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SI M AN SUBFAM LY C ADENOVI RUSES SAdV-40, -31, and -34
AND USES THERECOF BACKGROUND OF THE | NVENTI ON
Wod®aoU3ILs i s a doubl e-stranded DNA virus w tPCEUS2008/013176
genone size of about 36 kil obases (kb), which has been
wi dely used for gene transfer applications due to its
ability to achieve highly efficient gene transfer in a
variety of target tissues and | arge transgene
capacity. Conventionally, El genes of adenovirus are
del eted and replaced with a transgene cassette
consi sting of the pronoter of choice, cDNA sequence of
the gene of interest and a poly A signal, resulting in

a repli c ARBSIRGETURED WGWM@“&OW@&-ELLS

Adenovi ruses have a characteristic norphology with an
i cosahedral capgi I St n t maj or proteins,
hexon (I1), penéég:@gg@%q)ln)qﬁiwgﬁiﬁgbbed fibre
8\?, along with a nunber of other mnor proteins, Vi,
[0004]) | | Manpifalrication ingludes the Rakrigation of vernhswmallostructures
81: 2573-3704 (Nov 2000)]. The virus genone is a
that have featuchsudn thesbrdemdéd ODMandndtess besmialiet. Pnetagiplication in
attached covalently to the 5 term nus, which have

whichnahb48bicdtiinn#asr BREakS sizbab®) _-imEB@t v s thNAprogessing of
intimately associated with the highly basic protein

integfatedaftuts? TEle sdtfeoh o8 plodisRlid Hal T eERRlles tosstrve for

laraes° l.ex,.and. provides. a structural link to the capsid

arg&fi ROGPGYQT yiss Wil pereRsing i'be CBRYIET ReT it area formed on a
Vi rus- encoded protease, which is necessary for

SUbS‘y@&eg‘gﬁrﬂ@)r%fn%@Qﬁpatlﬂ@ kegampes ra¢regs w@ppgant.  Nano-
produce mature infectious virus. A classification

fabrigatimmpravide oegreatefaprocese dohion! whike Bicwiagerantinuad reduction of
famly, which includes human, sim an, bovine, equine,

the ponieiume, feavuree dimensions asfdthenessidtaras efopviedus €Sthefhargas of
cl assification schenme was devel oped based on the

' i NG ahjhichi € _ NOWiLEL US u LR t
deve?cbérfuléﬁ! Gn lewi'ch, AaRb féet‘gﬁa’i‘i%gd ‘égﬁst_’é&q edhpRyed iiude

amly to agglutinate r The resuft was

piotegp R BHEL e HHAISE, e har o WS R G A e,

iruses and their Replication", Ch. 67, in FIELD S
[000Rd0odW exemrtary, nang-tabiicaljom teghnigyey & wge fpday is commonly

referred to as imprint lithography. Exemplary imprint lithography processes are
described in detail in numerous publications, such as U.S. Patent Publication No.
2004/0065976, U.S. Patent Publication No. 2004/0065252, and U.S. Patent No.
6,936,194, all of which are hereby incorporated by reference.

[0003] An imprint lithography technique disclosed in each of the
aforementioned U.S. patent publications and patent includes formation of a relief
pattern in a formable layer (polymerizable) and transferring a pattern

corresponding to the relief pattern into an underlying substrate. The substrate
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(Li ppi ncott Raven Publishers, Phil adel phia, 1996), p.
111-21 12. Reconbi nant adenoviruses have been
waele®enidsexl for delivery of heterol ogous nol ecuP@FUS®08/013176
host cells. See, US Patent 6,083,716, which describes
t he genone of two chi npanzee adenoviruses. Sim an
adenoviruses, C5, C6 and C7, have been described in
USPat ent No. 7,247,472 as being useful as vaccine
may\beceeited @ laemobiah ispage keobidimavdesiredspesionieg o faclitate the
in WD 2005/ 1071093 as being useful for meking
patterdieigopriocss v At patteming precesvies s tamplined spacedeaprt from
are vectors which effectively deliver nolecules to a

the E%Q%teaﬂﬁd”bnfo'f’?né%lé hlgu a“b‘lf)ﬁlegf b@ﬁn%’e%x'tﬁé'@%plate and the
immunity to sel ected adenovirus serotypes i n t he

subsiRft' Thi a7 sel g IR R rbE P el s e

SI m an adenow ryses within subfam vect or
confeEHPg; tRi hghere sk the guErce Lfdhe tﬁ%%agaahew@ﬁts fhesfgrmable
provi ded are a nunber of nethods for using the vectors
liquichnAftee spkditieatinn, bleel teropleiter is Teparatestbsamvineuigid layer|sygb that

SAdV- 40, SAdV-31 and SAdV-34. The nethods descri bed
the temnplate iandlthe slebstrate | ag epaced apare sdhectabstrate and the
het er ol ogous gene(s) to a mammulian patient by

solidfidl Riyet edreNthed ¥E5eeledd &5 HddRRANANPretEssddst ankha a relief
conpositions descri'bed herein for vaccination permts
r I
e FRFBRAL R (R SEESbSTaT hRhalan e ShAILA LR
these sim an adenoviruses may al so be used for
produci ng het erol ogous gene products in vitro Such
gene products are thensel ves useful in variety for a

variety of pBRHESIESGH PO QFdRBAWI b@tﬁher ei n.

These and ot her enbodi nents and advant ages are
[0004ddcr i bsd that ther predenhtinvebtibnuwnaPbeAlnddds{IoTGR! Mbréetail, a
OF THE | NVENTI ON Novel nucleic acid and am no acid

desc?@ﬂé‘ﬁrtﬁeémbbgmérhtg‘ SNtrd HRYBHSs AtoviedVavith @f€rence to the
AdV- 34, all of which were isolated from chi npanzee

embf)&lﬁ%snts "illflfstl%rté’ |r¢‘?tqe r@'p%ﬂd &Q&féﬂ/ﬁg;e rFt |Q%GA noted, however,

novT rus vec pac agi ng Pnes & 0 produ

that the appended drawings illustrate only typical embodiments of the invention,
and are therefore not to be considered limiting of the scope.

[0005] FIG. 1 illustrates a simplified side view of a lithographic system in
accordance with an embodiment of the present invention.

[0006] FIG. 2 illustrates a simplified side view of the substrate shown in
FIG. 1 having a patterned layer positioned thereon.

[0007] FIG. 3 illustrates a simplified side view of an exemplary solar celi

design.
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vector based on these sequences for use in the in
vitro production of reconbinant proteins or fragnents
W@erooonsis r eagents. Further provided are conpoRCT/U82988/013176
for use in delivering a heterol ogous nol ecul e for
t herapeutic or vacci ne purposes. Such therapeutic or
vacci ne conpositions contain the adenoviral vectors
carrying an inserted heterol ogous nol ecule. In
[000&] t i oRIG.t hdlustrades S/sivipiied sitkesiear ef aaethel exemplary solar
providing the essential hel per functions required for
cell eighict i on of reconbi nant adeno-associated viral (AAV)
vectors. Thus, hel per constructs, nethods and cel
ig¥es ich : 4N t
[00GS S 4o oA st S 2 SRR Side BN A SRR, soler cer
.subgroup C, . .the capsids. of these viruses (optionally
de&%ﬂggﬁpgéip@FeV@@dﬁBUH@ﬁF”biraI particle or an enpty
capsid) are useful in nethod of inducing an
[000%Ahonbld 2B dlugtratdsea siroplifiachside adew wianothes sxensmatyysolar
delivering an adenovirus subgroup C capsid to subject.
cell déwigiSAdVingth pSitekviedlp-arjusi#ibv 34 capsi d can be
delivered alone or in a conbination reginmen with an
t4ye i i ; .
oo L B e P S F SR AR AZaR) PN stack
desi pha production in a subject in need thereof
npri sing delivering the SAdV-40, SAdV-31 or SAdV-34
capsid to a subject is provided. In still another
[009d Lt |, FIS nedllusirates apireasrseatPnA /iow afvanotagt exemetary P-N
in culture is provided. This nethod invol ves
stack desigati ng a culture containing dendritic cells and
the SAdV capsi d described herein under conditions

[00043 Rb! EIG BRIIREHERSCY SRIPITRY 08 WKl BEanotHetlexdhilfary solar
al pha interferon, anong others. The term "substanti al

5@@1. 1S i |47 ' ," when referring
cel to ﬁgglpg?@ug@?égég?ﬁ?rtgbﬁiérﬂgtk éﬂrjfaéoéf, i ndi cates that,
en opti aligned with_ approprjate nucleotide )
roofdly PPoic s Nidlrafion gk Rsrhet & eraren sttt giown in
its conplenmentary strand), there is nucleotide
FIG.&quence identity in at |east about 95 to 99% of the

al i gned sequences. The term "substantial honol ogy" or
[0004Bjst aflG.0A dlustrates & gimphfieensidefviaw iofiantexemplasy P-N stack

acids or fragnments thereof, indicates that, when
desi@PhhVRb! Mulbicaaggrs th appropriate am no
[00016] FIG. 9B illustrates a top down view of the P-N stack design shown
in FIG. 9A.
[00017] FIGS. 10-16 illustrate an exemplary method for formation of a solar
cell having multiple layers.

[00018] FIGS. 17-21 illustrate another exemplary method for formation of a

solar cell having multiple layers.
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acid insertions or deletions with another am no acid
(or its conplenentary strand), there is am no acid
wGeemaenses i dentity in at | east about 95 to 99%@f/Us1¥e8/013176
al i gned sequences. Preferably, the honology is over
full-length sequence, or a protein thereof, or a
fragment thereof which is at |east 8 am no acids, or
nore desirably, at least 15 am no acids in |ength.
[00819D] es!GSF. QB%Z&HIustrbteaghnpﬁfkadasEiedems' bé@xbe’rmedany. N-layer
The term "percent sequence identity" or "identical" in
formbhién &R axhultiflapercd Bistrabei d sequences refers to the
residues in the two sequences that are the same when
al i gned for maxi mum correspondence. \Were gaps are
required to align one sequence with another, the
degree of scoringai | respect to the
| onger sequence mPFﬁgﬁﬁé@g#§$?$“ (Bgaps Sequences
that preserve the functionality of the polynucl eotide
[0002Q)] poRgfsfing de thentiares, an@p@ﬁw&ar@/ teoE K5.c1.d4ustiated therein
identical. The | ength of sequence identity conparison
is aniithogmpiwersystesnf U0 | useshdd hfoofn Bheelggfnpaterpe 0g. substoate 12.
36 kbp), the full-length of an open reading frane of a

Subgifite. 1P be, cGuiedith  substrafe YRBck SRE, A5 Blustraldde substrate
t abl es providing the adenoviral coding reglons] or a

chuck’ PPt RLuA chGAs! 5e599uél915098 éyggsan chuck
g SgBste Py, ity S€tany

| sdesi re WeVer,

. . of at out ni ne nucl ot| des al y

e, Bl et S50es S8 A, @é%? Vosi.” CRaRte-isut oBstrpgtatic,
32 nucl eotides, at |east about 36 or nore nucl eotides

electragragnsic R desthedike. drxemalary chugks aehdesetipchind).S. Patent
identity" may be readily determ ned for amno acid

No. 8,8d3d}8desvhidvisrheraby finddrporated by séfesencet ei n, or a
fragnent thereof. Suitably, a fragnment is at |east

: [ooel:zw} 8sapstigtear? dadi JubsEaEHE Bhuéiﬂdﬂ%ﬁyhfé HitHe? spPBkted by

700 am no acids. Exanples of suitable fragnents are
SCr r [ Ly de
stag§ %F%% *?”F}*e”gfdﬁé'wa%ﬁgﬁoﬁﬁﬂ‘ﬁ%és s ol B8 Stk 16,
here| ti Prefer uch identjt
subsl B2, ek Slprotecid 3% Ak Fiart HosTibgon 3 bade (not
subunit, or over a fragnent of at |east about 8 am no
showii ds in | ength. However, identity may be based upon
shorter regions, where suited to the use to which the

[00022] i c&pacmirapartdahne substrétei 1Ryispaitemplateld8c rlidmeplate 18 may
herein, alignnents are perfornmed using any of a

includard fiesaof0 Rxtrdiy tHirefrom towards substrate 12, mesa 20 having a
patterning surface 22 thereon. Further, mesa 20 may be referred to as mold 20.
Alternatively, template 18 may be formed without mesa 20.

