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MONOLI THI C | NTEGRATI ON OF NONPLANAR SCLAR CELLS CROSS
REFERENCE TO RELATED APPLI CATI ON Thi s application

w@eb@snos2py i ority to U. S. Patent Applicati on NoPCT/US2007/006915

ot rioRmBattc FREEFCCHA e NDRELANAR strpg ceLLs

whi ch is hereby incorporated by reference herein in
its entiret FIELD Thi s application rel tes

solar celIC MTBEFE‘BE%CECW\}&EJAW&%éPgLI ’é}ﬁl nt o
el ectrical energy and nore particularly to i

sol arTmapphagtmn:Lamwrloznty togASKBricuntpEisatipn g@t ! 1:/35&835 entitled
R L GREAER BRI R RMBOL L B, e

Hersd Qﬁcdrﬁ’drﬁ@ﬂ byreferénbé BereRriaan entitety.s st andard
pr altice for power generating applications to nount

the cells in a flat array on a supporting substrate or

panel so that their |ight q ing surfaces provide

an approxi mation of a single § | i ght gathering

surface. Al so, since eac itsel f.generates only a .

omal | ThigaRpiicatan ToiAigs o 5o ceﬁL%fa?m liesfor Soryertifgdol eleréy into

#Hc%%nér gy bfidrlo Yulk &f&gﬂ@%@ow ctipgssebliss, of
earray n a series and/or paral matrix. A

conventional prior art solar cell structure is shown

in Figure 1. Because of the large range in the

t hi ckness of the differknBAIGKGEGROUNDBey are depicted

schematically. Mreover, Figure 1 is highly schematic

SO t IBylar dells errtepiesltysfablieatédad sepammteofhybisthentities with light gathering

"thick-film' solar cell j1m' salar

d "thin- Ils. .
SHALARERS0 the SFdst of 41 m eleregt o of his epep Rt Bistggargiggactioe or
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athpan¢lize rthdtalyear hghz gathgring eutfaces ammekﬂnaapsm‘xﬁm@mcgmf a smgle large

anoun éggﬂl ar cel hs lghatl useaj di rlect band t of
(g entheane i, AR fRet e GF EReds YhT 6 b Aot o
erlflé ?e u'njemvoﬁéﬁgaarndlb? lchFer§6 RMALedBY Mtedcdnbtidgai€Eells of the

the ditect gap material is néeded to absorb a
aa-ta(yfmalsems andtnrparadiel llnaglxt The arrows at the top of

Figure 1 shaw t.he. so of, dir | ar l um pa

on th‘gCSBan?O’Tﬂé’r’loé rso o] g“icﬁ Q{IVPé{‘Lg g% gs? garuse of the
I'Jthe%n eSin3hEABKREss TS didteRnt lalyexts hihBy fiel digﬁst?édiﬁchsrﬁhtﬁ@l ly.

the substrate 102 can be-a pol ynmer-based backin

Met@IVs%r E lglg¢ asshighly Sghﬁmaqcrsgttbﬁg@rgpregﬁm @e,fgatm@s of both

RSPl e B4 B e
tniRect ObAd F&pﬁﬂnhterﬁht@ absotBlighDdre itgpitdIly coafipmred dsicthivk-film” solar

absorber layer., The back electrical contactl1l04 makes
cstibecassn shigk film RE R @bsasber B i3 wlired 9abserg arﬁalﬁf;»cwtamoum of

(e ol EARGRe: 53 BRI eop BYRHaL FReteGe T HRGymicaly

&dhfigured as “thin-film” solar cells because only a thin layer of the direct band-gap

material is needed to absorb a sufficient amount of light.

The arrows at the top of Figure 1 show the source of direct solar illumination on
the cell. The layer 102 is the substrate. Glass or metal is a common substrate. In
thin-film solar cells, the substrate 102 can be-a polymer-based backing, metal, or glass. In
some instances, there is an encapsulation layer (not shown) coating the substrate 102.

The layer 104 is the back electrical contact for the solar cell.

The layer 106 is the semiconductor absorber layer. The back electrical contact
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absorb light. The layer 108 is the sem conductor
junction partner-that, together with the sem conduct or
wabm®sibiers | ayer 106, conpletes the formation OPCEHUS2007/006915

110‘4 '?ﬁcﬂdeg Bhift Borfladt ‘é{l&t fhe Qbéo?bé? lﬁ‘%m@ iYR&nPhut x#)'? Gh 285, the
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Rl Rl R Y ot parthe 108 Ral OGS CYPinghPBos
rhigvansdThe guretion partnérel08tiy highly( tespareist)to aoldf cadiatidhr MhE junction
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e used for

% %y material s th at _car ﬁfg
& FE e Qs A s S K9BITor BRETALE My oo FaELpes
(B&panﬁl)l &hd/of B4PrieF EdAcentPtidns fPG1der B Qive A o 1ahRrs theit Bftinct p-type
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ap@PHypeTpEopeBign: & thin- éibm iselaecellson véucdw@pmmdmwgalhum diselenide

(GO FR Rt Sk P R 5 0 BT B8 it By 08 s
résmmea irDRigh Asficendy, cellf) eocml Ria@dria® B8l daRGe uléchos lﬂ%jhﬂcthﬁ partner
ghly conductive and transparent to |ight

1@8 wlml@de breare nggmitedta §nOn,rerCa&rOa,eand doprd ZnOke

strugt, t er.tha
For mirgeE! B s Rl e EOaE i e bl Fhclninag il he
coymeeelbdtyode 1t10€ma$wrte dtave ourekiit bivie froifl tHe juntEeh sihué thedanction

doped zi.nc oxi al um num doped ziI nc oxi de),
PRRBST 0815 gengksl et°(-" Fqsgtlvettgo ey thiefunggien. ) As sych, the counter electrode

DA S S e B R R, A k110

i facy b combilikeatractuceof naethbprdrtai/\omb layer i 0@ rithes itimefoirhing a

TCO has t rruchrelst to efficiently perform
GRTLC oYffe | srFoPtcr SlegEPIETERD PYplsally a vRSPHTeRt soPRUciv oxide

(*@b@s ts\?dl‘xsastcf(‘)ﬁeajkﬁk%ﬂf& (el %Hﬁmﬁ%rd géfzﬁ{v%& g%f\{ﬁq gﬂﬂ -t rE8x1de

layer in order to réach cont
(}Téb[)unn ngldleéSn@i)t orindowsesic oXlle. Hovalvet) aserbwhen a ECSJolayer is
rid reasonabl y

PSSR P PR B wdealTg R i FanveBionil soladses o draw off
c?x&erﬁ'sm&b BRETCOMak 6o Aash B8isthcd e MSENDY Berfokth thidtah&ion in
larger solar cells. The network 114 shortens the distance charge carriers must move in the
TCO layer in order to reach the metal contact, thereby reducing resistive losses. The
metal bus bars, also termed grid lines, can be made of any reasonably conductive metal

such as, for example, silver, steel or aluminum. In the design of the network 114, there is

design a trade off between thicker grid lines that are more electrically conductive but
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design a trade off between thicker grid lines that are
nmore el ectrically conductive butblock nore |ight, and
wa bios/ogm2rdl | i nes t hat are | ess electrically coPmIUUS:umﬁOO@ls

g ut r?lla % r k I eS a{i“@%%j lfneﬁ ghagg eglﬁ%s S 3 16%11% %g&r,}ﬁ? gwtock less
Y SThé ity lbaisaay@preiexgoly Thefiduted pd cornbIme Krrhli?géﬂ{enﬂ-ﬂo“permlt light

and the layer 110, conbined, act as a sing

rm&tdu@lg}amlllgn%e basbastnetwerk|lgyer rltléﬂn@therigyewltlﬂ epmbined, act
i tgls meporrt i ohRpheiaB taitaliR Wit ASEMRR sontact to form a

A¥RhEEHIRCcESN dikcuit. TR A ISR PRERDeS 603487586 sn@x@rup et al., hereby
herein in its entirety, a conbined sj [ver bus ba

meqrmmatcddwydrefqmtherqlm oity efdirgtsyaeombined sibver hys bar network and

| TO A L
Bt Bnnolt 1307 ko 4 el YRhspar Y PO g bt o
amuntayRf 1 eXtszh dntisdtlectivé oating tisedlchn aIWera;gnmcaﬂﬂarhbm of extra
i ntended use of the cell, it mght be degosme

leght égo thye eotl. tPrpendipg 0o rﬁbmmmde@gsq ofithe eelhttenighhbeHepasised

tern |veI r. ad al | e t ref ecti
Gissfly R At Entedtr AdftbbnRAIn Fleut 15 ABRACRY FrAGonally, the
AtidstTectib@toingriiayhadehR depésirel oatarsefarattdverd goslthat, overlays the
the antirefl ective coati nf% reduces the reflection of

topelegpde 1 . vlépsllmé}mmm cHyegoating f@‘b@é-‘t thgreflesgipp of the cell to

hot
VU S DAL B L SRR el o
th@ garfi® fimfednéreshi¢s eherefledtiog . in thv dtﬁ@f sg at@ segi’@ts&a redd@Bedting.
6, 107,564 to A%w lera et al., hereby incorporated by

Yeitesh States PatenbNamber 6,147,864 forAgyjleraietds herely incorporated by
rre?e‘?{rﬁé %ghﬁ i“s‘o‘“r %Ir%ﬁ% | ﬁiés@ﬁﬁés‘fg% E%%Edti% %{é%ﬁg%tf\feecoﬁ{‘z?%ﬂpat are
Mmaigehe &or exanpl e, silicon based sol ar cel I s

pr odu bout Thus,, sql ar

| t
cel | sccﬁarecq“gﬁé?gﬁmge g anly %apfﬂg @@%V?Pwa@ilpl? Silicon based
s%'iéil%élg ﬁroafi& a?V&t ?E%utbgdug & ’a‘\h{%@ ésﬁpéﬁﬁta?éjm'té?connected in

Seri es, tag es I ndi vi Is add t oget he
setied er ;nanalleémm orderrw athievh greaﬁamolta'gass W isaml @nncmd:d i series, voltages
ranged. in series reduce the amount of current f| ow
irEAERL s S04 tomteg BE chrn SORARS U S sdhas. splaf pell
z{i" z{n@&g fifsekils R84 {h%|m&ﬂ?&ﬁ&\‘rehﬂ%@‘{h@g%ﬁﬁchfc'eﬁ@ %mp&ﬁd to
Ustrated in Figure 1, the arrangenen sol ar
amaldggus solaregelle grrasgeddn panllels tecebysmpoviing efficisneie cas illustrated in

ég\g& 1, By Rehalendit shit SHRAANEEL (18 RLAGES (% ihlefhnects 116,
i, @AtiAtertonhddd 116 Elaﬁ&uﬁé 6ifst eleBEbdesonefsoRP cell in electrical
10|n|n sol ar cell. not ed above and as

qdmrusmwaiw@o\wthlthel cgun@r-ilectemﬁefmmadmmns avlarcelel | s are

typi cal | t he f.orm of te struct .
such St Apby s e Rolt Rldted Ly Fhll Pup Colaf e veically
lhanegﬁarmRJf&r;ﬂate sh@hreC Qﬁllklﬁ)ugﬂ‘!{@:hf&ﬂbl aRchigilf ie€fic9ét Yvhen they are
because it is harder to nmake the sem conductor fil ns

sedler.flengar plaarsalee eelbsrhave redueed efdicioncy beqayse i _isﬂ;@rdﬂr to make the
Furléon%[l%[: Bimd ngt %I%% ﬁfﬂ&]’? rpfn s%l'? F&Lxecséll?ﬂgifg’w i:\ﬁjihermore, the
THaWs “I'hcr edse 1 n 1 ar anar I's. Thiese

deeatrenoef patholaune smmmmcm@me tihRrged ptanaosvlar cells. These

Accordi ngly, what are Heeded in the art are
features can cause shunts across the junction. Accordingly, what are needed in the art are

improved solar cell designs.
Discussion or citation of a reference herein will not be construed as an admission

that such reference is prior art to the present application.

3



10

15

20

25

30

35

i nproved sol ar cell designs. Discussion or citation of
a reference herein will not be construed as an

wa@eosssizen that such reference is prior art toP€TES2007/006915

present application.3. APPLI CATI ON SUMMARY One aspect
of the present application provides a solar cell unit

conprising a subst rﬁtzﬁP?ﬂftﬂTﬁbWﬁl MARY Phot ovol tai c
cells. The substrateé has a first end an a second end.

o gl eordle ARERFUAMLAL AEbL s S DL comprign

sibatay ahd apluralizy bf ﬁhitdo@ol&@@ﬁhld ﬂhehtﬂsswatemas adibd endladh second
photovol taic cell 1n the Eﬁ[urallt hot ovol t ai c

ead Toe @bﬁﬂkWélf@h("iOYO]éaiﬁ selis, Bihachyard Héeaé rgTARERt amtheaupsirate,
Hﬁ)?{géseg ﬁPsQ yﬁ&%vél?ggca 0 1er it a gécHd Efﬁg@ggﬁg&&&gﬁt%h photovoltaic cell

lh aigKplataticy oDpttoidic detls b()mpniersQnaﬂﬁbbﬁtecﬁﬁwumum/fﬁentlally
| ayer circunferentjally é‘gwsed on, the sem conduct or
qlmcd om therybstiate Ak wwo trdyncyien layge eirgmicrratially disposed

onht a{] %?t\é&ic é?I:lCF (ﬁl tra'néba?c%}g lc&lufﬂ; gﬁ ag/glloéxrcumferennally disposed

mmanmahdmomchmh dheaksgarat condietioé ldybeofsie gl photovoltaic
photovoltaic cell in the plurality phot ovol t ai ¢
delltn dhe plaralinel d’iltﬁ’érﬂegs 1stip e s&crrg@bcqrgmgmcmn with the

kot ARk B el ol . 1
soald anldigents ethé Bybstrateiis eﬂthdr €i) mibuddr shapedar ¢ii} atigideelit rod

at the first end of the substrate, (ii) a second

$hapsd: nal photovoltaic cell at the second end of the

subst

ohog o AR, B phRAE) of PR RGIITAL B ) i
tpiminelpHdt@iodtaicadel] aathe firkteendend’ ahﬂjsthtmt@,\(ub & a¢aond é¢riminal

 IRRYBIEN At ersee it The SHESen gl i eb PR ARaromiediate

FHORS YRl Rl bebifdeh thSfitsPtes@iabph@besliaid &l and the second Photovoltaic
comruni cation with the back-electrode of an adjacen

q@ﬂoﬂawcstamapa;em@bnduqﬁvc laerepoﬁnaah intormesidiaie\phasowiliaig eell in the at

the a e hot ovol t ai ¢
1883 oie AT SO el 5 W eeRLHPAREA BFR YRR Wich the
FRRRNELAE BT Anadjdeat phbvotate defllih thd plustiffeof photovoltaic cells. In
enbodi ments, theé adjacent photovoltaic_ cell s another

someeqmmlmp@s,ﬁh@a@@cﬂnt phetordfaic callis shenfrsetgpaigrhphntevoltaic cell or
th% g%c%:gg 6%:1{16 R&o%ﬁ?{ 19 éai t ﬁl' s%m%eénlxbsodﬁﬁ%m% tﬁ@?@; %&@?Sho%voltaw

OVO al Cc ce ten or nore ovo

&dllik gnothérfihiermedinte photvoktaiy 0éN. aincsoad dnsbodﬂﬁeraﬁl,&he plurality of
hundred or nore photovoltaic cells, |In some
rheiiltaicrells comprises dyas ehmoramhereyol té‘&sqeﬂﬁ ter@feorsiphotovoltaic

%H@Sfﬁﬁf oPhoft ?ovo'lt icGLfl€ légf)ﬁé ﬁﬁﬁdr?d or'm gﬂgﬁgﬁgfglrt?i@%glls.

ranspar con uctive layer o
of thi@g slbhibtsmfalidimerﬁs @ekdrlsparmttthlmlqni aasiagj mydeocﬁf plastic or glass, is
phot ovol taj c, cel l‘i? I n sone enbodi
n

nts
QUCHALBIAPUHLY disRNIFRPNIO ARG ﬁﬁgxsearﬁﬁtrq%gﬁctaaedweﬁ g5#il peapertion of the
&omuag%ﬁm th iu‘?al&g 5 Ehot@b&%@é&lsghﬁoﬁne %?@H{eHg‘tﬁe
sem conduct or , glass ceramc I cate use
tgarisparantgliigar, casxmga:omprises aluminosilicate glass, borosilicate glass, dichroic
glass, germanium / semiconductor glass, glass ceramic, silicate / fused silica glass, soda
lime glass, quartz glass, chalcogenide / sulphide glass, fluoride glass, flint glass, or
cereated glass. In some embodiments, the transparent tubular casing comprises a urethane
polymer, an acrylic polymer, a fluoropolymer, a silicone, a silicone gel, an epoxy, a

polyamide, or a polyolefin. In some embodiments, the transparent tubular casing
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lime glass, quartz gl ass, chal cogenide / sul phide
gl ass, fluoride glass, flint glass, or cereated gl ass.

W(b mosmmzmrrbodi rrent s, the transparent tubul ar PEFUSIH07/006915

oS R ALERF R TRy SR 0 SOl D), g

vasi xeéﬁte%Evm) %erﬂﬁbﬂb@ik@f(y AuoroBarb8 AP A At oNE EroSs- il
transpar ent tu ul ar casi ngconpri ses

ppmemmeEKbmymbwlenﬁ( @olygsioylgnedtierephiajdte glycok@ES G),

i AT e

(p . polypropylene (PP), polyethylene terephtal ate
glycol (PETG), polytetrafl uoroet hyl ene (PTFE),
pol y\lh sgine etibodinaaity, Fheubsteate parhprises plastie moetal cmgiasdeln some

chbigihents, o e g ReBoen et SRR ABAeY he PRl 2

fRISRSolBh&, ﬁ&?ﬁédzﬁﬁﬁda%olér BoIpANE:, BelyYeRuoRtfny! | C
pol yner, uor opol yrer, pol ybenzam dazol e, pol yni de,
pobiesheettherketone, pol yapiderdmidsolpest based phemokies mtystyrene, cross-linked

rBPsBEER AR o Pyl SRamte TR PBaTE: Pysylet hira e

bﬁpddyeelmy}tr@ﬁbe polAdtHEIUYd -8R flen@ Polrddthddry Ih@DRYIBA 68) Gellulose acetate
styrene, ytetrafl uoro-et hyI ene, pol ynet hacryf at e,

bupyirate, @ll@F ose ab¢tateodgid ainstl nlestisized vinyb, or pelyipropyiene. In some

et.ate n lasticiz vin
Hgao)c)lgpeaﬁ] |tlé%%1%sﬁr%teé8mpl i ﬁ? gate g%és gaﬁo&l}cgfeeglass dichroic
BPden@giu /Lsréhﬁ&ﬁidht@agﬁsg lgRS S cerBBicOSilichte 2figse@sRE glass, soda
di chroi c gl ass, %?r mani um / sem conduct or gl ass, gl ass

liges glassc quartz glass; ehalcozgride / evlphide glass dkoride glass, iarghass-based
p%f:%cil}c ggu gFaS§ oglc%féﬁ edga%%COgem de / sul phide gl ass,

ass, 'ased phenolic, flint glass,

or cdh @a:hedngabaﬁﬁentd thesqubBtrateriyadbutanghaped. g satﬂas‘etﬂb@tiﬁnems,
S tubular shaped. In sone enbodlnents a fluid, such

fhud, sush asgir, nifgegen, watenor hglivmpds pasm: thyoughsthe qubsinatsy Ja some
eHb%dﬁHQ% "t &bﬁﬁﬂe%Q@n%ﬁt&%hH‘? , the substrate

I'ses a so sonme enbodi nents, the
bac k -In et emthedimiends, }ﬂkedtaokalacande oftd photmvdltaa: qellliin altd plyrality of
al um num nol ypden

PPOIA e CElbiR e 2 B oD RIRER S Ao, thodium,
nﬁ@%‘a' &[{bmmrﬁ AR Mm, Hi&fhm, fid kﬁtkel rﬂmmuw Bivéd gc\(l?ran alloy

oy thereéof, or any conbination thef
tha:mﬁ‘ emnyohomrdnnanomthqebﬁldhseme cmbodmemrts, dlqdiwk@mtrbda ofa

shavele AT ARGy R PR reSb b B
tftw&hlm@id@ apeskile, mmme aopémf:@buae Hop&KEHE ox e HiMiEm doped
doped zinc oxide, galliumdoped zinc oxide, bor on

th;rm@ldez gﬁlbumdqp@duzm deez bmn@lyop@cbzmgomc atcb?mmmc oxide, a metal-
PR Ak R FardbhE R Rboh Bl RIATRA R 5 sfohon Bfgck-carbon

&é&keﬂlfe‘aﬂﬂdx’d‘et b%@p&é’dd@l@ﬂtl@ @@ﬂfonfblbdkeﬂll%ﬂée aﬂ@p&@oé)éon&cnve
conducti ve gI ass, or a conductive plastic.
glass, or a conductive plastic.

In some embodiments, the semiconductor junction of a photovoltaic cell in the
plurality of photovoltaic cells comprises a homojunction, a heterojunction, a heteroface
junction, a buried homojunction, a p-i-n junction, or a tandem junction. In some
embodiments, the transparent conductive layer of a photovoltaic cell in the plurality of
photovoltaic cells comprises carbon nanotubes, tin oxide, fluorine doped tin oxide,

indium~tin oxide (ITO), doped zinc oxide, aluminum doped zinc oxide, gallium doped
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In sone enbodi nents, the sem conductor junction of a

photovoltaic cell in the plurality of photovoltaic
w&edolsmsntzmprl ses a honojunction, a heteroj uncPCDOS2087/006915

201, BBop) UBEY oA i OBRLYRE LB nfinBidr flereof or any
cbﬁ@“{a{,aﬂs}mﬁﬁm conductlve | ayer of a photovoltaic

cell in the plurality of photovoltaic cells conprises

car bdn semaembediments, Hleos@nu@ondﬂptebmnﬁ@oruefo%ahqtpw1@5& @dl in the

PR e BR8P W B D g e
vﬂieﬁ&th@?uﬂﬁwhﬁﬂhﬂéﬁ l&yeﬂ(is Oixdushefentially deposdd drethe@Bsorber layer. In

t hereof or any conbination thereof. In sone
semisaibediments,ttheakserhes MQU@tceppquﬁ@pnbgﬂlblﬂmadlSelemde and the

J@&%ﬁ\f’%}gﬁ?f lggeé% Sg;bhp gb %n@r 2h$é BCd(f %%V?hfna‘s&, Zn;  Mg,O,

U, SRSk, 1180 S0 \\edopet 220 aﬁ@bmerenmaﬂmmns kl&y;ﬂtxrah@' of
circunferential | y deposed on the absarber_ | ayer.
photavoliis sailsiisthel COIRRTisen 3b iSERsIe layey cifeymferentially dlsposed on the

ngxﬁ)@ﬁgPétpxgb I {:Qic%g&tt thg ghgtoéﬁ aqgééifs?ﬂgﬂe %% 6@ﬂct1ve layer of

thél govovaltaidiceBels disposeddviakP intrikiiSlay&n On,some@mbodiméhts, thie intrinsic
doped ZnO. I n sone enbodi nents, the plurality of

Ipyresicomprisesian undoped wanspArER! Gdfeich @8 undoned @ ide
I I
i s o R i

Uk Entiedlyl diswsed)éntb hiee pdrsparend doadectdelldyer of aﬂﬂ spm pexion of the
n the intrinsic |ayer.

di
n%ﬁfqvphgxp@ellwethe el%‘w 23 gﬂ%ﬁ%ﬁ%&i@ LAk B AL B HeB -‘mar@k fubylar
c%%’iﬁg ikt 1#‘{1%%3?& ity A¥pdied oh Ehesﬁlfe? lf‘ﬂpoﬂi G énbddents, the

r ce unit turther” conprises a filler layer
filleaflayies camprisesfedryboniei vanyl pcetate (B A, nhctcmet $ibcone gel, epoxy,

robelpRGeLopear (L GMSS R T firant ribbes Poy T bo Rl V)

tﬂmogﬂaeh& gbryufe%dxﬁ (TROS a(;sdl;}caﬂaana@n&pa&?m atﬂub%;ﬁﬂymer ora

casl is circunferentially di sposed on th
ufretlhhm Inzpme. emhmdsnms élmass:&arrmﬂmsxt furtleer fcpmipeipes| aavy@tr:r resistant

ses et n ce EVA Sil co
Sy s pm sy ABise B Siothe rhPalsnt fonchfRiayer gl or a
poirtibEONBe PHEBOS1taid 81%M\h i pl@#&hW@ﬂ ph()R)"OB)talc cells as well as a
thernopl astic pol yurethane (TPU), pol ycar bonat e, an

teaisparent, tubulay mm@ﬁbatym@rcmrtfcrean@lmdlm OR thesyater resistant layer.

GRG0 PR ook, AP ot B8 HRRE SHOS B, s,
&l;gp@}c,eqqewi end ardintegear ent conductive | ayer of al |

or aarportlon of the photovoltalc cells in the
pl ur drispyesmbodinensithesatercell lugit sempEsgs aayatgr resistant layer that is

cdrcztaigﬁg ag&ﬁf)( 4 ﬁd%w{ms 35 @&spzﬁ@ﬁt oﬁd&étm fe? epm braé hdfrtion of the

I Spose er resistant

pHetdwlistcellainehe @Bmlh@ oﬁplﬁhiovxﬂtald‘ wlls ax artl Iae a tmhq&rent tubular
silicone, SIN,  SIO qr O,. where x_and y
cgplagithat é,fg‘éf%lmfFW“%‘%d‘éQ%S‘H Pﬁﬂ}%atert 5&isiap layerc dn Forufm t

'fafAde 4 8@fsphrent wbul hat
C rcurr?rﬁ?etﬁ? %%re&ncﬁ?posﬁ% l'ﬂ?}(;l‘g%shettet rgns%at}lg%mcasmgt atis
crugifathtaly dymsedbntalthe tansparputrcohductive laykeeof all or a portion of the

photovoltaic cells in the plurality of photovoltaic cells as well as an antireflective coating
circumferentially disposed on the transparent tubular casing. In some embodiments, the
antireflective coating comprises MgF», silicon nitrate, titanium nitrate, silicon monoxide,

or silicon oxide nitrite.
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photovoltaic cells in the plurality of photovoltaic
cells as well as a transparent tubular casing that is
wereossR2es ential | y di sposed on the water resi SP@NUS2007/006915

| ayer,, | n sonpe .enbodi nentss,..the solar.cell- unit, ., .

