbodiments.
cafl Dol bl rd &hy a’ﬂotos@ﬁ’ﬁﬁ% a8 thy EPAhdNRBondXI8&RIE. The

_upconvert er materials can al so conprl se
Lilf-lgydir e hapleanthivshess menmghiromiabeytci angatiems taagiwyt 10 angstroms.

|r g{;“ 12%4"‘%4{"&9' rmtnﬁ% lﬁeﬂ Eﬁ.%}h%%él{ b _t: lf%yp?%ﬁﬁigmg{zgh l1’r|erg]ulting
in4-16 b Qb h@ﬁg ﬁﬂh{ﬁﬁfb&ﬁi cdehydend Lﬁh el’lh)’dtﬁ%f%ﬂ)b@ﬁﬁents the LiF

trans- 4- dlrrethylamno ) sty ){ -I-rrethylpyrldlnlun1’?
layqrspy bﬁ égrgplfetglﬁap)@dlzg festlippiga lithium ox1de layer deficient or

kb R LRSI LIS S el

exipbsipg tirdiBiarg e Sxygandvidkisppbs @r B@rdbﬂaatlérrs tAcrboif tIh ®hc
enbodi ment, upconverter materjals can. conprise quantum
crefydémenth, kR F{ﬁ%ﬂlﬂét %LlFalé}é?Sﬂ%jPﬁélzﬁ%tos%H@“éﬁﬂéld‘F Bt BY cppgure

R e oA T
themalriuti 0§ Tbfri de al(lcﬁillﬁ)e;rnﬂodademm Lleeye(rF?bS)ldlzbda toda lithium
| eni de PbSe%l % c sel enide Z‘F e% onverter
ol B sraRe DRl b R BISHET Ghioh ARt Qs at
pa@ﬁal%%@ﬁr’éﬁe@@ihﬁn absutadditolaft 18R thhosBuPI®VTsied herein,
enbodi nents of the present invention contenplate

addi Inisomglemhodomngs, vdnF hayeeisicabesed dorpr pigiasghare apmptisiog

tals., sych as chrom um ti-Stokes terial aser,
WGBSR R S bl b B IBHET plto bR
hdufs: O RAE @ibedindat,a INRME RS eN&ipbtedao @h gandbsphé@YBiPrising water
according to some enbodi nents, conprise substituted

Vameh%wma@sfor B.tmﬁamwog gr@:ﬁt%@%m@ut i hhowp.eln aifpether
ertiiinds, PRIV J]k @;gj%se&‘{bdans%%ﬁ ﬂhglr Sk AEE R S4B aRBor

cyani nes and rocyani nes

oxgiti foraumepdrzidtiessghaydpucam ioanpThs emphpesipd of xposure of the
fl.uorophors, thernochrqomc, and/or ot ochrom c

LiEHaysr &ypn %tﬁ@épl?—%e CERPHBUBIEET ¥AREFNERE O’nge{lhaé?c%‘idégetﬁtsome

en'1 WEALAOBr &Q@SPe’skéﬁn@eﬁ%ﬁO@ ﬁeﬁénﬁ@ﬁt 1%@3 t}% ﬁ;gés%‘&eé Bisthe

ot osensi ti organi c |ayer. nts
waelcmpdr edddort cmygen oathe etomgphse. a"hﬁht%br thAg;amaéplrekmmeoﬁthe

w refers ta ) nﬁlerlals conposed of an
SFCTAIAT &1 1 2attee Hr Tegxgoorg g, and al so met al

al | aySafRMAbtoYoRMc devices, according to some embodiments of the present
invention, can further comprise additional layers such as one or more exciton
blocking layers. In embodiments of the present invention, an exciton blocking layer
(EBL) can act to confine photogenerated excitons to the region near the dissociating
interface and prevent parasitic exciton quenching at a photosensitive organic/electrode
interface. In addition to limiting the path over which excitons may diffuse, an EBL
can additionally act as a diffusion barrier to substances introduced during deposition
of the electrodes. In some embodiments, an EBL can have a sufficient thickness to
fill pin holes or shorting defects which could otherwise render an organic photovoltaic

device inoperable.
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materials conposed of two or nore elenentally pure
materials. In sone enbodi nents, the second el ectrode
weopns®es gol d, silver, alum num copper, or PCT/US2007/067925
conbi nati ons thereof. The second el ectrode, according
S nbodl nts, has a thickness ran rom
aboufgn%@?ﬂ AYE0 13%81&“1606%‘1@?1“ oP @Ppé‘ﬁﬁ to‘Pﬁ%WP& coppgises
%g@i@ﬁc %rﬁﬁésﬁt@ %tm fh & &ﬂﬂjb%l%ﬁer{taaﬁ%lﬁg cBﬁ@Hhe%Q@HIon

nmto about mm |In a further enbodi nent,
nagepaticleelispersesiie %%polhabheleaedlmwklneh@erp@b@tmglefsukﬁmate

PR pESY, bR rtbigifes. TR ks SO s psrinies.

dlﬁl%ﬂseaen §b1§zp@§ﬁ£heh@t:mme)®nﬂf&@ &?ﬁ@ﬁ;lthéﬂé@f Q@ GBeH ﬁanbpé'rﬁbles
and second el ectrode. The Li I%&er can have a

dispersek e g nodasrirgpiasesrinelbding PEDLALEDS ord pely(dnylidena o

chi(?gcfeza%{]@dglaéﬁk ﬁ% wel %ﬁ!ﬂrﬁgﬂlﬁoés‘gu 1{‘& leled n@%f?et{lbe%aﬁﬂllgteenes

oraoiRpIresthagof. | nfutherexibddiniduts, BBlandn bl)lﬁprli,enar@'tﬂmﬁ?ymer having
enmbodi nents, the LiF |ayer. can be corrEI et el%/ oxi di zed
a wedk fupeting qnerey qperabiaimnsn i éhq tsanspordiet helpewhilgpmpeding the

a2 Lapkl@llsy deficient of LiF. In some enbodinents, a
P yd%é ayer@%)sS oxi di zed by exposing the LiF layer to

oxy glerspnmnélodmm an @BIcmajo badispawd brtvercedic ralliatiome

enbodi r.exa a Li.F |l ayer .is oxidi ed to.a
P U e d AR By Raie St e o sty RbabpERE o1id
dSRIPTA SdRY erWB&&fneH@ Rter&h @Heq{hoﬁ?%ﬁ@l@ d@(llcé‘ c@tﬁfntlée@ la plurahty
pressures of |ess than about 10 6 Torr. In anot

of ibtodensitie, organli¢ RyerayleBL$ eandhd disnosed baywaen the rphqm@mtvze
01rl aver 1y exposure to an at nosphere conprising water
5%‘}6[8 Y&Rd/ or oxygen at a partial pressures |ess than

abougholéholtait@ekices of 188 prdsbidinvan€vt, id QoBe ERLObdintentsS Afther
enbodi ments, a LiF layer is exposed to an at m)sphere

COBSP oretectivaterer vapumdinedhe secong gleatreds: Ehetrreisctier v
caé %g(gs'a&%% notrt?\;galf’ﬁﬁﬁf_gv E%%deﬁ%e?e@r? Wgh :h?crga%gﬁ ?uralbpwp ﬂl%reby

I's exposed to an a
pet@itptig dHeirgiseat emdeaspm]rety&rf%phcamyg aeludarg Iahottomvaamer i od
g{eat er than about, 15 ho In a further enbodﬂ ment ,
applipgtiong a%%oni‘esené %‘Hst e Brr‘?te&flﬁ% ﬁ’é?oénﬂfb“ﬁ‘b? P8 H&“C

co Site Mﬁf&?iﬁl ARYnLK enBOY D, ftﬂé p tetchU@lagos uo%g)rlsgsc‘ﬁaﬂoﬁ%cles

out one hour. The time perio
dll;fwymi 1 polafviaylnissp hidpedg)o Membpirtiglenwdis persadaipgolydmiay bdene

X n, cordi ng to,some enbodi nents of, th re ent
COREHeEH A edo SUAe ARBRTIT BB Ao MIRPE Selepy Bk o
nadnBRILVA LA MNAHDIRH cABEH AhndRXBIEMIIERnEN Br AL IR RRE& T, Th e

hi gher t he parti al 1»pressure of the water vapor or

oXy glélwtovtoﬂfelcgiﬁ;mcp@p thp presgpgasyanéion.jipgome embodiments, further

comprise an external metallic contact. In one embodiment, the external metallic
contact surrounds the second electrode and is in electrical communication with the
second clectrode. The external metallic contact, in some embodiments, can be
operable to extract current over at least a portion of the circumference and length of
the fiber photovoltaic device. In other embodiments, the external metal contact can
be operable to extract current over the entire length and circumference of the fiber
photovoltaic device. External metallic contacts, in some embodiments, can comprise

metals including gold, silver, or copper. In a further embodiment, external metal
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Organi ¢ photovoltaic devices, according to sone
enbodi nents of the present invention, can further