[00023] Template 18 and/or mold 20 may be formed from such materials
including, but not limited to, fused-silica, quartz, silicon, organic polymers,
siloxane polymers, borosilicate glass, fluorocarbon polymers, metal, hardened

sapphire, and/or the like. As illustrated, patterning surface 22 comprises features
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commercially available Miltiple Sequence Alignnent
Prograns, such as "Clustal W, accessible through Wb
W@Ee0wers1dn the internet. Alternatively, Vect opCIMUSZ00§/013176

utilities [InVitrogen] are also used. There are also a

nunber of algorithns known in the art that can be used

to neasure nucl eotide sequence identity, including

those contained in the progranms descri bed above. As
defirgtbbyer plerality bé sppoddrapattgeteskess24 @addrsprotinsioas 26, though

conpared using Fasta, a programin GCG Version 6. 1.

embbaihentar o iiste praseérgnimwehtoate pROLC BMitedeUS0NEIR configurations.
identity of the regions of the best overlap between

Pattbffing4BFHcaD ﬁ%@rﬁé‘ﬁﬁee%?'&malF&Jﬁérﬂ%éﬁﬁﬁms‘)ﬂecsgéis of a

sequence 1dentity between’ nu I C acid sequences can
b term ned using Fast\a with its default paraneters
patt?rin t%g)redogringg O&Sléb%%eﬁ%e NOPAM factor for the scoring
matri x)_as provided in GCG Version 6.1, herein
[00024] pol afrwdptey 18 anay b ecoupied (tar¢RuGHr 88+ afbiugke28 may be
avai l able for performng amno acid alignnents.
configemed add, yhutt hetskmjjed goavecaum, ysedype, dgeforatype, electrostatic,
settings, although one of skill in the art can alter

electrbRRRNeat | AM@Sr BthdrendRar ciidietypat] \BlemplaRecibckskare! further
in the art can utilize another al gorithm or conputer

 heat ! . . .
desd Y ¥ {at RROH RS 8,87!33(2@‘,*3%&#4 GY¥ eper‘éfb 'Cgrgi&bébéted by

or alignnent as that provi e refere

| gorith and prograns. "Rec i nant", . as [ied,t
referi] s 28aiEoe (REPEACNBRy L RRY R qFCnah ghuck
product of various comnbi nations of cloning,
28 and@rrimpring hegd 30 Jay b conliguredategfagilitale ppvemgnt ek template
that result in a construct that is distinct froma
18. pol ynucl eotide found in nature. A reconbinant virus is
a viral particle conprising a reconbi nant

[00ORTucEesteintia0 nhbg fildercRAPAsS BVRid d!iegﬁn@d%ystem 32. Fluid
replicates of the original polynucleotide construct

_ ¢ I : _

cisofh RRMEAY 321 nlng 4SAA3h Mool SRARERSIe el 34 on

sub%‘ct% Iqﬁci F%E)}rhé%f%ggglgg]ﬁ%%?itghS&ﬁ%%?feé(eisﬁtgﬁgfontggeupéonnt 'smtjgsttra(&e 12
[

. pol ypucl eoti de i ntroduced by genetic engineering .
US'“Se‘@ﬁHPG&% PiHib 28 Brogs MisPesisey SPIbEoabg.vdiR £PaRG chemical
di fferent species is a heterol ogous pol ynucl eotide. A
vapqir depasition ¢ebd physieal vapemdepesitiodi (Y Rledbientien alegosition,

operatively linked to a coding sequence with which it
thick Simdépaosition,adrid/or the like. Polymerizable material 34 may be disposed

upon substrate 12 before and/or after a desired volume is defined between mold
20 and substrate 12 depending on design considerations. Polymerizable
material 34 may comprise a monomer mixture as described in U.S. Patent No.

7,157,036 and U.S. Patent Publication No. 2005/0187339, all of which are

hereby incorporated by reference.
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found linked is a heterol ogous pronoter. A
site-specific reconbination site that has been cl oned
WO p109/0203¢enone of a virus or viral vector, wheP&i/nS1008013176
genone of the virus does not naturally contain it, is
a heterol ogous reconbination site. Wen a
pol ynucl eoti de with an encodi ng sequence for a
reconbi nase is used to genetically alter a cell that
[00026] noRefaringl toy FEXPr dsand e systambl hasay fbdhér tbmprise an
- pol ynucl eotide and the reconbi nase are heterol ogous to
ener%;?escﬁﬁbé 386ousied tbhdirst gy ROSaleRgCHdthcad.i Ampaing head 30

e clainms, the term"conprise" and Its variants

and 954 digNthay' BQ@HJ ed éﬁ'ﬂ%ﬁgﬁdrﬁ&ﬁéiaté‘wgnet %stra&e’a 12 in

vartants, 1's | 've ot her conponents, el enent
i Nt egers, ste he like. The term"consists of or_, .
supdrfpideih wihaRn Y. 5uen S0 eV Benehtlais Bianpcdsssl 54 n
el enments, integers, steps and the like. I . The Siman
compmusigAtion Y It stage d Bs IMRINtdieadhdd dilyd dlisprnse aysieansAoand/or
aci d sequences of sim an Adenovirus 40 (SAdV- 40),
sourSA®BS, aihdomaAperaie, omvai admpuster seddaldd frogram istoretiHermemory
material with which they are associated in nature, are
56. descri bed herein. A Nucleic Acid Sequences The
SAdV-40 nucl ei c acid sequences provided herein include

[00%?&‘“ EARS ﬂ'n;Br%te’ngad@O?%t\%ﬁEeQI )oﬁ\g%thlva%r‘% ge%g%e?’ btween

r,i X
c acld sequences p herern in

| eot i de t 7828 of SEO | r 32. The SAAV-34. _
moldyaf i SOEere 7, i BB Ao YPEIen TierEbaiEen that is filed
nucl eotides 1 to 37799 of SEQ ID NO 63. See, Sequence
by pplysigrizgblenmaterial34. ncer pxarapled impprintdiead 3@ enaeprply.a faice to
one enbodi ment, the nucleic acid sequences further
tem@ateoifassech Heatsmplh@0wbonthclisspelgmerieablet aratetial 8he After the
sequences of SEQ ID NO 1, 32, or 63, respectively, as

desit®l oRfné e YA anth BNMEEGIRNFASteRal I3RS PSRLfic8d38 Pproduces
the sequences of the follow ng sequences and their

energgﬂi@, %?hﬁ@icﬁé{ Rfilstion féaaﬁ@pgcgﬂyr%m&%lgﬁﬂéterfahg4 to solidify

cl ei ¢ acl sequences furt conpass sequence

anal 21 5o . Rt SRR 4] subsgraer2 ano
pattqs{gt uegq? acLe; 3? Qgﬁniﬁlgsao pgagrlnue%elgyiap 48 noen glrjr‘gs(’)tgai‘trere1n2t', P%rtt%rned
layer 46 may comprise a residual layer 48 and a plurality of features shown as
protrusions 50 and recessions 52, with protrusions 50 having thickness t; and
residual layer having a thickness t,. It should be noted that solidification and/or
cross-linking of polymerizable material 34 may be through other methods
including, but not limited, exposure to charged particles, temperature changes,
evaporation, and/or other similar methods.

[00028] The above-mentioned system and process may be further

employed in imprint lithography processes and systems referred to in U.S. Patent
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variants and engi neered nodifications of the sequences
provided in SEQID NO 1, 32, or 63 and their
wa@omoplozaseht ary strands. Such nodifications i ncPCEs20p8013176

exanpl e, labels that are known in the art,
met hyl ati on, and substitution of one or nore of the
naturally occurring nucleotides with a degenerate
nucl eot i de. NANOSTRUCTURED ORGANI C SOLAR CELLS

No. BAGREZMEAAND U.SFORREeHt OR Ybdioatign Ndwo- 280410024666, U.S. Patent
i ncludes the fabrication of very small structures that

Publivanienf igat 2004/008888¢, andler SoPatéft Pablcatiody NooR004/0211754,
smaller. One application in which nano-fabrication has

(Bl i o3| H ocessi ng of
ead?ﬁ?@g?@f%géggﬁgggﬁggﬁ%%gl@@ﬁ?%%%@ﬁbtor pr ocessi ng
i ndustry continues to strive for |arger production
yields while increasing the circuits per unit area
forneg on a sgbstrate, t heref ore nano-fabrication
OR i tngly inportant. Nanofabrication
provi des greater process control while allow ng
[00029] nuEbe radabilibn obflowheosti mammpafteating endy mragidensrganic
of the structures formed. O her areas of devel opnent
solat Belnbesigns anat Suitstaraaily omphaie rresffieiaplcy W drgasit Witovoltaic
bi ot echnol ogy, optical technol ogy, nechani cal systens,

matéHiis ! %%Fﬁ%sbg%gn%a@(ﬁ{mltﬁé3étfi‘lﬁgQOfﬁngE@Waﬂastructured
tec I f to as

nique In use today Is conmonly r erre

ey ol e (AR R OHRE st T, OBtV i G RISNey of nex

ublications, such as U.S. Patent Publication No. _
genesghan soks$rEs. Bes, Mhalasaby pdisrriig 4h§n£%'. Basic chemistry drives
2004/ 0065252, and U.S. Patent No. 6,936,194, all of
deveipprornbekengwrielycdash solap cels.e Cheynicak &riorgiecefimpbswspAugust
i mprint lithography technique disclosed in each of the
27, 2001 evendrinergs] NLBbepdbepp. p6R2; daGurnet and “pbrenSolar Cells
includes formation of a relief pattern in a formable

with| apessdripely "NRRcgle andoiohdlsfi€s ' | B8séd Pabh €T Byperbranched

corresponding to the relief pattern into an undérlying

Sen QU Ny ST TN AU L 900 B P e o
ol P B AR SGe o The, RRLES WPLBE5 3 3525 A u.
Nozik, “Exciton Multiplication and Relaxation Dynamics in Quantum Dots:
Applications to Ultrahigh-Efficiency Solar Photon Conversion,” Inorg. Chem.,
2005, 44, pp. 6893-6899; and, M. Law, et al., “Nanowire dye-sensitized solar
cells,” Nature Materials, 4, 455, 2005, all of which are hereby incorporated by
reference.

[00030] Organic containing non-Si based solar cells may generally be
divided into two categories: organic solar cells and inorganic/organic hybrid cells.

In organic solar cells, N-type materials may include, but not limited to organic
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the substrate and a formable [iquid applied between
the tenplate and the substrate. The formable liquid is
waaTRBied to forma rigid | ayer that has a pe€T/E82908/013176
conformng to a shape of the surface of the tenplate
that contacts the formable liquid. After
solidification, the tenplate is separated fromthe
rigid | ayer such that the tenpl ate and the substrate
modified fuasae, pganic pheto babwssted dyasdoatas enlo aane-etystal (e.g
| ayer are then subjected to additional processes to
TiOZ Zadpf end/ritiet liké. iFvagxample, infferraingstheatlanateaitl from organic
corresponds to the pattern in the solidified | ayer.

modRUERUIdrSEE! fHé QbiSF AW e[ BRdIrusiedt Byt at HSnor-acceptor

present I nvention may be understood in nore detail,
mecﬂ?ﬁigm Hél'ﬁ%i -%atgpgf%'n thcf qo ﬁgﬁjgﬁg{eglv ﬁEl&tn%nl llfﬁ ufg nrnarlm et&\e N-
mateiphy o DL g@%@%ﬁ%ﬁa@d Biast T VRS Reno‘crystal

enbodi ments_of the invention, and are therefore not to
(e.9.bd iIQan€n@sr E@2l Pyarepal ZoO)t mayskepesed GuEsNjURCtpn with liquid

illustrates a sinplified side view of a |ithographic
elecsylgteetn fonmatbe aotiarued (alsolvefarredrtuods aeBtatod) sofer qallgsent

invention. [0006] FIG 2 illustrates a sinplified side

[00031] Of | ey brric ﬁ F‘s Rh&P- fyg@ ?fééilagmagl be formed

pat t'erned | ayer p05|t|o ed t ereon.

of ofgalF" Eiidae bBrtssoafaFe” Y 3*?@2@ 3Gy 8 Mormed o

I|f|ed side vi ew of anot her ex ry sol ar_cell
inorduek greterBlsosichueies. B ol Jetice B TWs: kST QTS gad other

vi ew of an exenplary solar cell design having a
snmllpasewmugtm matecielson. [00010] FIG 5B illustrates a
sinplified side view of another exenplary solar cell

[00082]n REE. Dilustratst £ simeglifiednviewrsftaroexehpRPy tbidricell design
illustrates a cross-sectional view of an exenplary P-N

60 h%(/ﬁ‘@korgamc photovoltaic (PV) materials. Generally, the solar cell 60 may
include a first electrode layer 62, an electron acceptor layer 64, an electron donor
layer 66, and a second electrode layer 68. The solar cell design 60 may include
a P-N junction 70 formed by the electron donor layer 66 adjacent to the electron
acceptor layer 64.