£ ur ¢ oo Rg RRIERAENCIDS, PfEReive ot fl it Sinter iy digpoped onto the

tain 55Tt RO BMIFE 3y e€ bB AP LA p&FibA of iR phofVeRaicRBls in the plurality of

conductive layer of all or a ﬁ)_ortl_on of the _

pbhovoltaiccells Ipetioms embodiraerds, ihialantireflo¢tiyeraspng camprises Mgk,
ells.a 1. as .an anfireflective coating, . .

stice ifar-derif y B S iinafionds O SR BPdnatettoul ar

casi g som@ eHHFBirReHE @i 18%1h of theRB1aR Bl {s&ekve&eni V&ntimeters and 300

coating conprises MJF2, silicon nitrate, titanium

centimetess, between dreentameterscand Ircestimietson ookétkeem B centimeters and

2)8”9 enbodi nents, antireflective coating is

By rCEﬁtl’l‘f’_EtreEﬁ']ti al |y disposed onto the transparent

condughdidé dspyRof e prédenPipplicR®Inl provides a S618r cell assembly

photovoltaic cells i'n the plurality of photovoltaic

coelprisinglaplemlity efidedaticel mnis, each solanellnaitl in ¢hd plerality of solar cell

coatin onpri ses F ili,con,nitrate, . ti,tani um

e nayide 96 TrcBRE b ptaBe s et Hegsribi Rt Piop that the solar
del UBRE T @EHAGHIEYfSolaf céIPiMitsThr®hrrintpRd $@ b oplake® rbws fo form the solar
between 2 centineters and 300 centineters, between 2

ceBrssemdtler s and 30 centineters, or between 30

centi er nd_ 3 ntineter t..Qf

o cs el &5t ashedtRr fF BhesH PR BB L T gl poteibry
OAPRIsingl (A9 adplifalityed i solar @Ell Ghits eadhedolar el ugit it delpleraligirof solar
cell unit in the plurality of solar cell unjts having

aeHants haing the srching obany ddhe slarceldinits daseribedaleye; #k(B) a
ngmﬁg’i of%}{{ég'raltl b ectoqg PR ?orlarcc%hlugﬂlp inrf @8 Pp.g%lgk? o? l(s)%sﬁlaéé(l)l"s Yinits are

ar C units are arrange

deomatridatly afrangeddalal pagdlleboba year hiallel ramien eeretgpfeahingfa planar
the present application provides a solar cell a%senbj y
gy Bieddisiipca apd & peRopd jacst Eaeh sspective infgmeakrellggippin the

‘ |
oty St heriéeflfbrd RSoRERERU L NcBh o SBLEpoffi 1t b second
sdes cell hed inthepdurahitycbfeBngatedisolantélisysucti tHana poniah of the solar light
reflectors, The solar cell units ip th lurality of,
refipeied fram the FGFPECivE RteHbTRECFIOR 3 Efected %ﬁaﬁaﬂ fagregponding first and
%@5@ di6lgatlid QIRRAN. BASGHL EhbdBiAL, hbSEIRPYeIl AU flrther

anar array having a first face and a second faceé.
deangiti see@ectrinsparent: aleatadalkyaiswatingrsubstratdthaptaveed alk or agfortion of

' I flect ' fi bet :

B PR A PRt Y U PEDmER oL BF Fo i peemhly sl orher
Rnprakd (D) PhapaRacihsslas dvefifg UBpsdsadnithedecandict bPihe planar
of the solar |light reflected fromthe respective

arrayethareby eaeasing 1be plusalityof elongated paler qells betvreen dsdmispagent
first and secongd.,el. ongate I I .

i BineXaReatE REE LRARRAER cRLRRNS Rdbuaihl sBRWHe. 1 some
dnfbodanéitanBPanephreat Rotlaiigatdveringand teitRBissdiBiatifisalRing substrate
that covers all or a portion of the first face of the

¢ horededdegeslier byre ssalent. ditsoric pErbodimante thepiealantis syyising vinyl
sti]l ther conmprises (D th rent Jins [

ol EVOUNTRTE TSRS Bl Poedr PR el I kv
silicone rubber, polyvinyl butyral (PVB), thermoplastic polyurethane (TPU), a
polycarbonate, an acrylic, a fluoropolymer, or a urethane. In some embodiments, the
plurality of elongated solar cells is configured to receive direct light from the first face
and the second face of the planar array. In some embodiments, the solar cell assembly

further comprises an albedo surface positioned to reflect sunlight into the plurality of
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array, thereby encasing the plurality of el ongated
sol ar cells between the transparent insulating

w@oewsnsngs and the transparent el ectrically i nSBCHUB2997/006915

sSoLfB' te[l Unfis. h(‘so%?é‘?mﬁ&ﬁ%@%ﬁ}étﬂ% %lbehg' Sulfi2R08h ?f’t])%:clich tghat exceeds

nsu ating coverin ransparent 1 nsu

8008 11 adrite ameoo@mhw;i affiegsblaetelbynifasdabaadhd sdifr &AMt in the
enbodi nents, the sealant is ethylene vinyl acetate

plExadity ofsqlaresHaunitsiis tledreallyarranggrbinseripbosparaial hy |
Elult S)r(gfﬁ‘ (aé,@g%sgspﬁgg\f(t ﬂrk%ﬂpgp&lﬁé%&{&rogﬁky%f&& cell assembly

Sorhprisiibe phirslity aff selar oélll hits fealch Yolappdll yritein, th@blu?ahty of solar cell
uret hane. | n some enbodinents, the plurality of

wisrhaingdhe strastuieafiagy pEthesalar gelf vaits @ser&e@. apeveli $cé@xt cell units in
hle%hﬁralfltgodpsi)ﬂ?f:gl by Hits 2R n%eo%ﬂ:gnéapg a?x%ﬁg inld a?algelfl pra Hear parallel

sone e sol

ﬁtﬁﬁ@dmhe}tetg)ufdrﬂﬁﬁg £ PR ‘haningldRdofadeladd& Second face. In this
positioned to reflect sunlight into the plurality
apse of thepuepent applicatipr, the splarcgeblagsemtly Surther sompritasdi) a

&%ggﬁﬁt Q?&r@ﬁlﬁn@ﬁ?@r@%ﬁ%&&fté ?lfa? ggv%?.g 8} A péR*ZSE og the first face of

ar cel Secon

thelpidnat etrhy aid (ii)ianrdnsgar@it Urisaldting coberiiy diipased bn theiskond face of
is electrically arranged in series or parallel. Still

W planar amay dbarely encauinp theqalwralif alengaieg polsr sdlischesween the
I
%s@ﬁrgﬁftnéulgﬁ E:N )éllngr 9! escha?xg exﬂ ﬁﬁéaﬁl?ur a a%?n%@ﬁ?strate In

mhcﬁembﬁdxtnenm the tiaaspanent hx’(salasmg lcowrrrg antl tmgtaxmbarbhﬁnsulatmg
ar cel] units rlbe above. Solar c its. in
Lﬁlétrﬁp @reabqndgd a?gegzﬂr By a8 P%‘ SUFR 8% %freé‘aﬁ’@&wéﬂ’ﬁ’ cag Vviny! acetate
{"EL Qﬁ{%?hé‘ sfiddat %!el' @1%] )(},r %?cﬁhﬁ%fl&kdn% f( BMYeRTV SlllC ne
eréb a I rst

orm ng havi ng face
mibbe pnkyvfnyd: butyta1 (PHB$, ths'pmptast)di pollyerepi'raes €HkU), a polycarbonate an
appl.ication  the solar cell assenbly further conprises
?‘f’?hca adtfuoropolymes, Obp UEthanEa| |y i nsul ating substrate

t hat ‘?@Vﬁ{o‘ihéi"akp&i oﬁth@ Qfdseapplicdtion pfrwléés Js'a,% cefi uhf?®omprising
pl anar array d (11) a transparent i nsul ating

@o)mbstrges;l (B)ao ﬁe&ﬂ pbetoveltaicedband {GQrasesbnd plotpyadtaircell. In some

EpbGiimetty GERLR TGS eber V TuBya Babed ardip &GS Rdrical shapea.

TRY fifst PHotavéltdidCell ERMSRBE £ Kikst oha@&kmﬁﬂiel Arcumgtbitall) Aisposed on a
substrate. In sone enbodi nents, the transparent

firss porioh o theoubstrate aafvrat &enécqndaﬁt@pmnémn lauennua:umﬁgentlally

Pl Bh G S PRRF IR 0P el PRV R Bk

&irdunsforeatigiey dispgsed Yn tlﬁlﬂﬁmdwffﬁbdmﬂucwrblﬁ?éﬂﬁﬁ TRDMednd pHoYovoltaic
silicone rubber, polyvinyl butyral (PVB),

eahegOmISaS & 5ecOpd W?J%lﬁﬁéﬂd@ cirepferentiably| dispapasosa secorthportion of
spé%gttl%te 4 s%oolﬁ‘arsgﬂ?éo?ﬂ&&or Jﬁﬁctﬁmuilé}%rlgﬂ'g erSﬁlaﬂg? pgged on the

resent application prov

sebhd buuktelmmdm anidregseCa)d tsansparent adudtie [@yet tit@imferentially
phot ovoI taic ‘?Ae and (O, a second hot ovol taic cell.
fispassae mcortdﬁetogwgv%t £hg Grspphgieyoligjocell is adjacent to

%t\hH Ll 28 ﬁgp%\ggﬁale cel e% it frhrgs:pgreﬁyédrfagf,t'nfé%yéh@ﬂesgnal rl1eectr1cal

I rst taic 'c I ses
&mmhumloa&trrwdb t}tel seccmdﬂmcb-latelcabdi@( tietl Sipps@BpaBntecohdiidive layer is
ortl tracg‘(laéaflrst smco duct or

Eﬁ%?"? 135?8 roe” $6¢ Wﬁ%ﬂr?%} con uctwe ayer, and the first

back electrode is electrically isolated from the second back-electrode.
Stll another aspect of the present application provides a solar cell unit comprising

(A) a substrate, (B) a first photovoltaic cell, (C) a second photovoltaic cell, (D) an
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di sposed on the first back-electrode, and a first
transparent conductive |ayer circunferentially

wale@poseds on the first sem conductor juncti on.PdEs2007/006915
i Y Gl 1 €Tl
P P B ey KB € 31 15 8P mbodiments, the
spbsttateois etthert dn)etubwllass;hagecbor @) :aetglxh sblRlevod chapedc fThe first photovoltaic

I T R KT ——
SRS LIS BRI SRRSO ALy e o

baek-klectsodd]jand afirstttrantaeers eondudtips tliyewmfdumﬂ%reﬁﬁdilly dlbﬂitﬁed on the
f| rst ,transparent conductive layer |{s in serjal
e mHGQIHCIORHRGHIS ol RoTCRRd PhatpKol@is sHicEomprises a second back-

e?e%% ELFRIR ?‘ﬁ-n Ilgglisg{){eeg Ea{)s%@ Jtfibn 6PR ?‘éﬁﬂiétr‘é?e L@{c%%d

i's e ectrica second ranspar e

semmiudtmtureluhmym layervirctiinéeréntialy dispokeddretie rs@dﬁdlbﬂck-electrode,
electrically isolated fromthe second back-el ectrode.
agda) SFcoa#&f%Para%&f@e@ucawe Her prayrisrentipily disaeseden the second

BB EABAL o s TR S O 68

epdraody and thecsecmidl bac](-l@)ecandmmd (an) eleetricaldy separates(the fimsn

el ectrical]y c¢onductive via. me .enbodi nents, the
senpronAugter junckon #ngthe sqcopg sﬂpgpnﬁw&pséan%&on( rﬁy electricgily
coRUbHive Ah él@? pediy c-BtﬁﬁﬁJté Pﬁtﬁr&hg& aﬁéﬂt‘% ducBive Jager with the second
conprises a first bac ectroemrcu erenti

bdtlsplestadoin seri€s.r st porti on of the substrat e a fi rst

G s poSBier PRt pLE peeS plca bR rovidy asolat el unit comprising
(P\') NP AR *(13?9 REd phbsQolkady 8411, gey & SeEbRY ﬁﬂ&b%lka\rc cell, and (D) an
di sposed on he first sem COI’] uct or UnCtI on.

igsadative poiotlosome zimbodishdnts; therubsteate & estdaero(m)jtubular shaped or (i) a

R R R S S S

dxféﬁﬁﬂfér@:mdllayycﬁipo@éd siarfiest pottionl of Yneiudef€th fxst deRficonductor
second back-el ectrode, and a second transparent

Jerstigndayey sirpumterentially dispesedromithe At GrdpRisettpdgnandpefirst

tfc’a?xg&{}gr}t%g 1§091gg l]‘agep 1réu Exte'n Igl}ys % Qﬁose@ﬁl’f é}é?e: f’lirggse 0§o&d§lﬁt)é>r

jaesiond Ttha@kccmqumbfo@dﬁaxa oell Corhprises @gtdonddatl-ckepadeat es
the first sem conductor junct)on and the second

cgénm&wtfélw&lsqoa%@n BFECONh BorIoR of thecsabstiate grigeqnd; spaiconductor
{AhgRp Eh P AP BRI it bnd SARSABARAL g o socond

tﬁmspaeent cbhdudtivatayehercuaspreatialdf disposed or ternsecond semlconductor
.applic rowdesasoa cell wunit conprisi A)
oS ﬁﬂsﬂ%ﬂu g past(}) reéqctrm[iv 8SRIrates the figgtiback- éfctaode and the
}S’ﬁﬁ@g%%lp E%ngi’é n%rﬁft (gl) El%kﬂrvcal@gge %xg%eesqlﬂ% hel : rﬁ%b?{%cfb??&nctlon and
theifmebad sesimapmdicar jdrickipn.aThe Gisd trandplan‘:nt czhdsbidyedldyer Thm serial

irst photovoltaic.cell
clpctrieok Flpmpiratian Witk S bRt bckylesfrapibe Db it wanspprep!
cBRALHQ8 lé%r [shEe Bl @i fed ﬂ'ofn' thé Eec%ﬁ@lrﬁﬁ%‘)gfé% l‘f’c{1 du?nve layer.
junction’l ayer circunferentially disposed on t
back-Sillegothzd espeam:f the tmcsmt applanswapmtdesaﬂdlactelmxt comprising

aggﬁ.%{%%é[ﬁxgtgh%ﬁo%% taic ceH a secbn ﬁlotgvrolttalb:%e[l ansmsulatlve post, and an

electrically conducting via. In some embodiments, the substrate is either (i) tubular
shaped or (ii) a rigid solid rod shaped. The first photovoltaic cell comprises a first back-

electrode circumferentially disposed on a first portion of the substrate, a first
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junction. The second photovoltaic cell conprises a
second back-el ectrode circunferentially di sposed on a

W@ emsnsizpdrti on of the substrate a second PCT/US2007/006915

SrlsPRREOERErit Bk ARupRiEbudlyl e Sh s rsthackselpotrode,  first

tfandpre e coRdudtivedaiet cirurhRyditialy Elﬁ‘.?ﬁ@‘eﬁ lo@lthé fitdt ¥emiconductor
di sposed on_the second semn conductor junction. The

jumchionanidas etﬁmcat pc)ndélrteshspose;tam ypsléxparoétt@sﬁnshearfsparsnt oxide
ectr econd back- el

ck
&G TP Seng PRR AP S Sell FERprsS A e TR AGIee P itdunerentially

disposéd 6Ma 38dnki PRERCSMHe SbiraeNEliebRd sdnti@@ﬁdu‘éfbr jur¥@ion layer
fi'rst transparent conductive layer is in serial

csicumferentéallyobspased omthemscatidt hackietectredennd a second transparent

trod { duct
opai e ite: Srpymfeirialsiopp S B SEonf S EaReiToraon. The
iRQNStHEtI0se(i) A¥@FicalBl debhrafl M BFst BEdRGdctRlle bhE tRY R86HH back-
application provides a solar cell unit conprising a
derrode Hiig elegiricaly separasesohe fird isemisenducter jueatipncnd the second

EPRReAT 1 eB8hana T oy (el or BBG rhBmprcnt pppguciive
1642 Shd #eSsecSn®irhiiphreni Joridubtivedhydthane @le@fncﬁll* toriuctitd ¥ia
solid rod shaped. The first photovoltaic cel

cdentprallyconpeats ﬂ@telqsatqaép@@mtw&l b seqpnd éva@lﬁpteatrocip in series.

di sp

fir sﬁégrgnm%g:n od rﬁg’r{t 38 ?}cg%f & t 12 P'%c‘:/%dré?:u E’tgrrr]t P§/trate having a
fitssqded a@&cﬁr’ﬁﬁexfd h&x&r&mﬁﬁsﬁl p&hbﬂ dfthequbdtiatd is ngtd and nonplanar.

transparent conducti ve | ayer circunferentially
Thesolas sl ypitdwghericomprises ra,laratrt»t@fdrhomyﬁaamgllah@paalw arranged on

a}
e GBS AN o ThBROSGH PR Bt pavdlaRcell and a
sewmrp}m@voatamunehchaxhbmbhmt celtlin the ptuuattte o€ photatdlaic cells
di sposed on. a second ortran of the substrate

a
coOpHEITHIES B barielerEeds qircam eﬁmraetlyétl SROs¢domthe rSEPRtTaéﬂ () a
PrRRREGo funklith REEOHIEAEAIS I GRAE ofHE RREREAGAe, and (i) a
teinspayergdondudtive laec omchmfemrmah}d disposedjonril¢ sammcorilametor junction,

nsul ative t ) ectri l,y ar at e f|
W enarart Gagictivg evrs b el npReRae e D i e pargliy 'of
;ﬁtlo?d?\;o[thl%%keily 1535 Revid e tridaPedrihihicfdH WA Hedaek-electrode of the
Junction and the second sem conductor junction, and
secand) phetaoitaicazllliy theeplunatityesf phiotovbltais cells: anspar e nt
conductive |ayer and the second transparent conductive
| ayer. The electrically conductive via electrically

connects the et BRSCRIPHHON OF Tk

back- electro e inseries. In sone e I ment, aSsoIar
cel |

£ i MB bR AEh RARR SR Qs %Z%aé?é SV“W*% piorhrt.
of the substrate is rigid and nonpl anar. The solar

cell unit f er conprises a plurality
phot V8% 24" ng poteatq I?’ﬁ%%f?‘lnﬁ Sieps Q?rﬁgj’é?d‘u&?utrﬁ’@ IR el ppit having a

. I st
SRS 1L Shctls R AN I LR R PR E dpfRecighS
photovoltarc cell |n the plurality of photovoltaic

I'l's.. back- el t d
C1 o RA ANl epfiait ot i repbiaering a plarpelunit having a

s%ﬁéﬂa@@r‘?s%@ﬁ GstipdRGbsSBer BYBNiqUeiih %bﬂgr@c{n%E‘Wu?xl the/ present application.
di sposed on the back- electrode and (111)

Figs. 4A-4F illustrate processing steps for manufacturing a solar cell unit having a

substrate using a second post absorber technique in accordance with the present
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transparent conductive layer circunferentially
di sposed on the sem conductor junction. The
wo ca@ndparent conductive |ayer of the first phoP@wuk10a7/@06915
J..dn the plurality of photovoltaic cells is in
a@@rl%ag(ﬂél ect Pi cal co?/muni gati on wth the
back- el ectrode of the second photovoltaic cell in the
plurality of photovoltaic cells. 4. BRI EF DESCRI PTI ON

OF THESHRAN Ralustrage processingstaps fersmamifeqtuiegie selawcell unit having a
' i th th ior.art. Figs. . ..
HieBie {ifine & s BSCRIAE e T 5RO BB pigseh gpptication

solar cell unit having a substrate using a cascade

techni que in accordance wth the present application.

Fi gs.Fign62-OH illugratsprecessinestons for memfactprang a solar cell unit having a
L I Lt i n u rate D

TBULPGHE L e RgIOb el B oMl BB SHBSHL B St optcaion.

with the present application. Figs. 4A-4F illustrate

processing steps for manufacturing a solar cell unit

havi fjga/ BLagessatestional Nigwaolscphntevohigis celllin ge¢padance with an

' [ W th the presentapplication.
e%?%%&%%ﬁ%@%fg%pgg%%cessi ng steps for

manufacturing a solar cell unit having a substrate

using_.a first post device technique in accordance with
t he S’r@% Sy 8ihillusteate serpicopdystor jametions that aretused @ various
pRbBK 8RS OIS HERSioL ObmBBAHIAR At thd e B Heafigl.! Un' !

aving a substrate using a Second pos evi ce
techni que in accordance with the present application.

Fi g. F7 i .@cross-section | view of a photovoltaic )

cel | fiig hilusiraighe eolon assembly sifluiatereal refdactars in gncerange with an
ARl féHt 0P the frb &t axﬁﬁfcai%.i | l ustrate sem conductor
junctions that are ‘used I n various photovoltaic cells

in various enbodi nents of the present application.

Fig. (9 illustrates sol af assenblly with jinternal i
rof | dARbIERR S BB REe (PRSI HPUGIov R several views
OB IRSARWiInBRP DimBhdiOn arb hbedra®h €5 §hage nuneral s refer to
correspondi ng parts throughout the several views of
t he drawi ngs. Dinensions are not drawn to scale. 5.

DETAI LED DESCRI PTI ON Di scl osed herei n are nonpl anar

solar cell units cSMPETANGER DESCRIPTYO

photovoltaic cells linearly arranged on a substrate in

a nordbdleseddgrdiy afernoaglanarsylarsak enits Srpridasg @ plurality of

APl e St Riehly Amprastitnd WEReA B ArpRak el Hheergd manner

700. In sone enbodiments, a solar cell unit conprises
a plurality of photovoltaic cells 700 |linearly

arranged on a nonpl anar53Ussic Stk@ctufe @ nonolithically
i nt eqr at ed .manner. .
igure 7 illustrates the cross-sectional view of an exemplary embodiment of a
photovoltaic cell 700. In some embodiments, a solar cell unit comprises a plurality of
photovoltaic cells 700 linearly arranged on a nonplanar substrate in a monolithically
integrated manner.