W@ ovpn3®e2 addi ti onal | ayers such as one or norBCEK8I0DD67925
bl ocki ng | ayers. In enbodi nents of the present

i nvention, an exciton bl ocki | ayer (EBL) can.act to
copBHs; 8 PpRBEGBIER FAteS I Bk SPwe ef‘%trt)wégr}e_@@;r%ﬁa%ba% o
at W68 Iﬁfo’tﬁgns‘iﬁ‘steedr%ﬂﬁéela%EldfoP'ﬁﬁ’ﬂl%Pﬁb%%t%l tic exciton

quenchi'ng at a photosensitive organic/el ectrode

i nt eftfode@ltaicrilcadds, ecanding t¢ sorme embodimentsaf thegwesenivhi ch
. excitons,may diffuse n_EBL can ditionall act as
infifioh o B Cheeirlse YR e Finiafd, CRRBbER iy g 85
hedl@iROgtdr kORyOf wiiéh G119 ablivg @Bargt BarSieREr@BAEETEBA 5F adn

EBL can have a sufficient thickness to fill pin holes

phetoveHaictderige Hetnogha sogiionh e eud embedimen, §u oxamplsy a ghprge
i ' iGe i bl e. An EBL,
tr%%ﬁ?ﬁug%a Eg’ Oég% sk ah %%%%W b?c‘?ctlég{g)olgﬁ{ra €

ccordi one e I men he present
I nveAtchage trassfpr lagasinasopel eyritedintene rPOBE Hepeset eeivalen a
I n one enbodinment, an EBL conprises c¢arbon
pl}q%s%trl‘fq QUE@c éﬂygb@}dsréglapﬁn transmissive first electrode and/or a

- . . i i ‘1RO |
PRI AYLAREn e VoY BRI LAT Sy
trapafe bryersangpbe dispdsed betiwspe theesdcand ghaitnpe amd/priotketiee layer of

chl ori de. nd copol ymers. t her eof . rbon nanoparticl es
nphofieliih Bhee Rl Tt s torieta o e CPRBEepicare
nARFoBUtHeYi Nyl i dene chloride) can conprise

singl e-wal | ed nanotubes, multi-walled nanotubes,

f ul | Eigeuedsillugsratesi agrossessctionat gisfv, ofjaphotaviolteic device having a

enbodinents. .EBLS can conpr.i n ol ymer .having a
SR at T s oS BB R £t B P ERESTy R por
phdtovdtthie Slewit ( FO0) BRedh OFiphe InasgaBes &f indh@e tif 8RBle fibbr core

some_enbodi ments, an EBL na¥ be di sposed between the

1

(1P Bhei iadiupy tiheile 6i0¢ e optiqak fiber cere is suEOHIslgd R an exciton
RV ' |1 al .
bR LRSETIDLY Tn SRRl e AR PRRL AR AL ppngpartictes
digleviedén e poPymicsie phasepiuuhi as B ypodfetiphatediapthidphere (EIBOT Cor
| ayers, EB%& gﬁg be di sposed between the
p%ﬁﬂﬁﬂi@@ﬁgV%“V “organic | ayers. Photovoltaic devices of
the . . : . | ;
compr e At Aasd 1) 2 PR SRR SRR Lol LIRS The

phetmscnsitodeorgdifie lqyent1®6}, iiv sorhaymbodisxnisy @mmees a P3HT-carbon
hot avol t ai ¢ devi ces. prqvi ded herein with inc sed
nBERBF o0 i BB o DT TSR e o8 UOR 1 some
e dir@éts, FlirtRRRb hip itk é O Seast UM HS PRPMANBRLE Bh€-Stokes
applications. In sone enbodi nénts, the protective
rnatglszagl; lagqnsblpj zg@gcwn@gfeymgrdy@, quantum dot, or combination thereof.

The photosensitive organic layer (106), in some embodiments, is in direct
electrical communication with the indium tin oxide fiber core (102). In the
embodiment illustrated in Figure 1, an exciton blocking layer (104) is disposed
between the indium tin oxide fiber core (102) and the photosensitive organic layer
(106) to provide indirect electrical communication between the indium tin oxide fiber
core (102) and the photosensitive organic layer (106).

The photosensitive organic layer (106) is surrounded by a second electrode
(108). The photosensitive organic layer (106), in some embodiments, is in direct

electrical communication with the second electrode (108). In other embodiments, an
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conposite material. In one enbodi nent, the protective

| ayer conprises nanoparticles dispersed in
w@ioysiomy | i dene chl oride). Nanoparticl es di spRCBHES00TI067925

pol y(vinylidene chloride), according to sone

enbodj ment n conprise single-ywalled carbon :
eXﬁﬁ%gf@B@gg iyt fot SRR BaBPased Bertise (e php osssiis,
or@inifaytHI168) 4lehe conFRREQYA! ng@%ﬂoqﬁ(wl&@ ﬁldﬁgcttellk%trlcal

present invention, in sone e nments, further
coammyfncag@néntveecméhmalhotmatlw erzenintact (106n anhthe second

t he external taII ont urround
AR LT ededs FHbEE RSB Firobf efPR A8 Eh Whbfise
mé@IMUBIakaLitdle brile bHE sEREQBRBORLI0O N cOhPribX tiemBadlally
metallic contact, in sone enbodi nents, can be operable
puremesaly efctllogsr Hegme chedimgnt) tha second plserpdsr(186) qaneomprise
gl YA B RS oA TR bl B £ 851 oF RS RHBIEF ©
magnrebiaat, ac@iMdie. operabl e to extract current over the
entire length and C|rcunference of the f.iber

phot%eﬁ%%elﬁvéwde 1083y BirioandersRyag pliO&eC&lwaae& d10)
B SomGRite SRR SH BRIAISHddRaHS tﬂeggcqggﬁgric

or” copper. In a further enbodi ment, ’ext
cotmlqioait@mlatemat of thaprobfe:twp ¢ayab(ld g) oompfdes carbmm naraipsoichsd
el ect,romagneti.c, ra n hack into at le one
T R R R o g e i e
naRDRAAVIRL £ Sonit GRBIc- AR Y eflo®BEER n IR IBF Birbof
present invention, further conprise charge
lﬂmp@ﬁsiéwkﬂqy@r@Hn@hHﬁgbmmpénsfer | ayers, as used

her er. 1.9 de

car T Breof s b QUET shRPOsR Bt PR e Gh0R 12
oM N@rexEe&tdudBnt dvier @ mgﬂmwmﬁﬂﬂfereﬁ&rofelx@mﬁr @ho@voltaic

charge transfer Iaéer can conprise an exciton bl ocking

daviggedn some prabedimeniindt evternalyaetalliod | Eoeeniptrsgicaaiptiss metals
en a photosensitive organic |ayer
ing o p 2o, SRR Rb

m ssive first electrode and/or a
photEigers illuseatayr Danssesek gyl vando fagthond otthiecleriod eomprising

ther enbodi nents, charge transfer | ayers may be
s SHEEHr ISR tP H@Ofg%rc%@dé@%torf SrePrssrat pvertaay i The

pﬂo%ﬁtaﬁfdeaﬁe Quplalad i E Mlle rl;@?ﬁéggn 65@6&%3& core (202)

l'ayers, according to sone are not
andhotdiaton trensnkssier Iérstlelectttasﬂst(ﬁ(aﬁt)esurraumhmgme opttdl dibat core

f t hay fiber st
A rigoR SRRt i AT S e R TSRS Bt
eleﬁ%d@ @Mqvmtaq%tcﬁsﬂgu% c{rém& 1a5/8PM08} Sirfduddd Be Exciton

nprises an indiumtin oxid | ber core (102). The
blpﬂ@ﬁlgmw (ﬁ%)(\wu@el@mezphqmen@ave oliglgelnc leser €2083 comprises at least

onsel'{lrprcgﬁ'lvne(lj‘[%l(r:l ag‘é{-s%&(eg)ﬁ%eﬂtetrp li] laser dye, anti-counterfeiting dye, quantum dot,

or combination thereof. A second electrode (210) surrounds the photosensitive
organic layer (208).

In the embodiment shown in Figure 2, the optical fiber core (202) and
radiation transmissive first electrode (204) extend longitudinally beyond the
remaining layers of the photovoltaic device (200). The longitudinal extension of the
optical fiber core (202) and radiation transmissive first electrode (204), in some
embodiments, can facilitate attachment of the photovoltaic device (200) to an external

electrical circuit.
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bl ocking | ayer (104). In sone enbodi nents, the EBL

conpri ses carbon nanoparticles dispersed in a
weogewrr phase such as 3, 4-pol yet hyl enedi oxyrdii/opteenes7925

(PEDOT) or poly(vinylidene chloride). The EBL (104) is

surrounded by a photosensitive organic |ayer, (106). ..
The DHGE GoURYrRs eTRgRarerd Xarortadovefiashige chinprising
a BFRQAGLEBRAL R oI affBcPeiRdImER L HRAAPAIVEASIE wherein
pol ymeric conposite. The photosensitive organic layer
th¢ ph@pyolianc dones compodeheplugality of phvdescasitips prgesic dayctseand
ne.ugﬁo vertﬁr nq}§riaLﬁ antiﬂSLokes nat.erie%llé %aser
WRRTE™ 4L L QS O £ RROTG PR B LR P RO S Ss gt 1ast one
upeemidirRahiatial, Aefi Sdkes TieerRNALRS GRS iahii LBuREHaIlihE db@Y@kntum
(106), in sonme enbodinents, is in direct electrical
datcregmibingtipn thoigalh Tha ehetaueltms devicedRPecommises gbpriical fiber

. t L . .
o0, T SR o Ll ROV B o
fibencirurplastio oprcadibki.ber core (102) and the

phot osensjtive organic .layer (106) to . provide indirect

el ecthq Qaicalddharaeicdal?)dns BERREehDY hééqi%%ﬂn&ﬁnﬁ?%%ﬁ it
e - ayer
B8 e TRk RS PR R e b B0 B ooy v €
ragiation traiad sdive @ndedorgdxedetich asled{uid 8 oxifeegallium indium tin
ot osensi t.i ve. organi c. |l ayer (106 in sone .