[00033] FIG. 4 illustrates another exemplary solar cell design 60a. This
solar cell design 60a may include a first electrode layer 62a, a blended PV layer
65a, and a second electrode layer 68a. Components of this design may be
further described in I. Gur, et al., “Hybrid Solar Cells with Prescribed Nanoscale

Morphologies Based on Hyperbranched Semiconductor Nanocrystals,” Nano

Lett., 7 (2), 409-414, 2007, which is hereby incorporated by reference.
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design. [00012] FIG 7 illustrates a cross-sectional
vi ew of anot her exenplary P-N stack design. [00013]
WO-2@@9/08313 | | ustrates a sinplified side view of PERUs1088/013176

exenpl ary solar cell design having nulti-tiered and

tapered structures. [00014] FIG 8B illustrates a

magni fied view of a tapered structure shown in FIG

8A. [00015] FIG O9A illustrates a sinplified side view
[00034h eXbayirat pldstiidst byler ds gndhsadamgl elddtriopleelayer 68a of

| ayers. [00016] FIG 9B illustrates a top down view of
solat Béll Beblgpt BOK niEsbg BB avh dasidn @& tHAfirdt QIS dddlagor f62 and

10-16 illustrate an exenplary nmethod for formation o
i IS4 86! Thel

oo P REle L B8 TRl S BIATES, The 0047 PV yer 650 may
farnmpti of, a ar, cel. ving multiple .

ve fqrEiFe! P oBatsfiabplaBbes SuinNypE htioa'Hidhararicles s de
views of exenplary N-layer formation from a

[00RAS] - | Apethes eempiary. sa ToRIILdTSigESEN IPTPMOratoie)se of dye
Referring to the figures, and particularly to FIG 1,

sensitizedsZnéx adnowizesi nlhis dedign o quriipdr desoritteeiminl M. usaad, et al.,
to forma relief pattern on substrate 12. Substrate 12

“Nariowird gy 6 YéplsfetiOssTEP sbstt elatlvec Katdrialds 4l Ubgstoabedhich is
substrate chuck 14 is a vacuum chuck. Substrate chuck

geneljrlém/ pgg&gg{n GIEY e PEeRMHrlRY Hesb RS A t@wboe»?éébaﬂ%t al., “A low-

vacuum piln-type, groove-ty
electrgstatic | ect,yomagnetic, and/or_ the |ike. _. .
costgfHPRREAY, seBrose] PEREP: B Senslizad fatpicRy, Tio2 fims,
6,873,087, which is hereby incorporated by reference.

Naturg0gbdj Aifbs40at(d999). ahaths s e ateudieraby ningomrorated by

further supported by
reference.

OPTIMAL AND SUB-OPTIMAL DESIGN OF SOLAR CELLS

[00036] The excitons (electron/hble pairs) created in the PV materials by
incident photons may possess a diffusion length L. For example, excitons may
posses a diffusion length L that is approximately 5 to 30 nm. Referring to FIG. 3,
electron acceptor layer 64 may be patterned to create patterned P-N junctions 70
where the patterned structures approach the diffusion length L providing
enhanced exciton capture efficiency. For example, the design of FIG. 3 may be
adapted to the design illustrated in FIGS. 5A and/or 5B to inc;rease capture
efficiency.

[00037] FIGS. 5A and 5B illustrate a simplified views of exemplary solar

cells 60b and 60c having a patterned p-n junction 70a. Generally, patterned p-n
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stage 16. Stage 16 may provide notion along the x-,
y-, and z-axes. Stage 16, substrate 12, and substrate
W@ kwek76B45 may al so be positioned on a base (noPCHHS2A4N§/013176
[ 00022] Spaced-apart from substrate 12 is a tenplate
18. Tenplate 18 may include a nmesa 20 extendi ng
therefromtowards substrate 12, nesa 20 having a
patterni ng surface 22 thereon. Further, nesa 20 nay be
junctiert €Padsl provided petwe e elettroeracteipial lpyert 6#iplandeelegtromygonor
be formed wi thout nesa 20. [00023] Tenplate 18 and/or
layemebd iA(F @ YySAanidoeketiohravteptirnagat et adrid eledtioni dgnor layer
but not limted to, fused-silica, quartz, silicon,

66¢ msftl;" 5B PHIBE5H aﬁd'ﬂ@(@&%pﬂé’é% i?mfe%mreg'w.trpﬁt@ 5A having
gl ass, fluorocarbon polynmers, neta har dened

oo RGP R 8 2 et b b Y B B T éﬁg}awng

aced-apart recesses 24 and/ or protrusigons 26
elecighi oNREJYer G0% @fiaﬁfﬁrétst@rﬂrst flpshPagawd4ot For ﬁlfﬂlél&%y the

to such confi %uratl ons. Patterning surface 22 may .
followisig desciibesosalai aell 6phtin d1G. Shathowaves, one skiledsingheaart will
pattern to be formed on substrate 12. [00024] Tenpl ate

apprégiat@thdsintiuities antaistmotisn@ 8o sélanck!l B®cmay be
configured as, but not limted to, vacuum pin-type,

[009‘3;3;1"5 Riéf??nn&'tﬁ (EoéAafd for cﬁ&rtéé"‘@@ﬁ Ecele&ﬂ% 86nor layer

si m types. enp ary c s are

660 ity 38 GEHRIGT Siet 1 Soco destBre dabnePh! . it Saptron

F%' g(; coupled to i r| nt head 30 such that chuck 28
accepHe/ mamm 6 'ﬁ‘iﬂf'%%d QYef |tB@r%|§CF6”fQRﬂqr layere 66b.
novenent of tenplate 18. [00025] System 10 may further
Alterpetipely storanatipniad seiaymstistdbspsyoncisge iFprindingiedgerareacceptor
system 32 nay be used to deposit pol ynehzable materi al
layer384 v onsfirbs tleatredé 2aydrdd 2behd alebesitinyasleatror3donay ldyer 66b on

positi oned upon substrate 12 using techni ques such as
electPP aBESRBPS Ryef P6Ab COkdAflanll PnSARing GoroeB8SB<L3hre  further
described in |. McMackin, et al., “Patterned Wafer Defect Density Analysis of
Step and Flash Imprint Lithography,” Under Review, Journal of Vacuum Science
and Technology B: Microelectronics and Nanostructures; S. Y. Chou, et al.,
“Nanoimprint Lithography”, J. Vac. Sci. Technol. B 14(6), 1996; H. Tan, et al.,
“Roller nanoimprint lithography”, J. Vac. Sci. Technol. B 16(6), 1998; B. D.
Gates, et al., “New Approaches to Nanofabrication: Molding, Printing, and Other
Techniques”, Chem. Rev., 105, 2005; S. Y. Chou, et al., “Lithographically
induced self-assembly of periodic polymer micropillar arrays”, J. Vac. Sci.

Technol. B, 17(6),1999; S. Y. Chou, et al., “Ultrafast and direct imprint of

nanostructures in silicon”, Nature, 417, 2002; K. H. Hsu, et al., “Electrochemical

10
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vapor deposition (CVD), physical vapor deposition

(PVD), thin filmdeposition, thick film deposition,
waeaperodthe |i ke, Pol ynehzabl e material 34 nmayP@EUS2008/013176

di sposed upon substrate 12 before and/or after a

desired volunme is defined between nold 20 and

substrate 12 dependi ng on desi gn consi derati ons.

Pol ynehzabl e material 34 may conprise a nmononer
Nanginsprintis gawith Satick Stade iSvperignicPatasmes Ndlanp, et 77 (2362601d; and
U.S. Patent Publication No. 2005/0187339, all of which
W. Sritardvaingdty, etrator Prisaidgmic INarotitrogeasiey | Na026]etRed @) 2004, all

to FIGS. 1 and 2, system 10 nmay further conprise an

ofwﬁi&ﬁréié h%‘?é‘l‘S ﬁ'lc%gp&%fg& Sgréf@réhdeﬁ“?t energy 40 al ong
rint head 30 and stage 16 may be

gu d S|t|onte te 18 and substrat
[00?%’%1 m’.!ﬁg.f‘ B RGoH8Iavr B20' &d Sefipde Hegrasd vkt 6db are
ul at ed by rocessor 54 in conmmunication with
gen%rlaﬁ éOE@UCtN?p@nCEfnaert&%lf@'U‘eq Pfd“ét%!%%&%@'ﬁgsmérﬁqﬁi'm'ted to,
and/or source 38, and may operate on a conputer
indiureai@amm@e,palugﬁmmsaod dhe ilikemeAbleast & pdrio 6 27 |th&ifirstezlectrode
i mprint head 30, stage 16, or both vary a distance

layebepbeeay tel shbd@aratigly sehispasdra. 1Rdditostafy, fite Arslesédtaste layer
vol unme therebetween that is filled by pol ynehzabl e

62b Wé)ﬁbé?grnﬁé% asd n 1%”"@“@ TiHEPfe | d?ﬁaﬁag%&%\éséﬁﬁéﬁoﬁ‘al area

force ch that nmol™d 20 Contacts

o B HEGERT RN ki b S TR TEL AR By o

. oduces .g., ultraviolet di ation
d'fe‘lg uQ?H@"}?Qn%% iﬁ%%s té\"?*éla%ﬂe(sﬁ"% i 18 £y 'élndf%’r et al,
cross-1ink conformng to shape of a surface 44 of
“Eleetiprfanaical 1¥angimppatiogr withg Solidi&iate Bupetishiai $igmps”, Nano
patterned | ayer 46 on substrate 12. Patterned | ayer 46
Lett.n@{2)c20QT.i se a residual |ayer 48 and a plurality of
features shown as protrusions 50 and recessions 52,

[000461] Prohé l&é&m}]?gﬁgﬁ(\sﬂs I%?eF B4B Kﬂﬁ% rﬁ@&' of Wi)&%%atenals

| ayer having a It s e not ed

mclu%ﬂ{déﬁgé ln%gihﬁf%d /f@Lelr%ﬁ%ﬁi%nv%tE e'sﬁ%mﬁ (%% ?Lé( m:I‘EruIleff’lebnleemay be
organically modified to attach functional groups such as thiophene for electro-
polymerization. Additionally, fullerene may be modified to attach functional
groups including, but not limited to, acrylate, methacrylate, thiol, vinly, and epoxy,
that may undergo crosslinking upon exposure to UV and/or heat. Additionally,
fullerene derivatives may be imprinted by adding a small amount of crosslinkable
binding materials.

[00041] The electron donor layer 66b may be formed of P-type materials
including, but not limited to, polythiophene derivatives (e.g., poly 3-

hexylthiophene), polyphenylene vinylene derivatives (e.g., MDMO-PPV), poly-

11
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i ncluding, but not limted, exposure to charged

particles, tenperature changes, evaporation, and/or
w@ehen7sidi | ar met hods. [ 00028] The above- nent POIES2008/013176

system and process may be further enployed in inprint

i thography processes and systens referred to in U S

Pat ent No. 6,932,934, U. S. Patent Publication No.