Substrate 102. A substrate 102 serves as a substrate for the solar cell unit. In
some embodiments, all or a portion of the substrate 102 is a nonplanar closed form shape.
For instance, in some embodiments, all or a portion of the substrate 102 is a rigid tube or
arigid solid rod. In some embodiments, all or a portion of the substrate 102 is any solid
or hollowed cylindrical shape. In some embodiments, the substrate 102 is a rigid tube

made out plastic metal or glass. In some embodiments, the overall outer shape of the

11
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Substrate 102. A substrate 102 serves as a Substrate
for the solar cell unit. In sone enbodi nents, all or a

w@Eorsisn7of the substrate 102 is a nonpl anar cPCEE82007/006915

For anc odi nents, .all or
sal¥s ST Ao e Sae Seaecs GiesuByBF 102 T agrns bigigEnta the overall
ddt&" sﬂaﬁ@c‘)ﬂ tle 5&Xdr célmmgﬁlffé?m%m% §har§ﬁ|o|f tHY sax@stpﬁé 152N some
of the substrate 102 is any solid or
@}qundcmts,athesmmte 102 ispordibeotsodi nents, the substrate

0 A T A Rl
rﬁ&%ﬁfé’dq{sm‘"geéebergygffe?eni Hﬁtrﬁﬁqﬁcl&&lgg,gi\ﬂ?ﬁott Ritsd! St{roﬁﬁ? s modulus.

. I'n sone enbodi nents, the ov out er shape
Intsehé ulegharues, [Y opig's Modulusf(E) ¢atdo Krvam dstthe é’bap@l\/ﬁfdutdsemodulus of

ubstra e 102d }n some.lerrb dhr%rgnts the supstrate 102
SO HAIBHS FOA; GRS FEGH] Hoeaheastisugt ag B11H159s pka given
thatehisl: 1HNsWefhtd adhhe @atmi?(?rrsh?ahl s‘ﬁ@fhs,b@f tE@ f"aﬁé‘BPH]aHﬁfl: Qﬁs&ress with

several different metrics including, not
strajn. Yihis carsbeexpetimentally determheddimmathestype b antes- stram curve

knovvn s _the Ypu Modul u nmodul u

ohfare S ifebeg R Erte SRR e dniasampie e Meleriah XAy mogious for
VarioB M cfialfis EVRen $h tHef fORSWingftatfle. i ven material . It is
defined as the ratio, for small strains, of the rate
of change of stress with strain. This can be
experl ment-al-l-y -det-er-m-ed-ffom t-he-stope of- a -

%ﬁ"* strain curve created doungymedainse Yegngs modulus (E)m
conducted on a sanple of the ne#gin &Pa Young' s kfinP (ssi)

terlaIS|s given i foIIovmng
‘{'%{Pe%ﬁ@oun nodul us Young's m)d]d(l)ﬁt gg () in lﬁﬂ?&ﬁ’goo
Hdovﬂemgy@p&e)hymmer (smal | strai ®)2 0.01-0. 1 30,000

00 Low density polyethyl gge 0.2 30,
%&ﬁgg? Aene e 1.5-2 217" 000- 290, 008 2Pol yet hy] 212,000-290,000
Hoéyeélp»ﬂcm@pbﬂmlazes 290, 000- 360, BB2.5Pol yst yr er290,808-350,000
505, 000 Nyl on 3-7 290, 00 0, 000 Alu
P 8{/}9’%9 10, 000, 000 G ass (al | t%gg) 72 10, 40%8§3’§B -505,000
Nrlegs and bronze 103-124 17,000, 0867 Ti t ani um (29D)000-580,000
AiQRihaR altgy 000, 000-17, 500, 000 Car gn fiber rei nflgro%q)oo
lastic 1173 LU (uni di recti onal, along grain)
assdalb haB®) W ought iron and steel 7290-210 30, 0000@00,000

BragmH Ror24) 400- 410 58, 000, 000-159.1590, 000 17,000,000
Titanium (Ti) 105-120 15,000,000-17,500,000
Cuben T e
Wrought iron and steel 190-210 30,000,000
Tungsten (W) 400-410 58,000,000-59,500,000
Silicon carbide (SiC) 450 65,000,000
Tungsten carbide (WC) 450-650 65,000,000-94,000,000
Single Carbon nanotube 1,000+ 145,000,000
Diamond (C) o ' o 1,050-1,200 ~150,000,000-175,000,000

In some embodiments of the present application, a material (e.g., a substrate 102)
is deemed to be rigid when it is made of a material that has a Young’s modulus of 20 GPa
or greater, 30 GPa or greater, 40 GPa or greater, 50 GPa or greater, 60 GPa or greater, or
70 GPa or greater. In some embodiments of the present application a material (e.g., the
substrate 102) is deemed to be rigid when the Young's modulus for the material is a
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Silicon carbide (SiC) 450 65, 000, 000 Tungsten car bi de
(WC) 450-650 65, 000, 000-94, 000, 000 Si ngl e Carbon

woamsnsizes 1, 000+ 145, 000, 000 Di anond (C) 1, 050rPAT/BOI07/006915

150, 000, 000- 175 0, 00Q | nbodj ent f the .
SR ReEn VR AT S 2 SHEL BRArS G led Jnel Sk} &6 g2id o obey
HOeKe's 1BWIEREE th ot d@nbddiineniége miﬁstﬂé&f 1'(%8? g%\fge g}xt of a linear

mat eri al that has a Young's nodul us o

maenaldhat @gysHaoke’s tave aExamplaQoftitgaomatgriabstioclpdé; GuGRa not
or.greater, 6 or greater., or 70 GGPa or qgreater. |
R o Eh sebrehpe” prfERe: Bibadind SpplFredbr Rveq 10w strains) ae
w6 Bhdafmate®ials., the substrate 102) is deened to be

rigid when the Young's nodulus for the material is
aconsTthkmpresans application)ts not ligtited ito subsBateh thathave rigid cpliradrical

FRpesirart RblroatnaL B & iR th e B 168 Rabe hosrctitzed by o
@odskfREA6n PEURIEd Bl ahfBhe OPLH MBI VfShipel BWher 4 "(?éo&?cu‘?efr shaped

| inear materials include, but are not limte ,
depisted inddgwrery . f Thedrounding shapesn brRahpene aficiraiddr| ovoid, or any shape

e RlzeBhy VG by kS Sideth B ef SRR aRg ST Shaogt curved
durfabesh @M Houdldig Giapendh ibeah nSEhaD RBefdn R3S Sf)éelj dréatéQflsn 5. The

Al'l or a portion of the substrate 102 can
kavadimgishaneress absp be lineesiv-nabwe. indludiog tdangulay, matangular, péntangular,

r her-t han the circul ar ed .
e RE e Ravinl 3R B b g R et DHOBE rgps-section can
ssbunliedby any combiaaintof [earylyfa6daRRuSB 30FEEe8] drevelurfaces.
one or_npre snmpoth curved surfaces, or _any splice of

Angrserbedhereid. L epsecd discrmiompindnyne fgiad corawatrsossmsection is
iggﬁ%d t%@]l'}]r%séﬁt 'néxr\ﬁgxfag gm%édi?f?e%?st §Hihd Bﬁ&?‘zorltea}-&?eﬁ(i: e, dlovever, it

ng shape ca near | n na
shouldrtguioted thateatyamosstsactionabgdonrediy! rady bhaseddnaghotosltaic device
ﬂﬁéi n? aga/ nunber of |inear segnented surfaces. O,
atds geuplanarin gractick; pe bounded by any cormbi nation of

| i neat saiefARRRmEHS U8t potidPGaRe sstratd 8 §l?§ry5c?éz;rﬁz%d by a

As descri bed herein, for ‘ease of di scussion on
fonsnirbsseseational shapeand asesmdpectidnoof the sublstratetl02 iechataterized by a

represent nonplanar epbodi nents of the photoyoltaic
SECES iR ibe. RE e Tat mdseeoi pabsegtional shapes are the

QFRY? dFFBGEAONR50rHE CABbAielRY atlCast RAGet@n aPRAL AN Pefent, at
0 tice. 'I'n sone

device 10 that is nonplanar in practi

leas thiityrpercent, af least fartypercantrat tehstifify parbentty atleasdGRyipsrcent, at
ERERARMT TR | el GrPls & GG IRED eireat ol Gidfe ength of

thy subsG @€ a0d iSEsLctErRel by find fisNaBe-sethskA shiiR. i ssthe and
second cross-secti onal shages are the sane or

ctorlispenis. the firss exiess-saetionnl veaneds planan (egsthas en apwatesitte) and the
Phordiads LURTLY SRGE RETH el o Rl BYET Y PETOST;

east torty perce ®rcent, at |east
si Xt Vinpermne @fibodidtients; dft subgieRdt 02 ReRARMT a rAlid Fﬁﬁ&t metal, metal

q?li@%g({r%/glsgg.r (I:nesnc}nie eaglbédeir?lgxtlts,ntil‘xg Sttlb%trgt%rl%g rg m(e)xgle gf z|1 ur%fha;cr:] ;eaolymer,
an acrylic polymer, a fluoropolymer, polybenzamidazole, polymide,
polytetrafluoroethylene, polyetheretherketone, polyamide-imide, glass-based phenolic,
polystyrene, cross-linked polystyrene, polyester, polycarbonate, polyethylene,
polyethylene, acrylonitrile-butadiene-styrene, polytetrafluoro-ethylene, polymethacrylate,
nylon 6,6, cellulose acetate butyrate, cellulose acetate, rigid vinyl, plasticized vinyl, or

polypropylene. In some embodiments, the substrate 102 is made of aluminosilicate glass,
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the substrate 102 is characterized by the first
cross-sectional shape. In sone enbodi nents, the first

w@ewsssrext i onal shape is planar (e.g., has noPEr/USADE006915

B BT IR e, s
/ %&Etsﬂﬁia%lﬂs@ 2soda h‘ﬁﬂzdgiaﬁf quiirtzi JAsd, dHaRdbefide MRilfHide ?lﬁ!%sa Kluoride

| oy, or gl ass. some enbodi ment's, the substra
gla}z, 3 glasmb@ed)phwameﬂhagl@sqoor ymated ghsacr yI i c pol ymer,

pol 'yt*ﬁis‘ﬁ&%'%iﬁ%sgv%ébees” R e R Rte such s

PR beAsarRialdlE @e e Gkﬁﬁ&e@%%ﬂiaﬂ@@&ﬁﬁi B&edeR& PAR:E GRE; Shiner,
cross-1linked styrene pol yester, pol ycarbonat e,

]ﬁmla;)etlnyd)mn embpdinmmﬂieeaubstrate 102 is made of polymide (e.g., DuPont ™

{’]’%’ gﬁ?fg;g‘ Liéqu%@? ﬁ%l?t %‘gf%r@tc m?i dp gome, §l]nbﬁd181e8ts the

sﬁﬁéﬂ'éﬁé P@?xs@ﬁﬁie%f’%obﬂétﬂf&%ﬁaeﬂ%@éde%’@ﬁ) @Fﬁél%tﬁerefh’eﬂde%ne (PEEK),

vinyl, plasticized vinyl, or "polypropylene. In so
caelpofiwhhtis availablesfitys Bogdaken Bastics, Freddn séme embodxments the

GrYEee PG iRl b RBRE R ¢ &1 GraRSPRY Soh e

ﬁjlym@,gtm;{hafe@gege&g{ayca gI ass, soda linme glass, quartz
gl ass, chalcogenlde sul hlde %Iass fluoride gl ass,

a gl dssomgsabodineenss.itie sublstirat@ lg sopadeowf acglassehasell phenolic.
102

RS tabilo A Fre SRR DY TER e RSl Badfsts of palfer Canves,
IfsRh @7 glass €lbth imypbdrakddewith @jﬁt&@ﬁdﬁé‘%ﬁfos&hﬂ@ tdsis, WHen heat and

Shi ner, Texas). In sone enbodinments, the substrate 102

Aresspigcrse applisdity Miedayqrs aghemmsabesction (olwaeriration))transforms the

%Q@H%‘i{%&?gé@%&%&x nragé{'dlexﬂ‘étgxggllqgith n&ée@”@%ﬁé thal &k RO!'e softened
Zi@iny Riefefbrel theseinbietial ard Rl thermewetsye WheirRtyhef ksth @fRs and

PEEK) , .each of vvh| ch is_avail abl e from Boedeker
thawaterdals eanbe yspd s manefasits themoset laminaleskith afange 0

I | ,
8RR, oo ARTLERL 6010 o988 ARG, o e 1021
olen:bladnmhawmg hNEMAsgra@td G-02G+s Gvde-%1G-#0 or G-11.
enol ic. Phe oI rf gn gf%es are rrade by
éi? Fﬁ? %‘H’aﬁﬁséé% 16 Tog, epedeser Platics, Inganvas,
| nertn%meleﬂffo%dﬁha&b tﬁé@lﬁ&%’.@ﬁ@?x éfgaeyggfrérreé Examples of

thernmosetting resins. \Wen heat a
mbystyrent includh geneaglarusposa polyelryrmland thghtmmact polystyrene as detailed

RS St s bt et £eBRe. Sntypiicn 87, °
MeORN-HE 188f %emvh JehaEHis hIJ%y ShRESoratkd 8% SefBRHES hedbif | in its
are called "thernosets." A variety of resin types and

eptirsth hmtléqutm@né@dlrb@tué@jsqb@trmﬁm ssonadeeofichesshnk ed

rePEbRIeC o FG6s Pl RO Vi BRELTRY fpeBibie from San
ma@&?raam Iﬂ;@Z\Ilaﬁorﬂﬂ n@blifbﬁmgamd%@h@ i Meﬁao@t NEMarticular a
grade of G 3, G5, G G 11 enpl ary

righe pesl wrenslusantplessic papduced by Frgss Enking nolezsiwék evith divinylbenzene.

iP ls af’rg gﬁ% P h%gfaryé{}c)l}&gﬁg, ﬁ@gﬁ%ﬁ%enfo% is ma e JF pgltyc';aa}{)ona%ec.)?Such
polycarbonates can have varying amounts of glass fibers (e.g., 10%, 20%, 30%, or 40%)
in order to adjust tensile strength, stiffness, compressive strength, as well as the thermal
expansion coefficient of the material. Exemplary polycarbonates are Zelux® M and
Zelux® W, which are available from Boedeker Plastics, Inc.

In some embodiments, the substrate 102 is made of polyethylene. In some
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pol ystyrene include general purpose pol ystyrene and

hi gh i npact pol ystyrene as detailed in Marks' Standard
wolaovdbsikf or Mechani cal Engi neers, ninth editipel/us®879006915

MG awHi ||, Inc. &26‘6 174, whi ch is here

drplastipentsy the swstiater Ki2dmmade of lovndengity P§1Yéﬁlb’i/qﬂét(I,fDPEh high

Bl P AESAETADRET riied O MR i o BV Elivaw ),

(pm%rmawrsp@nwoﬁqmm dr@ﬂés):n()éd/ﬁ\l Maxtklses@hmvdmci@bﬁla}br
Pl astics I nc., National g,? California). Rexolite is

Meehqeiagb Esginens, piath ¢dzisﬂ>rar1 987, MMgfeawaHall.tlneng| G1¢ Bhewhich is hereby

' aségﬂ?@%ﬁg%geé&%e%rﬁﬁ frits %xhﬂ%‘t& ?%%%n%éﬁr}ég?ﬂ{eﬁg B substrate 102

i8 mﬁ@roataeryl&ﬂtri1@bﬁﬁdfen@fstymieyp@ytbﬁﬁab@»etméﬁb (Teflon),
pol ycar bonat es can have varyi ng anounts of gl ass

pqlmp@aqryla@e (luaitwgr dogglas0oaylar 6,800 uigse @pq}@tp bugyrate, cellulose

B3 | FFHERRPY .  bASRepE o ERERRAL preg s
@htetibR ai’@ﬂ&bhbéd mEM@ﬂ?@‘ Staydgrd HavalbbeR for ddechbigicdlcinpsfieeM, ninth
and Zel ux(r ich are avail abl e from Boedeker

wliten,ile87, ﬁ@rawﬁlgdﬁé P ol hidraugh & heS, svhich isdereby ducorporated
@E{fg&?gﬁ%&ig%ﬁgﬂal ene. In sorree_nbodl nments, the

de of | ow density pol yet hyI ene
( LDPEAdditioghl edenpldry maesriats thyd can e (ukEdPlo) form Ithdﬂdbﬁt@ate 102 are

hi gh_nol ecul ar wei ght pol yet hyl ene_ ((UHMV % em cal
foupg &t Moégrrbf’laﬁmsegwel a@%@rbeé@w-HﬂN&q@hol P lastes Applications

%bﬁ%ﬁﬁz Cﬁast@}gﬂng ﬁ?gers%ﬁ%wlsgh%ﬁ%d Neville, Epoxy

Rextny, Mn@'awd[—lﬁlg Blbrﬂayanfaacth@k@f Rolymer Ssiepcd, Kmaismenden Schmidt and

g@gl?gssgbiggijv é%é{gg wag bfe;p?)z‘%gd ;r%%tzce, I\/Iir%jraw-lf-hll Beadle (ed.),
P sMéseMdcr%éfPG?arﬁgl A, gﬂ& ﬂsfsl ng)o Te%mzsﬁmm @a@% Polymer

(I'icite of plexi l"ul ose acet
.ﬁmmwamd Matetitils) ‘@ébyatﬂa’ltlaﬁmnvrlleg ﬂ“ﬂe Pimybs s Phgigedrcs. Rexd Book,

trdrrapiess 10 FodBi Efrand pipintau i el sinlo i Mevers, SPr
mhd%%g?%%ol@%nﬂ%?fgﬁeeﬁgg‘bﬁ R&ARok b PIaskRS Composites, Van
MG aw hrough 6-175, which is

Nesteingd Rmdmlqb,dn%t‘ie@acgy’f wisfobris hereby mcpmerased by stfgrence herein in its

Argdltl onal exenplary materials that can be used to
HYt he substrate 102 are found in Mdern Plastics

Ency cirpest émbddifaentdr 4 bbs-seCeombOthe sitstatel 102 is circumferential and
Applications Series, Reinhold Roff, Fibres, Plastics

wnmm@metm@ﬁlﬁtm%mw Hi0ammebetmean ?prlﬂyd 75 mm, between
L P
i i ' e Al o, AEBSRBRY L0t B0 [y, i some

ehbbdifentd0a Yives-sdécdien bf thrandbiratc1026e cirblfopditibl édd, has an outer
Beadl e , Plastics, Morgan- Grarrpl and, Ltd., 2

di@n@ters?gwwe%%@@l@ydéﬁ%mk (eds.), Polymer Science

gﬂgl rh{g’tes?)l}ﬁeaé%ac{ag%ég%kt?l& ?‘%%Hg?rl?gl\{é %) ube \/\T Bl %ﬁﬁ*&}gc‘iﬁner%omon

[redlich embadithehies) a @Fosaisediion of tHd wbstkate lﬁlscdharaatredzed by an inner
SPI  Handbook of Technol ogy and Engi neerin

Rg}ufq][d;ﬁ i8g the hallowed insrpband anoutgpgadius. The difference %etween the

inner radius and the outer radius is the thickness of the substrate 102. In some
embodiments, the thickness of the substrate 102 is between 0.1 mm and 20 mm, between
0.3 mm and 10 mm, between 0.5 mm and 5 mm, or between | mm and 2 mm. In some
embodiments, the inner radius is between 1 mm and 100 mm, between 3 mm and 50 mm,

or between 5 mm and 10 mm.
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Nostrand Rei nhol d, 1973, each of which is hereby
i ncorporated by reference herein inits entirety. In
W@ oows/0eniodi nents, a cross-section of the subsPCHUS2000D®6915

o ST S8 D50 UYL BB Rl o the plane
Rgiheesy E‘égdm;aﬂﬁt é%efweenmﬁm mbomhaﬁ HethReABD nth and 5,000

betvveen 14 mm and I'n some enmbodi ments, a
omp betveen tl DO mm and B\@OOsmbs or hetvee 300 sne and UFHement inaine

1 d 1000
rsadingnthe S LT EhdoGied B HaTing Hhotlet diaacteg g4 S mm and
A hEWTd 3 pie raneanédg@mof | ouosHED ARRRGHh RN ubstrite 102 1syshown as

cross-section of the substrate 102 is characterized b
satidiim fignrer A dti widl kbefppraciaged thet inchanyvewbddiments,ghe swhitrate 102 will

out er, r.adi us. er enc ween the i.nner radiu

th telioBogs andagiiadopEh FRE Rl B RLire Fugh7S TheliBpe by a glass
é@%. I n sonme enbodi nents, the thickness of the

substrate 102 is between 0.1 mmand 20 nm between 0.3

nmm anBackoeleatyodedide énba&k&lentmodn dIOASismiqcumferbmﬁaAb'edispmed ona

06t5de 104 B oS etienld BoehBs et TshAleTRdGE o sistbly. In

E1E S baek [BR AR 104 [Fhide RGPS ReRtHEMRASoantsh ort the
ubstrate 102 has a length (perpendicular to t pl ane

mheftovodtdicoprientygenerargd bmx:hqtgvcldaw\méw(w with a¢ghg1bl¢ Oistive losses.

e B e AR T LSRR 3Ry T 80Ghve matera
£10 Q8 bR Ahum! MBlybdBini, At sldd2 varfadAin thbdwed niobhfn, chromlum,

havi ng an outer di aneter of 15 mmand a thi ckness of
tan@lumntxt&numasﬂe@lngmhelomlatmm sikver, gpidnaw gltoyt thereof, or any

b[gt r?ot&; P%rgéfé I?,hs§{n% b%aln% r{é%t,ghé ck! e?e%ﬁr%fl% % {fbcgmpz%ed of any

é’CQIaUM\}Cl mitan&l, suchQls |u£d:imﬁan60)@<ﬂK;l tMlnlile ALEIPe, tid dxidl, luorine doped
t ubul ar structure such as that forned by a glass tube.

Baexide| doped gine oxile, alaminim ep@c:t%%dqmllw doped zinc oxide, boron

SR SR B SROSP R RS SLRINch i g cmton
blhek-filsdko%ildy, a datb@eblackatarben black«filkd okidedesuprtondudtive €arbon

out qf any material that can support the photovoltaic
blasl-GHed @@H@r@te@exw ONAWIIVE\BASE AT @ CBAYCtiyg Plastie-nAs defined

R0, SRR RIS oheBRE Torolh PO R AT B Cfins

coaidactivel ﬁllesmwhxc;hsmahmnmpm't theirlcphdietiveprdpergs t@the plastic. In
vanadi um. rhodj i Qbi um . chro gn tantal um .
FRCgmbRAimerispe chadienye pltties Useihn 18¢ pissent appligtion jp form a

S8 10 TR T B Oy e

thonughahe pbsttmmetlruxa;b ,summhaghmtnmlm currend gérgegted by a photovoltaic

tit i gé é{all %resflﬁtxo q)*%{sﬁd'ﬁe érck‘ﬁ Pk %H@t%s??ﬁtge c%q%&%glasnc is

@Bﬁﬁﬂy ?dsﬁﬁtlﬁé,' B2 theRAPAsite produced exhibits the conductive properties of the
filler.

Semiconductor junction 406. A semiconductor junction 406 is formed around

back-electrode 104. Semiconductor junction 406 is any photovoltaic homojunction,
heterojunction, heteroface junction, buried homojunction, p-i-n junction or tandem
junction having an absorber layer 106 that is a direct band-gap absorber (e.g., crystalline
silicon) or an indirect band-gap absorber (e.g., amorphous silicon). Such junctions are

described in Chapter 1 of Bube, Phorovoltaic Materials, 1998, Imperial College Press,
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35

doped zinc oxide indiumzinc oxide, a netal-carbon
bl ack-fill ed oxide, a graphite-carbon black-filled
W®@2008051225 car bon bl ack- carbon bl ack-fill ed oxiPE&r/us2007/006915

SRR CANGHP bt 1 BB aBlal Bodd, MO PR f B Srieyle and

onductive g ~or a“conductrve p
Bvegimdeningp)ahoriWiley SvSors| Bl WestSusets, Efiglind, eBEl0sORhich is hereby
.conpoundi ng techni ques, contains conductive fillers
IRpRIEAratad Py Refsrenderp s entingty. rDetailoefexemplasy tiper of samiconductors

. . ie . ' . n tive .
SRR oSBT TR E Ll SISy soion 52
Bedok- bl sdditiat® the éxampits/ jundtldnk afsslobétbin Je@fioh 5.2, below, junctions
sufficient conductive current-carrying paths through

406ecap bg sevlitjupgtiensdnwhich light travenses isteothe geretafijenation 466 through
' ; o i
HERIALELIH BRI, VG sEeLen i s BRSO P

pl astlinsoine dnytidiaenty, thesashisdndugtor Purictivh odpRSSintaBsorber layer
]Pr oq%gce,d exhi bits the conductive properties of the
G6andra jurgtiansaeiciagsr j48ntvheisin the gincros epdtres hayee £ 08 is
y s $ ol
G AR LS REHRE o S0 OB, e s
layerdg copper-omdiuthegaliium-diselzhiderand heiceibe phmees layent08 &Tn,Se;, In,S;,

riedq h .U [ p-i-n junction or tandemjunction
2 2o TR R hraliSen Voo MiReld. (S, Snloe £, drincorgiaped 2O,
r .
SR kit SUPS 1005 bGRAN 0 Shffhd Sk 1o som
gmbudiments agompdsition rdedbfiGu/@hePa)an absarberBayee,108 is between 0.7 and

tovol taic terials, 1998, |nperial Callege
B2 & Dot onbodineiieia Cmpesiignantibat Galodtrs) mabserber ayer 108 i

U g 00 U5k BRIl R e 90 i

W0z teryssallographic onentationy ak&R>berystellegraphoeortientatian, or CIGS that is

entirety. tails of ex | ary t.ypes of .semc uctors :

st sHienieds  romE EBP AR nrie P LEEfips 306 153 5o caled thin
fARPdentiedridebtor jucHbs.Clrosmtk dntboddmbhtd YemicdondB&bONInctidh 406 is a so-
addition to the exenplary junctions disclosed’in

cgHed thigk Blnp (e & esilien)jsemiconduntorjonctivan be nul tij

unct i gns. i m. whi i traverses,into the.core of .

| Unct PR RS Ik AL OB R Gine R Re bR s Bver (-tayer
qi5eirenmiiryntidig\@astcthe semidohfucisth@iond8d Tha Rtayet B15 can be
some, enbodi nents, the sem conductor junction conprises

farmedhasngany wndpped transparsat exifeineluding, patrmon Bmited yazine oxide,

) ' | ' . ; 108 .
e e L .
the-Bgeed nie biihde plire zidchexiddsor ber | ayer is

copper-indiumgalli umdisel eni de and junction partner
| ayerlrap@argy paystive fayers/ 10. s trappmaent candistivetyas) 10 is

. i . 4 VAt oped .
AR ) 00 B 4888 compiing
thetivendn Ak fotedative, id.sOmerentbodithentd) a tisiaiRay@ i 08lisreatimf@entially

jon ratio of Cu/(ln+ i n absorber |ayer 108

FROBA Chaln < gonhiatcn 41 ion A0S ol EhBR B AR, ransparent

oD Ll o) Hel B 1520 Der

| ayerln $@8¢ embpdinsass, Ge@Anb@aremgoaductive layer 110 is made of carbon
nanotubes, tin oxide SnOx (with or without fluorine doping), indium~tin oxide (ITO),
doped zinc oxide (e.g., aluminum doped zinc oxide), indium-zinc oxide, doped zinc
oxide, aluminum doped zinc oxide, gallium doped zinc oxide, boron doped zinc oxide, or

any combination thereof. Carbon nanotubes are commercially available, for example
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cpadiiiv 1y Thd ot in Abka, K el FRUBARAG S SRANIEE A% 110s
préfEabIY BaGNGf Anbieridl thRdse VeBNoWRsisade; Sileibid Gptical transmission

junction |ayers 406 thereby conpleting the circuit. As
prenestiesdBguEreater tsayh®0%hisad 2 depasitionstemiergtyre thay svill nobdamage

oLy VBt Rt AR Bihelifle 106 pRERLBRBRHGAT aver 415,
s6 @B QfbolditRete Y trdnkParefit WndGetivieasyntll @ld an deRAsAR @nductive
the /-layer 415. In sone enbodi nents, the transparent

PobieRIcRatalisugtens a gandustiveeRplytinphers BeAndkative pobanilinga
BTt e PSSP DD NSO Ik dervtiveofay of

fotegding U M serne dmbodiments| the Xranspaskiny ebidutdve kiyde] | (apgstises more
zi nc oxide, alum num doped zinc oxide, gallium doped _
thanenedaydelnciging s ishledersomprisingdin oxide apx CyHbemitheys fluorine

. . . r G . ak l ahl :
e ThdishBERIRIQRIROR Rl HEE UohE 2 BURL (AR, Buminum
doped giae oxidepadr 2 corhbinatésh the@bEandRaseeond Ry &SR singhéatiductive
i's hereby incorporated . reference herein, in_its
rol1OPBETF, & ANGIHE® BHBTRIHE A CORHaN < PP g aiochP SS-doped PEDOT
€8 cﬁggg%f gf 2YBHivakle of anyPbt thE for@g&?%eﬂd&’irtioﬂal SURRAE materials that