offi a8t b oFide] f M ut Bl biAr L he BhRR conigsive firs
cl¥itfolle (31 seaeRdn@ldant 4 A LB biockheabRNe 3 CITP didRAL S,

anexciton bl ocking I'ayer (not shown) nay be di sposed
criestdiments.tthe fipsh EBbJEH®) danwemprisgaerrkor manepartitB6 fisaerded e

nd el d 108 OV i ndi I | cal
o GiRp Bt Pk Do beeh kB BB B E U B Rl 2y er
chidz). and the second el ectrode (108). In sone

enbodi nents, the second el ectrode (106) can conprise a
met al he figst BBE (30 dsapireounged pise figs photermsiige ersaaicrlaps

OpRP ol T AR R ETEEL B MR LT IR Aoy

congitipe h PS8 HTetaben mnophrtiokpohanéritgcomponitk ThinGist phivtdseastive
than 3.8 eV,. such as .cal cium, nagnesi um and In. The
orgiitp i eeDE ] wéal’ermcrf@_é;masse%dreéa %Hlown&?ﬁaﬁb%geii Ve
scbHEEBL . ih48he CRITBAINNRAY c&h NG Yo% QRAITRIRhSSarticles dispersed
material. I'n sone embodi nents, t epmynmlccommyge
inded-polyethyleheditreytiopha@etor pelylaygidefic Eiloyideonpri ses
car bon nano i.cl es di spersed i ol y(vi.nyli den
ol o ORI GERES fiah g hotodutind prgi ayer (312)
Tﬁb%e&ﬂfﬁﬂo%s%ﬁsiﬁ%‘o@?ﬁﬂ@ udy%ﬁ(agbmﬂl Soh@bmBEUIERABOE mprises a

nanot ubes, nmulti-walled carbon ' '
polymeric material, including a polymeric composite, having an electromagnetic

radiation absorption profile that largely overlaps that of the first organic layer (308).
In other embodiments, the second photosensitive organic layer (312) can comprise a
polymeric material, including a polymeric composite, having an electromagnetic
radiation absorption profile that does not overlap or minimally overlaps that of the
first organic layer (308). The second photosensitive organic layer (312) further
comprises at least one upconverter material, anti-Stokes material, laser dye, anti-
counterfeiting dye, quantum dot, or combination thereof.

The second organic layer (312) is surrounded by a second electrode (314) that

can reflect electromagnetic radiation not absorbed by the photosensitive organic
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nanot ubes, fullerenes, or mxtures thereof. The

protective layer ( 110) is surrounded by an externa
woreaoal3went act ( 112) operable to extract currPRCE/USET/067925

a length and circunference of the fiber photovoltaic

devi ome. enhodi nent an. e netal
Loy R LA e P e e e SHBP R ige Gh scond
el@dttlo\'i@ (3149)in %Q}ﬁ’t@ %ﬁtbo&ﬂngs'ﬁ'fse c@mbtllieg SAAAIESuCA as aluminum, gold,
cross-sectional view of a p hot ovol tai ¢ devi ce
silyenpraksl, ngeeppki. ber structure accordi ng to anot her
t he rese tion

dovi BanT bRt By AT Pk SuiPeoBikal fhF BECCRER ridihion
tréiRini Bk friteescnoas gzo(4 Qi smd@x&&dﬂ by ol &NSI Ssitatfl

first el ectrode surroundi ng the optical fiber

loeottléilltailo?ﬁw%thé xanaipmghrxsekeiibe pegtayoltappdyvicsurheunds
1o£§tﬁ;ﬁ1ufaos%hs9{>‘? 5 @0 %gtlc?a% %?a{%é %P%Sgcﬁﬁ&dt‘?a&ﬁt%ixﬁefﬂ@td

ensitive organic surrounds
elﬁ)ﬁtbldé 0304y mdlsecandl exyiesn K13OENg Wudyer @i10) ¢dnefacilitate attachment of
phot osensi tive or anic |layer (208) conprises at |east

th% RBotapR B &g (30 .an%t?ﬁ@é fispi drcuty aser dye,
ant i s
her SHPERTIARL M EKF  HLRRLEL Oetice BhARERR) ARk Asiive
orphot byensembakmoniyafiihe fdresper 1n(7@1ﬁ8))1 cohtentpihate phdtoditmpnt
shomn in.Figure 2, the optical.fiber c 2) anpd
deviggp 8‘?%‘}‘15”93 gheatsr thap o PROOECTSIYE OF e E%Q)P%QEQVBH?}C
delv%g h&\l'fiﬁi% fréd YolRenan Qn& gteeaf ?[fﬁhmv@g)hb%@l{sﬁlv‘%for%a{ﬂ& layers.
phot ovol Tai ¢ devi ce The | ongi tudi nal ensi on

Ingpmectegnboginmaend. afplhb@rvolctzoﬁ ée‘(lszfoczayn comprisadi laast dA photosensitive
01,tran%{nsswe first electrode (204), in sone
ebodP¥ent s, can facilitate attachment of the

phot gpalriialy & f BRatbSdisitiz0 Orgah R 1afere ¥drEbd iRl ffeeddEfbinidhdlanother,
~circuit.Figure 3 illustrates a cross-sectional view of

in gopR sTeSIMaatss by dispesng evgion Mashing lnywebetseenteur e

T

laydrsl mblretryeanh lmohmmsmﬁdt wbsooptgpmnirofileayiestsvol@aitddevices of the
wherein at | east one of the photosensitive organic
PTFS%}‘EWQ’G@WH%G%F Of R3S IMIZH BX BB BRUSAHUY 2GR &RS al |

d&%hhlg bmlgrial, laser dye, antl-counterfeltlng
uantum dot, or conbination thereof. The

photlowsohe@imbodewinte a (pﬁOto)zoktajmdetiS@&naamnqmsb adibef ¢dyehaving

ber c & & n conprise a

o QB b ol G S aineS Mg A gg ML gt qagh & e
pleRtitycad phbtdRedsitivEN8giBRS EdiApridel Re4difRnrdnd3@Akivk Sirst electrode

surrounded by a radiation transm ssive first
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. Each of
the plurality of regions may further comprise additional layers as set forth herein,
including additional photosensitive organic and exciton blocking layers as provided in
Figure 3. Moroever, at least one of the photosensitive organic layers further
comprises at least one upconverter material, anti-Stokes material, laser dye, anti-
counterfeiting dye, quantum dot, or combination thereof.

In some embodiments, organic photovoltaic device as described herein can

comprise photovoltaic cells operable for use in a variety of optoelectronic devices. In
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el ectrode (304). The radiation transm ssive first

el ectrode (304) can conprise a radiation transm ssive
w@dudwrng oxi de such as indiumtin oxi de, gaPCT/UM007/067925

indiumtin oxide, antinony tin oxide, or zinc indium

tin.o lde The radi.atian transm ssive first el.ectrode.

On(esf@zho fraeTid, {he BiFsgIE T TIan PRovides ah OPioglyc e KEVEE Foqdrsing
at G@a@@ne ﬂlﬂel%eﬂi%nﬁﬂg QficHRRLS Iph&tB@olfa!lé &dil, EﬁLph@%)ta@ 2811

ri se carbon nanopartlc |sperse In a po ynerlc
COpM@mg%f&ﬂat dect®de-cpuipyisingyh emb@mdmwmdeofmﬁemé lgnst one

R e B f o e sRes] ¢ Dtods g e eg ponnected
to (tROBIst clTreodel drfta %Gﬁﬁ@éleﬁﬁddels\iﬁo@{cﬂ@g;th@ ok @e lafSQBRY

in sone enbodj nents, can conpri se a P3HT-car bon
dﬁéﬂ@ﬁ@ﬁ?ﬂ@%@“ﬁ@ﬁ%ﬁ@@ﬂ@c@bﬁb03|te The first

hot ' g -
Deconarade! fodfdiths ob PYSLrd el Rt IR, e frc
confprisoigeat wibl&dlel’phbtcﬁ'oltaa I@el&i,ltﬁ@plﬁrﬁmmliaﬁﬁced:laj‘ob@ﬂlsmg an optical
nanoparti ¢l es di spersed i

fibgr gorsep gﬂéieaﬁwéweém@ﬁw Birs 6#?@%%@%@% ithey/ b sps. at least
orfe hgfdsgt?sltwemga e g o Cﬁ%'unéhﬁgfﬁé; ?P{lgﬁﬂ)dgﬁn@e%%gﬂ@y

otosensitiv ayer e secon
cophmtﬁk‘@rthe fiisy elcorgrenind 4 wend ¢cleRgde sutrosmdteg the organic layer

odi. nents, conpri.ses a nmer,i ¢ I |nclud|n
ong B Rimel BB e il P et e o ienst G orantd
la{réd:bﬁltph@& ARG el PRoRIPEE hﬁtehaﬁtanﬂl@&g&k irha%fﬁ[ |28 dye, anti-
hat of the first organic |ayer (308 In ot her