2004/ 0124566, U.S. Patent Publication No. 2004/0188381
(thiophene-pyrele-triopinendbbnzethiddiarale). 2Eowatves,178ad eltish like.
of which is hereby incorporated by reference. ORGAN C
GenSfAKR thELmair0@h2M cohpigavsd Ibakckbones @f thesecpslymers may be
nano-patterning may provide organic solar cell designs

unal¥é?@8 Sljﬁ’étsﬂfg icRhinY dél‘?@étf?/\é@ hBﬁ/e%f | BheNHY afbred 8RB rporate
photovoltaic material's. Several resour ces indicate

reacg?e‘?t futngggﬁal éé’ RS gtthB{ or%gge 5ﬁ tr U%’Henﬁ‘ er{eﬁg‘{lgn upon

ef fici of next eration soI ar cells e, M
exPORAEB Y UV PR G4 BCBIG. BA Ot RIRCCIGy Fcaiie Fo methacrylate,
devel opnent of new | owcost solar cells,” Chemcal &
thiolEngnvie @ndngprvs, Jegyult M7, CQaidey eVoaluntCesugatashdtolymer
35, pp. 16-22; | . CGur, et al. Hybrld Solar Cells
Photoivbliaer €sits,t b?edanNamawal ,eCBprhltdabigheszaa@,eGiGDDp. 4533-4542,
Hyper branched Sem conduct or Nanocrystals,” Nano Lett.

whlcﬂ (herdBP-idddrpofBd; b dlerchabl r qfheetadéltlon oSCgéiiﬁlconductor
Ener gy Conversion,"” Physics Today, March 007,

nan(%ﬁ/étégst ﬁgh{@gggfﬁutkllmltﬁ&t@ rM(':BE)sQH ip |ca dmiy tellurlde
ZnogarRopeh oriat BEYECeasSs. and {k%;%?ésefwﬂwerqmpmve
“Nanowi re dye-sensitized sol ar cell s," Nature
efficigncigs ofitge PV meerialsoos, al | of which are hereby
i ncorporated by reference. [00030] Organic containing
[000AR i Balk@dnsalenivatiedd andmplygiivenahby beedebositeddigimg ink jet
two categories: organic solar cells and

techh@lﬂégaéﬁ Ge8EMFEY G Ty BHifhoeal le$ al ! "Sd?[lﬁ&ﬂbﬁo%séﬁ silicon films
ce , N-type materials may include, but not limted

and Q‘%gg&g@g{” % @@ggghgfé .F?ZQS—?QQ,S\pb%hHQﬂié?eWirnY:SF‘ﬂoefgted by
reference. Depositing using ink jet techniques may allow for low cost, non
vacuum deposition. Silicon based lithographic processes with sacrificial resists
and reactive ion etching (RIE) may be used to etch doped polysilicon type
materials. Additionally, silicon based lithographic processes, including reactive
ion etching, may allow for the use of high aspect ratio patterned pillars using
intermediate hard masks (e.g., SiN).

[00043] Dyes may also be added to improve broadband absorption of

photons and provide efficiencies in the range of approximately 1-3%. See, M.

Jacoby, “Tapping the Sun: Basic chemistry drives development of new low-cost

12
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Ti 2, 2ZnO, and/or the like. For exanple, in formng

the N-material fromorganic nodified fullerene, the
waloan7sed | may be constructed by a donor - acceptDpS2008/013176

mechani sm usi ng P-mat ehal forned of a conjugated

polynmer. In formng the Nmaterial from organic photo

harvested dyes, the dye-sensitized nano-crystal (e.g.,

TiO, ZnO Ti Q2 overcoat ZnO nay be used in
SO/aCd?ﬁ//&ncﬁf@mlwltl& |Enrgingerdng:diews y taigust £ 2f,m200é, sbilame 85,

cell (also referred to as a G atzel solar cell).
Nunfbi2033] bpl m6idmgrch & lsrgbyiincdmpbrated oglrkferehde P-type

mat eri al nay be fornmed of organi c conj ugat ed pol ymer

[00@&’4; he %crtﬁb‘ﬁedcg%relbyg} GGBX'an %r@%leﬁqé%?fpggr& example,

mat e s i'ncl uding, "but not 1imted
.and of her. si ar sem.conduct.or _mat er |

the ﬁ?f&@ﬁf Yy Of SEEirBp oy PLIDET SR8 gyt aBP(AMASTY 1q0-500 nm.
exenpl ary sol ar cell design 60 having organic

The giratancd¢cgrior ipysr Gl @?ayagg pattemaia possass ol @ Meeg pillars
60 may include a first electrode | ayer 62, an el ectron

72 heegpteolenghlyqr. 64G. A allusttates aedectoon |aayeptoﬁﬁay@m64b having
second el ectrode | ayer 68. The solar cell design 60

multiply piledsude. a FRdYs] @RCHiagn hdle f or credsByctibtales§earedreircular,
donor | ayer 66 adjacent to the electron acceptor |ayer

rect unép%@%ﬂ{ dth&t thdifl 5éﬂ BSr @Qgﬁ@l gnﬁée@lhé‘ét)/at%g'aa&ross-

ce des 60a. ThIS o ar cel Oa nmay

sectio'ﬁ%'l V%g\ggf Bfll%r}. 75 | ggpgge/ee%rége&?gg)g ﬁg:ggdlﬁgst ates a cross-
sectioRagHiew @ pilgrs, 4 6.9%%32@9%&'@% BEMes AGAPB SUGHT feqnay form

Nanoscal e Mor phol ogi es Based on Hyper branched
one geMarBriacRIsss Manaeh heviags lengins. Lett., 7 (2),
409- 414, 2007, which is hereby |ncorporated by

[000:f5] encRefdiiAg4b FIEST igsstanel 6¢tthe dgollimeefeditRiodndithin the
second el ectrode | ayer 68a of solar cell design 60a

¢
eIecﬂ‘BM RPN erd6n %é&ﬁﬁé%fdrﬂ;ﬁbh%f ﬂh(eS&al gg%ggﬁ’?@eo[\eggujf of the

2 and second el ectrode | ayer

o1l FHE L BR3P e eSaan PS%%?@%"%Z’E? g of the
pillar 72 is substantially equal to the length s of the recess 74, then the volume of
the electron donor layer 66b may be reduced by 25% due to the patterned
electron acceptor layer 64b interface with the electron donor layer 66b (i.e., the
patterned P-N junction 70a).

[00046] In one embodiment, recesses 74 may be provided with length s=2L
and pillars 72 may be provided with length p<2L, wherein L is the diffusion length
of the electrons created in the electron donor layer 66b. This reduction in the
length p of pillars 72 may provide for a high volume of electron donor layer 66b

for a given thickness tpy of the electron donor layer 66b. For example, if L =

13
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[ 00035] Anot her exenplary solar cell design nmay
i ncorporate the use of dye sensitized ZnO nanow res.
wabiog/odssi gn is further described in M Law, ePCHIS2008/013176
"Nanowi re dye-sensitized solar cells”, Nature
Material s, 4, 455, 2005, which is generally based on
Gratzel cells further described in B. O Regan, et al.,
"A lowcost, high-efficiency solar cell based on
10Ny thenesisd@ naeand pikRBinal Witloa thigkpess tiNaefud@ressthe pillars 72
737-740 (1991 ), both of which are hereby incorporated
may thaveed @0ehaspeCPTHEtIMALA AN JdpeCPatiALhdESIeGNTEy Odffcult to
CELLS [00036] The excitons (el ectron/hole pairs)

fabrie&®aefEbly BridipekYe MRV Y idietottet RalidaNtapiigt ons may
possess a diffusion |lehgth L. For exanple, "excitons

0s a.diffusi.on | ength L 1,S approximatel y .
[00BY7 P 358 iohufial I5eighs 5P &b grblfhedBon’ Bol spEpsieY if the
, Laﬁer 64 may be patterned to create E%%terned,P-N
diffupigRcienghs L7ts apereximatelyal? diRed @ tletgiiupest Rl oz rmay be
the diffusion length L providi ng enhanced exciton
desigrgr at apprfoxirnately H0 rrowitklengthes of iecekssT4sebat ap@oxBnately
may be adapted to the design illustrated in FIGS. 5A

100 antl/ dlor EBtHicknaws BaDE 20BHY, Dilkirs i1 angyhatdd@B3dl a 4:1 ratio.
FIGS. 5A and 5B illustrate a sinplified views of

AddiBSEET), 2khe SRHIsE! vEithle §0thandI8Qeod adbmnsr aato&“@éme%g be

p-n junction 70a. Cenerally, patterned p-njunction

|.S; ' n. I 64b and
approRinRiiBly £:0%, 35 PR S B 250 WS Bl R¥fID. 7 o
cceptor |ayer 64c and el ectron donor |ayer 66¢ in
[°°3ﬂ@fsséU%QB@m%&ws§@oawr,i R@yshane lowerantyresefficiency.
with FIG 5A having el ectron donor |ayer 66b adjacent
As sughf sulspptimet desiges| mgy beceomalemented ith hlended PV materials
el ectron donor |ayer 66c¢ adjacent to first el ectrode

in thé @yeotrdnldondrdayei 661, ivehdrgin thieeslécirdiodongr llgec66b@say contain
solar cell 60b in FIG 5A, however, one skilled in the

conj@dated pdiyrABRY Bfiked QvithhRopdaRit #anbLiddisaBd dlsetibB8tihAN&ur, et
to solar” cell 60c. [0003 Referring to FIG B5A to

al., f‘li?)r/lfpio“3 %o%r C@é/’s @4991 F‘rggcr%eef tl{lé)rposdc%?eorMbﬁ)\h%rlogies Based on
Hyperbranched Semiconductor Nanocrystals,” Nano Lett., 2007, 7(2), pp. 407-
414; and, W.U. Huynh, et al., “CdSe nanocrystal Rods/Poly(3-hexylithiophene)
Composite Photovoltaic Devices,” Adv. Mater., 1999, 11(11) pp. 923-927.
Exemplary blended materials include, but are not limited to, mixtures of 5 nm
diameter CdSe nanocrystals and Meh-PPv poly(2-methoxy-5-(2'-ethyl-hexyloxy)-
p-phenylenevinylene), and 8 x 13 nm elongated CdSe nanocrystals and regi-
regular poly(3-hexylithiophene) (P3HT). Such blended materials may
substantially overcome the lost exciton capture potential due to the departure

from the optimal geometry of the patterned P-N junction 70a discussed above.

14



10

15

20

66b may be inprinted over the second el ectrode | ayer
68b. The el ectron acceptor |ayer 64b nmay then be
w0 ppionesl over the el ectron donor |ayer 66b. PCT/US2008/013176
Alternatively, formation of solar cell 60b may include
inmprinting electron acceptor |ayer 64b on first
el ectrode | ayer 62b and depositing el ectron donor
| ayer 66b on el ectron acceptor |ayer 64b. Exenpl ary
i mprinting processes are further described in |
McMackin, et al., "Patterned Wafer Defect Density

ZnOAvET YERSIET) OB EP and Fl ash I nprint Lithography," Under
Revi ew, Jour nal of Vacuum Sci ence and Technol ogy B:

[ooﬁ'ﬁfe'l\gﬁbf&% ﬁlﬁ%}o {99086'{? théh Enﬁgcﬁﬁ%ﬁ)amcles

noi n’p
an Iler nanoi npri nt
Pattgy nt%dﬁﬁawpwe \R.{ecéfgem %f&h%f’omwl@(ss)co gd go ZnO
D. Gates, et al. % proaches to Nanof abri catl on: ]
nanagsiric!ag, fuﬁhehtdeﬁgﬂb%dn aakleyechanygeted Pohener Réaptovoltaic
105, 2005; S. Y. Chou, et al., "Lithographically
Ce//é,h@heerd alef a\mmmlbycaﬁorpéonédnﬁ, po.l 4563-454 2 rwbichlisthereby
arrays", J. Vac. Sci. Technol. B, 17(6),1999; S. Y.

mcor@&b%‘tededy fdferenck! tF&f@@hﬁédpﬂtérﬂﬁg m@grben%rd?/fded followed by
nanostructures in silicon' Nat ur e, H.

a rei@t]we %& a{tcem%%seﬁlrfﬁé?hggcﬁ@eyaﬂ HQr "§fdl§‘@a%ghl?eact/ve lon

perionic anps no Lett

2007, ur |ch e

Etchfin ] 78RS Ml 2 B S i FSaPapire YRV, dr offlegionic
are_hereby incorporated by ref er ence. {00039] The

Mategri, r2306e 394 .rWhieh g erelay iicampratach Ry releseneen dBattgiring using
68b are generally conductive and may be forned of

reactive @n elichingmby girogde bar sutestantialiytprecise, placetnant ini addition to
oxi de, alum num and the |ike. At |east a portion of

size tbatrdl. rst el ectrode | ayer 62b may be substantially
transparent. Additionally, the first el ectrode |ayer
62b may be forned as a netal grid. The netal grid may
increase the total area of the solar cell 60b having

| ‘ the sun). Metals may be

S St++ig-processes such as descri bed

"El ectrochem cal Nanoj nprintin

[006?45(96 sdﬂfzﬁ SBAr %"ds@@eﬂliuéﬁﬁtﬁ skampiary sgdancell designs 60d and

60e having tapered structures 76 and/or multi-tiered structures 78. Tapered

structures 76 and/or multi-tiered structures 78 may increase mechanical stability
of high aspect ratio structures. Such structures may be sub-optimal with respect
to maximum exciton capture; however, when used in conjunction with blended
materials (as discussed herein) may lead to higher efficiency solar cells 60 with
thick PV films.