, I n enbodi nEnts V\_/nere e outer
cae e usgickodoon thetyansparéntjcondudtive laje6 1 1 Ganp -diksiused it Unsited States

bR e aopn 2O B Ll R Fieblen e hinErbyanbRommatsd yroterence

Hefl € {n & erdthi@y] unction 406 is n-doped, the transparent
conductive layer 110 can be rc-doped. In general, the

t r angPrtfamnt eleeineliectrinsed A0ayin some embediprentsan aptordaned avitf the

a materi.al..that has. .verv |low resist e, suitable
e P st o eiols s 0 RRES 520 dis aBb e nfrapsparent
OR%ctivadhed | 0B pOGHE 16 Tadi BT dttridad cliriéit floml. | InRBfne embodiments,
damage underlying | ayers of the sem conductor junction

thoeleetrafiesiripst2O0spe thimstrips of elgatricallyongdyctingrpaterial that run
. : 110 i
ERRRY BB FhE e Re S COIRGECY sROREH Bk clBer &Y SUatldP gome

@bddiaérty, ehPeptichabglbrivde siips dn0lufd poérioped ¥espatddibierals on the

conducti ve pol ypyrrole, a PSS-doped PEDOT  (e. g , )
sBEfgea Afriyansparens caBdyaliye jayer br0. Fipy ipstancanfiguse di the elecmode strips

28T ﬁ%ﬂgit%géhsothéﬁh%d%@ib%?@d Gt GRBG UL S AR a1 i dhe

conpr fses nor
cylindrical axis of the solar cell. In some embodiments, the electrode strips 420 are

spaced out at five degree, ten degree, fifteen degree, twenty degree, thirty degree, forty
degree, fifty degree, sixty degree, ninety degree or 180 degree intervals on the surface of
transparent conductive layer 110. In some embodiments, there is a single electrode strip

420 on the surface of transparent conductive layer 110. In some embodiments, there is no
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than one layer, including a first layer conprising tin
oxi de SnOx (with or w thout fluorine doping),

WO padss2rs n oxi de (| TO) i ndi um zi nc oxi de, dopEdU&INT006915

d e.0... aluymn ed nc oxid or .a
BeSirotie P U0 RPE b ﬁlesté%%memﬁ%?@ﬁ&%ﬁﬁweg 14 Ipsome
Congﬂﬁédté’ &hd1e |1syttv¢o° E’rﬁ@é‘ %ulaﬁ‘t?@@ IGLY Ylee%o_ryl?{é ehN8eved, twelve,

ucti Ve polypyrrolé, ope
fibegn bomore,@r tiirtger lmme eleetr@de stniys arf the enfparag mom@ctwe layer 110,
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cireniferende afttse easparhicondpttiveriayerdll 6cfor exi:ﬁnple,r asplep® . in Figure
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Tappia tem%ﬁemkgﬁmeéts teclaciogesitps y*wé gt GYILY Sppgedplout the
c?t'cﬁ I@x?cecﬁ'f the & ﬁfeﬁpéo®9&W&5¥&q 1baye §orﬁél BmbBditeHR! the

|tatee rical current flow. In sone
edm:ltmde StEips éZOataeoxﬂy e onotkee of apbstomlﬂmaceil 700.nElstengsd 02, 104,

i Girtesal) oy SIRG! a1 Sleehudy chmpriod, Mspag el 02 of Figure
% NR sBRRatoAtheRt 3he Sl8tthode!sh dfsQQ@ BRadE BB Ructepoxy

optional electrode strips are positioned at sp ced’
donthaativalisk, soppdrer sniaflax eheoefof tahanmruar eman alloydhertofy sickel or an

B BssaloiveE e ALY Grtepb Bl Soraoy titie G EoMyGRueloe,or a

RHBucveplxaLy degree intervals along the cylindrical
axis of the solar cell. In some enbodi nents, the

el ectIn@dmembﬁynemrz) thare arerekestigde stripa that mealde@thséong

(églg}dglgglr) ]?agptcsf tlaeesg)ﬁ) ﬁ%.fl& ﬁg;seaglg{;}é%de sg %;e H}égr:cét ected to each

Jthér Py prideleies e meSng&Qi [RGcaebé tHickeY af, Mihrich thaf UWrftRE Same width
of transparent conductive |l ayer 110. in some

agiroeleotradesirinsh dihese gridilingsegn be made of tessamerar diffzentglectrically
parent conductive layer 110. In
e

ere is noelectrode strip 420 on

the sOpficaee filler laper 330218 pane Binbodintbntt df\tke preyat a Qatlon as
In some enbodi nents, there is two, three, four,

depictedsaFagured; g ﬁiler lavere30iaf sealant syenas qthpdepreovinyl; acs@mEVA)

I
BB icste Db, PO TR TEHLRIPPNIS), RV bt
W\éﬂl)’l Gblutyra)llr (PVEB)Y[ thpmfm;tliri]ﬁilc poliytmrelhznfel @ @TM) 4 jslflyée@hs@ate an acrylic,
rrca XIS O e Sol.ar ce n Sso .
%ﬂ@&? MEsiangtscopied mr ta%népaée%trﬂog)gg%ﬁe dayer 110 to seal

PQHtana ffgms?w% Bl toRlpiditich gggﬁxpg{ogﬂ%ggagwgmsr casing

yer 1 or - ex
3aIOt ernative enbodi nents, the electrode strips 420 are

1 andp PR ETIRRTRSER i Fgiapyes 160 B4 Qdims Bramscl nissponane,

r I f
A5 10, LRSI B S

1§yep BB O et needud eVt witkn Phgor mo aaitiode siripe HY0 arpesese

t sol ar. cel |l 402 In so di ment .
AL S matenas donons S i fs iy Pe R it rep kg United
S%é}eﬁyﬁém\é@pnmon%@mewn%r 811378, 89% attb2k 8 abekerhuAbAUTE53-008-
or an al Y t hereof, nickel or an
999, entitled “E ongated Photovoltaic Solar Cells in Tubular Casings,” filed March 18,
2006, which is hereby incorporated herein by reference in its entirety.

In some embodiments, the optional filler layer 330 is a laminate layer such as any

of those disclosed in United States Provisional patent application number to be
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entirety. In sone_enbodinents, the optional fil

layey 380 33fprined Fomniy/n By aveightepolydigisthy: ﬂ@nyneopolymcxslsquld Y%, by

i SERL sl el efOrst BhE 2rrftaut Sur R Sloqm cizgemer, where
ey | dndelsunf s, oo S?ntfél@ﬂﬁérﬂi e Pl difEty14RRhRAS dymer liquid
Layer and Method for Makin bearing attorney

a6 ket emianh R SOH O SHOLSRUCHahInGH OEb s et i & range ofinegers
SR B2 BhEthe Hotp BLFAL o kel Byl FochPy B b P ranee

detscen 50 &atistokas aid 10090 icbistdkey. Ih%m'é%mlbddn&m first silicone
enbodi nents, the filler layer 330 has a thernma

clastamer CoBIISEY a‘é%&%ﬁ’dﬁfﬁm Sy avmght, élﬁ&fhyémylxtemmeteﬂ dimethy!
sgg%%{& a%ﬁ%@v%enfqgﬁ?ll 7}?699&1* il ‘i"g}'{}' 81@@ate| T SdM€embodiments, the

ments, t conpri ses

secmidmllmmb lejastoimen xampripst (ijretrleast snxwmceatt‘rbgdvm@}m dimethylvinyl-
the f

yer 330 rises b t han
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' con ol transparent silicon 0| havi n
Sﬂ&@l nini spgle\ami:todsnerys of ishtweanel Ot andPOh X1 ib bcxﬁzvebﬂn’é and 20;and Z is

bet eenn)l nn% 2Vd scosity of the

Optional transparent tubular casing 310. In some embodiments that do not have
an optional filler layer 330, transparent tubular casing 310 is circumferentially disposed
on transparent conductive layer 110. In some embodiments that do have a filler layer 330,
transparent tubular casing 310 is circumferentially disposed on optional filler layer 330.

In some embodiments tubular casing 310 is made of plastic or glass. In some
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dielectric gel or conponents to formthe dielectric
gel. In sone enbodinents, the filler layer 330 has a
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SEnEs B Hiras i BRene B DMTS SESIaE rox Y Shdeiseviny! acetate
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PRIED. melere gty BR GRS fmictRfs 2aPa B ot exafiple, ETFE®
Wwhitk wﬁ &SRR ifdin thePobRRsFRAt @NoORhyIeRGind teirmtoréauﬁéne

330. Q sonme enbodi nents tubul ar casing 310 i s nade of

TEREONC mnomea@spolme@en@wg%wmbm ny] cBloride (R¥EC), s
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thérebfs Paddifibndl yhivdbis meR Al g’or&ﬂx@ traf¥pafen® Whulap cAsits B afe disclosed
transparent tubular casing 310 fits over the outernost
inggpenditg anited States patant2ppieation gerial watbent 1/ eh847, attorney docket

@%ﬁep K §G oddIb&s tehﬁ) dn%lgﬂs%g%deﬁ'{otcél\ﬁ)gtgﬁ@olﬁﬁllggn Eﬁﬁﬁar Casing,”

0 construct tra ar casl ng
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is composed of a different material. For example, in some embodiments, the transparent

tubular casing 310 comprises a first transparent tubular casing layer and a second
transparent tubular casing layer. Depending on the exact configuration of the solar cell,

the first transparent tubular casing layer is disposed on transparent conductive layer 110,
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Addi t Lta spar ent .

* ubul Qe M 3R B S8 bl SR Bpe npger resisant
I5yeat e doatednivebhplsblantdD40S@Iprédenniheldamagdiblp 28 ct8 6f water
attorney docket nupber 11653-008-999, entitled

meleeight BEOPIKGRRASIPERtS suph wateowtsistant Jayeisige eircumferentially coated

o% iHEQransﬁdrérﬁ%ch‘fﬂ ]rei%rer?1 g o%'d%‘o%ﬁ%nétﬁ% SBM?nal fi ler layer 330

I NCOr pora herein nce I n

amdmtxenﬁlwammg thetsbmr telhd8Dar thatrahsparenatubobs lcmngeam In some
conpyi ses plurality of transparent tubul ar casing

e, e, BRI SHer e StRBbaKETS A IoRT SR Ay oaled onto the
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sonme” enb transparent tubu
tUbL‘ﬂB.ﬂngBLg(B 1001ip some emhodhmests !;uchnrssqna'rremtamulbyﬁraare

gimterenlasiig B B cspatsPt BuiarGeriad s sl (psmbodiments
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i s di sposed on transparent conductive | ayer
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SRR VG108, B SRR AR SRR B PG i
made of clear silicone, SiN, SiONy, Sle, or A1203, where x and y are integers.
Optional antireflective coating. In some embodiments, an optional antireflective
coating is also circumferentially deposed on the solar cell 402 to maximize solar cell
efficiency. In some embodiments, there is a both a water resistant layer and an

antireflective coating deposed on the solar cell 402. [n some embodiments, a single layer
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proofing characteristics. Mreover, the use of
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stlidoH Infdnoxadd, BOsilidxesade hitbtel Mh e smbedinicnes, ﬁféiéte’x@%dke than one

transparent tubular casing | ayer nmay be reduced,
layes o€ bytirg8petingi aegting. ssomgsembediragris,ithgre ¢omprs. thamone layer of

PR BB o PRI BB R Bl Pl g Ghbocimens,

thétt igmbteOthan 6h€ layePof anlieefletiVe bRy anB¥adhsladd iPRAJODS a different
nore additional transparent tubular casing |ayers, the

mitgddness of the heavy transparent tubul ar casing

| ayer reduced, .thereby reducing the gverall .

wer or P Rt RS el Bt SO Reiel G B e gmaerial e
[uirRkcen® fratdri i phoddiRirescent rife®al pizkeaied A taSurfRéeo 0o layer of a
nore water resistant | ayers are coated over the sol ar

rhetavoliaiz celd 78P e liesame praberimgnisnige ehetovekaie pelhd@®includes a

B S RO S b @i

suFfafs Rl Giithe e bCirface bAthe trahdfrdit iHuldr@adeposi.t in@me
the optional filler layer 330 and optionally encasing

enthodipents, the flnotgscent material iscapisp an din outsiBe pirface #€ thegransparent
i : r

B RS TR B R 04 s
tOPilhoeasingf310lagd ahapdona Fleplayey 330mndahaflliyresoeambategial is coated
the sol ar %ﬁl | . 402 in the transparent tubul ar casing
apihe optiongd Hiler s lrsams cmbadimenis the photqveltaisieell 0@ mgludes a

. | .
P AP RTAFEENAL DoSRBEAARRN0, LRl USRI sisnt s 1
soateembrodimerts,nhorealyar onesupface/oftbephatavadtarl cethd08 dsibaated with

wat er, fromthe solagr _cell 402, .it should be mentioned
R O BT A o b TS €M BT S dloRGSSTE ATl absorbs
dleaﬁc?/&hﬂﬂmoﬁ@hgmp tvﬁ{ciq%bﬁle%mow@ct&qﬁaétgnz 406 ef the present

I ncident solar radiation by the solar “cel
apphieateniodiotesd ©, conkers lighttte electity s andithe Aperesiest matbeial emits

rufeblr Tt b gy BiAFB firsleberealEesR R in Some photovolai
&1k 7600 the présehsAplitaoane, a Diype silicon, or an

Mtype silicon. I'n sonme enbodi nents, the water o
resi stlueresqeaydumingseenti@r phosphergscest inatsoials casiabgorb light in the blue

B B by e Ao e FE o RBent sl EPReRbers, wally

RhpPRE h ehiddbl@Rést Makdriat ahd MeadtBator Rthtdrial 2T BOhost materials are
circunferentially deposed on the solar cell 402 to

typigalhi @ddesobelfidessis¢lerifles, bplides pr silinatenefezingrisadinivemmanganese,

there is. ot res] n a

AR SURph el s fohahtmn: ARl od tppgotone the

dnfisgen@menbodi nents, a single | ayerserves the dual

purpose of a water resistant |ayer and an )

ant i -lpepmemMbedineeis, ipResPhpreseahmaterBlsrprsispgporated in the systems
: Ly : ' ' i, ¢ '

P fods e Bre AR abRau APt g, HsohfiBf of'a fiBlgFoteaic cet

700t i s@me bmbsdimenaithedihosphiossscdnt @rageriab isrdireetly Bédedao ¢he material

used to make the optional transparent tubular casing 310. In some embodiments, the

phosphorescent materials are mixed with a binder for use as transparent paints to coat

various outer or inner layers of the photovoltaic cell 700, as described above.
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| ayer of antireflective coating. In sonme enbodi nents,
there is nore than one |ayer of antireflective coating
wa@pasesiehs | ayer is made of the same material . PCT/BES087/006915

enbodi nents, there is t han one I er of
anti Fermelaey pos a&s.%%gu@agew lipisefos cpppse-agivased zine sulfide
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uor esc nt

nlatgraheiackide, e ialimirdaes, pio ﬁﬁﬁ&ﬁ’ﬁndtmﬂﬁnurﬁ Ishifids (ZnS:CdS),
coat ed on a surface of a |layer of phot ovol tai c cel |
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& e
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Unigga States Pase aan BT 5B fBuera? Bhioh Gy oF t Ho0dbmispn P
S| LHB35 MortheE 4131130305 1) 86 NG9 16 PUALES09914 o Lagos

coat ed’oh the water resistant
eS@ln:B @.Wobﬁtﬁ toeuss;, 4 8ﬁ9’161tthéhallbnﬁ aeidf,269P6ato Karam et al., each of

pT&%&iE@éﬁllﬁw%S%Ise 9 TP RrRs g BI RN, Plgthods for making
41'3%% Eoflqt Bms hbr@sceAPHiateRgls atd/GesaiBid0h Uﬂlfeﬂ%‘(ét&l pétem Nos.

sem conductor junctions 406 of
Ggﬂ(msﬁitto:ﬂaﬂd etcé.t 6025635 tookharasat af.p4,804882 to TalqgharateOal and

SRS M e by et PhiRas Bire B incotsDiusdherfig, by reference in
lgleﬁﬁiew CELnRINE iR ?&ﬁstbﬁbe&ﬁﬁﬁe ﬂmbwqhéraas@s aelhkSwal®Rngth

t he present ap i cation. Fluorescent, |um nescent,
decrepdess bhmm;ho imentsr quantine dots 8 €486 of sigtilar phospherescent

bl d t

B e L nE o el sk b, Mehiebuti S 1905,

“EERG uRSinesce kel fidth € dSe gjuartameddtiolyayd cafm aﬁtds\/’aﬁtp}med Physics
material. The host nmaterials are t

Isprsiageld |): sbﬁlénm&sDaMuwgl 9% 1ReSDeed shore Shell Quantum
(7 Ty s 08 AR 2t i 8ize G mipHly (kB ©

MdHosSistllited, . Phys. Cleune: By 1000 0A§3:6475; rﬂbeﬁsmﬁreeslc,@@oz
materials are incorpaorated in the systens and, net hods

“Fluoressenecii@pbmayigld Qfleﬁqssrlqsdla@ﬁﬂaﬁelé inyeghgateth Ry pyrslagpd
al?‘%osp p:%tagﬁgin{g?é ngtrﬁglk uzg:gc lcQ mci%?coggb /gﬁ tPﬁlgs&ngetters 80:

orescen eril lrectl
4088 €408 & anld%dgteoalr;m@éOt ISéIapmd:omhbf €dﬁmmmfﬁtalst’tm§amgr404: 59-

casi ng 310. ne enbodi nents, the phosphorescent
Sra sashragivdiiah s herepyanqarRaTalgd By keferenpohTEgd ys enfirety.

tr ans{ﬂ%x?@teﬂ%éhﬁﬁ&tst 9 ﬁ&@Erx%ﬁEﬁ&y%e%E@fn 1€ o t'ilﬂﬁ[ fluorescent
| ayers o tovo talc : desc
lajmwef tEx@rqsbxarapprwph é)pucalrbmigbdaas:rs lfalso hmaa«vmmst opucai breghtening
agents Cf?lP FEfeesrcer{f!c tr{g%?etn?ndg azglerl?t% ot Huorescent whitening agents) are dyes that
absorb light in the ultraviolet and violet region of the electromagnetic spectrum, and re-
emit light in the blue region. Such compounds include stilbenes (e.g., trans-1, 2-
diphenylethylene or (E)-1, 2-diphenylethene). Another exemplary optical brightener that
can be used in the optional fluorescent layers of the present application is umbelliferone

(7-hydroxycoumarin), which also absorbs energy in the UV portion of the spectrum. This
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(ZnS :Cu) and silver-activated zinc sulfide (ZnS: Ag).
G her exenpl ary phosphorescent materials include, but
wae@shd7d i mited to, zinc sulfide and cadm um Bai//52067/006915

ééggpsg?lsé[ﬁ-emrg?ea :tjl?%ﬂp% gzelglﬁ}lafrﬁgt\ﬁls% Sgac euR/Pop % Mhformation on
ofic ?ggmh&@@mobadnu )W W pla @cz?rrrmg@})?eﬁ 4 @a@mspounds
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B S <O AR PP ELCiP e ARa Fon GORPehepye Natural
ﬁm EheBE}) 2967 DN KB Ri%Gnd Weth &bHaledS) Ees%vfreﬁl@&sﬁi United
osphorescent naterials are described in United
KSngdcms, 1®8Pent Nos. 2, 807, 587 to Butl er et al ;
3,031,415 t ;. 3,031, 4 t
S\ Linamegahaly 4iged. Lot giseitarpicasiay Beds o e are
sﬁ&:egﬁgé?? cﬁ'E%rﬁgererﬁraﬁg QishBgedidh S@b8lar Sutdfite 30 drdep td%'nh' a¥solar cell.

, and to Karam et al, each of which is
Atsarse@ heriei; dnqotorratce'durbicmrétaﬁv dm@eseldss adtintendéd o imply that each

Sﬁﬂbf% ‘ﬁé&%ﬁ% qf‘rﬁ?‘{??s{ %ﬂoglt ?Ar?%ré%rlr elg@ﬂyelr 9 that the shape of
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| hara et al to Takahara et al
vmlmgqch:sameauwatas’qnsa:aebe atold@auwthﬁrwmf@xrmddsom wisigrlying layer.

A58 SHASE L BRSO D € e .o
sﬁﬁstiat‘eeaﬁm’eﬂﬁﬂg Q}%@ﬁﬁlﬁ?ﬁ@ﬁe arlybfSeveraleiitferdhitipanar shapes

guant um dot s of e or sim|ar phosphorescent
Nmrpéhﬂass theriepecigepaeferentigdy dispesed mpanethpban averlging layer is

PR o bRy oPer uBL B! AOKUTROSPRENEE, L6 O TH G ace)

CONposi

betidenrtbe &terlyirgllayerlanliGhd Gadrly e byuss Fuﬁher&io,re 1994ded herein, the
"(CdSe) ZznS Core-Shell Quantum Dots:  Synthesis a

temneiEsIEeretiplihdispesed msapsthabin @gerbfnyawlydlsposeg on at least fifty
AT G5E BabEReE AN 8y P € S et o o
cirgamferentiallyl dispotedonSmisAhdd anawedylylg izesisi d)apbsded gangat 1Last half of
(57 RO e By edBt By - Appl | od Physi oo Letters 80:

Ao afyipal I 00 R, BULAE i fntoninly

sealedh snmlbynte@drt@ onplyebatian orvexfl}emg rfayer hlestmcmrc is riecessarily deposited
entir

I t ht
BRI R Y iAG 55T POSEIECIEE 5 Bk PR Lomp o BoKg s BHods by
VAR bicllhyits o@x‘deﬁ@és (erd ahé ﬁ&%&eﬁﬁﬂu%@lal‘%mghﬂ@) are molded or

optical brightening agent s, fluorescent brightening
calmmss formdd erosrewnsisrlyingtiaxes or ﬁgxea@enf\byerdteéesel,ybstwmat
FREreS regfe e LRl R Tingd s b P v s gn an

ey ih @ BiyePor saheture ognabadBerk EkahdJﬂﬁc@(el 4. ben@ular space) between
trans- 1, 2- diphenyl et hg? ene or

the dvq@}yerrg/lawmrs@yctummdﬁ ur@dcéhymgalayer@pstir&mre Furthermore, as

u:e& ﬁé}tel%n tem%1 Elrcumferentlally sealed means that an overlying layer is disposed
on the full perimeter of the underlying layer. In typical embodiments, a layer or structure
circumferentially seals an underlying layer or structure when it is circumferentially
disposed around the full perimeter of the underlying layer or structure and along the full
length of the underlying layer or structure. However, the present application

contemplates embodiments in which a circumferentially sealing layer or structure does
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can be used in the optional fluorescent |ayers of the
present application is unbelliferone

W@ Toobysioxycounarin), which also absorbs energ@CTlnszohﬁoomls

ngletd] @&gg 8t f{nrx'q forBfES o der t{}hgweh g sthittlr P

re-em ue portro e VI Si

spectrum More information on optical brighteners is

in Dean, 1963, Naturally Gccurring Oxygen Ring
SQQITWmﬁSctuBubf ionolithic solhpcelBron a]ﬂtﬂsa'awsdlsmg 4 8ascade technique
2000, ng lic Chem stry, 4hed|%§ Bla&gv\efl )

Sci erli:é%" FIoHHpstrpei REREES KNG SigBHICT MAUERSHIiNg, 2 spigsell unit 270

ST G NE gmdtSi 2Ll i o

tubulgradootile bIURE solirrcell mhiz 280 in edrigus diagposfatanfacttfee Below each
present application,_ |layers of nateri

thyge-dnensicnal ubpia arafis St q%@ﬁgﬂ*ﬂp%e%n@ﬁmanql @Rfilg of the solar
gllll Qi h2b & Wikt & SEWntiR WAL cﬁm%ﬂ% ?1')3/ g%flle 15A§cfd§se§1:ctlonal view of

rein, the termcircunferentia I sposed i's not
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L e A S IR AN R A -
103CHn thteha?teﬁfaﬁ?'@ '}ﬁ eﬁ%@ﬁl‘l’&%ﬁé \%ErE F‘ngdésgﬁt% 152 ﬂgg&rIQMl))"éHn?lUctmg,

such sonme such 'l ayers can or ot herw se
tiicosubstiate s amumfdmntlgll}ngrdpayé withRnnnsuéator layserd;o skat addelectrode

1B TS PholiRLaE ohls 1ot et RbP TR IRl from pastother,

have l&@é’mﬁ@ t& Fi% DRI, sélhrf deBnMit2 TOQDRIPHRE a SUBSRAE 102 common to a
Nevert hel eSs, e termcircunferential ly di sposed

pﬂmahnty of iphotoxaltaiy eelllsﬂ(}ﬁ)g T}@;sebstraée Hizshps aditsiomdaand a second end.

T a2 2p B RGN TRlerk DBy FrsPBe B8 shbiue 1 0¥
1H‘l§b‘f'ﬁfédylh [Figurd YR - ThelhrBBfy T pRotoRs!tals 86llsI0Qiohpriséiea first and

termcircunferentially disposed nmeans that an

sescad| ppiotayoltaig el i760. dE&qiuﬁmo\@ﬂia@tcellaag in thefplyralyrof phetovoltaic

er i met e of, t.he erl Furtherrmr
oBls (e EHEF b BeorReev Bfin P R P BT oo HOGlsh substate
10Bane atsbﬂicoﬁﬂudw@hhéﬁdﬂd@l@ﬁmlféi'eﬂizﬁlpmséﬂ éH'@le Bhck-electrode
| east half of _the length of the underlying |ayer

10+ butreanemel Bigvsy 2o dictemisondugier pingdemdo mprtsas A Apsorber
yRE 1685{{1’(1 wm F{‘fdsﬁ'ﬁra‘éhgﬁaéo‘égu i céif’fod RLAOSGhIPor
mpl'y a ng Ta reis

an ove or struc

pheesRa |cblys mmghtxemdmtpmsema tmnh@aﬂem cydbetirerlayer 110
f act res t eaches

stru e. I ,| catio .
Cffsmgedgnt&}/wﬁﬁpeﬁﬁds% € SeR)iePE l&ﬁtorgv %és ?rt e gase ofthig 2K, the
txth') Eiic6 uch%’(lj:‘y@f 1 WtHQ ﬁ%% hotBUStAOL 0TS in serlal elecmcal

vvlse ormed’on an underlying l'ayer or structur
cbbmarmdwzloasréth thh batkeelactoide of teeseeortd @tiokovofteialceld 70€ amthe

hat a verl yi.n ayer ure i s disposed on a
AAval ) mRgovabaf fols tihaR iR gty hicing o PEN S eapl via 280
eﬁ&%@?th@%g circiifefdHat 'onhessBﬁi? @éll betysrRRita8imMRS, LYdNEa 280 does

ayer or structure and the underlying | ayer or

ns>t extendithe fulFair¢umeferance of the soleecelhdndaat, mtshmetembnd]ments each via

nf ti.al | t hat |
Ply B esTayberstateR of e Trena g et ool st soge”
chb8Imertd] ehotPpHoRdvoBARQE! TB0 hfay vt BXE WO thRE! 146t &Y Bore, ten or

more, or one hundred or more vias 280 that electrically connect in series the transparent

conductive layer 110 of the photovoltaic cell 700 with back-electrode 104 of an adjacent
photovoltaic cell 700.