ﬂ@ﬁ@dﬁﬁﬁ@ﬁb@amKMEmsé@owdxpMQn%E@ﬁhmtwve organlc | ayer

(31 n_.co i ncl.
boi o e RRe ERTP B RoRBHHG oL e TRLE Pl B e i hsPone
pHo&ﬁUomaﬂchu alasemplehdodipicaitd, ten ﬁmtcodaﬁmlaﬁn coRviefchBRitR those
mnimally overl aps. that of the first organi c | ayer

prewded in tig 8CdeapphentighentdeherganmeOsiogkairenic Aeaicef and)
1! t one upconverter material,
‘%%%%%E%{géggyrh erléy gger dye, anticounterfeiting
dye, Fibergphotovotteic celdy foe apdbinatdl applidagoegfin sobiecrabaiimdnts of

organlc | ayer (312) is urrounde y a second
t %p@ém%@@n{l@am @%ﬁm@ 1@@?@@&@@3@&%&8@%@% jlg such

erhfdi ALt Qoﬁ&%n%%&?ﬂs gﬁb to%%ﬁéﬂctcbl\f Gre selected
organi clayers (308) (312) Into the organic

witlaye referfeoce fouotipenerd hlmbcrmls mhecte'ﬂtfer setlardibet plmftom:ltalc cell

gt a0 SRR PR PO R sl Pt ot dlad®
oﬁmq@he&reaﬂe vwHIRVMRotHr Fh@SVRtad cetuhﬁn@ :pﬁé’é arf inBRIM GRbRIde

(302), radiation transm ssive first electrode (304),
opsisel féhee eong. doct Ieot, ) BURe eigbodignents 131y ardkpiealdarrays are not

required to comprise fiber photovoltaic cells of identical construction. Fiber
photovoltaic cell construction can be varied in any manner consistent with the
materials and methods described herein to produce pixels and pixel arrays suitable for
a wide range of applications.

Photovoltaic devices comprising at least one pixel comprising at least one
fiber photovoltaic cell, in some embodiments, comprise solar cells. Pixels and pixel
arrays can be placed on any suitable substrate, in some embodiments, to produce solar
panels. Solar cells and panels comprising fiber photovoltaic cells of the present

invention can have conversion efficiencies greater than 6%.
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| ongi tudi nally beyond the remaining |ayers of the

phot ovol tai ¢ device. The | ongitudi nal extension of the
wopiorad7E i ber core (302), radiation transnm ssPUBEUS100%5067925

el ectrode (304), and second exciton blocking |ayer

(31Q), can facilitate attachment of the photoyoltaic :

dovi b RTS6) BN B0 RPHAFS arbef: pceipd ql?%aﬁg.er p_%otovoltalc
dettde OBk P8 didg iah !oPﬁéa‘l #beSce, RPoOME atr it S sfissive

havi ng two photosensitive organic layers, enbodinments
finsf eledirodp oe sentfagawiche pptivat bherenapd, dispophgeideait vaé ¢

devi ces conmpr.i si ng. greater than twe ph sensj t,i ve
pHpfs TR S ERhe PRI il cen Rl Al RID PRE AR fdifode, and
diéding of de¥éhd A8HrodE @REIBE ritd1BninhECBDA WAMERS bidaMR layer,

organic layers. In sone enbodi nents, a photovoltaic

whgsgindlee @rganie dsE remprates blgatt one uperi e iBtetialearti-Biakesc
r | ur.al i : 0 i thve L&
kA8 B MELUEEL P Rl B BL 0TS e LA B
by dbspeshd@radiatiohannirhiseike figst kRyeode dreingeital fileer core, in
phot gsensitive organic |layers, By providing a o
sopleLrmRtodiTenst. OB IBeRY R SHR SPRIR 8 2dH @R UOT s I ve
coglﬁ&&ide Rle. RS2 &urRlc8 bF P%:ot?ﬁgélq{b% LR, B Mrhd Embodiments,

otovol tai c devices o e present 1 nvention can
dispos mgasghotrsemaixvenirganie kayet mrelgpemnel admonnaetiaswith e first
el ectronagnetji c spectrum |n sone odi ments,, a,. )
IR OIS daBR e b5 ARt T on 4y Mor I eais by e feptine
spil &da@h i 19apef pRROHARRARDK! biRich el HIRRSal AERLGH. ARGl &
| ongi tudi nal” axis, each of the plurality of '
scpbrot dewrodi in ¢lectrieg)icomenuneation sath the phefpsenpidine organic layer,
N t rr?lnnsnti ssive fbi St el ectrode S rtountgi n% t he1 fti b@r th
CEALE tg SO Saybodiinentsy, SoTBRISES AFPQALInG 1S pycendt lpgirode on the
or§ it RiyBelihAelighRapdd phate &dppsitibR0Rinesatial astdip cxkiny.
connected to the first electrode, and a second

el eclrapgidesenbeslimgntn g maodof papdusingaydher phetovoltaic device
i . O . I A . h of
TR bRl SEOREL Lo L SR SN
phatgchditviedrghray etysr mscl@etical osrhmuhagomwith fied indiuAgtin oxide
addi ti onal, photosensitive aorganjic and exciton bl acki ng
fieg gatega dl&%mg&eﬁw‘ﬁf Hrinds clegpirglspamunigatiop 39 e

pitostRgi RIRLARE 'l‘a?b{.i ¥&oRHcRHoRirhANE R Béiﬁ%'é‘ ghot%%m{tiv%es
at | east one upcConverter naterial, aﬁt|- t okes
orgatiefayat in diaseral dyremuaraii@owrth ¢ref iediummign dyids fiferacommses

dot.,. or, conbi.nati on thergof.. In.so odi nts, . )
Ao YRS the Ry By b e g tig ok BE AT ARy iy coating.
vapBFPHdss BeRRAAY S YR LEm ¢drhsl ARRARKY. eDEfdsitSLsdcBndelectrode
vari et opt oel ectroni c devi ces. I none enbodi nent,

Ao LR HHGIIL G TOICaR s QoSG R REARIng {6 Some
emqaeo\ﬁiirﬁgntg,ocgglrpirfgésnc%positing the second electrode on the organic layer through
vapor phase deposition, spin coating, or dip coating.

Methods of producing a fiber photovoltaic device, in some embodiments,
further comprise annealing the photosensitive organic layer or layers. In some
embodiments where a photosensitive organic layer comprises a composite material
comprising a polymer phase and a nanoparticle phase, annealing the organic layer can
produce higher degrees of crystallinity in both the polymer and nanoparticle 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-
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at | east one pixel conprising at |east one

phot ovoltaic cell, the photovoltaic cell conprising a
WO peogt13®@rect rode conprising an i ndiumtin oxi deCEUR®OT/067925

at | east one photosensitive organi c |layer surroundi ng

first ele trode.and ectrically conpected .
wiltgp roP AP GHES: OLRIECS et et Bervpaem Sokodh erpgpymeﬂc
pHali€a0f eeqm 61 drR¥Qlin 2 Nehieh Bied ngﬁ&bie)mﬁ@@ BeahRUaje?, dcB6rding to
organi c layer. In another enbodi nent, an
sogpstaeicdaneignicen dewmpie leotipg themsganic Japersit aderapgyitued ranging
hot ovol,taic ce t he .
R aPRUaIore Ehaaf P SBF  BRRHRY B ieheE fmpaPsiy g minuig to
aboad @iniifiest MABSKE SHb¥EinfehntsSi pRbBEInKiGEE ofdahicabtaichgbé he
fiber core, at |east one photosen3|t|ve organi c | ayer
hegigdrfpuahouhg Mikkes.i r st el ectrode and el ectrical |y
¢ on 1(310590 b%%l({ h%&t a 10%%5{0991%10 ?Q\qcé’as ﬁ@%%rhdﬁber structure,
eIe e Suf Pound % gani c [ayer an
the b&@éﬂtnﬁ,\&lnhyn prRites tn&@hdd@ f@rfte)noergag elcirayiegnetinkaergl to
the photosensitive organic |ayer conprises at |east

el%fﬁrécath EREEYelt @e sihadiment, 2 method Sprgepycring glectpmagnedisy
en%%%n@@lé&ﬁ%%ﬁ&%&?&ﬂl seg¥f‘oelsqﬁ?fyd Wgﬂg ong e longitydinal axis

I nation ther toelectroni c devic&s conprising
ofai dpéeastfibenerapseting thepadisiongint at l@asenegrietosensitive organic
hot ovol tai c .cell., .in sone, enbod] nents, can have.
N e Rt S el T L e
el?ﬂn@@ﬂd holad, '\xﬁﬁre‘?ﬁ‘ ¥Hetdr§‘/9nga9@tndo?nﬂa%§ﬁl l@aﬁ% Bmlf‘converter
Devi ces and Application Thefeof, fil May

mtehel aghStoboometerial, ek dyef anrti- g@mtfrrfﬁltpngx@re quanturn dot or

Hﬁsflon hﬂe in sone enbodi nents of the present
%ﬁ% 3 %t e constructed i ndependently from one

anotiehothkNerbédiment) @ eh iyt or caRRRMEMctidBlaghdtRl hefodTinto
one fi ber photovoltalc cell are sel ected w thout

clecsiey eperey £oMBIOTRD dersitingripdiation along dhelopgidudiog agisef yar
OpftICQleﬁ]:fep Qpén Mgidkfgﬂ (flgFehe;Juk%ci}%rP %dgg%jﬁ%% R0 hal Ifeﬁgctlon at an

one can conprise a

1n@|rﬁ860fmphcnéﬂen£1tlb@6rgaﬁ)1b daywh mhdaaram;ﬁdwf lapbratigpoetd éni & surface
cap.conprise an indiumtin oxide optical fiber

Oféksff eptlc fibery &8 s CPROABIFR et FHEYINgER¢I8LIOTHARAORPERE

o@it?&% \%ﬁé @?@ca"flﬁﬁ ﬂ%@treéeﬁg%&l%'oﬁ 2 SRR %n%lk Q&Fﬁcwnt to

P hot o c cel entical constructi ber
prpthatedotal inéircal cefldction asdr intt faon oﬁaphdjesematwedrgamcdqy:r and
ner .consi,stent w materials an hO
o PR RO BN Yo R SEEr & B hsisteal i e
provide @B @nbddiméntWheinaBH&e 18fsoRBRINbEABRS an adjacent layer can
Phot ovol tai ¢ devi ces conprising at | east one pixel

copanmise e sharge rngferlgycrosnsh as an exciton blocking layer. In one

embodiment, for example, the adjacent layer can comprise PEDOT.