[00051] As illustrated in FIG. 8B, the design of the tapered structure 76 may

be substantially conical. Generally, the reflection of solar photon may be
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Lett., 7(2), 2007. [00040] The el ectron acceptor |ayer
64b may be forned of N-type materials including, but
wmoedoohiasis ed to, fullerene derivatives and thePdT/K82008/013176

Ful  erene may be organically nodified to attach

functional groups such as thiophene for

el ectropol yneri zation. Additionally, fullerene may be

nodi fied to attach functional groups including, but
increasied atrateep anglesaxdfriptiderce. n€hisaway lcause photans toviakea longer

and epoxy, that may undergo crosslinking upon exposure

patht thrbiglarsléatromaiinor Agdéet iseaalith, ah lincrizsee iflehé \RbbY6ifity of
may be inprinted by adding a small anount of

phot&h@%%' dﬂ};@ggrgggl ndi ng materials. [00041] The el ectron

onor ayer may be formed of P-type materials

[oogg# .lﬂagglgﬁtgllgo%aﬁ%rﬁ%)te h@ﬁrt I’f’YtSBﬁgge’T?y assist in cycling

henyl ene vinyl ene derivatives .g., MDMO-PPV),
photQBSyfhrﬁugfphéle@Iwr dener ¢ liyephedle- be th@r%{aplsz of%) previously
derivatives, and the like. CGenerally, the main chain
discusrrq'd,lgatatﬁﬂidimcdtktoeeairoihtdrfm:eenpay ymdude,mhyt lage not limited to,
unal tered. The side chain derivatives, however, nmay be

fullefdriee IRAivaived) C ITOOTcdnfud=REE t hAIPrievsI CAh@NRIO O OBREh t BRtthese
may undergo a crosslinking reaction upon exposure to

matehalé I&fe tmb@y%éjfédgﬁn%f}gfn Q@brdxrrﬂbfejyt %e.%. pgé/mers) to

acry hacr | ny

gfea&f%o%’ﬂ%i?ﬁ*@ﬁ e o iR Hs So TRt patqeghing the air

2004, 16 . 4533.4542, which is her eby i ncor por at ed
interfRcer at inclinetion sreceding dhe ericak angleomaydptamally reflect  If the
nanocrystals including, but imted to, cadm um
first sd¢aradée layed @2ing rmethbl gconthet @D thimmovay essist twithorcycling
wi thout Ti Q2 coatings, and the like, nmay further

photoABbaYR teblighictesticsdehort lBged6dat eri al s. [ 00042]
Ful ' erene derivatives and polysilicon may be deposited

using ink jet techniques as described in T. Shinoda,
et al. "Solution-processed silicon filns and

r i Nat ure, 2006, 440, pp. 783-786, which is
Due"lﬁ ﬁﬂi‘r%.mlﬁgr orated by

[00053] FIGS. 9A and 9B illustrate a solar cell design 60e having multiple
electron acceptor layers 64e and 64f. Each electron acceptor layer 64e and 64f
may include pillars 72. Pillars 72 may protrude into electron donor layer 66e
forming multiple patterned p-n junctions 70a between electron donor layer 66e
and electron acceptor layers 64e and 64f. Electron acceptor layers 64e and 64f
may be connected by a pad 80. Pad 80 may be formed of N-type materials.
Additionally, pad 8Q may be formed of similar materials to electron acceptor layer

64e and/or 64f.
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reference. Depositing using ink jet techni ques may
allow for | ow cost, non vacuum deposition. Silicon
wha®ed7d3is hogr aphi ¢ processes with sacrifici al PCEERRDE013176

and reactive ion etching (RIE) may be used to etch

doped polysilicon type materials. Additionally,

silicon based |ithographic processes, including

reactive ion etching, nmay allow for the use of high
[0005%rt The ifospealdotrodediayet [62es mesi bg adjheesmett alectioar donor

masks (e.g., SIN). [00043] Dyes may al so be added to

layet VGBEOVGFH%V ﬂ%@bélagtr@@é%%r' 62e Gthap A58 NSe 386lafidOYioH€ electron
efficiencies in the range of approxinmately 1-3% See,

acceg:/)ltor]l?gé’%% aﬁﬁ%plég‘g the Sun: Basic chenmistry drives

new | ow costsolar cells " Chemcal &
ee WS, Au st 27, 2007, Vol unme 85, Nunber
loogg%ﬁp. é@'@gﬁgﬁ I dessiciey 8 & M R paltatsidietiag dyabpatterning steps.
reference. [00044] El ectron donor |ayer 66b nmay have a
Dual patirrming steps. mayr nexéngllye double the cieesef tthe patterned p-n
el ectron donor | ayer 66b nay be approxi mately 100-500

junction 70ze aeldettio ahicRoesptias df ayer eétromagoher pRidre6bed Using
to possess one or nore pillars 72 having a | ength p.

tmprﬁtlﬁ? aAhir PNSHIAE®S fﬁ‘llneféé O §G GRRY ﬁfay' RYR4in BHy Ry p@vent

iple pillars 72. Pillars 72 may have a

dlrecqrc% cﬁ?%@é’&%aﬁape ;dﬁ&é ?hglpﬂlar,’g_:%%rf%%(ﬁ e[%)gésfrlayer
7
o4e.¢ T TR °”%f'aY|f'Tr¥]”sq°1axt the, oo betiedidhel g Bovronm) to

pillars 72 having circul ar shape. Adjacent pillars

provige fagycansiuetivity tthﬁem dhec@lesiser argepirhapar bdg and electron
l ength s. [00045] Referring to FIGS. 5A and 6, the
acceptdruager@dfucti on within the el ectron donor |ayer 66b
may be a function of the values of the Iength p of the
pillar 72 and the length s of the recess 74. For
exanple, if the length p of the pillar 72 is

SOLARPEERDNEFBRMARIIUTICIAING MENFIBLE |HYERS recess 14
may be

oob Yl 7L il b A
of a solar cell 609 utilizing multiple layers of N-type material and P-type material.
In providing multiple layers of N-type material and P-type material, different
layers may be formed of similar material and/or different material. For example,
as is well known in the art, the absorption range of P-type materials varies across
the solar spectrum. As such, by using layers formed of different P-type material,
solar cell 60g may be able to provide a greater range of absorption across the
solar spectrum. For example, electron donor layer 66g may be formed of
material including P3HT having an absorption range between approximately 300-

600 A/nm. To provide a greater range of absorption across the solar spectrum,
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patterned P-N junction 70a). [00046] In one
enbodi nent, recesses 74 may be provided with | ength
W@ 20R/0203¢5 pi | | ars 72 may be provided w th | enge¢T/psdng/013176

wherein L is the diffusion Iength of the el ectrons
created in the el ectron donor |ayer 66b. This
reduction in the length p of pillars 72 may provide
for a high volune of electron donor |ayer 66b for a

elecigorw donbhlayené6s m&vbeffotrhed of swteral indoding MPMOE8BY having
For exanple, if L =10nm then s=20 nm and p<20 nm

an abs\éévgbn@ntrbhgé RSweb P YpploxdPRndty 600700 Winmhisas 3 reByitnedigr cell

1 aspect ratio. A 20:1 aspect ratio, however, may
o0 By MRt AR Bl PRSI 0900 A
looﬁﬁ#ﬂs. RRTaE eqa%ei@g%%?m# %%F%W”Téay%ﬁ‘*gtwewb&@med on

pillar 72 may be desi gned at approxi mtely 50 nm
a f"’ﬂi ﬁiﬁqt@fﬂ@t layer di2¢- eclelostron aeqepder dgrokdgreamay ypedormed by
nm For a thickness tPV of 200 nm pillars 72 may have
techaigaes, éncludingatiud.nocddinitedrial limprinhétHagsapigl phetotithography
the el ectron donor |ayer 66b may be approximately 8. 7%

(varig§s Yvess r@ﬁhé thohiding 16 TR, 1aRi, 788 i s 98 nnb O 8In, and 13.2-
e

Sub- opt i desi gns, however, may have | ower capture
1ol R om R, yLE SO Bkafe g
ray ﬁ&m&ﬁ‘aﬂprﬁ Rl re'r%ehx?ﬁe‘ﬁbe%#ézﬁ% %%ﬁwri'hﬁ?é

nano-r ods, as descrlbed in . et

exa"%‘ﬁa?'%&@ﬂ@ﬁ%ﬁﬁﬂ?ﬁé@ﬁ%@tﬂ%@ﬁ@@SN’B@ ﬁﬁarlabﬁltéggraphy as
Based on Hyper branched Sem conductor Nanocrystals,

desaribed harein an@00,.S7Pajent fyo., 6(92&2,9!&44,;U£1d?atthubli§aﬂ®n No.
et al., "CdSe nanocrystal Rods/Poly(3-hexylithiophene)

200400145668, UPBotrerehtt @ubliCetiore ede.” 2604/0188861; ,ant920S. Patent
11( 1 1) pp. 923-927. Exenplary blended materials

Publid ﬁbH(N?o ig?é/@?ﬁﬂ@ ahl'dﬂv@rﬁ&g hﬁ?e’%h@érp‘bfrat%dw reference.

| amet er e nanocryst al s an

S T R T

nanocr and regiregul ar
72g and a P/esl;(?ua? layer 838 E’%Iars 72g may be on the nanometer scale.

Recesses 749 between pillars 72g maybe on the order of the diffusion length L
(e.g., 5-10 nm).

[00058] Referring to FIG. 11, electron donor layer 66g may be positioned
over pillars 72g of electron acceptor layer 64g. This may be achieved by
methods including, but not limited to, spin-on techniques, contact planarization,
and the like.