The process for manufacturing the solar cell unit 270 will now be described in
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circunferentially seals an underlying | ayer or
structure when it is circunferentially disposed around
wao b@sosi2ls peri neter of the underl yi ng Iayer or PCT/US2007/006915
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sem conduct or unctl on 40 conprl ses an absorber ayer
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h t
G A 2 05 o B AR08 L SRR ARy e

AR Xhahde8bigls Lases atting of e inRgeriald canfte dividedimt@rvenmein methods:

of the solar cell. In sone
vaporization cutting and melt-and-blow cutting. In vaporization cutting, the material is

rapidly heated to vaporization temperature and removed spontaneously as vapor. The
melt-and-blow method heats the material to melting temperature while a jet of gas blows

the melt away from the surface. In some embodiments, an inert gas (e.g., Ar) is used. In
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enbodi nents, each photovoltaic cell 700 may have one,
two, three, four or nore, ten or nore, or one hundred

woroosnsR7vi as 280 that electrically connect inPGEUS®E7/006915
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the greeves P92 arhesribed Mping meshabead magasy, qucﬂxam&srp razor blade or other

3 . | ' # dinents, the
SR D oo O o B B PR L
I Benes erhBodiaicatsthe gl vex92dirg firigd uSakarlithéaphic EicBing method.

2C, the back-el ectrode 104 is patterned in order to
Lethagrpphig elidingsmotgods e dgtreibed ybSectian dple belgM  per i net er

of bageks t 4 oy : ' S
back?gﬁé%t?g(%ﬁgq %gﬁk?entthgtc |§§ml§{@ggélﬁgﬁé&géﬂmmn 406
cemptisasma siregle elssoatser ldyer bOE knded single sdrddhdtayef 1G8. However, the
carrespondi ng..phot.oyol taic cell 700. The bottons of, )
oo /s 53 Y ES p EOk XIS s o) v S0t b eorpgjuncion,

y . ok o |
LA FDRL R b, CRORMTREREAD 551 MRG0 ndem
jbmbkn.el ectrode 104. Laser scribing provides many

advant ages over adi t|onal .net s of chin .

Ut t FRFPB g s Do CLEpTres JBET 06 s g en iy digpsed on
b&UK-1bctickleP08T ¢f 38th€ehBbdiffh@ the BbdorBrsle 1 DO dijumferentially
preci se, fast, and econom cal. Laser cutting only

depasiiecenta baekxklectieds: 1 (4t tyetherhl vaporatiopuidr expenmeitin some
embodiments, the absorber layer 106 is CIGS that is deposited using techniques disclosed
in Beck and Britt, Final Technical Report, January 2006, NREL/SR-520-39119; and
Delahoy and Chen, August 2005, “Advanced CIGS Photovoltaic Technology,”

b

subcontract report; Kapur ef /., January 2005 subcontract report, NREL/SR-520-37284,

“Lab to Large Scale Transition for Non-Vacuum Thin Film CIGS Solar Cells”; Simpson
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Furthernore, there is little nechanical disturbance
and no machi ne wear \Wen processing thin filnms using

W(l)amemslzvme terns Iaser scri bing, etching and Bi/E8100T1006915

f ea ggr %@S%Bg ?tdggt}/rﬁ “b.gasj?e ! Cn(gpf,p %qa'{z%g%tltalrolerant Based

Iiﬁ%m)éehtz Bidcss Cotltiol RSt BOGLIETHG S M dRivé Otdhifabidhrink P

vaporization cutting, the material is rapidly hedted

N}&Ew@szeéﬂﬁ&h ot Rapenathar ¢ adndlt Iﬁﬁ&@kﬂotewm@rmmh;as

GRpeHERES sng’ DB B cAKE Bl e 01 JaDb 3,20 géch of which

ifBkdkeb Y\’?c)brﬁ&ré’t@&i b ?etéx‘éﬁé@ﬁe‘%em 1ﬁ‘ 1t§ QHfreBMALLAR %?bodﬁﬁ‘ents the

I nert” gas Ar) 1s used. Inother enbodi nents,
absarbet Mgergb% is sucwnﬁ:rdxﬂally] dcmsed o ¢hetheak-eclegtrode t(Meby

mat er i al thr ot her reactions wth, t
STRROTEHOH O S ALA(E SO EEs P R OREIe By Sqrh EPbRdi ey dsorber layer
1%%% meseg%w ¢h ‘d%l&ﬁd’enﬁﬁ%a‘él@@’é&%@é $04 By aapo%@mfw& elemental

l'uride, copper indiumgallium diselenide, and
wufqeso@)mc sut¢heeviapamtipm pmetssina three stage mccﬁesuc(keasghe one described

fl uori nedope i de .and j . do Ln

e of 0 e CEPBSTES of 19051 TR A ASCBg/CjnCase:
AT PSRr CURLCPR A% SindHot VIRERE R @khrkh QH@A:péﬁéa%oﬂWI 225,
are chosen based oR pul se durations and wavel engt

Soick ishereipt mcgrporatest bystefarence hiehean imigs/erticety.sad atiationesdithe three
scri be include m ted to Wt che .

SaeeeRsdoRe i R Tyt aseRiefIR it Aor 8 e G B lrEliRferentaty
$PBRGII- oD e HadRRlech¥dd F0MBusiry a€ikkle %tﬁ@b BRdpota@RAprocess or a two
systens, a KrFexciner |aser systens, and

sagscyaperatien progpsd Imm\c;nbgfbmnﬁ, thﬁ@bsqybqrdayes 186 éut

cigyreR B, Ao S uR PRl Og: 1R PR G|, Bisyample,
SReLh 8.6.1 1Na>telow)arrya%aley;@bé}%ﬂameﬁ@g rdqaliey @hersyibdtiatal 02.

techni cal progress reﬁort April 1995- Cct ober 1997;
Quer cingsogte egpbodimgmynghe absgeher lafygf 1Q4 isicHgurpferentially deposited onto

t% Fg@iéﬂe é)d%l‘l%ése{s x‘rtﬁl(xﬁ{uﬁsi eld of oAk é’t&l‘s 9P nf%ﬁal  alloys of the

em Con ctor rocess
{Blarbaclager PG \usixrg W:dti'bplmgr For éxxphple abhsiderithe case where the

Phot ovol tajcs, First |.nter atlona
absapbeyleyen s coRRS it gadlfim: gmleetsi\ﬁ@g@b %tfd ividual

SRR OIS S Bkl i el v

alkntniplated lagexett;ylayaammqnmn haeldeloytrodef e ddertioplating is described in

ScfioB b 4G PHl B ae CRIDOHERTE thesna i RS Bt g oo lyer

ogrle fleuferQithay dég@hed bﬁk%ttﬁ&%ﬁtelé&ro@lé 204 ﬁﬁngy;ﬁfnehhg Regardless
ack-electrode 104 thereby creating the grooves

- dfrwisatiner thevindilidush {ayetshod tlgr asorber Rgor Hibaré glrra'rm@fetesttml@' deposited

BeIRIGHGTG P BRI R § eenpdiae Bereot BuppiRel drfliments (e
wheréfhd Aawéudyatr €04 REICRT e camb@&nt ﬁgeﬁ ep\ﬁb@@é&%%%ferenuany

junction 406 conprises a single absorber l[ayer 106 and
depobitagh ehexd@mt@welrawéw heaigd upiame vanid thetmalappdessiag stop s¢ @hat they

8%ty HRE o Ep RSB b BB B oRctnur

is WBEdIRRredyBIEdtRP1ANAPO} Spitieting, Infuch embbdifthisOthe sbleniam is

ctle?ir\]/gr%[into the absorber layer 106 during a low pressure heating stage in the form of an
elemental selenium gas, or hydrogen selenide gas during the low pressure heating stage.
In some embodiments, copper-indium-gallium oxide is circumferentially deposited onto

the back-electrode 104 and then converted to copper-indium-gallium diselenide. In some
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junction. Referring to Fig. 2D, the absorber |ayer 106
is circunferentially di sposed on back-el ectrode 104.
wo poosose7enbodi ments, the absorber [ayer 106 |BCT/USZOO7/006915
circunferentially depasited onto.back-electrod 04
CFRERIAT o gABORER PEESa o Ebia AEPEiCE SaGHI TG0 P et O
{A%ﬂﬁﬁ%?n% Q%rgnlv%&%m g%egssls%éasotdagésn the %ﬂﬁ’ﬁértl@ﬁ:r%li Nth some
ni ques disclosed in Beck and Britt, Final
eribo timhenad, al%eqnnrtd:mperamusaplyoc@é@%useﬂlFREM}ﬂE}tSmat&@ﬂbelQxyer 106. In
and Del aho e{ and ust 2005, ."Advanced

sy Gthsy smpapian Cﬁeﬂhota peraliyp BEH%F?SdEPS%déB&FPOSI%? apsogger layer
IQIEEHé%gMI #fReat YAl %B%%:@i%ﬁe th&riﬁés% iprocesses are just exemlplary and

37284, "Lab Large Scal'e Transition
tiNee aMdacwida rﬂg‘emfﬁjthenp@bc@sasesdm carCe¢ hised to 8epsitdheabsatber layer
Cct ober 2g@§"-}1 subc

106, 5 SRmbe P bORmER e e AP SR FYer 0P & doResikssbising chemical vapor

|
dkﬁ‘%ﬁ“@' g@?ﬂﬁg&?&?’?%&p% L drRgdl USCJZHO@SSG s ;QI%SEM’CC‘ below.

RanmarRetfraing¢o Figs. 2E 8nd 2F, themindemolayerol 0:8&5 ckcumferentially deposited

opriag 4o Tao 106 L fikare iboatmels theBisnre Tayet i

cﬂ%ﬁrﬁ?éfeﬁtﬁm?rdéﬁéﬁfeﬁ Q)ntb\’thé absIrsr18y R 08 'uﬁn% ] ch&r%ucal bath deposmon
entirety n sone enbodi nents, t’he absor | ayer

prrecess. r Borthsamet inghe gasdeyiese theavindow fayeb b@&rseﬂ wyter dhayer such as

et AR 5l BRI RHE S22 R80t BesePRasLy PRyitedan solutions
tfdt GRheH 24618 Weﬁxlﬁqh Ewﬁﬁﬁﬂ%@ﬁ@é(pr@hﬁﬁﬁtir%d&t b0 thellution. Other

evaporatl on from el emental sources. One such
couppsitians tiat gangepessivgndow &ﬁyeelr@tl@gebtp aesoras dingitedHo sigdium

d bed 0
sufigodfe PREERE §ris8 HEPRY e 5 ofey & bl layess. 1n some
ehitodirhédtantovatdoGelayér, 108RE agn eaRe buﬁfepfa@élo\/lwsbﬂie(émbodxments, the
Research and Applications 11, 225, which is _here

window esea B3 lwuﬁ@ﬁé oatecBe Aesoghes 1ayier 106 4 fcrréf‘?mp@r Section
gém,gkhows tn% }%)Jch’)r gné,ttﬁg)%x?cfo%@?rsl 081s 8P4Prated onto the

Irent s,
abbéx@%szérelrm et yfoflepmeplée, Stctiod 6.6t110ebdlawk Iek@nté embediments, the

st el A i
: 6
‘?‘Eg@{)ac fpds Qs Ei ayrs; %H&ﬁrcﬁmaﬁe% %?egﬁﬁgﬁé&xﬂfhu%&%

ettro sputteri
deseritelddbeldsect i on 5 6.1 1, bel ow). Typ| cally, such

Zggg?ﬁ#@ﬁggr 5 SUI rg‘?@gﬂ gg{, tl}se;%gg}gcro%‘égct%gj%ncnon 4?006?2 g., the layers 106
iYL AR InordEPBULALEROYE thiobAisofleitddiifients, the

as individual |ayers conponent nmetal s or netal
@bbwes 294 frunt the fallbpcmmener bﬁtye serb@endisitorgumsition 406 phherteby dreaking
or exanpl e, .consi . ere .t he absorber
e R QoRers S P8 ADP P GiRE Rt ek a2 TR FLP igieass the grooves
%Bledo' Al 'nYd i all 5&%&@?81‘ thb %fcén&fct&h@ﬁn(ﬁ 496 ICRBP® some
ayer, indiumgalliumlayer, seleniun) can be

eammdumorps ;&ach gnoay@onlwxreaylsaa soall percpriagraafikhe parsmetodef the
st LBRAAEE I aRE IR ke BTy BT 3p0 may have
6&?“@3}%}5@, €burl @¥8dre, ten or more, or one hundred or more pockets arranged
around the perimeter of the semiconductor junction 406 instead of a given groove 294. In
some embodiments, the grooves 294 are scribed using a laser beam having a wavelength
that is absorbed by the semiconductor junction 406. In some embodiments, the grooves

294 are scribed using mechanical means. For example, a razor blade or other sharp
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are circunferentially deposited onto the
back- el ectrode 104 using sputtering. Regardl ess of
wab@sler7s he i ndi vi dual |ayers of the absor berPCHYS£2007/006915
106 are circunferentially deposited by sputtering or
ondicinat dagrth ;

ingtnmmend i dreggey, over semig toa theqimetisy 406f therehy crgghiagthe grooves

di nents . (. ere the tive |layer 1061 S GS) ..
BRI sRp seninreatiPE oyt ke SimeiRinegt fngfphicelcning
HAREE LREbgrififc RYBEMARGIs AP M bOERAREtBR SiT bdowapi d
thermal processing step so that they react with each

ot herReferringrimFigh &l.abe tramspardnagendut®eé: layer 1d@ne circumferentially
nbodj nepts, the ,sel eni um i t delivered b

finostq ob MecEmcniRapTEpgI 8 T soes il s trenspent

DRHER VMYt 10614 MRfugereRtidlRedcpBSiRidRMIto thRYAEK-EREtrEdY | 0iby

a low pressure heating stage in the formof an

sputtering. af orsigleseriptinngd sputtaringy shedgenon &6dni brloyadn some

during the.low pressure heating.stage. |ln sone .
<R  he SRUSHIER 3 T BN 0% PP 18 some embodiments, a
Ahd @EIE & @04 idtHe)prélRROSH XY gD EM tbpeodUes k tahgsikdrRdenductive layer

104 and then converted to copper-indiumgallium )
di0seimpmising. zingoxiderebrasotieresact ve spuitadug prample.cassndigm tin target is

used to deposit.the absarber,| r..106.

SA i errenca gt oy Eo R e TR ey Ed Fandration sBp f R bpyps 10
dohsprhiednBRin tiRykide 1l @andthersedttive sRawAE Bk@mgl@, 4 G@rget is used
tenperature process is used to deposit the absorber

inghepresae of Axygen|das & preducanbariispaigniscongugijvgHayer 110 comprising

te raiu o) ' S i

4EPRES lobhefH 55 idk BaktREP cbRCRIC Radeoh L BIRREPEN be used as
thb &br&:iﬂéﬁﬁﬁ c@idirfcﬁﬁé ﬁ@etar ®. | Astised here, allieyteﬁig dtrhﬁb@gﬁna’rrﬁeans a

a W de range of other processes that can used t

majgoal that i go%@qs%@ansvggﬁm lnltbw?wnemng & ARt J00
ﬁﬁ%m%ﬁ:z?foba%rou{ 1 rg}(lgélete%. ag @e&,%{x%hms £ MG transparent
vapor depositi on. enpl ary chem’cal “vapor deposition
dceedanhig fels wavelenigth carigoedn blsb ctvve Bed eanspargnt corfdugsve 13ger 110,

and 2F, the w ndow | ayer 108 is ci.rcunferenti al )
e darle they R4V OMIsS SHRSFies Ayet as el vy Stch¥hat very thin

ik DR Aatedi r rhB8dihnts, th i
BAS0K PRA ate I cATGOLRR! 1A RIS e i, th ranpparent conductive
hp& 19iisanutratspateottondactivednydesthet is noptugtivsand gaarbe deposited by
i nstance,.in tCBe gase wher e t.h?ﬂ vvitndow | ayer 108 is a
thgpg,p&%qre PRV CHERCNE @ FF e, the cadmi um and
sul fi fesof erssdimbfts S80 dhmipaleit eoruéiedayd? 130li4iddpasited using
that, when reacted, results in cadm umsulfide )
direst cwirera(DRY divde spattaring, wdioufrequancyCiRia diadsisputigringotiipde
t hat .ca erve as W | ayer includ . r toy. .
e B Fagfe LA e HE e Ritdu Ol A sffd in Section

by dnopelowU i kéife embedifrhts teesin§fardnd toelucti e/ Rifyér 110ris deposited
some enbodi nents, the wi ndow | ayer 108 is an n type

winig atpmicalaier deppsisore Exemplannatemis layas depgsifiraieeyqyes are

08.1s, s ter n h . r .
08RO SH127Eg N, % BOREE RS YR W SR e
faber Mionslapdsay@isid®Shdnsical waper depesltiomt Bxdnnslaghemixat vapor
| ayer 106. See, for exanple, Section 5.6.10, below. In

denositiontrsaninupt are desraidgdl RElSW- | ayer 108 is
¢ L CURLEREN L3y e %H%%Hn?gom!c?vé FerA39% BRferd AR order to create
em tal vapo enplary

106 using rdeposition:
tbeRicyas 296 pOiie gloposi 296ann tredhhipgtimsteadthe transparent conductive

layer 110 thereby breaking the transparent conductive layer 110 into discrete sections.
The bottoms of the grooves 296 expose the underlying semiconductor junction 406. In

some embodiments, a groove 298 is patterned at an end of solar cell unit 270 in order to
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descri bed below. Referring to Figs. 2G and 2H, the
sem conductor junction 406 {e.g., the layers 106 and

wa®p/osmes patterned in order to create groovesPCTESA94006915

coRIeFTBE SR obe i SBRRLBIRS piset 23k fudbsieg e g pther
Sec?xlﬁl:'ggrcﬁl . 5595108 BS&xﬂ{enisufPﬁt o5V ed966 hfbt&rlgécﬁﬁiiﬁé §laser

I ons some enbodi nent §, e grooves 294 do not
beaih hatiagfauvdvepemptnthtels absforba_”dd:ﬁthﬂmransmm oonduativg lagcr 110. In

sé,%g §ﬁ{§gd;§é{§sa|t};engggg:gr%%ggged%rn%&iasiﬁg?ﬁ:egg;?rg?a \éfea{?ﬁ or example, a
&%%&99 SIhQF sliaﬁ? ﬁf;gg&;;@@@ dré\%gecfe{@ t%@&@'—é’[@&‘fo@e 1@@%reby

otovoltaic ce one, two, three, four
ceoating t}e: grbevesdt%rrﬁm 80me meorhrrieutsdmecgrmvesra% alpcfoknedsusmg a

arran ound th rime f. the s n1co

hngsentoneiabit ek dgro Ayt st BB 84 Gepti e Section 5.7,
dlﬂEﬂtS t he grooves 294 are scribed using a | aser

bbeamhawng a wavel ength that is absorbed by the

sem dtuf&mmgoo Figune 2K pthe 4ptonal antireftectareirodiimg hi2sis cirhenferentially
rooves 294 are scribed .us chani cal ans.
54 @0 (i tremBRAron CORCHE DR | YRG! i dofostion techiques
Araar8 Qb f& SeFefeefed lff‘&n‘? Seétf&ﬁ 9.4'885WO M 488e LRBL&ERENLS, the solar

creating the grooves . I'n some enbodi nents the
gl anite 27 8ré encasef dm aﬁdnsparemgttdvular tandng Aldhi Mozt ml}sg)n how

egg{ﬁg?egﬁolju l?sgqrgﬂ% \?},Is gcp@} g&lqu%gtﬁt ho 8 egcrza%eg {enﬁeg{rax1sparentr1 tubular
§d)e B@ e&béﬁaingmdlén@tatés]&térﬁ aﬁpm&uaﬁ eérmhuﬁlbby

ISpOSG e sem conduct or Junctlon 406. I n sone

levmlsoﬂmam&ney Hecket mb@;rlé 653-00%90%.antided sElongatadPhegovoltaic

ST Ak SERSSLAETacRIR, PR FabbitRa s

r%ﬁ:?en%@ %Eife‘i’rp imitSentirdty. BELENS erhBodiMBRts Wioﬁﬁlrﬁlﬁx ldybe330 is used
sputtering is reactive sputterlng For exanple, in

mimréﬂ@bovmm@nmcmrnwﬂhé’pw is used in the
pr es %%g%felrré ?fﬁ%& tlé_lgal %[e%ggge sth %@ Za[efcﬁﬁted o? ﬁhe

cond rsing Zln n ano

t’fﬁﬁﬁirbf(t&:oﬁauéttv@ﬂayw 1eXasing énk jaﬂprimﬂllgu mxbmpldrﬁr@qbt printing
used in the presence of oxygen gas to 0guce a

techmeyeaaendesenbriliatSeqiéon 295 baley. @c’fﬁﬁkp gondyativainkithat can be
fs)éb S%rtsuc @gg&%de Eﬁ%‘ré &t 1EREd rsilo& 165 RARE ?nck@l tbhdkd

Fesence o gen gas
dnadetpe ikt Irﬁmwxﬁbﬁdxmemsl ap(bxmsaaslvm}bz{s ahi.@tropmwnanmge

t de. | | d d i ve,
MRS (e SRR G
rﬁ%qﬂr%%tg SsueFYKs of LPoxiéSarl %Hﬁ%@dr@d i &@lef l%rfU?'m electrode strips

ransparent” neans a nmte at 1s considered
470ara pame Rinbiodirhdnes, wachedlestgidh sirips gee ot presaitona sgladcell unit 270.
nanoneters to, about ﬁg}(go na rreter

BoAPom ERTS"Y HEETREE R USF U TN PGS iesigng af the present
%}%ngét?dﬁgits tfhe{t @Hﬂé'ge%ﬂ)s? hRAeSBh BFth%%oﬁr Eélﬂﬁ‘xﬁpﬁ"(ﬁﬁtmcreased because

uctive layer O, particularly if they have other
off thp erdbpaxieaqni’mtmlthxcg:lells: 30@ uThusy¢ursens usch:cxehmi therepy reducing

GMEECRERCTEN  HE RS N
embodiments, there is no need for optional electrode strips 420.

In some embodiments, grooves 292, 294, and 296 are not concentric as illustrated
in Figure 2. Rather, in some embodiments, such grooves are spiraled down the tubular
(long) axis of substrate 102. The monolithic integration strategy of Figure 2 has the

advantage of minimal area and a minimal number of process steps. As discussed in
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| ayer 110 is any transparent conductive oxide that is
conductive and can be deposited by sputtering, either
WO @8N5t y or using ceramc targets. I n some PCT/US2007/006915
enbodi ments, the transparent conductive |ayer 110 is
cafdwrssionavith Bignte Bithepiesat ivention mayot dimites 13 sulstiates §2 that have
ra :
» SR RGN, Ak br MR s BIGHR] Wies (iR sbove with respect
toSFighifeeT ¢dtheassed €5 alak® R sotar Selts 270nn $hémanider ilhedtraved ihn
some enbodi nents, the transparent conductive |ayer 110
corgurRsionsYitleHigUE hg at omi c | ayer deposition. Exenpl ary
atom c | ayer deposition techniques are described in
Section 5.6.17, below. In some enbodi nents, the

chon LT SOuREARGHE boRBNA gl e i £ ERATLEP ufB Bhrse pos
deposi tion techni ques ashsoderdestniqueel ow. Referring
O 2 B AR R Hech 80 Webd P BBt f Biar cell it 270

e grooves

hﬂﬂﬁ%\d@ﬁbs%&@e tisiil 4 Kiest postlabpabértediliquefintabeoridrte Wit th8 present
conductive layer 110 thereby breaking the transparent

applivation.i Referdggto Higs iAnand 1,3k back-alecirode {4, threabsorber 106, and

bot t qns ,0f t . . '
T N
plibPMAe £ paBernitigl epl g a3A Hiuseawds the thekalimesdidnalinibular profile

270 in order, toconnect the back-el ectrode 104 expgsed
obthersalar gelbunis Bolow huishresrdimensional profye ticd caIrespeding c

Bt ARSI S B e e
dahasidnabpiofildshuf Rig. 2randaheote dioredsiohal\peofilay sowinlid. vatious

sone enbodi ment.s, fhe grooves 296 are.scribed usin .
CREEABGT BAICIHBANES. HrihERBimensup praegp B s FeoRarview of
oflagﬁal?of{rﬁ%%%di HIR298ednieyes. t he back-el ectrode

4 thereby creating the grooves 296. In sone '
enmbo®efiering to Fige 3Gy owedhe wiglowrlaydrdi0fdas bednrajrcamferentially

lith hi [ thod.., Ljit hi t chi
ChBPHE e HS S0 PBRATT FreSEHYihr 18 PPUORIS 05 1 BP0 gxpose
thePsubbPME @02KThe DSt bPmalgraantd 36f &:goké the baslatlebwodelD4. The
I's circunferentially disposed on the transparent

gomnves 362 ne thafdt parirgetesofrihe subgtrate 1OR ghet finingnthe photovoltaic

techni ques .desgrd bed. a e Qr_one.select rom

coIE T A B3 SRl e N a RS ER Gl A GfBkves 304 rum the
£ 'Béﬁmatzpofame baslcalReoden 08, 14 s61h® ambodinteutiHhergré@es BO4 do not
310. More details on how el ongated solar cells such as

rew therfuld perimgier of thedagleralepsodentds da fach in semg gEbadiaants, each

| . . . .
S 5o A R P 00
16l 96se mBodiaents] 6hIPHOMR-0RAMD celt MO0 irlag thavdbme) 9asd,ahree, four or more,

Photovoltaic Cells in Tubular Casings," filed Mrch
tarBor ONSEOT Qi IMmdred oF dpip posketsATRBRed argupg thedeamsis of the

BB, gl Sy BoRT O ey s
300 aad AP4metscrbedniiditng &lagerteam. In some embodiments, the grooves 302 and
304 are scribed using mechanical means. In some embodiments, the grooves 302 and 304
are formed using a lithographic etching method. Lithographic etching methods are
described in Section 5.7, below.