In some embodiments, electromagnetic energy received at an incident angle
sufficient to produce total internal reflection can be refracted by at least one additional
layer before reaching the interface of a photosensitive organic layer and an adjacent
layer. In some embodiments, additional layers can comprise conducting metal oxides
consistent with those provided herein or additional charge transfer layers consistent
with those provided herein.

Creating total internal reflection at an interface of a photosensitive organic

layer and an adjacent layer can produce evanescence fields or waves in the
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fi ber photovoltaic cell, in sonme enbodi ments, conprise
sol ar cells. Pixels and pixel arrays can be placed on

w@peop74809tabl e substrate, in some enbodi ments, PEI/US2007/067925
produce solar panels. Solar cells and panels

conpri.si fi.b haot volta cel.ls of the pres
PHOFRPBRY T DT Feo ﬂ\/ O@PARFeSAd P%?‘Igﬂﬂélé} er
elédﬂ%a%r(enmﬁdﬁﬁ% smhe' cﬁgeﬁﬁ& 1a9/8r ahsRa Rk O¥bdEsioARirhods of

producing a fiber” photovol taic device conprising
clgntioniagnetes Iadlathm ircthke photbeensmyﬁ @rgamoslpwlcng pHDdﬂlQ‘d greeicon
- ssi ve L g

%Qelrscgf} GXF t%Ié@rt %rgﬁxémcaqaglﬁlggt?e (6115?1‘5 Oél é‘%ClSIhCéGS 0 organlc

phobRoRsR MBI ictYEf tAE Eﬂa@éxﬁ‘ ihaygeni n el ectrical
conmuni cation with the first electrode, and di sposing

a sduews dollasratescabsorintion avensity specie fiaminshion of ingident angle
atta*fﬁqe% L& of VG amX"ﬁlﬁ&%b&t Hbﬁe&{ega?c%@ldgé %&eegx%m{dl&?%f

one up CERvE tert a
thapksmuammnhaseThdyeumﬁmhgks@mﬂkeﬂkeﬁkengndy&mnqﬁamzmﬁh2°
dot, or conbination thereaof. Disposing a radiation

ingregieatyi Ssishewniin Eigueg béhg deembion anerpincaedrat ga incidsing,
ang[b ofA'Ee, ?H@g\% '})‘h&ovggﬂp HEwESusAYS %%‘e'ré}g tlﬁtrsg)g( [c‘}l eprov1ded

oat i ng ar latron transm ssive conductli ve onto
m&'igue #acdudfd 4 phetapodical orale tayeoc@nprismgopelymeric composite

o S PR B AR Lot PO UseE oD N F ST Be.
(PSPPSR, FRPPSHIVIEBMhoRsBRMI dr ?Mﬁé 1:98r §hRuhi&din
el ectrode by dip coating, spin coafling, vapor phase

adghspuisixcitanb ookmg éay@ummmm@PEB@rTeeallllu@rateDi igFamirad. a
rical

Shot NOURF O bRE b B SRSREGLES wE TR G TR A liion

WEHIOEHDEE BY She HOPREASRE &gms ldyeN@nd Beirtekanshedd 6CIHoad R
on the organlc Iayer t hr ough vapor ghase d&gOSItlon
crgags@dwth@@atl 1Hgn fagtofg] intesed reffpgtion pt tha BERGT/BRHERGRM: | a

1n{g?1ta9é) dB reg{ngg% ddl nrgcer%af ﬂehg&lo?lrh?tﬂ%v[gél.t)glfﬁ’fﬁi P@EM 1nterface

nprises pr fumtin oxi er cor

evdnéBpaﬁlvVszeﬁbr ﬁﬁéSWeﬁrIﬁ'esehoﬁmB@BSHT1P@Mr@gamhc:lafya)4ﬁbdumng
el ectri.c communi cation with the indiumtin oxide

fmﬂPﬁ@Wwé@/%”p%ﬂhmﬁ¥§$53|ng a second el ectrode in

el ecﬁlre'n%hlrﬁ&ﬁ@%'ﬂhé gl;és&ﬁ 1foetnﬂoﬁ R BRLPSSNS 'uM@d for total

organi c | ayer. nbodi ment's, di sposi n
infehotl ofengon atvem 1nte[fam af 4 pi;oemsenntleft eghmic daler and an adjacent
communi gatiqn with the di u oxi.d
1G5 13 P BPaRPLPET Ay TE R g G e e S ver
B§ hﬁu hidvBREntdf tel &nfdaﬂ&ﬂglkgat tBOInferERB L N3, ph¥ AR sitive
hase deposition, or vacuumthermal annealing.

orgﬁl@p t@’ﬁh@ldaadﬂ;@@@ﬂdyfél tbe requared invidaneangle atethe interface can be
ca?c&lggu({]dl Iﬁ ‘[%15S éﬂ neelp% aaD Egtrﬂ%g(? s Sela%_pr (?(%9 %Igaz li]llltgrfaltct% e%duced
byt e pﬁ@@@&d)f@ﬂ@lﬁbﬁ& dgyetdib e @bl &l cpticafiber td% Odi@hhe
incident angle at the face of the optical fiber can be calculated.

Figure 5, for example, illustrates refraction of electromagnetic radiation
traveling in a fiber photovoltaic device, according to an embodiment of the present
invention, which produces total internal reflection at an interface of a photosensitive
organic layer and an adjacent layer. In Figure 5, the photosensitive organic layer
comprises a poly(3-hexylthiophene)/1-(3-methoxycarbonyl)propyl-1-phenyl(6,6)Ce;
(P3HT/PCBM) composite, and the adjacent layer comprises PEDOT. An additional

23



10

15

20

25

30

vapor phase deposition, spin coating, or dip coating.
Met hods of producing a fiber photovoltaic device, in
warog/1809ndi ments, further conprise anneal i ng BEEBUS2007/067925
photosensitive organic layer or layers. In sone

enb nts wher osensi ti ani c |.a
g i T BEE B oS R aRrBr R e SRRy hat S the
sﬂﬁ’crhebﬁﬁlcﬁrﬁjoe@ cHRNAMR i diGrh YinRERElay GNAERIEMEdIHRE DGRBS &s a
| ayer can produce higher degrees of crystallinity in
rafietibn trhesnpediynteist eladradgnoparti cl e phases as mell as
resu eat er dj spersi on of .th hase
o oA BesnE g SR RO b GRS SR RG s g
3nauglerenes singl e-wal | ed carbon nanot ubes,
mul tiwal | ed carbon nanotubes, or m xtures thereof can
f or m nanowhi sker sjsin @trerfpol ymeri c phase as a r@sul t
of annealing. Annealing a photosensitive organic
| ayer, accordi ng gois@nrenesib@di mrents, can conpr#se
heating the organic |layer at a tenperature ranging
from about 8Q0C tm sai@ut771850C for a time peri dd) of
rangi ng fromabout 1 mnute to about 30 minutes. In
some enbodinents a photosensitive organic Iayer can
e heate about nutes. I.n
WRTERThilh 66? BEHVE 1%6@31&& Selaqa&p&@i}afgﬁgs C‘Piﬁvmriéﬂ}f refraglive
inddd SEhY riurh 'Eiﬁ o&fcf%ﬁg}%tr, i‘llﬁ‘s‘ %tﬂeﬁgct%%{de‘iﬁ? tﬁ@ﬁ‘@@% (¥, and
converting el ectronmagnetic energy into electrical

N8R efeg¥fradtivcdndxeThiadhisentnsigva@ihad 1dyer. conv e rting
el ect romagneti c ener@y into electrical energ
S

conpNetéErg that@i athi> 3ci con selshife mentiodﬁ)ﬁqduhiﬂhﬂipt
re?iﬁitﬁﬁto {5)?1%9@%58 Itoi;%i Fer transmtting the radiation
east O ot osensi tive organic |ayer,
generati ng ex0|tons in the organic |ayer, and
separating the excitons into electrons and hol es,
wherein the organjc layefc¢onprises at |east o
upconverter materdalsManf,i 1St okes materi al, EE} dye,
anti-counterfeiting dye, antum dot, or conbination
t hereof. In another enbodi nent, a nethod for
convertin eIectronagnetic energy into electrical
Siseengy a0d %]DT‘ P8ed:.rat e ani/fiberrindifaty, vie haveong t he
| ongi tudi nal axis of an optical fiber at an incident
angl e sufficient to produce total internal reflection
at an interface qfipa PRAIPAENF tds¥e organic | a and
an adj acent | ayer d?sp sedgon a sﬁfface of thexgztica
fiber. In sone enbodi nents, receiving radiation can
conprise positioning the optical fiber to receive
Fipglty, appospbatitugian pﬁﬁﬁ%d@m@ g theoratical; aguatian basomenduce
total internal reflection at an interface of a
phot osensitive organic | ayer and

ﬁna:n@o{gn{%ﬂ}

1

where 0 is the incident angle at the fiber interface measured from the normal.