[00059] Referring to FIG. 12, a blanket etch may be employed to remove

portions of electron donor layer 66g. The blanket etch may be a wet etch or dry
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pol y( 3- hexyl ithi ophene) (P3HT). Such bl ended materials
may substantially overcone the | ost exciton capture
wpoioentidzgd due to the departure fromthe opti medT/US2008/013176

geonetry of the patterned P-N junction 70a discussed

above. ZnO PATTERNED DOTS [ 00049] ZnO may be patterned

usi ng dots rather than ZnO nanoparticles. Patterning

may i nprove placenent and uniformty as conpared to
etchZi® andudiper entdasimeot,t &echaieisel inbaahanicalozdisbing/planarization

" Conj ugat ed Pol yner Photovoltaic Cells," Chem Mater,
mayAeSeRipibyertd eemodd Portidts oPlectdd3ddrivtlaywh66§. i Removal of

hereby incorporated by reference. For exanple,

; I inde d r iVeah O
PO B g oo ot ey ey S04 o Trown
Re ive lon Etchin ZnQ _an nt . xO FL.l ns_on .
surtqtecied HEpe Ay LRHEs the SURsPE R S TRber TaPlioT o Dfasy piter

35:4, which is hereby incorporated by reference,
729 pad the AUTRCH PR at ISt AWROTTIoM OLBISHTRY dATPT (RXSFiIRR- f or
substantially precise placenent in addition to size
[000&1Q7 ol RefEriRagt®IFVGNSE ChlAe cBAT EEENIMNGaL 08t 0 |ayer 83h @Ay be
and 8B illustrate exenplary solar cell designs 6Qd and
proviied. haHengetGRe lebsttion deteptes IdFerapgh Orha?‘%é ipdtiefhi@d having
structures 78. Tapered structures 76 and/or
pitaiSH7oh- bhe" RAi 1 el BN foriNg! fie8BsE RENaBEAL 72h and

stability Spect ratio structures. Such

recefSds Tt Biapl Bee S B VRS TR, LS gLy A . s

with bl ended materials (as discussed herein) may |ead
desqripedialio¥e- ef fi ci ency solar cells 60 with thick PV

films. [00051] As illustrated in FIG 8B, the design
[00061he Seapendc!adtrancboceptds layyr 64h subgtEntformaeéd by template

conical. Generally, the reflection of solar photon nay

18b beincCihgst ditidgrapRe BranBéemedhodd) Asl@8sEribethabov@y Template
cause photons to take a |onger path through el ectron
18b ﬁﬁ%ﬁﬁ%’gaégﬁg‘@%{}m %@35}‘ OB HBES FedddsbAFe R ILitH Yattdrming
region 95 surrounding recessed region 93. As a result of recessed region 93 of
template 18b, second electron acceptor layer 64h may be non-contiguous. For
example, second electron acceptor layer 64h may not be in superimposition with
recessed region 93 resulting from capillary forces between any of the material of
second electron acceptor layer 64h, template 18b, and/or electron acceptor layer
6449, as further described in U.S. Patent Publication No. 2005/0061773, which is
hereby incorporated by reference. Generally, the non-contiguous portion of the
second electron acceptor layer 64h may result in minor loss of electron capture

due to lack of matrix of the N-type material. Electron acceptor layer 64g may

also be formed non-contiguous depending on design considerations.
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[ 00052] Additionally, materials at the air interface
may assi st in cycling photons through el ectron donor
WO 2008107686%. For exanpl e, as previously di scussedrl/US2008/013176
materials at the air interface may include, but are
not limted to, fullerene derivatives, |ITO, conjugated
pol yners and Ti Q2. Each of these materials include
hi gh i ndexes ranging fromapproxinately 1.5 (e.g.,
[00P& 2 her BRefdrangrteaft 3. thaa ssgpndxélestreh ydohofdager, 66h may be
full erenes). As such, |ight approaching the air

positidHe’R] b@&repiRdrs! 72N i TR iseAoRd GRRAOAISMS 16 §ér 661\’rl|méﬂ§!é formed
may | nternal ly reflect. If the first el ectrode |ayer

em p%{fﬁq 203, ot tAb &%ﬂhﬁbﬂ%sgﬁieq\fuoh 4 Salb&e gglﬁ'l %F%\é&thto dhe first

tons hr ough el ectron nor
| é PATTERNE [ 00053] FIGS 9A and 9B iIIustrate a
electgh gpnepiaveg8fyn 6ce having multiple el ectron
ceptor | ayers 64e and 64f. Each el ectron acceptor

[000@35? 6Béfeemdg dafFiay1 3. i blankepietetnmayrbe emplayed tozremove

may protrude into electron donor |ayer 66e form ng
portions tof phe spadhe ehedron donarrayendsh 0 provtsecoronrestirface 86b.

donor | ayer 66e and el ectron acceptor |ayers 64e and

Croviftburf&t£85bq8 déﬁﬁ@@'bgrat“é’é/éirasp&‘ﬂl@n%%u@fﬂafce%b 8€each of pillar
connected by a pad 8 Pad 80 may be fornmed of N-type

72h réﬂhe%t' RSt t:fﬁ@h%)'no(?fag facd88b 5% §@é6r!ﬂeef QfBRd cgr(or layer 66h.

eI ectron acceptor ayer

nd/ or . 54 The L rst electro
The BRI AEh oY B8 BotPoRUoNbATY Al dbe? THREer pgpament, a
el ectrode | ayer 62e may al so be isol at ed from el ectron
Cheraléabmhanl&?ﬁpol@i@@(ﬁ@p@f'zmn MayoRs SPlRYatt tackgmove at least
desi gn 60Ce nmay be patterned using dual patterning
a pogicpef sémorid electronrdangr $ayerSainelp provideatiowrdsutbbes 86b. The
area of the patterned p-n junction 70a and the

seconlli s1B@6s AcB¥p@r 14 BIreahd ARe éstfor] é&@épt@ﬁl%\fle%%gnay be
inmprinting, a thin PV material film(e.g.,

in el@@théle&ﬁ'hg\ gl th?‘nyln (\,’tﬁ%l?gdr’ﬁ iCRIdARitn l%‘l’éé‘lﬁﬁ% R3r 62g.

80 and un I ng p ars el ectron accep
FurtAea}Y%e second electron donor layer 66h may be in electrical communication

with electron donor layer 66g, and both may be in electrical communication with.
electrode 96.

[00064] Solar cell 60g may be subjected to substantially the same process
described above to form additional electron donor and electron acceptor layers.
For example, in FIG. 16, three electron acceptor layers 64g-i and three electron
donor layers 66g-i are illustrated; however, it should be appreciated by one
skilled in the art that any number of layers may be formed depending on design

considerations.
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64e. The thin PV material filmmay be even further
reduced (e.g., <5 nm to provide for conductivity
wheiwne#31i he el ectron acceptor |ayer 64e and ePEDUSNG/013176

acceptor layer 64f. SOLAR CELL FORMATI ON UTI LI ZI NG

MULTI PLE LAYERS [00056] FIGS. 10-16 illustrate

sinplified side views of exenplary fornmation of a

solar cell 6QCg utilizing nmultiple |ayers of N-type
[0006%] i aFlGHd1P-2lyijestnateesimgllified rsige oiewd aferempigrl dormation

| ayers of N-type material and P-type material,

of arfbthéesial cbiRBO] il itk EReref simlar materi al
and/or different material. For exanple, as is well

in ey b [ Bn
[00BRY, | IREMErRLLo FIGT1T SRERLY MRcEaRI TR ¢ RiEREpe patiemea
| a msd of differe pe mater

on efguigrledBye §EL FlapBR ameslarogrrobliqBey e P aiRgE2l and
of absorption across the solar spectrum For exanple,

a regifuak kao/ﬁr @@horPillargef2jcae nesidoel lbyemdd) orayriarer regesses 74j.
i ncl udi ng P3HT havi ng an absorption range between

The dgtiors ofateeieps@H04) 6129 bhé omthéwmrgeoef the diffgiseat kength L, 5-10
range of absorption across the solar spectrum el ectron

nm, d@é‘%eécﬁh‘b@ﬂ @ohdsmy BBoYer Wefsiee{ronab@ééabrI|@9bﬂ%4}gmay be
MDMO- PPV havi ng an absorption range between

subs%ra@g'tﬁgtﬂéﬁ? %@Oelggt(?oﬂr/%%gﬂﬁ l%}éére@ﬁ tdesér%@dr irf ?La ail above

€ tO Provi on rang

.., approxi nat el 0-700 L/nm [00057] Referri t

with 18b8EL 38 ElRS B opng ey beotoRmpehe fsaﬂ%@%‘ v othe same
first electrode |ayer 62g. El ectron acceptor |ayer 64g

manik@ly be forned by techni ques, including, but not
limted to, inprint |ithography, photolithography

[0006#] ouRefemrieg dodtlis 18)céledirog doridrriayed 66j neay Bé8ashioned
193 nm 157 nm and 13.2- 13.4 nm, interfero nmetric

over'dttl@@sﬁra?lﬁbbhorp@mél%ﬁ'oﬂm iabBOstorPAVer 6% BEaBLhhiGeS s ing, but

xray |ithogr aphy, I on- beam | |thogr aphy, and atom c

not I fHH {d EEQH‘FN Vap F8é%8§ﬁgr? @VP% &%L idAl VA S?BEBBS&BX?ﬁVD

0g rap
rein and in

9
spin Gog?naa@eﬂtdersabtﬁ'ﬁe%@§eo$ﬁfk’v&'<1%4%%méonw ﬁavepaﬁ@ﬁvay be

Publ i cati on No. 2004/0188381 , and U.S. Patent
patterned by template 18c having patterning regions 93 and recessed regions 95.

For example, recessed regions 95 of template 18¢c may be on the micron scale.
During imprinting, patterning regions 93 and recessed regions 95 of template 18c
may form first region 83 and second region 85 of electron donor layer 66j from
capillary forces, as mentioned above, between electron donor layer 66j, template
18c, electrode layer 62j, and/or electron acceptor layer 64j. As such, at least a
portion of the surface 79 of pillars 72j may be exposed, defining unfilled region

77.
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Publ i cati on No. 2004/021 1722, all of which are hereby
i ncorporated by reference. Electron acceptor |ayer 64g
woreg9ba3pat t erned by tenplate 18a to provi de pPeT/H8®08/013176

72g and a residual layer 82g. Pillars 72g nay be on

t he nanoneter scale. Recesses 74g between pillars 72g

maybe on the order of the diffusion length L (e.qg.,

5-10 nm. [00058] Referring to FIG 11, electron donor
[00D6H8] 6Rgfemyg e FAYGSsi10] armedoaderiegtrdn acseptdg lafer 64k may be

el ectron acceptor |ayer 64g. This may be achi eved by

positiBidtPes eldtttotddditor IBYér 66t | THE s&cbridPelesibA aﬂi&eptor layer 64k
techni ques, contact planarization, and the lik

mayb%%?aﬁ?dra&?fh%(/ﬁ{%gmé& ﬁl@an&%e |8u llQ?gre@lf?t ?He'%%\g)ggg electron

ore ortions ron donor

RN b g P S 4 0
ollshlng/planarlzatlon may be enpl oyed to renove
descﬂ@etﬂ iaheyeoangd naayt Pe forderfbin sulstantsdly thesapvamasner.

portions of electron donor |ayer 66g may provide a
[00060) sTiné aspadhg. bEvesen stesfdaae Bfar géller af 1second electron
conprises the surface 88 of at least a portion of each

f
s ey a0 smbgser ot sk s o oy

on tﬂé”'oré‘elsgleﬂﬁl% SREGoh 3@nq} eP5 9 hﬂVerFu%{ér "he ggﬁorﬁ%yelectron

rovi de € Ssecon ron acceptor layer

acoepfy By AR tadlbeThstiond Srbmhuilia a2, ﬁ%%qu%ﬁB the

be on the order of the diffusion length L, 5-10 nm
secopdselertiaq agseptor lRyenEtk may kR C@u@@prmnekﬁ%r@@t taver 64J with

| ayer 64h may be forned by tenplate 18b using inprint
bothlin etestricah lcprmonunichton mithheestfodeslayes 6. bed above.
Tenpl ate 18b may include a patterning region 95 and a

[000FTF S eRefe?ih@ o G . V2§, ha RRicbAK %l@gtréﬁgjd?ibr95¥er 66k may be
surroundi ng recessed region 93. As a resul

posHREEGE R OPE e SR S TSRO BHEThAPBo s
to electron donor layer 66j described in detail above and may be formed in
substantially the same manner. Further, the second electron donor layer 66k
may be in electrical communication with electron donor layer 66j with both in
electrical communication with electrode 96b.