Referring to Fig. 3D, once the grooves 302 have been formed, they are filled with
an electrically insulating material thereby forming electrically insulating posts 310. In

some embodiments, the grooves 302 are filled using screen printing. Exemplary screen
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In sone enbodi nents, optional electrode strips 420 are
deposited on the transparent conductive |ayer 110

waigiosgsi2nk jet printing. Exenplary ink jet prIPET/U§2007/006915

t echni glgnes are described in Sectl on 5. 6 9, belo
pxERgleehnigres aondiselosaddniSertiamap. 19abeloy. fisame gmbagiments, the

stri

oV e T S E i b Sl MRt e
dRPe¥ddEin Seetivehl6. R deldn. dJatsompiembodimiins, Ith/eegradimSEIOSZase ﬁlled by
can be used to construct the optional electrode strip

insetinglarporydst eue therdseetiasand shenduging thewover Vaiokiaess hgviag a
SR v eferfeth *Rn Pl ol 1036 BRPH/BE bF PERY BSy il material

strips ar

pr es @rtertiflg & Figl 3F, thekrandpardnt mucﬂwe lagert] 10ds pircumfesentially
advant age of the use of the nonolithic¢ integrated

depssitgdhefterfthe B@oyﬁ%mava@sm BHed withiag insyiativg sateripd  Material for

across the I t [
o aRet pulALE 1§lers NE PRy Bk 08, HoRlERel Sofeming o Fig.3F,
tHi€ hlaferiaD & scribeb out@ i thiegtooves 304aH et adnort lahfc&w}ly conducting
reduci ng the current requirements of individu

npstigziad ¢a badeposited ntorthg groaves thegaby fi prming elggh; aiiy conductive vias
SRR HIEL0, Tl SR U BRG0S0 v

329@ll6we theOtiastohaes very hafrdwi lidemdthﬂamtbtllhbd-'ef@ad:nee 2This is

Rat her, in sone enbodi nts ng %rooves Q}al e
admﬁaaeﬁes bepgusedt helpyiage %5@. %%?0 B %’H“ﬁ?‘é‘“& n some

Hg;'aﬁinltl S % %8%4%5]6 ﬁflécf‘ﬁsglgé/ sc?éen%rﬁﬁﬁﬁﬁu%x%ﬁla?)h&reen printing

van area and a mni ma
t@hﬁﬁpﬁSamtdm@sed\m Slecﬂ;lonésﬁaw ibaloenj Inrsomie@mbaidirherfs, gher grooves 304

7, _the pres nvent no mted to substr
aa B Ie i R eetL N gy EXPE{RBe Sk ST InRE (S fhdisciosed in
SELEPs. 8@%&180«6'1;@5&%@% gb&fn?ern?snﬁt% @Mggowefmle%scgﬂagemnga

guré 7 can be used to nmake the solar cel
poldenimtnthe grodves 804 nmdithien fusing tha powenwith elaser bavieg @ suitable

f f h |
GiyBlepeth ARG B 3o sitaves aEE plise i o o Femsngeen
wivk bkidR ARk %&é@c&%élﬂg ufd@Bng BE WikduW RGEUTG8TTIR grooves

solar cell unit 270 having a substrate using a first
Y4 sire mvsssatieto forn mhotqu@ltamcealb&@ﬂdbaﬁ@ae wprolithigallpinsegsated such

ication. Referri B,.nt
B2he EispRRoLEmIB el 305 Bas P A taiep 788 on the sybstrate 102
i$ sorRlly E8BncrtcR! 16 el igdtkictdckipde i Mufréread@mnqbﬁoyomwen €40 but the
on the substrate 102 prior to the first patterni nger

twoghotompliaic galls 700 ase plheBuise plectrishlbeisaRied TEq® gagh of
tubul 1850k %Irlboﬁml? nt gfel %ﬁ'%\?ers 395 ! §04u5]dcf31 ?E Q¢ &Jﬁ éntric as

three 5| rrens ona I'S"a cor fes on

iratddiB Fig. @n&latmrpifnl someaimbodmen, anc}nga‘obvesmlre sgiéledadown the
this stage of fabrication. Like the one dinensional
oyhindrigabglong) axigef the shstratid 08n ésdiilsﬁéﬁﬁii ah%enwcapn math Figure 7,
S
tﬁ%g_ nt m%ggiﬁrgﬁx no(i‘?ﬁmFé'a%‘éuﬁaﬁ?rgfr%%2g?fshg§{1¥%naaﬁrcgllaé&vﬁb§¥ -section.
Ameofitat troes- sédt’uenxl(sha;&s pefiactinoed sbolvamwithakdpettiotFig#e 7 can be used to

make the solar cells 270 in the manner illustrated in conjunction with Figure 3.

5.1.3 Manufacture of monolithic solar cells on substrates using a second post
absorber technique

Figs. 4A-4F illustrate processing steps for manufacturing a solar cell unit having a

substrate using a second post absorber technique in accordance with the present
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Referring to Fig. 3C, once the wi ndow | ayer 108 has
been circunferentially disposed, the grooves 302 and

w@esase7scri bed. The bottons of the grooves 3PRI/EKPOTE6915

the substrate 102. The bott of the es 3
solig cybacri

r
applisgtien.t Kae spbsirate 192 s oph haped) Sy bllogpes Yiwdflf?é shaped.
t
Rfeﬁ:'e g{ fé)l olﬁ\ Ia.@{ %%Pﬁe Bgékgél eﬂi(ggt tﬁhg%lgé(??ﬁferq%%' Md¥e window
layent 08aa*e sedueatially araumﬁemqualﬂ)emmsed batthd dubsate 402 @nBﬂt@ the first

he ful | f th k- el de
PARATRING Fisicl r&%%’;{ ue%%%&séﬁrgg- ggénsa@aﬁ@ fatrg 3@0f theysolar cell
I
B AN sk 9545 UL ol iding oy B sions

pistile efithagelaotell brit PEO atnthisastage of fabeichtiamk - leike dier @deadithOdsional
I n, sone_enhodi nents, each phot ovol E’P]FC cell, 700, may

prefiles ofrfdes- Rand 3 anddbe ong,dimegsiopgReotiles shoyyn | maélouwew of
F u?e%ﬂ#g@é Bl @d@{%ﬁ%ﬁ%hﬁ fiRRIL S Qééﬁgnélhﬁew of one half of

rimete ect de 104 instea a given
t}@rmmepcﬁﬂmgdoﬂarsael‘rmn&riﬁﬁdl nments, the grooves 302 and

emboReHnTE itob?%eﬂéi RN - MR PR ——
A SHERF Be FEORD. THI LA A RROLIOTRAM? SSsefORMRRaRYE2. The

are using a li1thographic etching
bordie df theigréwgs 404 expost div bagkwiechrods 1 04, eTltbegroovdseid2irnn the full

pEroseeer s subaias o Rerehy HeRting fhapiitey SRpicieals 704 s listrated.
1 L&k, aRdré ¥ do%Hhx?édmé}ﬁ mmuergra&vés e kY tHe FilMb&Smeter of the

electrically insulating posts 310. In sone
bacibeldetnadet 194. tTheome embedinBOB, theggrodves 484 deinayruwche il perimeter

ohiehepipelISRL 38, B0 Ghtefploif TR ke 404 only

eRfEhads sman Eircéﬁt@gd]dﬁﬁé’ erimérer &ff the bhdK-Eldctitsden04] M sorié
printing. lary ink jet printing techniques are

embgdm@g)@sd eagh Ig@@qw icxel 760 may haye ong, twenthree, four or more, ten or
ngogbs\gpglo% 1§)drte{i1 g? m%l}eo 3ckats gl%{]%'re nar{wurw tﬁg p %@e&? &f Mcﬂgetl%trode

roo ESUER usi ng ower
184 it dfa\givea g’1t06\tﬁ 40D |18 suvaw ehﬁt‘i@ﬂh’femsAﬂlel ga«sweamom gnd 404 are
post 310 is any pe of electrically insulati

semlteélrusmg a lmqr@ﬁamnén seme-pRbodiments, begranysp A%md 404 are scribed
|
ugi?lg 8 I'rfR4RE. ir%%)éﬂeﬁ n%J THEE fﬁ?%@b%@‘?@%%o%% formed

e grooves ave een il
ulsmglal lahogrephintiehinglmethdd. eLitlagrdphic ¢tbieng netigdaamndescribed in
conductlve | ayer 110 fills the grooves 304. However,
Seety |ﬂt§f‘i‘?§ Fig. 3F, this material is scribed out of

the 9{ Eig gD, bR thAglTBLE RNIRVE bR fo¥m '? & Bifled with

materi a ep03|ted Into the grooves t
ah (etemrwgllje Iusutaltmg aldteriad d‘wmb(ytfpnmngmsle@trtbﬁllﬁmsulatmg posts 410. In

SO AL 513 P2 a3t FisE g Btertary sereen

phﬁﬁﬁ &%mga&rdr@mskﬂomcﬁeeﬁow@ 19t bdlbw P §3rh€E&hb¥Ements, the
his is advant ageous because it helps to reduce

gscmvnes 40 arctfdledjusingtinlojet poBting. dexemydary inlnjetprmsing techmques are

ERRE TESchon i B RRE B a8 P Beimeri e rofths 3P 8 iled by
1%%&15%5%&? in?6 etd @Bovas @02 And BRhAWing the POMRr with a laser having a

enbodi ments, the grooves 304
suitable wavelength The grooves 402 are filled with any type of electrically insulating

material.
Referring to Fig. 4E, the transparent conductive layer 110 is circumferentially

deposited after the grooves 402 have been filled with an insulative material. Material for
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are filled using ink jet printing. Exenplary ink jet
printing techniques are disclosed in Section 5.6.9,
whedsms12ih sone enbodi nents, the grooves 304 aper/Uis100wah6915

e L POl | L S0L, B0 U roes 16
ax\@as\éﬁh&{]%@the'??a&mgﬁafrérﬁ%oﬁ&c'ﬁ'vg1 cvgf"'l 10 fh8reBy QR @sﬁné”ﬂﬂé udlélying

SCri nt o transparent conductive” ox ayer
widove hyee k(8 sTiregeroots 1} iangndchesany tocfomn kheeyhotdv@dtaicTels 700 that

rooves 314 are neces o form hot ovol t [
A DoR AbiCaI CAEA ST o IrhBRreRt G ativs ber! 108 one
t
phi PGS EElE WE@@E%‘%@%&* 1§ cARREI Y B Buidk Eetrode 104
of he adjacdnt phetovoleade celDAVWDut alre b Iﬂmuoltphaieﬁv @00 atectherwise

cell 700 but the t hot ovol taic cells 700 are
elsctmsally selatedirom; e @\e; sol ated fromeach other. In

some [guhnd E%G&%erﬁ%ﬁ FheHrONER 03 %4 a1 4351'@ n§t dehcdftfic as
not concentric as rated in Fig. 3. Rather, In

ilhwerated ih Hijure At Ratheu,ah sgme embsdiarentss pichegreaed @vmsmtlah:d down the
cylindrical s of substrate 102.

cutaiFab U s Sabs A Ae s 1 ¢S OB afh Figure 7

tlll@é(r@&{n't Bfvehfiod ncJt 'hﬂlfeﬁ% R s%HQFJtésaItOQSthﬂ{Q?avE Q%Krcﬁlﬁf’ &o&-section.
citcular cross-section. Any of the cross-sectional

Mtyagfake cwﬁes&Bnoanl shhpnseefmdnhed Fope Mlthtrospélcgt_wrl"egl?reﬂamn be used to

be use r cells, i n. the. manner .. .
e 5 Phat P T S 2168 (e Bp G linpbris g Wit Figure 4
Manuf act ure of rmnol ithic solar cells on substrates

using a second post absorber technique Figs. 4A-4F

| 5 Usifalifa P RCTSRbRGithicRBar @Nls TR BubAFItEY Udifg 8 RS Bdst device
cel [ unit having a substrate using a second post

absorber technique in accor8MEE t h t he

pres qﬂésalﬂ K3 zi‘ﬁl!ls.‘?xraite ﬁB@es&HQ%ﬂeb@f& rddhafdcBurfi@ d dblar cell unit having a

cyl |n I cal shaped or cylindrical "shaped.
sResftmter 10using &gy post/deawd teﬂsmquhm trgotdaneewith digeprewat
abso b r .10 0 r
E‘ffé'ﬁpl egﬂeg ? gﬁ r}g ﬁ'? Ska%igcg ]dgﬁlotﬁht%e absorber 106, and

tﬁé‘ Wdo@st By érolz)SMnHQhe irﬁhsbh%nﬁc d¢ondiictpatlayer Nl 0 gresdeqentiallg.
4A i | ustrat es the three-dinmensional tubular profile

cifcumffesensinllyrdisnosed emthe substragsnl Q2nrior o thedirgt n?gﬁgxl%aﬁp Fig. SA

|
PRIl Faeiofa (BN BIRBRIGO AfardelTRRR Bty enis
tﬁ@@fdnﬁ&ishml tubulae prdfile ch:i‘rdﬁ‘m‘rSﬁ@Me -dinehsibra puxbﬁle of the solar

gs. 2 and 3 and the one d| |onal profl es shown
qu L\pﬁﬁﬂg@gﬂ'\ﬁ @We&onﬁp@ﬁa@g og cg’gon clhe imensional profile is a

i R R s S 'camahu gygw of

the correspon unit 270.
Ref erRéfeginigao Fig 5B46‘nceothe erandperem cohouctivwyleyerll08 hambeen

been deposited, the rooves d. 404 are scribe
depesilsd W8 BEORYES YR crpde 6 LETO S OL R SrdoNEe 302 expose

tég gﬁ‘(b_sgtﬁtg 1Bt gﬁﬁﬁém%rti?m% §56ltp@xp%?§@9§%a5lt‘ %lectrode 104. The

ctro oves 402 run the ft
dr661e3802 rumthetfukd petiinster ef the S0itratecl02 byerelef derﬁrmg phwgovoltaic cells

o QN PA 1Sl BB RS b SORLESS i e
Jetinlet@OTHESRK-MctloBE 104. In some embodiments, the rooves 504 do not run the
full perimeter of the back-electrode 104. In fact, in some embodiments, each groove 504
only extends a small percentage of the perimeter of the back-electrode 104. In some
embodiments, each photovoltaic cell 700 may have one, two, three, four or more, ten or

more, or one hundred or more pockets arranged around the perimeter of the back-
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back-el ectrode 104. In sone enbodi nents, the grooves
404 do not run the full perineter of the

whamkosizexst rode 104. In fact, in sone enbodi TEPEBUSBATINGI1S

such groove 404 only exteng(? smal | percent ag{ﬁ of the
elpetradeciOdringead ¢fc HuKEOPERP9b ke SpHY enfapdypeRls, the grooves 502 and
i . ovuQl.t A
SRR on et 18 AL ool W B 09284 04
s@belRkiRgRAekhehisalandann g osonioeinbodimentscthe wedoves 602 and 504 are

back-el ectrode 104 instead of a given,groove 404. In :
fogmed usimg Gdithegrerhic elrBINgBghed Lisgogssriaesahie ancthids gtk described
. usi n beam 1In sone enbodi nents, the grooves
”h%efngﬂg‘it%gﬁ)gvr'e scri bed using nechani cal neans. In

somne Refdifj feRigsSCldike GieogroesesA2 hanelbekdformed, ftieayrazel filled with

using a |lithographic, etchi met hod. Lit hggr_ag\gi C
nsyjating posts 506. In

) n
arelehimisallyrinshising matsrisbersbydarmine das elpsricaliv
Referki ' 3 wtidgV
5015 Saohcats, Hehod(ds SAOGR, (L SRS PANEY BxSRBRry soreen
pi’iﬂﬁxh% rthiiguesdre diselosédniarSebtiorf H6ridnbelaw. ¢h sarhe embbdiynents, the
i nsul ati ng tJoost s. 410. . I n sone €rrbo£ﬁ'i rre%(s, t.he grooves
smozen s M 11 USSR St PHBHNGr FFRIRRIEYY ik BTIARE tehidyes are
dgsrcqo@éd fﬁlgsécﬁBH@'.éf.’él Belod, SIndbitfel Afiidirhhtqkd %x%evé- $02%%e filled by
€1 °0W. I'n sone énbodi nents, the grooves 402 are filled
inkeiting d powdee intpthengrooes abid el fasing ithekpgver with aitaserdiaving a
ST e Sensci B TR i ) i
n%d?érﬁfl.t Fﬁﬁh& PN ol Fif & ¢, REecBiANY 8ondtang HatdrAe T
usi ng the power th“a l'aser having a suitable
civamefeesrgially didpesqliotvtbs gri@esf @ theteby domiing elgptyicaljpeonductive

b SRR SR A0S v

VRs't6 Hﬂitelefe%g hh&%ﬁfeﬂ&ﬁq{ﬂeﬁ&ﬂhﬁﬁﬂcﬁs’till Beee 608 €Bhid Qadvanageous
ea w

been fi an insulative material. WNateri al

becaush i helpssp agdane theganicomdyetor wpetiors 406 aseajlosiasong4

SIS a1 e ORI R, BBl fald i

1 dhRiquasisvel didoisbenimSestioh 3619, Hefow. Thasoie @begindnts, alicgrooves 504
necessary to formthe_photovoltaic cells 700 that are

anofied wsing tkijgt pritiagr Bxempkaa: inkyfArntRg tihaigupHAre disclosed in
S(%gggxgﬁé?}/ Egll gly ?h 5&&19 e&fbogﬁrﬁn&/@ ﬁ{e%r&we@gm R %l(leem iR&rting a

I'S serra cormhected to t
poalsr ke thergpo®red @dd tien dinsingliha pemier pithtadasel having e shitable
700 but the two photovoltaic cells 700 are ot herw se

vedvetengthe al | y isolated fromeach other. In sone
enbodj , . .
conc gin 2 1&1@ 10 irll]g]e IS[% tQ %}éctfoé'g 494 is 4Pbed ﬁfﬂéjthégtl{]aqulgéa?ed? Qbnductive layer

In Figure 4. , In sonme
e ohkdteatpsing ubhugledgingsviadew dpier 20& dTikogwovh§24 is necessary to

cylindrical (I on xi s of the sybstrate 102. As
fairs phateweitain c@g,@fgﬁ&tia%mﬁmlﬁﬁﬁp@m inteeyated ﬁlég%ﬁpeggléq.ﬁransparem
o vk et rﬂ}@efmké SHotRBIthR k1§06 R RbSFard 082 [sRkially

ave a clrcular cross-section. Any of the
ohoassedstoché bavktelshmded 04 of ax adjeeut plsow!aic dellri@9patthe two
[}h%tOEIIOﬂgiE %elzs ik arg %th%?\sge te@ctrically isolated from each other. Also, electrical
conduit is disposed on portions of the first transparent conductive layer 110 as illustrated
in Figure D. In some embodiments, the grooves 502, 504, and 524 are not concentric as
illustrated in Figure 5. Rather, in some embodiments, such grooves are spiraled down the
cylindrical (long) axis of the substrate 102.

As discussed in conjunction with Figure 7, the present invention in not limited to
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make the photovoltaic cells 270 in the manner

illustrated in conjunction with Figure 4. 5.1.4
wovegvedsierur e of nonolithic solar cells on subsPCHUS®07/006915

Sih ' dayi Laue i A-5D ..

5 hlirtss 102 InaBfsle £GNLRE OSOMMC A e Bosectpu shapes

réfRtdnceaboviRavitingespecs ubBighal Bedii wied fgmaké tHeghoR8ltaic cells 270

device technique In accordance with_ the present

im 15 henner dHstrRgeddn epnignetionpvighs Figem Bind 5B, t he

back-el ectrode 104, the absorber 106, and the w ndow

| ayer 108 and the transparent conductive |ayer 110 are

sequentially circunferentially disposed on the )

§dg%Maawéaefwe pf mgpolityic spdax ?eﬁi onsubstates ysingracssgcon post device

SAillustrates the three-ditgghiigeeal tubular profile

of the solar cell unit. Below this . three-dinensional )

t ubulEigs. §rofH]iBusteateproegssiag stapa forgnamdacinminga fjargell unit having a

s@éér%{agés g%fg%?tﬁgc%g??é)g{dg ﬁ::g g%%i:@te?% %_:c%%%aégg with the present application.

Ruféritip 1& Fids06Aland 68, tHecback-chectrods 5043 @ad dtgoiver Y063 \Wn@the window
one half of the cotresgegndi ng solar cell unit 270.

Imeer d P8 ArRgseauentialy cypumissentially disppsgeqnathe substigheal A2t nrios to the first

hga; j . 4
Rt BRSTLBHOTL ke AN GEH0NG0T o8R0 Hhhtarcn
it Bel@v ¢hid Gdee-dhmerBivnhonbulaf profite igacoespondihgeoneaifensional

t he back- el ectode The grooves 502 run the, ful]

RpRSe A8 s S ceAng 0o N el TRagn Y ARfrgimensional profil
I?E QAURVAL Ldngl GEoF ohP 9al?§£iﬂe'c5ﬁr§§p§'rixg%§ eslgfég 8%[‘ Eﬁi%ﬁi o

ere is no requirenent that t run
ful | Referrimgtte Figf6Q, becathe kvirdoye tayed )81l beemcisameferentially

enbodj nents, the_roove 04.do not r t he ful
PR P Ergpves D2 K bede T e ertors ot s efobyes 602 cxpgpethe

| {@N Phe £R6VesHRGUR RO PRlicfY bP
Sgg%i%géntm?]ge oe?grtahe peri nmeter o?)etlhg bgc%gﬁgsé%g(? t{lfc)rﬁfky

definingphotavioltdicreeHs 400 asmithstpdted. dnsbmaiembodirhenis) Ghengrpoves 602 are

B G BB PR JR P PR Gt <P BiRPERGO2 S formed using
PRhbEBHIAE ctthiddBetagKelt ra;gﬂ@eﬂe%ﬁinﬁbiﬁ&ﬁcar@aes@riséd/ﬁrsecﬁon
groove 504. In sonme enbodi nents, the grooves 502 and

%0dekrve scribed using a | aser beam In some

oo ndiERRE o FIE o8] ARKEhe B BNMD R ol Rl Blsfied with
aandechilhllgrigsul aingatatusalngeraby forMmag tae bneetri@hnwir@@latixég posts 610. In

met hod. Lithographic etchi ng nmet hods are descri be
sgaetemppdiments, ihe srgovestRrare Rijed vsing spreen@ringinge Exprplary screen

pg{nggg%e%hﬁ e AUGREREI gpgé@agn 5tqhﬁ)g BEOS, fym'fsbsg .eﬁ%%{fit@'ﬂts, the

rically 1nsulating nateria ereb orm
g@b(ﬁ&g 602 atd f}/lldd;}l.ﬁs&ﬁ@ihk e ppiaths. B%Iflpllhxliy igbf&t printing techniques are
enbodi nents, t rooves 502 are filled using screen
%ﬁﬁ%ﬁ@ Hgge%@e r?p@,?tgﬁ?%r IO ThftackoRte Chn igaies G2 filled by
TP BONAR iRBhE Pobe nd fon BRYEhg pOENTR & lasey havipe a

spitabiie wageleigtbrihaigyoovak69edre il lied Wi thgany eypfero fapleesricatl insulating
di sclosed in Section 5.6.9, below. In sone
B ments, the grooves 502 are filled by

Referring to Fig. 6D, the grooves 604 are scribed. The bottoms of the grooves 604
expose the back-electrode 104. There is no requirement that the grooves 604 run the full
perimeter of the back-electrode 104. In some embodiments, the grooves 604 do not run
the full perimeter of the back-electrode 104. In fact, in some embodiments, each such

groove 604 only extends a small percentage of the perimeter of the back-electrode 104.
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inserting a powder into the grooves and then fusing
the power with a | aser having a suitable wavel engt h.

wabmsgseves 502 are filled with any type of PCT/US2007/006915

%I ectri ca(léi_ i nsul ﬁti ng material. Further referring to
gymesgmb 1%‘8{‘%?@5 Pyotepltale el h {PGviexs hve oniestwo, three, four or more,
b r ' [ [ v 504
e A P B o PR R Bh e B0 b Blfmeterppe
bewk-adéctividg HDY iesteadtof a givenypre®edioat iTy SofBefbbdimdn®y, tHeBooves
%lé as 508 allows the vias to have very narrow feature
FEGISER RS Use alaser bepm, worbed psing merhanical gneans, o are formed using a
erl . reduce. t he g .
AR RERIR b8P el RirsGattARor @ dgscribed in Section 5.,
wibwdi mrents, the grooves 504 are filled by screen
printing. Exenplary screen printing techniques are
di scl B%%EF “P%wtog'g%-tq]%ﬁ tingparent cpadusiive layes bHbis circumferentially

Tl r filled usjing ipk jet = .
AR The 405002 % Both Mledolib o nshRl i mefeol Maeril or
the sahspmecht condsedie tiyeStills Srootl 604, HoweseA®eferring to Fig. 6F, this
enbodi.nments, the_grooves 504 are filled by inserting a
ERERL IS SeRbEd it Oéﬁscﬁ&weaé% st # moraigleethicalhosanduciinghmaterial

| is [ . £ [ t .
B AGRoSRAIAS e AN E PR EAPHR o TSI SRl yios 612
itlostcated initigl 6FeThd ik dftidgldh gleexizally bendudgvemarrial fordias 612 -

i ndow | ayer 108. The grqove 524 is necessary to form
%1? 6%?’1%*%”&& vegy nastow Hagwidths and still ibe isffeetivey This is advantageous

| r; ive | ayer
YSRRIIPAEES Siteuce K semlCorh BT RRIo0A PO R Kby T NS
dmsbaslemenath,| the gmonecé@iare Gillehesibg sdreat priritingd ExkhrblaY s@@en printing

Ltaic, but _th
% a‘ﬁ\%gfa{eg‘iﬂgctlgs\e/e i @?‘%b’%gréléaof?&‘w Etbsogrete%ﬁand@apmty the grooves 604

dr§ fil18d 86lng I TeERGRr! gﬂr? it Gl ~ lel i :

di sposedn%nrﬁdggrw[gh% ?f% {n e Fhrks:]t‘é : ﬁ:ﬁ g{}dgggérhgncﬁ{égﬁ}e disclosed in
Festion 861 % deloay din some earboidinhends, it grdoves G0 gus £116d by Mserting a

SO enbodi ne e grooves 502, 504, and 524 are
RO BloBeVF A04and enistia B8 poRekrihedesr hrenhasuiiabie
wakknetiodi nents, such grooves are spiraled down the
cylindrical (I Qn%%rhaxi s of the substrate 102. As

di scRefemingrio Eighoblha granve il ¢ fis ©riged it thetttamsparert @ohductive layer
i ' i D hm.ted tothe,sub s 102 1 .
BN BirloBind b The B RAAY 1567 108 *igercote 1A necessary in

this @&tbodiednt e firmphepssIthie el LT0REtRe R niithitall§ $RE fed such
to Figure 7 can be used to nake the photovoltaic cells

thet ¢hq FanspareREaaRaRctivel laxer 140 efonaphaseroltaistael i 70fiontthe substrate 102
i§ §egféﬁg cOnnedted t3 tﬁ\gaﬁglxléf(-%?etc%ge 4 é?eﬂlgged\]}zfcg'gth@gclhvﬁﬁtaxf(:jgzle{lS?OO but the

on substrates using a second po

twb photoBéltfiticelld 1Htarabhepriee eisativglyskelRtd ff¥m each other.
solar cell unit having a substrate

manuf act uri g}g g\
usi ngh 8018e eBRadimsats, the\greeves 80R{i04uand 6l 4ace netdmncentric as

it Hiclihs FRILESEN l: ' ferri to Figs. 6

L SR T LR RN w—
cy vedriva hdonvg) laaisenf tHedRibatrate $62juaRUIsahdsyd in conjunction with Figure 7,
circunferenti al Iry FI sposed on the substrate 102 prior
tl{eoerWQt myverton in riot limited to the substrates 102 that have a circular cross-section.