Figure 6 illustrates theoretical curves displaying incident angles at the face of
the optical fiber core as a function of the refractive index of the P3HT:PCBM
photosensitive organic layer which are sufficient to achieve the critical angle for total

internal reflection at the PEDOT/P3HT:PCBM interface. Each theoretical curve
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an adj acent |ayer. A photosensitive organic |layer can

be consistent with those provided in enbodi nents
wheeegiisimiove. | n sone enbodi nents, an adj acent PCEYS2007/067925

can conprise a charge transfer |ayer, such as an

exci ton ocking, |l ayer. In one enbodinent, for :
roaTAgt £ e A s CUAHT CoHpr F i a ferent
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an incident angle sufficient to produce total interna
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B P T P os bl SRRl Suerminaioarer 1

inSiaBm® 2RH1RE S iR fdhSfor PEsHutin@Retal BRIl $effc@fiof @M infelface of a
conducting netal oxides consistent wth those provided
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fields or waves in thephotaosensitive organic |layer, .
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intensity spectra as a function of incident angie at a

blp¢kieg lagerhdjzrent tofa rdtasemsativccorpdnit yer aaibe ctibed oa the side
accordi.ng 4 o an enbodi nent of, the.present invention..

ol R B S P Hier AP B BN et ¥ PP s

PEIOOTNfo? ckitfipleN®AthR-ctehed dh e sidd foningigl @ iftterfubewith a

absorgékon intensity peaked at an incident angle of
P3ET/PERM phefasansitiyp otgsntsl laydrc devi ce used to generate

the SReELIREAYLEE qia}je[:% Ag‘;ogégng%ﬁhpét&%hﬁ%ec%v?ce? g/ar%le ‘?e‘i %cched by

phot osensitive or gani’c rising a po
lithogrpplst eetlaldahyl(3inh @hylotitiogpipaivapetaods. In one embodiment, a

| - (3- et b ). | -1-ph 1.(6,6)C 6j
ph@#?ﬁ*#h?”@@@ﬁ%%ﬁ%@%ﬁ#ﬁ%%% th# ATBCERE Ehei 1%3)@%9 E%\ﬁtphed-

g

comrsise pgsitive esistsaumedgdiwe aiepysts. N@oceythe photbhthbgliaphimedsistt hat

t he r.adi ati.on was sorhed by the photosgnsitive
deppyted: @*eﬁ 1S e@ﬁ&ﬁ@ﬂ R ‘E?P{@IPBG ¥R BBRIPP e solvent.
A?Eﬁ@h@&n&iﬁ?oﬁ eedbidr @R tHeQthotRbRhicidetigE.NPhotbBhb f)lili@ Residts

he PEDOT/ P3HT: PCBM i nterface. By creating tota

cappedeidgownan pex d¢siad astterhe OREDETIPIIAT cROBNE. oy ecaeseries
of parallel lines spaced apart by a constant distance. After developing the resist, the
layer of the organic photovoltaic device is then etched by any suitable polar organic
solvent, such as acetone. The photolithographic resist is subsequently stripped from
the layer of the organic photovoltaic device leaving behind an etched layer.

In some embodiments, the indium tin oxide fiber is etched. Etching the
indium tin oxide fiber, in some embodiments, can be achieved by lithographic
processes, including photolithographic processes. In one embodiment, for example, a
photolithographic resist is deposited onto the surface of the indium tin oxide fiber.

Once the photolithographic resist is deposited, the resist is exposed to radiation and
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evanescent waves or fields were present in the

P3HT: PCBM or gani ¢ | ayer produci ng an increased
wa@k®onporon i ntensity. I n enbodi nents of the pPEBENL007/067925

invention the critical angle required for total

I nter reflectlon at an terface of

a
deyRigpes ‘éfﬁé.aPP%ﬂatF gakyrF tPQ o6 AR it ivAtuny 4y gxidg figer
TIREuHRPEHHER tndHRAMint 3 &l f?cfe? acub¥Y&ubmtexciedd ih Iaesultable acid,
photosensitive organic |ayer. By assum ng achi evenent
sugh a$ plomid am@aulfalngaced,alr nithie apidt dihf pbetobfhogtaphic resist is then

hot senS|t|v I (.and adja
reda S il R N R B R oan Bl vhffa e
ct@RdGuUtfaéce dn sbme BmbBHiSnen&) aldt cReclréd¥s ¢ampHSing $&fatain each
additional interface produced by the presence of
traggenissiverandyciipg psidgs. dpdudiag emiutrn éngpidecaie cfghg@in iy manner.
?ng @g}?ods% b%8n+ (Qfl tfie ﬂltv’g{\tji](ﬁl ﬁa@é%eg dés@ﬁbe%%'fﬁl%lment of
er can ca ated ure exanpl e,
the Whri@isrobjeess crfelﬁer m@émum af sl@h&iclierr@mmﬂithat tlede ainbodiments

traveling in a ber. photovoltaic device, according to
arg Negsth 8&48%%\56 foth% Hfén%Plé% ghifie PFRER LR BRtoln NSRS duces
mBﬁh@éuan bed Q@e{éateftﬁ)ﬁlg ﬁfe?éo?@vlﬁnbe @&gﬂgtaﬁg &f%o &fos@skilled in the
otosensitive organic layer an Jacent ayer. In
arFWghlG)LEt dEpamng frphﬂhespms atd scepoofniicvenayer conpri ses a
pol y(.3 xyl.t hj ophene) /| - (3-methoxycarbonyl) propyl -
1- ph “%é%@'€ifg? HT/ PCBM) conposite, and the
adj acent | ayer conprises PEDOT. An additionallayer of
indiumtin oxide is disposed between the PEDOT | ayer
and surface of the silica optical fiber core. The
indiumtin oxide |ayer, as described herein, serves as
a radiation transm ssive first electrode. Applying
Snell's law at the various |layer interfaces
illustrated in Figure 6 yields: h qc=hc (3) 772si n6>5
= 773sin6>6 (4) wherein hi is the refractive index of
the silica optical fiber core, h2 is the refractive
i ndex of the indiumtin oxide layer, h3 is the
refractive index of the PEDOT |ayer, and hc is the
refractive index of the photosensitive organic |ayer.
Noticing that qc= 6 and 5= 4, we can substitute (3)
into (4) and then that result into (5) and rearrange
to get Since ho=l and q2 = 90- B, at the air/fiber
interface, we have sin q =hxsin g2 =]1
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cos q COFinally, upon substitution of (6) into (7) the

t heoretical equation beconmes where gi is the incident
waegras@r2t he fi ber interface nmeasured from t hBCTOR2081/067925

Figure 6 illustrates theoretical curves displaying

linc;gegt aq%hes at the face of the optical fiber core
-as o PORCYPHHC BRPAHES (URMEME ve i ndex of the P3HT: PCBM

phot pgRNSIb R BRPRRING ah YEImWMH Slid@figersuf ficient to
achieve the critical angle for total interna
r ef | & deasornegthotdsensEROTLMBRYPCRIMoundiag flzeclerst @egtode and
t heoretical  curver sents a different incident
el@%@%ﬁue nchﬂ?CtWﬁtPglﬁe ﬁﬁ{ ft@lﬁet Od??o?‘l}(gs ponds to a different
r ef ragbyEeledtetri sﬁﬁbuﬁdih@gpﬁlb lok €ehi Ol ¢rGall cfdcRREIIE 06thecdd to
di scl osed and taught by PCT application entitled
thoptageicde¥aroni ¢ Devi ces and Applications Thereof, filed
May 1, 2006, subsequent to a determ nation of incident
angl es sufficient for producing total interna
2.1 ef | 'Hod plotovalta@pparhes biclainefl, @h@btths phstbidnyieive beganicc
| ayer and adj acent | ayer, an optical fiber core can be
layE SOMPERR RIPI94HES 17€1%adi ati on in accordance with the
i nci dent angles. A panel, for exanple, constructed of
pi xel s conprising organi c photovoltaic cells having a
3.f i beThegihotmoltnie apparatue of olsinh 2pwheteswtbb phdtasctivadé@on on

striki t he pa can be received by the optica
oo ddrsbout b e ERbPEDar Biee 8 Pl gl o accoptor
mstdfifli cient to produce total internal reflection at an
interface of a photosensitive organic |ayer and an

adj acent layer. In sone enbodi nents, |ayers of organic
4phot voh{ ictde%jcqs can pe stcpqdinﬁ @n;veqﬁlgﬁ rises a
' educ BIOUSPMAE SAPTBIACT PR Pn¥ T B PR doTas Anatsris! SRaprises
poyiaedd prRRE and@ihe QXEIptEMAbRg kbRgrikakalanapiraclephade0 a

phot osensitive organic |ayer can be etched on the side
formng an interface with the organic | ayer.