[00071] Solar cell 60j may be subjected to substantially the same process
described above to form additional electron donor and electron acceptor layers.
For example, in FIG. 21, three electron acceptor layers 64j-1 and three electron
donor layers 66j-l are illustrated; however, it should be appreciated by one skilled

in the art that any number of layers may be formed depending on design

considerations.
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exanpl e, second el ectron acceptor |ayer 64h nmay not be
in superinposition with recessed region 93 resulting
wo ewooosps | | ary forces between any of the nat ePCHUSINS/013176
second el ectron acceptor |ayer 64h, tenplate 18b,
and/ or electron acceptor |ayer 64g, as further
described in U S. Patent Publication No. 2005/0061773,
whi ch is hereby incorporated by reference. Generally,
t he non-conti guous portion of the second el ectron
acceptor layer 64h may result in mnor |oss of
el ectron capture due to lack of matrix of the N-type

soumd ercell ElpEsion acaspmG! ayssTPEBNIRG alFOLBOWED BY
CONPHRRAINTRIRBOATHIGSOFRETVE I TE RES! 9N

consi deratl ons. [ 00062] Rererri ng To FIG 14, a second

n r,66h ma i tioned ove
rooR{F4L; P! Q%r#eﬁa HBEtA TR SR PRyt P ERiany plectron
be formed enpl oying any of the techni ques nenti oned
accepiei/@yer pAM wspadiontfeor remulti-yessubsirale fhoSangyally, muiti-
66g. [00063] Referring to FIG 15, a blanket etch may
layebeukstphtey 2D nuay bmfosmeordfiaoatsbsifateHayereﬂ:%darelemmm layer
donor | ayer 66h to provide a crown surface 86b. Crown

106,5aHd a6 adBebivedags 108 dPhteied 1896t 4Ga Rt b forfied by template
'surface 88b of each of p| [lar 72h and at | east a

18d p@i\}lhq_hp%aﬁ}‘ rie®E8s %%%ﬁb&@é 08 LRROD4hay eF‘S‘rlmary

bl anket etc a wet e or y etc

enbodi chen1ca| e
fecesg?f? F4H, GPSleL PO, e»?i&?r%%d S JRa b %ﬁ&%sa&nc'uc’mg
ast a portion of second eIeotron donor | ayer 66h to
protryﬁmso@%ewe%@m%n?e 53> SeonadaydsRasHeAd gnsist n providing
acceptor layer 64h and the el ectron acceptor |ayer 64g
electray anseptordager 64 onwitbopme:orr gaoieogaps 1812ec iy c@ra%rmal coating
communi cation with el ectrode | ayer 62g. Further, the
110 seapnbe ediemdsited danpattbmeer 1HEh 46y Hed ithe egaps r1'(IzaImay be
conmuni cation with el ectron donor |ayer 66g, and both
dlstrWedPQo' fAcHitREL 4] éh'%ir éqmérc %teh/?é’er’{"' Mﬁf&#ﬁeﬂt EfmgO910 and
[ 00064] Sol ar cel %g be subj ected
ebcﬁggég 1:(\)léy the same process descrlbed above to form
1I’onal” "él ectron donor and el ectron acceptor

[OOOa)/Bei " As illustrated in FIG. 22, multi-layer substrate 100 may be formed of
substrate layer 104, electrode layer 106, and adhesive layer 108. Substrate
layer 104 may be formed of materials including, but not limited to, plastic, fused-
silica, quartz, silicon, organic polymers, siloxane polymers, borosilicate glass,
fluorocarbon polymers, metal, hardened sapphire, and/or the like. Substrate
layer 104 may have a thickness t;. For example, substrate layer 104 may have a
thickness t3 of approximately 10um to 10mm.

[00074] Electrode layer 106 may be formed of materials including, but not

limited to, aluminum, indium tin oxide, and the like. The electrode layer 106 may
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For exanple, in FIG 16, three el ectron acceptor
| ayers 64g-i and three el ectron donor |ayers 66g-i are
w0 kdoasta3et ed; however, it shoul d be appreci at eBCHYSHNE013176
skilled in the art that any nunber of |ayers nmay be
formed dependi ng on design considerations.[00065]
FIGS. 17-21 illustrate sinplified side views of
exenpl ary formation of another solar cell 6Q
haveigithickhaess il Fopéxampleetize e[cat@ae]laref €06 may havd-bEhickness
17, electron acceptor |ayer 64] may be patterned on

ts of @ippeddivaeely aver1(@2im. El ectron acceptor |ayer 64j may
conprise pillars 72j and a residual |ayer 82j. Pillars

[OO@STndABﬁgéaQB% raV(fB;H%%J nfe?f(.')"f’ ?ha?éh? E-Q%efurther

rece e on t e or

descgipg(}igsiggel U %Q’[é&l_{tglgt éBO?@é?ﬁgg ererby mcorporated by

substantially the sane as el ectron acceptor | ayer 64
refergaser iAPSIVE [Ryeai108pay darpta thiekasettst & orle@gmple, adhesive
6, and may be forned in substantially the sane manner.
layef 008679y Refecarthicgness &ldb.appdoximiadely rleh0 domor | ayer 66j
may be positioned over at |east a portion of electron

[00®ZEP! OAs| MYiSfrafdll iPYFIGEChBI Paterndtfidghnacabiiay¥e formed
limted to, chem cal vapor deposition (CVD), physical

be Oker] l%?ec"téd)rb |I§ MsGRaEABI 1066y %’é;%lﬁcan%n and/or

I'Sp ens techni ques. ec ron donor Iayer

crosg%akwgccié’fgaﬁa&% '&ﬁéee gistepgrio Qi 1S gg%%uergqsca?%ta of

may be on the mcron scale Duri ng
multl lﬁyfer ﬁvbﬁgatepm @mweﬁgphaé@‘léﬁs Redtesned iae/@ééf)édnaégpmﬁlse a
95 of tenplate 18c may formfirst region 83 and second
residusgjilayers48afarel Hw featucksnehowayas pé@judiomsnSOapand aegessions
forces, as nentioned above, between el ectron donor

52al Bretrubidins SEIPhA; Bal8Ca tiFbREdIOteand@Y8sidoal laydhM&Y have a
el ectron acceptor layer 64j. As such, at l|east a

oS M A A APk hess (8 amobiren 105 -
500 bgn.':l'lcﬁ“e gaa%gsec |g?1k o?tprrgt?uggﬁse 2 mla?/ybe based Hid optimal
and/or sub-optimal designs. to form pillars 72. For example, thickness tg of
protrusions 50 may be on the 50-500 nanometer scale with the spacing of
protrusions 50a on the order of the diffusion length L (e.g., 5-50 nm).

[00077] Additionally, patterned layer 46a may have one or more gaps 102.
The size of the gaps 102 and number of gaps 102 may be such that gaps 102 do
not consume more than 1-10% of the total area of the multi-layer substrate 100.
As illustrated in FIG. 24, adhesive layer 108 within gap 102 may be removed by
an oxidization step. For example, adhesive layer 108 within gap 102 may be

removed by an oxidization step having no substantial impact on the shape and
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positioned on el ectron donor |ayer 66j. The second
el ectron acceptor |ayer 64k nmay be patterned havi ng
w@eriobars1y¥2k and residual |ayer 82k. The seconBCT/US2008/013176
el ectron acceptor |ayer 64k may be substantially the
sanme as el ectron acceptor |ayer 64] described above,
and may be forned in substantially the sane manner.
[ 00069] The spaci ng between residual |ayer 82k of
size gddbadpattezned dayarcé@pt (€:9.1 MM 0z6nk canetheeplafmd pragess, or a
82) of electron acceptor |ayer 64 may be on the order

shorobxpdsurditd foxiliging e girbedss sudHagBulflriy 4&igy., the
second el ectron acceptor |ayer 64k may be positioned

[00“7%11 n Wefilddiefed ﬁFFRE‘. 5% ﬂ(%nf%rﬁlspb%étl ﬁ% Eﬁéé%‘éj deposited

ron acceptor pe coupl
h bo ti :
o s B R R FATTEOASRY gt i
second el ectron donor | ayer 66k may be positioned over

pillagsi [7Rar sConiermahcoadingnd 1| eeyr b8 Bb'ﬁ’tﬁd chyRrtyBekmigrials as

be simlar to electron donor |ayer 66] described in
disculstesi heshoveSand Nuypdendteriatsd (e.9., slublsteswet IC4I0) ymaheobe vapor
same manner. Further, the second el ectron donor |ayer

depdiitedrmy slitslinhatic . eFbF exéﬂnﬁreo ROURIN-BlpeOmardridls ehBLhé dBposited
donor | ayer 66] with both in electrical comunication

by pr%Ealev t Rpios %st  at Wl&mﬁ@kﬁﬁrém 5 \ég.mmi}fhé’rﬁbgegt 10-6

ect € sane process descr
above forn1add| i Qnal electro don d e ec ron
torr JR0EE 0 | SOMNES Hyl “BRine BRI 8066 pg, BRI (e
el ectron accept or ers 64j-1 and three electro
fulleggsieomaahe depasjted wat%@n eiheam svareraeiesded w'w @qmmeac'a"y

be agﬁ)rem ated by one skilled in the art t hat any
availablebidlerdnd pgwder.may be fornmed dependi ng on design
consi derati ons. SOLAR CELL DESI GN UTI LI ZI NG PATTERNI NG

[ 006G PNECoRIGrAAINFEAAG  TH) Mn&XAEAVEGaOthidaBs¥EL MAFBRI édampl
[ 00072] lgl GSr 22-25 1l lustrate si n’SI [ fll edSS| o?e Vi ews mpie:

confimX SRR Y 1553 BEYSCE PRIl KEHBAREARL 0, nm. s
illustrated, conformal coating 110, by way of gap 102, may be in direct
communication with electrode layer 104.

[00080] It should be noted that an N-type conformal coating may then be
further coated or deposited using ink jet with a P-type material. P-type material
may include, but is not limited to, polythiophene derivatives, polyphenylene
vinylene derivatives, poly-(thiophene-pyrrole-thiophene-benzothiadiazole)
derivatives, and the like as discussed herein. This may be followed by the
fabrication of a top conductor leading to a solar cell similar to the one in FIG. 5B.

[00081] The distance between the gaps 102 and the size of the gaps 102

may be selected, to not only minimize loss of device area (as discussed earlier),
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| ayer substrate 100 nmay be fornmed of a substrate |ayer
104, an electrode |ayer 106, and an adhesive | ayer
wao®9/orets er ned | ayer 46a may be forned by tenptEHUS2008013176

havi ng primary recesses 24a and secondary recesses
24b. Primary recesses 24a assist in providing
patterned | ayer 46a with features including
protrusi ons 50a and recessions 52b. Secondary recesses

but 2lso sy sddiesspa oondpeting requireamentc oepimizatiapeof Bmdistance
with one or nore gaps 102. A conformal coating 110 may

travdlizddby tiseé tobdrged [paiticte 6 thk abysitord Gsleatincdd, heh@as thdZharged
may be distributed to facilitate a charge transfer

partIQPet |‘§"?:‘?é‘atéerﬂypd|§§ssd%‘i& rf'(gf tﬂie%xﬁﬁg %tt?r?é bQﬂ'@rne@yFerN ihe&face.
0073] As |IIustrate 'ayer
substrate 100 may be forned of substrate | ayer 104,
el ectrode | ayer 106, and adhesive | ayer 108. Substrate
| ayer 104 may be fornmed of materials including, but
not limted to, plastic, fusedsilica, quartz, silicon,
organi ¢ polyners, siloxane polyners, borosilicate
gl ass, fluorocarbon polymers, netal, hardened
sapphire, and/or the |ike. Substrate |layer 104 nay
have a thickness t3. For exanple, substrate |ayer 104
may have a thickness t3 of approximately 10mmto 10nm
[00074] El ectrode | ayer 106 may be forned of materials
including, but not limted to, alumnum indiumtin
oxi de, and the like. The electrode |ayer 106 mayhave a
t hi ckness U - For exanple, the electrode | ayer 106 may
have a thickness U of approximately 1 to 100 /vm
[ 00075] Adhesive | ayer 108 may be fornmed of adhesion
materials as further described in U S. Publication No.
2007/ 0212494, which is hereby incorporated by
ref erence. Adhesive |ayer 108 may have a thickness
t.5. For exanple, adhesive |layer 108 nay have a
thi ckness t5 of approximately 1-10 nm [00076] As
illustrated in FIG 23, patterned | ayer 46a may be
formed between tenplate 18d and multi-Ilayer substrate
100 by solidification and/or
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cross-linking of formable N-type material to conform
to shape of a surface 44a of nmulti-layer substrate 100
warwIvaspd ate 18d. Patterned | ayer 46a may conPCT/E82088/013176

residual |ayer 48a and the features shown as

protrusions 50a and recessions 52a. Protrusions 50a

may have a thickness t and residual |ayer nay have a

thi ckness t7. Residual |ayer may have a thickness t7
WHAT 1QprAdMERI®I y 10 nm - 500 nm The spaci ng and

hei ght of protrusions 50a may be based on opti nal

1. angd/salarsgdn- cmﬁprr@hg designs to formpillars 72. For
exanpl e, thickness t of protrusions 50 may be on the