Any of the cross-sectional shapes referenced above with respect to Figure 7 can be used to

make the photovoltaic cells 270 in the manner illustrated in conjunction with F igure 6.
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patterning step. Fig. 6Aillustrates the
t hree-di nensi onal tubular profile of the solar cell

w@rios/0sBes ow t hi s three-di nensi onal tubul ar preéT/U8200%006915

a correspondi ng one di mensi onal profile of the solar

cell unit 270 at %mn@ﬂ@yéequwrwwsﬂon%e
one- qiq}?&ﬁ;gqage WL @Al ineode§n?ooam tﬁ@@%&)féeﬁ&uc‘(oﬁ%&fon 406 isa

one cor reéspondi ng sol ar uni t
heefreunétivg bedowEdéroan dSorbentager 108, daspot{cd/dnéqaek-elb@Sodiﬂais04 and a

o st dsbdsed bR B e B B, e ateager 106 and

. r r
Rk V8 o l05 38 &E‘ﬁ’%% °69‘2d‘¥ | nf‘%%?‘s%%*%‘*gs%?% TR aftferent band
gapb had dle@rasaffinities suclt that the jurstoe pantdeo diyee h06 hast tilarger band gap

tggg@gggﬁgggrn@;;@%‘g?g&%&é@%@ﬁ&?@é@@ﬁﬁ%ﬁim‘ﬁaS p-doped and

. B .
L JBHGAR B 08 P PAARA 4 SRl oy
do@dEctti;/e 16yer 1<1>0 Qleottshmvg)“1smv-(e19pﬁDZInhdmmabeembodxmdts the absorber

t filled wth lectrjcall | at
RS P ONRH I 6 TRk CORGAYS oged 1) s e o

@ﬁ\ﬁd’%géﬂtg thé BraRQAFen CRRRL R aSer mqf F1-80¥RS 1R98me%Rbodiments,

usSing screen printing. nplary 'screen
the isérhicongductars histgd éis Pandey dHendloe & df Semisewdicom HedrodkBgsition,.

Ve O\EVDF%W SI kﬂ%gg?‘gh%’ednﬁie‘ﬁﬁfgg rqo %ﬁgc?rgéx;a?e:qteqy];%%elrgn%e herein
ﬁx%s%h%fﬁn@ﬁ&d% ?%P&%%rh[boﬁﬁ@&bﬂﬂne’ilo@@é bel ow. In

some e nent s he grooves 602 "are filled by

inserting a powder into the groove and then fusing the
power with a |aser having a suitabl e wavel ength. The

gro2:t Ehisdilmesemiton dusgomjunietions baspd @ngoppereindiym alisejenide and

i nsul ating naterial. @@;Qﬁé pgl_t\q kih&riaddPd. the grooves
604 are scribed. The tt'ons of the grooves 604 expose

t he b@ektireiiegtorrofée tqokgureT%,rle speeRE! pélqr&ﬁnﬁSe therbsemhat layer 106is

t he V. 604 ru e full pe

bR i De] Rsaereobtl =il s sHepesREBUTRL efte [ GTgssp glsg kaown as
68 IR ARt embbdindatsf thelabbgtbérmayer 06fis 4 thup I-1I1-VI temary

back-el ectrode 104. In fact, in sonme enbodi nents,

ea
sanopougrd seleeted Gpnothie\greupt congisting ehaiGe sy %@&‘riwgeCWTsn é\gIﬂTez,

ERlsEr i e e R o Sul ARHS R Rechs® Sy GaSiggy Znsnr

C¥0eP, ZhSRASS, Q)uGaSéz, AgGaSes, Agl8,, ANGER,, ﬂnsm@, Zn$iPy; €dSiP,, or
or nore pockets arranged around t he peri rrgi/er of the
SuERSzfeiiheie P1IgRE PHSE ddPohan 5‘1‘ é?ﬁmg’PB is kggwn tp gxist.

sone ﬁ_bn&% g]ﬁyg(ﬁ ,‘jtglgkgﬁ pét Cgﬁr Wi’sm ZﬁS TEhSR, or

| aser Thaam “seri b means,
CdZﬁSdIrLl@id@nbbdhmtﬂtp@B apsurber leyeu: RD6 s }matph(ﬂis and the junction partner

Li t hogr.aphi c etchi ng tho e described i n Sect.i on
Byer | smpeF@é%rZﬂ%n %Sil%gs%h Sgmifpsliciopdunctions 406 are

GARANE nhapRY Blor Bl ﬁho%mamm@%rsah 998, BPEHI Ceflege Press,
after e grooves “‘have been f
Losddnatvhich isratreby aicor;jkilaated b)ateféronce m 1ts entlrety

[n some embodiments, the absorber layer 106 is copper-indium-gallium-diselenide
(CIGS). Such a layer is also known as Cu(InGa)Se;. In some embodiments, the absorber
layer 106 is copper-indium-gallium-diselenide (CIGS) and the junction partner layer 108
is CdS, ZnS, ZnSe, or CdZnS. In some embodiments, the absorber layer 106 is p-type
CIGS and the junction partner layer 108 is n-type CdS, ZnS, ZnSe, or CdZnS. Such

semiconductor junctions 406 are described in Chapter 13 of Hundbook of Photovoltaic
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the transparent conductive layer fills grooves 604.
However, referring to Fig. 6F, this material is
waemssr7out of the grooves 604 so that a nor ePCT/US2007/006915

b e R AL g TBER 58 Wb,
Eg@gﬁgg‘tﬁ]}}ag\?%r\ib?@hﬁﬂg Réreby IndSipbak&by xréféﬂeﬁble ifﬁ@s eRiMRtMSIA some

el ectrically conductive rateri a or vias
eifib@dialehtywhetliyer 104 ss bavwhben/@ S yer 3ndiif powehidkn dniscink smiadiments,

IR EOBPORGORSEIE WU ingRud JDBR: GRG0l SRR, b some
enB5@mehB, FRBnEERROh TR E«?(%Ga(/fl%@é)oi%\@%rqgé_i@ﬁ&w@éd b.24nd 0.4.

using scteen printing. nplary screen printing
In sgmnémbedimens the €0GH abwbrber hsea Kil b0P ErystallOgraplic owentanon. In

syor S p et B aaS e R 0% BB LR nsome
efh %igﬂe%fé tﬁéﬂaﬁ%sﬁ%éﬂ i9Ramdof Pori@fépW- In sonme

Iments, the grooves 604 are filled by inserting a
powder into groove 604 and then fusing.the power wth
a laser having a suitable wavel ength. Referring to
2.8 .Sefiticoral upt@ojomctidrs based oniamea-phouosilinen or polypeystalline silicon

conductive | r 110 there expos rlyi .

W nassons smSGments e fnE R e MR BRIt 1ffign 406
cEmBAssERUrphdusisAlodh P hosemOtmBodimests this TH4h #/Rajpetieterojunction.
monol ithically integrated such that the transparent

Fooexamplé.in spmg embodiments, thedayicl & vomprpes SédASbotye dayer 512
the .substrate 102 i i .
hpeSHNB P Pyt AR BRE P B doprd amortons

silRBnbut the two photovoltaic cells 700 are otherw se
electrically isolated fromeach other. |n sone, .
enbodh Aeme smbpdiaegtso Higssmapppdugorjuncian 4004s 4 pe-mbpe junction.

4 . oo oo e hofpe
G B L A e
1pek 5 n2lisidbpdd anerphans siliafn, tikths ldyst § B0 i Al @horgteous silicon. Such

i scussed in conjunction wth Figure 7, the present, )
SPRKORRYSHT JNRCUASE 4P ATa Geor bdiin ChaigE? PLBUES. fHjoTpplgic Marerials,
lggy,elnﬁaeﬁhlr@éﬁ%% Pg%sg, Eorfoh! whith is?&)f%l%fint:&ﬁorated bey reference herein

S
Cfagss-section apes referenc ove W th réspect
ifi ¢ts Ehtfpatye 7 can be used to nmake the photovoltaic cells

270 in the nner illustrated in.conjunctiaon wth . .
F1 QurlE SemS ST O GAL I BT ARl B0 i 3 Gppluctor junction 406
5548 ﬁh%t}ﬁ&ﬁfm%ﬁ[y%r%lliﬁé] e phe g8 B, ihv@e example in

sem cohductor junction 406 is a heteroj unction
doedrderee vdth aish enbedinenyss thellgyer Sd0 m‘ggegpcmpolycrystallme silicon, the

back- el ect rode 104 d a.j ti I 108 iy
B shebirreerapyoRbar SrpLid B8 B3 aPEb bR shBRrsatine
sgn%nj S06H SAMcHRURR jurk@Bnd &Y AESriBERITCORRASTH O Solar Cells:

I fferent sem conductors with different band gaps and

Alventeddiriradpilendt Rrosticoy Cantrhtor Photevpligie Diewigsepand Susiems,

I .. 106, .h I band t th ber, . .
G5BT ot 5 RRE 935, SR B e 199
lipeRaldefRGe PR Thdol 5. 5PBEP@hicHeY hdrébyeincdrdBraited by reference
"-doped. I'n such enbodinents, the transparent

feonulucity snsirgtsiyer 110 (not shown) is +-doped. In

al't 'R %E)ring %m%ggﬁxgén@(ﬂttﬁe pllege%t 38519:5981{, the semiconductor junctions 406
based upon p-type microcrystalline Si:H and microcrystalline Si:C:H in an amorphous
Si:H solar cell are used. Such semiconductor junctions are described in Bube,
Photovoliaic Materials, 1998, Imperial College Press, London, pp. 66-67, and the

references cited therein, which is hereby incorporated by reference herein in its entirety.

41



10

15

20

25

30

I
w

| ayer 106 is "-doped and the transparent conductive
| ayer 110 is p-doped. In such enbodinments, the
wao e@ssprarent conductive |ayer 110 is/?+-doped. PCTYUSIINEB00691S

nb t nduct i sted P
L B PR L YO
iDe kaeRem! jofction] I derARRABhX are de¥d el ih FoNS, Xe. K Kim et al., 1989,

i ncorporated by refefence herein in its enti

“baghiweight %lﬁaﬁﬁeG@@stubﬂQZl tandemj junctionaolad 0élls for Epa‘be

L S 0 RS P Vi, e 1.
WHDSWPE%G)UZ?-EB?@&% E@)@”@pﬁ&mza'tlen%?g%l QJBQQHWHE% tandem

t he absorber |ayer 1 is a group |- -VI
and singlesj useipgresolamagile Rhotovelgie Ep@eal(s&ﬂ:aiﬁerencaa |2905 Konfsrence

o SRR BB TR s R SAL b e 200

wsmh@@neassa tdﬁﬁ 1 Gt AShi -fﬁﬂﬁeéﬁl 1 "
Aglelnpili'e ., Gul nSe2 e ‘f‘ 2, Zn"CISe 00 L%Aa%lun%elgmg

PRAESEECTER, Rhntn\sétaw@r&cmbgts Confnéree, ngee@nfemeamcm of the

GBS AT o S R GRS et e

cohrem-volaBe eRANGEMENt of Gd2@VGe §RarotlIs Y Phbfbv%ﬁﬁ'i@ Specjalists
enbodi ments, the junction partner |ayer %ol%

Conérerrgst9ss; Coafrrerse Ragorsinf tberﬂiwdmm;hﬂEEE Bé-wkﬂept HOBS
RS 740e iy KIRZ A Al SfGeheSaA BN g em junction

sSEﬁbﬂBUURlidt@Wollaw&ﬂdcmﬂ&s £ ferére I BIRE! '@ﬁﬁerbﬁbecﬁ%}@éf fle
of Bube Photovoltalc Mat eri al s, 198 | mper i al

Toyantiehd EBEAGs30 Bentabi88 Ragrehidsh- hek vyl M@hﬁbok%e‘é&bgle and
drReft BRG] Cutn’8a B0t drdhlauid ReoRGHTBEL BRSO R sudclifisn,
P md Copimsree R"B‘ff“‘ fﬁ%ﬁ‘f“?i‘“‘e?@ I Fz‘@@’sgﬁg 1989

odal n aps
Paegae T A BB G2 And K i d S WectES poa ¢ he
(ABEAS) GRARRIITNR R juiorl IArels £ Spack MpBicafbps " Ferey

S’ In sone e nts
Gonverpion Gingihearing Ooeferencet 1986, [EARGH8H, Pmy&ﬂlrﬂg@&f b 24"

-t ZnS , . h duct

ISR T O8Ea UOREE T TH (ol et 3vigeh IheeAok

uszfo ﬁ&@tsplréfaeﬁ@&heemn%@nﬁe%} neering, 2003, Luque
Hegedus (eds.), Wley & Sons, West Sussex,

England Chapter 12, which is hereby i ncor por ated by
reference inits entirety. I n sonme enbodi nents, the
layer 106 is between 0.5 mmand 2.0 nmthick. In sone

e i nts,,the co 0S| ratjp of Cu/(ln+tGa

T2 SRt ik, SRRGR 5ash o alifurg r<ajde and other fype 1LY
enbodi ments, the conpositiomaterddlso of Ga/ (1 n+G) in

| ayer_ 106 is tween In so enmbodi nent s

t el e GReBiERS 1R st dichiyadians B &8 pesed upon galium
aREMBOI@EAD T oftHRr slmvemawhaglsaamssmphm@ G @Q30r B8A s A5

a <U2> crystal |l ographic orientation. I'n some
dsebbandser Rateriel Bvas abadrgspofil ¢ 3redhatohdan absirb 97 %dof AM1

radiation in a thickness of about two microns. Suitable type III-V junctions that can serve
as semiconductor junctions 410 of the present application are described in Chapter 4 of
Bube, Photovoltaic Materials, 1998, Imperial College Press, London, which is hereby
incorporated by reference herein in its entirety.

Furthermore, in some embodiments, the semiconductor junction 406 is a hybrid

multijunction solar cell such as a GaAs/Si mechanically stacked multijunction as
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5.2.2 Sem conductor junctions based on anor phous
silicon or polycrystalline silicon In sone

W@ﬂ@@/ﬂSnﬂmts referring to Figure 8B, the sem PONUSIDDO06915

%tailiﬁgﬁ?eg%nﬁquqrhlgs,g@@f 154 &3@5 ﬁél o gfau%gqqc 1s?§8pference IEEE

EF?%% NéW YIS, ?W%l@ﬁ&t&reﬂyhﬁcdrﬁ&ﬁ&d%”remé Ih&R%n in its

t he I"ayer 512 conpri Ses undoped “anor phous
eanfaty; ar(}amsmuirﬁez MEM} fait-geroongd devise, qmnsxdmpgdf a GaAs thin film top

o g By S hiroh Rt Lo by AR et R LEEE
ﬁﬁ'fmfgﬁamp@ﬁzgﬁg G;«Q?Frgﬁég’ @@EH‘?BBﬁshlﬁ% RehAY sk, 512180 &Rd Kim et al.,

ope the | ayer is und op ed
Eﬁﬁdﬁmt@rdlm:LoS’pecmhdt @drﬁfeneagaeiEEE@ubbshmg ahw Whrkyg. 1487, each

on.. Sych sem co r ctions
%&m? Daraby TeSBY B B F eEstlse RetsHRas I Other hybrid
rfcﬁ 501519&@1’3 aldBRE B iKBULRIRHIIE S Gric MARSRIS, 1958, Thperial
ere y incorporated by reference hereinin its
Cﬁ)‘ltelge ®tess, Llandsoyep. d 3bdaR nwhich 1sol1iercb)emp¢r@g@md by reference herein in
.appl.ication, the sem conductor junction 406 is based
ﬁr%‘ﬂret}‘n n-film pol ycrystalline. Referring to Figure
8B, in one exanple in accordance with such
enbodi nents, the layer 510 is a/?-doped
PY.Y§ mﬁﬁ@dddﬁ%ﬁhhbﬁm bds& oh W @iwrhdell$ride Rh& biftr type II- VI
pol'ycrystalline silicon and the |layer 514 is H doped
pol ycrystal line silicon. SuBAtE# conductor junctions
ar e dpaSeileRethddinéAte aRe se'ﬁhll;émetosmfm&;e&d@are BeseanpBA 11-VI
Principles & Practice, Centre for  Photovoltaic Devices
@ntpos;zés témsqanmm prepaged i in eotﬂweNewnSum pr tha petype yrom e@eccordmgly, in

1995; Phot oval t ai ri.al 1998

<1 SRS, TR By iy MesEmfhreb O Mgy §6 153 pr
He&&@ﬁla&w v kih 1568 20%ad 380 atdanytohibnatidhiséfoyth it the following
sone enbodi nents of the present application, the
tablmocemwdhcﬂeofunctl ons 406 based uponp-type
mcrocrystalline Si:H and mcrocrystalline Si:CHin
an amorphous Si:H solar cell are used. Such

sem conduct or junctiigper sp0e descri b_egieﬂ s30Bube,
Photovoltaic Materials 1998 |nperial College Press,

London, pp. 66-67, andCdSee referenc@Cdl e ed t herein,
whi ch is hereby incor ed by refer £ herein in
its entirety.In some’ zﬁgggl nment s, ?(?ﬂlg pr esent
application, the senggaggeictor juncpi@TeA06 is a
tandem j unction. Tandem juncti ons are descri bed in,
for exanple, Kimet &ZnTeiggg "LightGdigght

(Al GaAs) GaAs/ Cul nSe2 J.eggdem juncti OE _Cptar cells for
space applications," Aerospace and El ectronic Systens
Magazi ne, | EEE Vol umem-€dSl| ssue 11, NenTel989
Page(s):23 - 32; Deng,_ 2005, "Optimz (i#on of a-Si Ge
based triple, t andemPe#ii €si ngl e-j unéth solar cells
Phot ovol t ai ¢ Speci al i, cconf erence,, 2PA5 Conference
Record of the Thirty- fS%I?Sst | EEE 3- 7pJan 2005
Page(s): 1365 - 1370; nAnSx et al, 20p&nTe

n-ZnS p-CdTe
n-ZnS p-ZnTe

Methods for manutacturing the semiconductor junctions 406 that are based upon I1-VI
compounds are described in Chapter 4 of Bube, Photovoltaic Materials, 1998, Imperial

College Press, London, which is hereby incorporated by reference herein in its entirety.
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Anor phous silicon based tandemjunction thin-film
technol ogy: a manufacturing perspective," Photovoltaic

wep@siosl2rst s Conf erence, 2000, Conference Recopdr/os200T1@6915

Twenty- Ei ghth | EEE 15-22 Sept. 2000 Page(s): 1433 -

1436; Hart, 1988, "High altitude current-voltage

measur emestz PSerfirondados plktionse bhsed orPhryts allind silicon

Speci al i sts Conference, 1988, Conference Record of the
TwentW leidwserrgg@d@stoswns@@ms 406gbat R gads ffo%@}m filrg 5em100nd“°t°f

ek eSS O, AU b

ﬁdlﬁ:ﬁﬁg RBSE 406 GRHassRuR gllifle silicéh eFdnvexainipk, Feferring to
SQE%EE) 26- 3 uréept 1988 Page(s): d}g - 461 vol . 1; Bl ©

Figure BB} in some@nbodsmﬁ@tséhaﬁmmpammrp wiedion 4R6 compmgss a layer of

prighs 9SS icha TRARTa ke of KAHUPIRRE SEGEAT) iine

ehfebEinddns3 Q\/IS&@HS fdk%uﬂ&g&(rtg)crﬁs’ﬁﬁﬁne silid@Dsemitortiuctn junctions
Kim 1989, "Hi gh speC| fic power 2¢AI_ GaAs),G?Ai/Cu nSe2

ot entecdnspbeckinSHaBET 410! Bsbe HogvoligiscHa gl 148, dRgeral College
= .
PSR ISR 0 er DI BD Rt G ke Rreink P antirry.

Aug. 1989 Page(s): 779 - 784 vol .2, each of which is
hereby incorporated by reference herein inits

entirety. 5 2.3 Sem cH53AIbeds einbodiments based on

gallluma er type V materials In

enbodi hﬁéﬁ Ce H{é‘t%gﬁ% ‘t‘ﬁﬂ%’&? aPﬂf?&f‘?‘bH‘?yﬁPﬁénﬁP%edo‘ﬁ§ggr cell
s hg?l %d é{ﬁh%Fﬁg @élﬂ@sséx@@l’?& the’soRk B&I uditd 270MH8¢ Sirariled in coplanar
suc and GaAs is a direct-band gap

rows & foaﬂn d‘(ziammlyavangmﬁx:ﬁt @p aodl a seopBd dacearidhicia ﬁdmn;@gebus because
97% o h| Cc

s rtice cap gy B eVl ey ST aHE efidr ThaiEgpbegiments

tRetre ?ses[ﬁa&ﬁg PBetheh the!im@ividns sdldeelfunit® 270 ire@Rblar cell assembly. In
application are described in Chapter 4 of Bube

sPimetemboldiraénss NEthe presers, appicion; thpsersokar celb pssepbliey g grranged in a
rEBRURR epYiRlrflers Ty RRIRRrthAS SRR HE b el SLERRA Fave some

er nor

AR BBédo. Alfbed@i%rﬂ rﬁé&&dt&if@éﬂe}oﬁﬂﬁy oba suifdreios bady It is the ratio
Qfébrl d multijunction solar cell_such as a GaAs/ S
lmaﬂmeamqtyﬂ radigtierEMundiation seflestedde dessamewi w&iﬁn@é@n it. This

Efio < BARy ¢ AEed A0% Borkblthaclitth QU b ¥n€ nifiea 2id Bime
dnfhodah&hy, surfacyspin tl&t\ednhy of thtsolancell dsserabliesiof the mesent

ook oS e T s RSB i 0 St
@&gﬁe % %%;%Eyﬂ Eﬂn@%BﬂHg‘éﬁ s otﬁ&%ﬁstbhag (Y hgéﬁmgﬁ ¥lbedo can

of ovoltai ¢ Specialist Conferenc
YebufsEd. PRd éxatiiphe tha\dbeddarf lspmp maﬁﬁmls anundSucheblaatells, approach or

GBS SHY, SRR STAFRES BOroqifa pee.dar AP e, 194 T arerey 19,

&@E%Qﬁ %ﬂ&gbp%cf)ﬁ;o%t&f‘ﬁ}erelﬁééﬁdemeké?n id Bs &ffrétyeHowever, surfaces

having any amount of albedo (e.g., fifty percent or more, sixty percent or more, seventy

percent or more) are within the scope of the present application. In one embodiment, the
solar cells assemblies of the present application are arranged in rows above a gravel
surface, where the gravel has been painted white in order to improve the reflective
properties of the gravel. In general, any Lambertian or diffuse reflector surface can be
used to provide a high albedo surface. More description of albedo surfaces that can be

used in conjunction with the present application are disclosed in United States Patent

44



10

15

20

30

35

mul tijunction solar cells are described in Bube,
Phot ovoltaic Materials, 1998, Inperial College Press,

woondos27pp. 131- 132, which is hereby i ncor por BEBUS1Y7/006915

reference herein in its entir 4 Sem conduct or
Apalieatioprisrighambenl I akhd 23mnhig ehrsr&éy NFQTRATAIEA bY yefarence herein

"{ lltse tir terials In sone enbodi nents, the sem conduct or

Junctions 406 are based upon I1-Vi corrpounds t hat can
be prepared in either the -type or the p-type form
Accordingly, in sonme enbodi ments, referring to Figure
8C, the seniconduct or 5j48tatit eoncbfifraitersap- n

Conb ERGIOISOIF GHIY ek Ge RSPFOIANGOTAEB) Brass pgame

<ioBiFny E‘%ﬁ%&""@%&éﬁe e B2 0 1 RTRe M T Rk e soar cel

atdeibBedoGlie prvettapdlcation. Theufatic tondengatbhean be formed from any

sem conduct or junctions 406 that are. based upon H VI
SEHAEORASAYAISF E‘a{EFé ﬁ*rlsns@e ip ﬁhm&tc@raszlf%ﬁxmmie % Simple, properly
g
Pt s S Gl ARl o ettt SRR R B DB TCFC-type
cbidctirrtanbeiubad withitheetojar sells 57 (Befithe predert tappligatioat Fonsore

basedon alline silicon_Wile mco tor
“} eﬁeqt}oarfgl R s ClleBtor &6 TBIR e (ORI D49, J6urnal of Solar
ERef %é% t 1f1'1' 13761 18! @Bgﬁﬁ@ﬂeresmca@rakats@sy Riferkikce herein

sone enmbodi nent's,” t he sem conduct or
upumemtnreuys 406 are based upon cryst alline silicon. For
enbodi

exanpl referring to Fi gur In . so

© o At siatic, Pohet Meatord i 68T e kb VR 8 Tk Apgication are
dRCISBLICUNRAR bi.A1E 1909, i F¢O¢keBHSs 8Nthed 1 AXt@Fnatibnal ﬂm&%umc
crystalline silicon 550 in some enbodi ments. Methods

Smncmwegmwmgg’lqnfqrsmcm Bapporailppase pp. B Hdn Yeoatsu er al., 1998,

B PSS PRl TIPS i BBy Comverion,

ieA0AustrB] 51 1530-N87R bW arabizekdér et e@@}brdoe&ﬁhgmﬁhe Second
hereinin its entlrety 5.3 Al bedo enbodi nents The

WorldiCorfsrance anPhowroltaie Splae Eperey&qnvarpwm» Umrma,n‘\wénya m@ 1226-

BB SRR BR TN $ 60 P PRRBLYS Phdovotic
SonR [EABRly Conversich, WVadrina a\ustrid) 6p IER06IR208; Bowaén érag.e199%d

P?oc%gglggs(j off the 23'd-|I-EEl% Plhgto?/gl\égg tsggc?glijs%s 8§r$fgr%n§e pp. 1068-1072; and
Parada er al., 1991, Proceedings of the 10" EC Photovoltaic Solar Energy Conference, pp.
975-978, each of which is hereby incorporated by reference herein in its entirety.