An
exci ' l4S{ - I -
S-can DS AR Aob RIS of QURE LT h Rl Rty Rke BH AR pfipriscs
a EBllidaRRABMIyhat osensi tive organic |layer. In sone
enbodi nents, layers of organic photovoltaic devices

can be etched by |ithographic nethods, including

h . . ‘ :
6.photpld 1{146&%%*8! a@pzﬁ%ﬁ@ BfSLairh B, RR&RNRO géﬁé%t?]d ﬁoslﬁrgl?r

phot ol I't hographi ¢ resi st 1s deposited on e ace
confprishepdlgipelrextythiophatey lpeth(3Bhyltbldphbregr@aphixtiresabersos

according to enbodi nents of the present invention,

conprise positive resists or negative resists. Once

7.t he PholRkdvoRe@appiths bESlafh 41 wheleRaké h;ﬁﬂ)ﬁaitﬁﬁ: piHRSE st
is exposed to radi ation and devel oped with appropriate
cogajirigenfullerenes, carbon nanotubes, or mixtures thereof.

8. The photovoltaic apparatus of claim 7, wherein the fullerenes comprise 1-(3-

methoxycarbonyl)propyl-1-phenyl(6,6)Ce;.

9. The photovoltaic apparatus of claim 3, wherein the donor material comprises

organometallic compounds.

10. The photovoltaic apparatus of claim 9, wherein the organometallic compounds

comprise phthalocyanines, porphyrins, or derivatives thereof.
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A pattern remains on the layer of the photovoltaic
devi ce. Photolithographic resists can be laid down in
w@eoo7dawrr ed pattern. One pattern, for exanpl ePCT/US2007/067925
conprises a series of parallel lines spaced apart by a
constant distance. After devel oping the resist, the
| ayer of the organic photovoltaic device is then
11et chegh Mot @RYaR UbhaRiug oPSlafh 10%88RINGhS Bht8hsitisd BHgtaﬁﬁ
acetone. The photolithographic resist iIs subse?uen 'y

lagdrrcopyeisestat baast dne Upageeriof metveiak puféiiakep matainb|laser dye, anti-

d . [ hi nd . d o
g E e Ll SR

Et ching the indiumtin oxide fiber, in sone
enbodi nents, can be achieved by |ithographic

125r ocBipshtovolfgicg@ip#gtup wbeleim d haheraHhe aidest ese eund ofithe
. ' . xanpl e, a photolithographic
]n?@§}§¥gg§éﬁgggngg%agnto the surface of the indiumtin
oxi de fiber. Once the photolithographic resist is
deposited, the resist is exposed to radiatigon . . )
133 nd dEReathoieg thictprapiye pFidn & whergwrhoth endsb dhrciadiym tin
& Obe ki indiumtin oxide fiber. The surface of
Otﬁ% ?%gTun1tF% oxi de fiber is subsequently etched in a
sui tabl e acid, such as chromc acid, sulfuric acid, or

itric acid. The photolithographic.resist is the
b tr ot B TS gk B | RPriod R trbh T o Ater has
a @%inder Hinb Ty hGRDEE 1065k Relaidae 1 sished surface. In sone
enbodi nents, first electrodes conprising radiation
transm ssive conducting oxides, including indiumtin
Xi re etched in this, manner. Variqus enbodi.nents
15 ¢ fs Rk b L TR bl R4 Faf FRFPUSTTS of
conbictin@rdx@disis ARpe&d®naf sutfae dintkie tdi@n tinldxidehiyerd be
recogni zed that these enbodi nents are nerely
illustrative of the principles of the present
i v . , ficat ' pog o
14, oy i g AR LR Ot Lahl 150 R AARREh RRGiseive
conbectgtoxidet dobnpirisckegealidr mgdifimaim dxfide, Sqaliurm tinaxites etprorof tin
the inventjon. That which is clained is:1. A
OXito CHTBF iGN 4B us conprising: a first el ectrode
conprising an indiumtin oxide fiber; at |east one
phot osensitive organic |ayer surrounding the first
17| ecthaygwtavnttaielappimius af tiping dnfuetbtiecbnimisitpeanf éxcgon blocking

el ectrode; .an second el ectrode surrounding the
g g A PR SRS HEEEF [ S onnect ed o Che
organic layer. 2. The photovoltaic apparatus of claim

1, wherein the photosensitive organic |ayer conErises '
1% phbhahetavekiaicagpaatus of claim 17, wherein the exciton blocking layer is

etched.

19. A photovoltaic apparatus comprising:

an optical fiber core;

a radiation transmissive first electrode surrounding the optical 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,

28



10

15

20

25

30

3. The photovol taic apparatus of claim2, wherein the
phot oacti ve regi on conprises at |east one bul k

wheiensjommct i on bet ween a donor material and aPCT/US2007/067925
acceptor material. 4. The phot ovolta| c apparatus of
claim 3, wherein the.donor material ormpr

WP R PR ASET SHTAPHNTS Sbieat /NS FPFRERY at%ﬁp?qtgé@kas

m%ﬁapﬁgérl@Eeaﬁh&ﬁﬁteréitln%epmmw bb@bEcAPRRLRINUR RS,
claim4, wherein the polyreric phase conprises a
conJ ugat ed polynmer. 6. The photovol taic apparatus of

o| yft‘? ;H]é)‘(@vo tﬁ‘cgshagrﬁ%l;% %E’%%&gggd%ﬁ%ﬁﬁ{ %éf?g;ﬁé)trgg%?lsswe

ﬁI@i AbFRS cbMPFieRfa radiatidh@adiassdMddndb &ingRikadeat us of
claim4, wherein the nanoparti cI e phase conprises

ful |l erenes, carbon nanot ubes, m xtures thereof. 8.
Th f
l]c uIeI ”gl?? eﬂhg)go(vé)gcgfccde%g ?f ?@Hﬁ 281%12&91'(1:1?#% V%ﬂ?% ?1]61{1;%/ 1|_:s]sqve

cohdpiigyokide, db‘n@rises Ddiufhen pkidt Cgaﬂlhltrﬁ ieliap piaroxides atfmony tin
¢claim3, wherein the donor material conprises

0’%ﬁi€‘g8ﬁélﬁéﬂ151“ﬂmém&§#ﬁ%unds. 10. The photovoltaic
apparatus of claim9, wherein the organonetallic
conpounds conprise phthal ocyani nes, porphyrins, or

2Mer i T/lmphwsroithierappiratm of Than phovisarainttld phcaq»q@asi&itmergaﬁic

claiml, wh mthegootosensmlve organi c | ayer
lay FRMIPLIESS &R Q%‘ﬁgi’e{ﬂg “upconverter material,
anti-Stokes material, |aser dye, anticount erfeiti ng

dye, quantum dot, or conbination thereof. 12. The
2Xhot Hmlmmvoltalp@apmm obtlagh a2 mhiicreintiee Eﬂlmoetch@e tagion
capfftul e S0l ERIORH PR B Hioahifliniae ap peceprr
mudgslei n both ends of the indiumtin oxide fiber are

bevel ed. 14. The photovoltaic apparatus of claim1,

wherein the indiumtin oxide fiber has a dianeter

2o DDAl BT fn 2 iR achitr it spmprices

a palaunsiic plsdse @nd dirdidcdptargmatsiideonpridésspomepartolegphaser f ace
of the indiumtin oxide fiber. 16. The photovoltaic
apparatus of claim15, wherein the radiation

24 ranggg d%ltﬁﬁ mﬂ&%iug 9f QPéhﬁ 4 C&H@%&hstﬁé?&?lnkﬁé‘ Phdsadi um

tin OXIde i ndiumtin oxide, antlm)ny
comprises a conjugated polymer.

26. The photovoltaic apparatus of claim 25, wherein the conjugated polymer

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

27. The photovoltaic apparatus of claim 24, wherein the nanoparticle phase

comprises fullerenes, carbon nanotubes, or mixtures thereof.

28. The photovoltaic apparatus of claim 27, wherein the fullerenes comprise 1-(3-

methoxycarbonyl)propyl-1-phenyl(6,6)Ce;.

29. The photovoltaic apparatus of claim 24, wherein the donor material comprises

organometallic compounds.
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oxide, or zinc indiumtin oxide. 17. The photovoltaic
apparatus of claiml1, further conprising an exciton
Whb@eh3w@ | ayer adj acent to the photosensiti vePOr/gant067925
| ayer. 18. The photovol taic apparatus of claim17,
wherein the exciton blocking layer is etched. 19. A
phot ovol tai ¢ apparatus conprising: an optical fiber
3(50T €Th@pHoRAloRhicABpAhRL %m;ﬁﬁh ¥8, Whdrsih Rl s&hﬁ&ﬂaaulc
surroundi ng the optica er core; at |east one
copiroundernsiirise @htlmagmmmnetsay@\phmnss oummmgvetshherﬁoﬁ st
el ectrode and electrically connected to the first
el ectrode; and a second el ectrode surroundi ng the
3107 garcCpHobn@Itaidigpah@e of tiaah 1Y, wRREiAGhEst 164t biteupconverter
organi c |l ayer,wherein the organic |ayer conprises at
mpteralicoptpsis ey binanidy sorgs elemsnt. ant i - St okes materi al
| aser dye, anti-counterfeiting dye, quantum dot, or
conmbi nation thereof. 20. The photovol tai c apparatus of
3| ai ThelghotoMotthieiappirhens bédiaah il 9 whdrainshe sdeaseord igonverter
el ectrode conprises a.radjation transm ssive
MlSHH FOMPRGCREPIYEY YHebiumpedysprosigio e Arame ey maduigs thereglm
20, wherein the radiation transm ssive conducting
oxi de conprises indiumtin oxide, galliumindiumtin
330xi dEhe Fhotavioltay apparatx ioflelainod 9 zwinereinnbk atrtedst nnéoqaiaaimm dot

colnr,pézz 15%-%%{1 e%gillgqlﬁ{glglc %F g aléﬁlltagg fsgg{?glzl%& I%V‘g:]r(learl eorr}nixture
th@lagt oacti ve region. 23. The photovol tai c apparatus of
claim 22, wherein the photoactive region conprises at
| east one bul k heterojunction bet ween a donor materi al

nd or mate
34l QORGP Ee PR S5: hpafidi o Vi CHShEH T ofy qunterfeiing
dyeQIRIpriS&sa FhRphotMBidBpiRitagerndhrdie cAe@RRL fPecidrt eri al
conprises a nanoparticle phase. 25. The photovoltaic
p@p&gfc&m@@h@mw@l HCHCK AT apEEs Hetdeé pol yneri ¢ phase
conprises a conjugated polyner. 26. The photovoltaic
apparatus of claim25, wherein the conjugated pol yner
350 0 rrp]’h@;ﬁﬁatqmlltyi(c&pbaxmb oficlajphéfeyherein at least one end of the optical

Ith|o hene or m xtures thereof.
ﬁber core 18 8eve ed P )

36. The photovoltaic apparatus of claim 19, wherein both ends of the optical fiber

core are beveled.