503 %R ¢ é%%ﬁ%@éepﬁ?ﬁl‘agew&ﬁe*d'ﬁ éeﬁ’l]?érhﬂ%nfbfrm%b%t NL@EQ i

50a on t er o e diffusion

00077] | ned | ayer 46 i

matqlE} pebest P et & A%@%éﬂg SR BD BN RE rerflutana a first

and nunber of gaps 1 e.such that gaps 102 do
electiege lyies ane SRUREVID typel%%%fa It gt elecHPN AcegPior Iaves

mul ti-layer substrate 100. As illustrated in FIG 24,
haviag hgyuradity efypilarsoBrdni tphiralityagf reogssesy abd, renoved by an

oxi di zation step. For exanple, adhesive |ayer 108

Wi 4 ffirgt efegirciD@omavyiaper deponited diyatieasich goridn offirst €pctron

havi ng no substantial inpact on the shape andsi ze of

accetp'i’& IBg&L ene RELt lef@For@hor(8ydr and-%ﬁeofﬁ'@f‘éleefroﬁta'&ééptor layer

pl asna process, or a short exposure to oxidizing Wet

[00078] As illustrated
formﬁ'{r?o%tle%gsé(gr?@g con Jac%gdtl ng 110 may be deposited

on patterned Iayer 46a and gap 102 to form el ectron
acceptor layer 64m having pillars 72. Conformal
coating 110 may be fornmed of N-type materials as
2. di Eeeiselad Cﬁ&pépralmgwher@lmﬁéeaﬁépaeumllar qf dirgf.electron
full erene C60) nmay be vapor deposited by sublimtion.
acceptor layemiplteperdch N-type materials nmay be deposited by
physi cal vapor deposition at roomtenperature in a
vacuum chanber at 10-6 torr using C60 powder. In
anot her exanpl e, such N-type nmaterials (e.g.,
f ' 5 '
UJrﬁ@éS%“r‘%cElT%Y c%%ndfg/ﬁﬁkéuﬁ‘?%ﬁ{\%r‘egl 'il}rj? ?,Eﬁé‘ﬂa‘ﬁ@%@ﬁ@&.

| oade comer Ci y av erene

4. The solar cell of claim 1 wherein at least one pillar of first electron

acceptor layer is formed of at least two tiers.

5. The solar cell of claim 1 further comprising a second electrode layer

formed on first electron donor layer.

6. The solar cell of claim 5 wherein second electrode layer is a metal grid.
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[00079] Conformal coating 110 may have a thickness ta.
For exanple, conformal coating 110 may have a
wao biogkmsss of approximately 1-10 nm As il | ustPEr/es2008/013176

conformal coating 110, by way of gap 102, nmay be in
di rect communi cation with el ectrode | ayer 104. [00080]
It should be noted that an N-type conformal coating
may then be further coated or deposited using ink jet

7. wi Tie aoler cgef oirart farthePcoynpeisimag:eri al may i ncl ude,
but is not limted to, polythiophene derivatives,

Poh ¥bEY ERREOVI B Bit? |8RIT fYAhed 8. patterning formable N-type
pol y- (t hi ophene- pyrrol e-t hi ophene-benzot hi adi azol e)

, . | . geg s
matfl bR Rl PR seBBa \ ity Spaicch SIELREFoNBT v 2l spidifying
| eadi.ng_ to a splar cell simlar to the one i.n Fl 5B.
N-typd giseai ReCerd e Bt an sesalh ine g 2 §ally diediars Fpd a
of the gaps 102 nay be selected, to not only mnimze

plurgligsaf ¥ICegeRs.-ce area (as discussed earlier), but al so
may address a conpeting requirenent: mnimzation of
the distance travelled by the charged particle to the
bott om el ectrode, wherein the charged particle is

8. CrEiaé edlabyeliios apad RirheR cOmpridthgbX patidbrrakd o &l-type
patterned P-N interface. WHAT |S CLAIMED I'S: 1. A sol ar

3 - r
et B o g el Bt Oh L b T o SSEBRY o iicssetyr
2 first tenplate having sub-100 nanoneter resol ution
and a first electrode |ayer and solidifying Ntype
material, first electron acceptor |ayer having a
plurality of pillars and a plurality of recesses; and,
a first electron donor | ayer deposited on at |east a
9. porhe selaptel of skairp|Geltrthen caopsising a Iphptavoltaigempiterisd layer
el ectron donor layer and the first el ectron acceptor
posifignety bétaeanngadiand éestteleniorpaddeptociaypr.n j unction. 2.
The solar cell of claim1 wherein at |east one pillar
of first electron acceptor layer is tapered. 3 . The
solar cell of claim2 wherein tapered pillar is

10. SUPSS §8Itair @lal'l bf Sﬁ%wunher comprising a photovoltaic material layer

laye

positioned between pad and second electron acceptor layer.

11.  The solar cell of claim 7 wherein first electron donor layer and second

electron donor layer are in electrical communication with first electrode layer.

12.  The solar cell of claim 7 further comprising a second electron donor layer

deposited on second electron acceptor layer.
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4. The solar cell of claim1l wherein at |east one
pillar of first electron acceptor |ayer is forned of

wa@eoobeaststwo tiers. 5. The solar cell of clai PeWUS2008/013176

further conprising a second el ectrode |ayer formed on
first electron donor layer. 6. The solar cell of claim
5 wherein second electrode layer is a netal grid.7 .
The solar cell of claim1 further conprising: a second
13. el €bésotaraet etotaim 83 ethefain fiest digctpart denor lagef rfoaheé of
N-type material between a second tenplate and first

maté&ia Halig & R absaliiontiafge nddddonadeBtiraP 8oRBE RiyeAls,
second el ectron acceptor |ayer having a plurality of

forrn%'dI #f%%eﬁ?phg\ngb%@t%er HsdrSESsRige, Y he % 'ﬂeﬂr§95l9§orptlon

aim conprising-a’ pa

ty mat erial connectin flrst el ectron acceptor
ranqeﬁﬁqrgnéﬁew%n&% Iayer 9. The sol ar

cell of claim8 further conprising a photovoltaic

materi al | ayer positioned between pad and first

el ectron acceptor layer. 10. The solar cell of claim?9
14. f ufhaeplareep of ciaig hwhieogioiosttelectrombaeceptbr laygers non-

positi oned between pad and second el ectron acceptor

conti &-fofdingTEgessticrie gp| of claim 7 wherein first
ectron donor |ayer and second el ectron donor |ayer

are in electrical communication with first el ectrode
Iayer 12. The solar cell of claim7 further

ol aSl dell A TR E bR §?'é$°ﬁéctf%é8%%9q§5 el rndcéﬁ"d”es a

12 mh rein first electron donor | ayer
Confefmﬁg‘]i%liﬁnsl GPORItRE Of 93R stchad cppfasmal &ﬁ@%”%i?d'”ﬁ%tﬁ'ea'
el ectron donor layer is forned of material having a

comguiicatioabuith st eteqteasipdayeherein first absorption
range is different fromsecond absorption range. 14.
The solar cell of claim1 wherein first electron
acceptor layer is no n contiguous formng at |east one
16. 9aPhe solar cell of claim 1 wherein at least one pillar is further defined by a

length of less than approximately twice the diffusion iength of excitons.

17.  The solar cell of claim 1 wherein at least one pillar is further defined by a

length less than the diffusion length of excitons.

18.  The solar cell of claim 1 wherein recesses are sequentially interspersed

between pillars.

19.  The solar cell of claim 18 wherein first electron donor layer is deposited

within recesses of first electron acceptor layer.
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15. The solar cell of claim 14 wherein first electron
acceptor |layer includes a conformal coating deposited

wo@poogam3siich that conformal coating is in el ece@T/Us1008/013176

20.

conmuni cation with first electrode |ayer. 16. The
solar cell of claim1l wherein at |east one pillar is
further defined by a length of |ess than approxi mately
twice the diffusion length of excitons. 17. The sol ar
cell of claim1l wherein at |east one pillar is further
defined by a length I ess than the diffusion I ength of

exAlstoqmscen]&;mﬂ'mngol ar cell of claim1l wherein
recesses are sequentially interspersed between

p| LN %Te%tr&ﬂgdon-@’rqa lar cell of claim18 wherein first
el ectron donor i&r S dep03|ted W|th| n recesses of
first,electron

co BIEERY a%ﬁpi’?ﬁ P SoindifitoEectror g 1856 fgrming a

acceptor |ayer adjacent to el ectron dongr | ayer

pattqrafeﬁ]pn@ jupgiionfar H@ﬁﬂlsmp i eens hav o aptugiarlength L,

excitons having a diffusion length L, electron

election @gsteptor tayer coompising:ng: a plurality of pillars, at

21.

| east one pillar defined by a length of |ess than

appr oxi apl@hytyZdf; pilkdard, atdepstusred pillgr aéfiried Bg Seengthi of less
| east one recess defined by a | ength of approximately

2Lthath élpp@,ﬁpgtg fy A8ldngconmprising: a first electrode
| ayer; rst g l'ectron acceptor |ayer conprl sing: a

%'nt L;'n%%su@b&t 52 Srenedt BsLlre dBesrc0iineny @ length of
e materi between a first terrplate and first
el %%F?Pélﬂ%atﬁgygf- and solidifying N-type material,

mul ti-1ayer

A solar cell comprising:
a first electrode layer;
a first electron acceptor layer comprising:

a multi-layer substrate having at least one non-contiguous gap
formed by patterning formable N-type material between a first template
and first electrode layer and solidifying N-type material, multi-layer
substrate having a plurality of recesses sequentially interspersed with a
plurality of pillars; and,

a conformal coating deposited on multi-layer substrate such that
conformal coating is in electrical communication with first electrode layer;

a first electron donor layer deposited on first electron acceptor layer and in

recesses formed in first electron acceptor layer, first electron donor layer
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substrate having a plurality of recesses sequentially
interspersed with a plurality of pillars; and, a
w@oovboresed coating deposited on nulti-|ayer subGI/DS1068/013176

such that conformal coating is in electrica
conmuni cation with first electrode layer; a first
el ectron donor | ayer deposited on first electron
acceptor layer and in recesses forned in first

depesitect todormecpatternet pyejundtionsieteieeotfirsireldotnam donor layer and
| ayerdeposited to forma patterned p-n junction

first BRICt®RMddeptdr I8y@ctnan donor |ayer and first el ectron
acceptor |ayer; and, a second el ectrode |ayer

deRQRichA Rittfddeby8l BE54TAARNAIst bREON dohortayer.

ti-Tayer struct re providing electrical
comruni cati on between interconnected N-type and P-type
material, conprising: a first electrode |ayer; a

plurality of electron acceptor |ayers forned of

22. 1 oArmHIt'e'aN?'t Stpectiea Rroviding ﬁieqtféé?époﬂ“rf@“ Ricaten ggtween
acceptor layer fornmed by patterning formable N-type

intencateedtad Nodpeeand K-tfypegnatesimplcomprising.ng sub- 100
nanonmeter resolution and first electrode |ayer and
sohifidstfelectgode fayee, material, the el ectron acceptor
Iayers having a plurality of pillars and a plurality

ﬁﬁﬁé‘f’eléct%ﬁiéé‘ééﬂtbﬂa 2 é/e% ﬁﬁﬁ{e@!rbfqeﬂﬁéblbw e matenal

ele tron-donor | ayers ‘se ntially interspersed wt

at 1635664 Qb AL ANAL o RB6 1 SLAELH AR IARabiel RS

aving an absorption ange W ar spect

nd el ectrode OSi ed adj acent to
matghisl eRRen &1 et (ePIB BAviPa Y r1%3>§ianmjeewu|r@$olpg%and first

structure of claim20 wherein at |east two el ectron
electiorle layegyendssiighfingi N type matemal oths: ¢leatreaggespiar iayens
the sol ar spectrum
having a plurality of pillars and a plurality of recesses;
a plurality of electron donor layers, electron donor layers sequentially
interspersed with electron acceptor layers, each electron donor layer having an
absorption range within the solar spectrum;

a second electrode layer positioned adjacent to at least one electron

donor layer.

23.  The muilti-layer structure of claim 20 wherein at least two electron donor

layers have different absorption ranges within the solar spectrum.
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