37. The photovoltaic apparatus of claim 19, wherein the optical fiber core has a

diameter ranging from about 10 um to about 1 mm.

38. The photovoltaic apparatus of claim 19, further comprising an exciton

blocking layer adjacent to the photosensitive organic layer.

39. The photovoltaic apparatus of claim 38, wherein the exciton blocking layer is
etched.
40.  An optoelectronic device comprising:
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27. The photovol taic apparatus of claim?24, wherein
t he nanoparticle phase conprises fullerenes, carbon
woaonsi9es, or m xtures thereof. 28. The phot oRCI/U820087/067925
apparatus of claim 27, wherein the fullerenes conprise
| - (3- ,met hoxycar bonyl) propyl- 1-phenyl(6, 1. 29. .
The ALV s coRBpaiPBeb g ong PRF RTIHIC tall s ipofamigtiei
celQRBIprifRLer i al conprises organonetal | i ¢ conpounds. 30.
The phot ovol tai c apparatus of claim29, wherein the
or ganonetafiist cedudssompsisogrpiidemgin dxadoitani nes,
por phyrins, or derivatives thereof. 31, The
phot ovol {1 LSl BEnAT e raiiic Byer SiiopaiRe thsafigg electrode
anld@ASAriANG cuRERas tey fildBdledticlk; 4RNpPri ses a Lant hani de
series elenent. 32. The photovol taic apparatus of
cl ai m 19,2 ssenrdelactiads sarropnshng the weganiscleywand slectrically
i al j erbium ytterbium dysprosium
Coﬁg%%du%]th%&%ﬁlﬁ%%és thereof. 33. The photovoltaic
apparatus of claim19, wherein the at | east one
uantum dot conprises a JII/V sem conductor materj al,

4 117 ORSRHTLIORIASY 51° oritadP 8l Whereinpg pileest ORePiESE .
co;)’rﬁjrisg;b@ Rlpﬂft?)ﬁp tRbolarranat us of claim 19, wherein

the at teast” one counterfelting dye conprises a
phosphor, fluorophor, thernochrom c chem cal species,
hot.ochrom c chenjcal species, or a mxture thereof. .
A SRy e g Bl dov Birefh B Roffy RS ERip e
(mgg§§¥n@ﬁ%dend of the optical fiber core is bevel ed.

he phot ovol tai c apparatus of claim 19, wherein
both ends of the optical fiber core are bevel ed. 37.

h h | tai . | ai.m wh in th
“pt | RO ol EORET 514 20 sBPMd g a7 bl sbiont

10 mmto about 1nm 38. The photovoltaic apparatus of
claim 19, further conprising an exciton blocking | ayer

445dj athanprtedeqtipaicpleytcs 9 skimidd ewbergarfiah pagkef thgarrayrhe
' . O | ai m 38, wherein the
oYL SPARI GRS, Shaa a0, An
opt oel ectroni c device conprising:at |east one pixe
conpri sing at | east one photovoltaic cell, the

43phot 0% BPSICEIUES A BRI SIRE:

at least one pixel comprising at least one photovoltaic cell, the photovoltaic
cell comprising:
an optical fiber core;
a radiation transmissive first electrode surrounding the optical 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,
wherein the organic layer comprises at least one upconverter material, anti-Stokes

material, laser dye, anti-counterfeiting dye, quantum dot, or combination thereof.

46.  The optoelectronic device of claim 45, wherein the at least one pixel

comprises a plurality of photovoltaic cells.

31



10

15

20

25

30

a first electrode conprising an indiumtin oxide
fiber; at |east one photosensitive organic |ayer
waenoresned ng the first el ectrode and el ectri caP@HUS2007/067925
connected to the first electrode; and a second
el ectrode surrounding the organic |ayer and
electrically connected to the organic layer. 4 1. The
40Pt OplEGHE QR ton eV ER P hlafh @b %ﬂ&emvmgbﬁﬂrﬂ@ Bep l?dtovoltalc
| east one pi xel conprises a plurality of photovo taic
cetlepteshundzd. The opt oel ectroni ¢ device of claim 41,
wherein the plurality of photovoltaic cells are
bundl ed. 43. The optoel ectroni c device of claim40
48 ONPT heSdpide] @dtroald dyicefof Riak@l4S cofthrisihB @n @Rk pef pikkisoni ¢
devi ce of claim 43, wherein each pixel of the array
conprises a plurality of photovoltaic cells. 45. An
pt e Y t | i.xel
Do ST ople e R OB Afereesk BRI G Birk
coplppisevopludlicy ofphotewifaid ilng: an optical fiber core; a
radi ati on transm ssive first el ectrode surrounding the
optical fiber core; at |east one photosensitive
SR 93RIfeh RYSE IR L AOned dnkteyShRTILAT G BRg
electrically connected to t I rst"el ectrode;
copgusg: el ect rode surroundi ng the organic layer and
el ectri.cally connect.ed th anlc | & wher
*he TRl EPaR e i Soty SR lerendHElbarehtatcal
fisgt erial, anti-Stokes material, |aser dye,
antl-counterfeltlng dye, quantum dot, or conbi nation
t herteapmittigg thﬁrﬁéecmq@n@gn@twt ragiation ﬂ)éwtdeas@bn@:plmtmens'tive

wher ei n |xe es a
orgith e B o fin PSR S CTRT e Rufo M ing bbisa
fikdral m 46, wherein the plurallty of photovoltaic cells
are bundl ed. 48. The oPtoeIectronlc device of claim45

c ony#ansiaHye sxcitong dythemt lspstens phofgserryitiee opasis layari o ¢
devi GBa@fing IRl Reitdhs iNBHEHBnEAGMRLxe!l of the array
wherein the at least one photosensitive organic layer comprises at least one
upconverter material, anti-Stokes material, laser dye, anti-counterfeiting dye, quantum

dot, or combination thereof.

51. The method of claim 50, further comprising removing the electrons into an

external circuit.

52. The method of claim 50, wherein electromagnetic radiation received has a

wavelength ranging from about 400 nm to about 800 nm.

53. A method for converting electromagnetic energy into electrical energy
comprising:

receiving electromagnetic radiation along the longitudinal axis of an indium
tin oxide fiber;

transmitting the electromagnetic radiation into at least one photosensitive

organic layer surrounding the indium tin oxide fiber;
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conprises a plurality of photovoltaic cells. 50. A

nmet hod for converting el ectromagnetic energy into
we@bkm@ctisiotal energy conpri sing: receiving PCT/US2007/067925

el ectromagnetic radiation along the [ongitudinal axis

of an tical fiber, transmitting the el ectromagnetic
r ad|$tnF‘§Hng Frgitogs 1) thg ofgeg a¥HotBsensi tive organic

| ayeg &Qﬁﬁy&ﬁe@mﬁﬁghﬁﬁkﬁﬁn%ﬁﬁﬁﬁﬂkﬁéﬂVe first electrode
surroundlng the optical fiber; generating excitons in
the at | east one photosen3|t|ve organi c Iayer and

eparatin h into electrons a
Soner vt Bt st WiatraOwbsBRertrual Bt R yepn
cx@QRRIdises. at Ieast one upconverter nmateria
anti-Stokes material, |aser dye, anti-counterfeiting
dye, quantumdot, or conbination thereof. 51. The
t f r [l S .SDV]
ST ectioneb B EP g3 MR CIERIRE L RS R Loty
walebdn@tibidnging €fodi dborlt ¢00 hdrragbeiti800madi at i on recei ved
has a wavel ength rangi ng from about 400 nmto about
800 nm 53. A nethod for converting el ectromagnetic
energy into electrical energy conprising: receiving
el ectromagnetic radi ati on along the |ongitudinal axis
of an indiumtin oxide fiber; transmtting the
el ectronmagnetic radiation into at | east one
phot osensitive organic |ayer surrounding the indium
tin oxide fiber;generating excitons in the organic
| ayer; and separating the excitons into el ectrons and
hol es. 54. The method of claim53, further conprising
renoving the electrons into an external circuit. 55.
The nethod of claim53, wherein electromgnetic
radi ati on recei ved has a wavel ength rangi ng from about
400 nmto about 800 nm
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