More details of such concentrators are found in Uematsu ef al., 2001, Solar
Energy Materials & Solar Cell 67, 425-434 and Uematsu er al., 2001, Solar Energy
Materials & Solar Cell 67, 441-448, each of which is hereby incorporated by reference
herein in its entirety. Additional static concentrators that can be used with the present
application are discussed in Handbook of Photovoltaic Science and Engineering, 2003,
Luque and Hegedus (eds.), Wiley & Sons, West Sussex, England, Chapter 12, which is

hereby incorporated by reference herein in its entirety.

5.5 Internal reflector embodiments
Solar cell units 270 as depicted, for example, in Figure 9, may be arranged to form

solar cell assemblies. In Figure 9, an internal reflector 1404 is used to enhance solar input
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such surface can collect [ight through either of their

two faces. In sone enbodi nents, there is spacing
wheirseen73 he i ndi vidual solar cell units 270 iPCT/082007/006915

.soletgr cel | Fssen‘gllé{y. In sonme enbodi nents of the

Iptodhe selan gl aseemblyP00; Hsslusietain kigime aselantsill wits276 and an

: [ j ' 1 n.which surfaces .

B Sl 1302 Bl BF it B b6 B Bind e e lip G S Sl unis

206 dolar é¢lbasiembly $00nmahuvecaintdreldcaoesydddy A ilRistrated in Figure
or body t is, the ratio of electromagnetic

ur f ace . ) [ .
95 SefrneslbasserRhyy 409 compsisss # Biurality efisaler ceHandadddv There is no limit
1o e Sfber S 90t bell (it 0TRTL BBy, HEH 210 ¥y RORE 130 SFmore, 1000

o mivarelj FE0AGor movef Beragen 5,000@nd bfd Millivn 9blaf &1s%0D31c.). In some
cell assenblies of the present application are
HReRss.s9lar gall aﬁsﬁ@;blyh ommisgha plusalty obintgraalreflengors 1404.

Bt

. - - Lok, . |.n. .
DL R A NEIAS SR o 5Bdpg. 100
neame, 1 arsedre, FO0 exaome] £0,00016r rableeB&wetn 5008 af@bAS ndlisn

aroun ch solar cells approach or exceed seventy,
r%{l%?dl,“% réfidnety percent. See, for exanple, Boer,

1977 ’W§le?‘srol§E@fl 9¥s ﬁl?)é}h 860 the'fitefihl irecﬂepggrg ?{(ﬁ rn Jengthwise along

i ncorporated by refe ce’herern i n’i
chirespoadingsoldr ack snite70 dnaome ambodimeis, atbREPrefl8ctrs 1404 have a

fif . SI Xt :
o lpwHBSERi€ Fypoul & Stisibierd edianigeps lomanyanssanssehechuse it
réRieks hdtanfint b'maRFaLiHeacd m?rﬂfl?e Jubg dSAtA thcé?ébgﬂ%\garixln%costs. In

assenbl i es of the present application aré arr
spoasmdodirecnis, gheintsimal ueflente, 1 404 & eplaitic @smgetithakybeshighly

R el o nShES abindhoafiBinam alasy SFispiniviel avee, erc)
d .
_ﬁ?‘gfﬁ?if"é?ﬁeo‘“?ﬁ‘r‘?ﬁ‘%@? B e e RELGP 1 ba s o
SHIgIF R

eeesmadut ©f polithed ebuniname alnmimon eboy, silvér, hiokel, steel, erc. In
| cqation are,disclosed in United States L
<BhF B, PR AR eclab T R oSkt &ic s omtg which is
ldyefedbymetal fip@pét Egeriafyeh e Qapes ikilike, B?t‘ dré not S%Tigid to, 3M

ent.i retéy,. 5.4 Static concentrators Encapsul ate
auglinym 91 tapg\A25 o3 Mol emisuanfoilitaps 427 AM abmauma il taped31, and 3M

i Laty {rat t
ot O RpE 0TI S8 Pafl, M SRR [terRh ftciot biishf agopt a broad
ravige bhidespgress enly oap pif whidh ie fllustrhed $i Bigufe $ 00&RA fAthe lrdesign of
S

n be %or d fromany static concentrator nateria
reflesiors 140% Rund sompcginbedimerys obthe pitsent apphitatisings the desire to
- | byl t o ctor
s ey cr ot anats o sE R B el B0 G Slge 520 and

side840mi t h t he solar cells 270 of the present
For_ nore

appl { cati on. i nfo tion on (CPC)-type

col | ti’c%‘regﬁl’ the ceflsciogs }@ﬁ#{ig&rﬁm applygtion argdiesighedatd optimize
refebidn NEIHI Y5 RGBSR LidAGat 1 12fEhibR one si

her eby i gg::or por aJtaed by g%? % r}%iﬁrcéemﬁ g@%’i %)?Tlfc%tq}g[hi\’[ha?emers one side
ofenelar cell yssembdly POD(ead., Sda®1(; abmraknplans of e sbiat célPdysdifbly

used W th bye Frese t aggl ication are
drawniin Figure 9) 15 directly from the sun whereas light that enters the other side of the
solar cell (e.g., side 940, below the plane of the solar cell assembly drawn in Figure 9)
will have been reflected off of a surface. In some embodiments, this surface is
Lambertian, a diffuse or an involute reflector. Thus, because each side of the solar cell
assembly faces a different light environment, the shape ot internal reflector 1404 on side

920 may be ditferent than on side 940.
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di scl osed in Uematsu et-al, 1999, Proceedings of the
11t h International Photovoltaic Science and
wea@snerrs ng Conference, Sapporo, Japan, pp. 9BTFBSBN7/006915
Uemat su et al, 1998, Proceedi ngs of the Second World
Conf etléimughdke Pirsna veflecaircl 484 lisilusnased)in Kiguredt as lawing a
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al, 1991, Proceedings of the 10t ha%EC Phot ovo%thgeid%nﬁ&dlmems’a

cepbarctionel gippeohtrinteroa, reflgstord 4949y Bureilet aod amleastlone side of the

r incorporated by reference herein in its )
Q51984 ¢7BSRIRAO R Shands hitafiiih IF s SrbaiBadnis,a erqssigpgtional
shapeléimamtiftered réflectof 0904 isIBhRsidéd SN 1OBE Sid iSoSthot@sided
Cell 67, 425-434 and Uematsu et al, 2001, Sol ar Energy

crasssestiangl shapp issgoncaiel 18 3oma smbadignentsa e larass-sedtional shape of an

. i at by reference herein.jnjts. :
P ORRA0 YR et BLELERET ohE ik Br bR hsice s secionl
shigds iréllad el RFRAE NN soRR!cnftRUiReht & hréNsSestfstafsHaBe of an internal
Handbook of Photovoltaic Sci ence and Engi neering,

refigstor in the pluchity eligtempad rqflegtory is fowr-sigedsandont dastretside of the

, t Mmhich i h h
TS e cr B i) SR AR nek i bRy 07 i ey refigegr. In
sbme embadinieiid, actess-sectivad smapé 6 HOinddrnal eéflectst 1494 &/ BuASided and

depi cted,,K for exanple, in Fiqure 9, nmay be arranged to
a} lsashogg side of dhq foyE-sidpgh Frossssechignatishapeds the iavioluteafareadss-sectional

I i lar _j tin t he
S5 A (a1 15 ) B SRR oo WL b0 an
irteinal reflettbr U404 is t@dBided fthede-sidede foualsidedf fivec§iaed, bA 0id-sided. In
are assenbled into an, alternatjng array as shown. )
saggF gmbediments pcross-sertionalherg ofa intemeal aeficior aptheqwrality of
ifteal ALEbRT {4@'4%?&%-?&1%% g%&’at 165t bhd Hﬁé Bgfhggglkﬁicgédg#&%-sectional

9, solar cell asse y conpri ses
skapleas facefetl. units 270. There is no limt to the nunber

!, 4 i S b 3 RS
aliatame 8hlaPecdi0GhiePTh iQPeoviddd! Hyodh a?ﬁktﬁfnaﬁﬁak/)t%é é%%e. 8L An adapter
I I [ conpri

I'n sone enbodi nents, sol ar “ce asse ses
pigcp hey rfacy faaturghthat ara compleneotany ® toththe shhmsefiistemmal reflectors

o T e S —
&Yk etBodifin®l Sd@ﬁ%@apt&%if\%@'ﬁr@ﬁ%%rﬂﬂg 8 Ralte {ed}}&g J404. In

reflector 1404, etc.). in solar cell asse

otheeemhedimeats, thefarepsoopieces 4/fixadron dongated wéar ablbngits 270. In
. Iy ol ar [ L. units 270. I n spne.
oS5 DBl B s 20 7 et
1 $0bmby 8¢ stratieneSb g bledtrRulp toRfubtinSglad ¥ypRpageous in
many i nstances because it )

Diffuse Reflection. In some embodiments in accordance with the present
application, the side surface of the reflector 1404 is a diffuse reflecting surface. Diffuse
reflection surfaces reflect off light with no directional dependence for the viewer.
Whether the surface is microscopically rough or smooth has a tremendous impact upon

the subsequent retlection of a beam of light. Diffuse reflection originates from a

combination of internal scattering of light, e.g., the light is absorbed and then re-emitted.
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reduces the anmount of material needed to make such
devi ces, thereby |lowering costs. In sone enbodi nents,

wao bh@siosi2es nal refl ector 1404 is a plastic casiPQI/vub10n7/e06915
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present application is the desire to reflect direct
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reflected off of a surface. In son® enmbodi nént

reREdter Bty ¢atrBeedclinddas flldWidgmcdrdaiteitd L AMBER’s cosine law:
refl ector Thus, because each side of the solar cell
assenbly faces a di ffer 523 Q ? voséhnnent, the

shape of i nternal fII'" rI"' 7} sde 920 may be
different than on SI de 940. Al t hough thé i nt ernal

\glsé‘#ﬁz&tﬁ Cfg =A0%bsphS 4 é‘ek'sgsr refafed th P §ugfé|E§ gﬁg@ﬁy.h?ﬁé Ridnt angle is

al “four s &/ cross-secti ona

&Fiﬂéﬁ as HCL bRk r a%ﬂﬁ%&% Dbldifefifidss | nRideht %c?to%&g‘broduct

e pfésent Icatron are not “T’mte to suc

foRRhla SHE itk ity of theSiRBcted it AR Als6 be AvrRtfedes - sect i onal
shape of an i nter nal reflector 1404 is astroid. In

sonme enbodi ments, a crassayed, V”c,)(maﬁ efhape of an
internal reflector 140415 four-sided and at |east one
whete rodertokes o veator shal étharmab®-the Lhnberdibn sindgpe. i s

o "2 A e oo e LT s e ot e e
{ﬁaa‘-mhggg?l&rbﬁeesogh gxaggst»% dzsa,q&ang 0Ashe ﬁﬁ%hﬁé‘@éldéﬁﬁ‘ﬂ‘é surface.

I's para nments, a cross-sectio
Mbapeeroﬁ Lambeniae rsnefhcere&rmsel(glm so hdOtheisarficeiappeaarsl e@haﬁhllydarl ght
t | east one sjde of e four-sided.cross-section

K4 Ry UeiPRc Ahhat 1sy q,gug eém&aqaﬁéqﬂlgte egual amounts o?lummous flux.

ﬂ{o‘aéﬁ Ui Fstdnqaé‘dl ﬁmapsfurﬁeesl dpbfIabRlt. ot Lemh é a é'(a%‘beréan
four-sided; and | east one side of the fo

sorfosscasdetcreated w1th a layer of diffuse white paint. The reﬂectance of sucha

typical Lambertian surface may be 93%. In some embodiments, the reflectance of a

Lambertian surface may be higher than 93%. In some embodiments, the reflectance of a

Lambertian surface may be lower than 93%. Lambertian surfaces have been widely used

in LED design to provide optimized illumination, for example in United States Patent
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shape is circular or elliptical. In sone enbodi nents,
a cross-sectional shape of an internal reflector in

wo b@spsural ity of internal reflectors is four-Bt™Es20amehe91s
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some enbodi ments, such _adaptor pieces are fixed on the
tangeat eethe panve abthepeint abattachment hElrds wiedithewsting, up, keeping it

t i [ I I it
SO B RIS B0 b o
of hiee sriginal oivelel TheidrigirY Gircladk ¢abted et evotutd é0ds mmylukecurve.

strengt hened by el ectrically conducting glue, or tapes,
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aby Thonserthegbrad to ahthsuargeoB3o aeiteacunat fFor aghtlewfrddinor , at any
directional. dependence for the viewer. \Wether the

UG f AEeequation E‘{g’g%ec"(‘ﬂ’ﬂft%‘fsl' y rough or smooth has a

tremendous i npact upon thexsupsgguent reflection of a
beam of light. Diffuse reflectj.on.originates froma

conbi nation of internal scdfféwpﬁg of light, e.g., the

' ' 3 ' xLernal

kst DEARDd SERl o LR, s L

Lanbertian reflection. kn=s@osrendiodi nents in

accordance with the present appl] caéhon, the surface

of the reflector 1404 i¥%i ari_s efPPin reflecti ng

. 3 eis . Ccal.

B OER ot R RE H e A nt STREN RS oy Ao e s o
caplel ntensity directly proportional to the cosine of

the angle framwhich it is viewed. Accordingly, a . .

L anbdPYGIus SuElRgel Gave becadmplaRenied i nuToss @t optimize light

r?ﬂ&¥ib9§ SF&%&B&EI&Q ?E%W@@%Geﬁéctér;‘(qng@@’ﬁta&e%%%‘én:t g‘&gﬁ‘éi? R641315

hat 1ts radi a 0 nance e sanme
tal Draggob oireselfyr ioporwhratdd byt refeaench derebrasiitsanttitety)oand concave light
radi ance. i s endent of . vi

i nd ew . n el with the
et e (ARG PR Ao HOh APas Rag Serepussomprated by
réfRFed8¢ hdrBaMn i @ndeBA, Bifth Bflize involute surfaces to enhance light reflection
efficiency.

Solar Cell Assembly. As illustrated in Figure 9, the solar cell units 270 are

geometrically arranged in a parallel or near parallel manner. In some embodiments, each

internal reflector 1404 connects to two solar cell units 270. Because of this, solar cell
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intensity of the light emanating in a given direction
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the cosine of the angle of the normal to the surface.
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FaS o (o arasd, B sHREal Lardr AESs e df ks dSe lodpesform themical
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surfaces have been wi dely used in LED design to

dpmwtncueofcﬁ@mqm nitsige] sep Nranriarm,dﬁzcrac:bm Ealamgv:en,u FoughiEditon,
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Mietdfetsticatioh eSecbitd BaitiohuI00g] pih, 189353 48RUPrER! &d¢R of which is hereby

al, which are hereby, |ncorporated by ref erence herein
ingerpareted byiefereace bereinaptasntgbousl y, Lanberti an
surfaces on reflector 1404 effectively reflect |ight
inall directions. The reflected |ight is then

di re(StﬁeliHedWxﬂﬁre@&ilrﬁ@hé\hn@OkfﬂlﬁorCﬂﬂosiﬂmht s 270 to
enhance solar el |l performance. Reflection on involute
sur f 4% 8me PR menSn PR R FRSREJaycrs fcysliaic oglly FOQ are deposited

P AR pREE SR B o b B8 P C D) CRPRV D g
perfoseent betood] (Babrsd atttémmraﬂuaa"s in efid rangd 6f (3F@A s600°C). The low
p?elsgucrg Iugierd in RPCVD resulitcs: ul g [arge diffusion coefficient, which leads to growth of
a layer that is limited by the rate of surface reactions rather than the rate of mass transfer
to the substrate. In RPCVD, reactants can typically be used without dilution. RPCVD

may be performed, for example, in a horizontal tube hot wall reactor.

5.6.3 Low pressure chemical vapor deposition
[n some embodiments, one or more layers of photovoltaic cells 700 are deposited

by low pressure chemical vapor deposition (LPCVD) or very low pressure CVD. LPCVD
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The refl ector surface of the internal reflector 1404

is preferably the involute of a circle. The involute
wo@oosisere is defined as the path traced out bRCHUS®NTI006915
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X, ﬂ 1 ORRSEmBodiBkmts )onk dr noré (R ofﬁh@@ﬁbbtalg\éélﬂsw(ﬁ) @é‘ ﬂeposued

i nvolute are reciprocal functions. The evol ute of
byi pianhmemamfceda(nlasrrca assistedpcheinmiedl /aporrdeppsitien éRE@‘éEésPECVD

h
YRS TR HRRR O B eyt e R TRtk (BB o8 Féip and
106\H@ E@ﬁnﬁwswc%oenc) Ny ¥ 6- fx‘bqﬁélncglrlﬁdﬁdédtgdb@ﬁlﬁgm?@e or other

hereby incorporated by reference herein in
plestha satrgd isaised tooindusee plpsna fieldfin therdepogition 8%:% P(E%Ypéustems
St at f
N T e

raﬁ%hhéﬂtéd PEEVID)\wall tbfizaitalitabeBECY e lnaome ehib@btments remote
efl ection efficiency. Solar Cell

plamm CMIL(RBCVP) i3 g e Remoteplagpr QV‘%@lqnb %ﬁaetig%z 9¥pmple in
Uﬁgﬁcggtta{es% kelnY NR 329,9 fls | idq 2GR Which ¥ hé? [in %Q}alt&ll by

'n"sone’ el each I nterna ctor
refétBrcedei¢in di s bxtiretyo solar ceII units 270. Because of
this, solar cellunits 270 in such enbodi nents are
effectively joined into a single conposite device.
More details on internal reflectors that can be used
with the present application are disclosed in United
St at 88.6PAhedization 11/ 248, 789, which is hereby

Dol sameh SHBRa el drappie Yhbelsipfiik st g eposited
b;r RsidriAiea!l AlRBIZa664 s Ixeddtioh Preesd prfor®ad i electrolytic cell.

‘The material to be anodized (e.g. back-electrode 104) becomes the anode (+) while a

noble metal is the cathode (-). Depending on the solubility of the anodic reaction
products, an insoluble layer (e.g., an oxide) results. If the primary oxidizing agent is
water, the resulting oxides generally are porous, whereas organic electrolytes lead to very
dense oxides providing excellent passivation. See, for example, Madou er al., 1982, J.
Electrochem. Soc. 129, pp. 2749-2752, which is hereby incorporated by reference herein

in its entirety.

5.6.7 Sol-gel deposition techniques

[n some embodiments, one or more layers of the photovoltaic cells 700 are
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used to circunferentially deposit individual |ayers of
photovoltaic cells 700 in solar cell units 270. 5.6.1
w@h@sisars vapor deposition In some enbodi ment SPCDOR200T/006915

d 5§teh & Dl g@:l ;ﬁ'g%s?vﬁl d ?dl ef Sllotggss SQHF %Eﬁicﬁ:@ RS %irrﬁcea(ii ppééursors, in
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rerapval of thecsolyany by eating aglassar ceraanc Byent4. tBotheploandigeh
fgl%zitgn alré mw-%ﬁﬁe'rﬁlx{] groé&%?@@ CF%L %Rﬁatfjo%p?x’?béqggpnate chemical

reacti ons requl Iti1on ener gy

pBacaik s disstbveaisinhdijuid) g’ortmn@ﬂ'@mﬁfetl@lsﬂbhme\/@‘fﬁ%) ifrQater. The
nore informati on on chem cal vapor deposition, devices

sakis dhencbrpughtde its epleraintathal ispthe m@}sog thei phase diagrapy wb@rg ghe sol
t t
SRR A AL LR o B BELS GLPIORED e 9ROy e g

staabthiemadtendal is Heaped (e.&£0a fibaror Aefd)deapplidd, onNBHVsﬁ‘B%ErKce by spinning,

2000, pp. 363-393; and Madou, Fundanental s of
durRipg fos SPTey G JR thesasoaliTEAS: 7 sifica gelos forpsd by hadmiysis and

SERRIARE BSR4k uhSs ey OSBRI emperar

betveaP00°C he 60C°d tramfoems diepgd iifito @rgldss afid GRimately into silicon
enbgdlnents one or nore |layers of photovoltaic cells

drodey e deposited by reduced pressure chem cal vapor
deposition (RPCVD). RPCVD is typically perforned at
bel ow 10 Pa and at tenperatures in the range of (5500C
- 60(33.8 Plasma smaph@schmqumd in RPCVD resul ts in a
| arge di ffusion. coefficient i ch Iea(?éto of
A |a§eﬁ°mﬁ§fnhoalmw% OBEOpoteEYora OGS PRGIaplie ools 700 are

r n

e B Pl e I ol W Blashil S B oSt 1 i can
bmcpht@dpndmarmtvm of Rm@u@tmj?lasmapserafymgmd,paﬂmie depasitibe method.

Pafiden P Lt ?fﬁ%ﬁ%es DB oiin GO B rediwpried oM source to
sBHdRt. MR ,rmgh [rRetRIte pmfsn@fa% i@‘b?latta%d%eﬁ%énsa sticktype
700 are dep 03|te | ow pressure chem cal vapor

cathpde and @)nou@@mp\;d @4atewpgled Gnogs: E@@ma@amummnyfed along the

b6 34y B B IR C ool BnershRes, bt b PR SREE s  plasma

e @ldsﬂméﬂﬁn@ ﬁﬁr@bm&xm/xﬁb&l&lesi oﬁﬁgbﬁ’ wititifr @oBIRFAE) &xe&loféyular
at mospheric to slightly reduc pressure chem cal

ga%a@ded*ép Qgiaf¢.bare f;&ﬂmbn@rad éormlweawrcg sﬁmgmwer suspended
T T N e L
hbiited aliaplaame Je:tfmayr:ewhlnemgeﬂaaywaf 20,000i ) ndleglositiéd @to 1000 ms™
S TR Al REHAE SHTa%55 FONRE S8t pifoma fermperature, and the
dwelling time in the plasma gas is very short. The lower surface temperature and short
duration prevent the spray particles from being vaporized in the gas plasma. The particles
in the plasma assume a negative charge, owing to the different thermal velocities of
electrons and ions. As the molten particles splatter with high velocities onto a substrate,
they spread, freeze, and form a more or less dense coating, typically forming a good bond
with the substrate. Plasma spraying equipment is available from Sulzer Metco
(Winterthur Switzerland). For more information on plasma spraying, see, for example,
Madou, Fundamentals of Microfabrication, Second Edition, 2002, pp. 157-159, CRC

Press, which is hereby incorporated by reference herein in its entirety.
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In some enbodi nents, one or nore | ayers of
phot ovoltaic cells 700 are deposited by plasma

wenivansed (pl asma assi sted) chem cal vapor depPSI/UB®NT7/006915

(PECVD). PECVD systens feature a parallel plate
chanber operated at a | ow pressure (e.g., 2-5 Torr)
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&lﬁ%prgr Qﬁg%)e Qﬁrc lgﬂg? et held is %%é(?f(ﬁ'?l%g{et ?ﬂhﬁ% 'ﬁtpbeezrogl%(\fmc ink-jet

ncor ence herel n in
héadGindlubed a @eérvde }mthl dn ialet pert land quezzl¢ & thoother end. One wall of the
enbodi nent s, re Ia ers of the photagvoltaic

€
ISevry C?eﬁstapéagaaéia@ &pattgrdied pregeeedric crystal. When
d:
Al S R Sy B 5
egeting a sroald droptofdluid framgtbe nozalp obhe resayvail theh refilds via capillary

o3 el lne FB e G oRL piR B Beciet o peb dalasgpulse aplied

thme chyatal ftaamldv@ﬂg c@ﬁp@woa&bl &ed afelwmen%aaros ($EEER®" In yet
di'ssolved in a liquid, for exanple
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AR A et BF 4 RPAPEUL "o Bl B Froy BT bt R ek
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In the gel state the material is sha

opjet spiaxing) sesr foa gxamele, Madey, & ugqum@lp ¢f &én ggabmanqz, Second

e, 2, B SIS, O Al UR138 B FERRone bt e i

irhnysllerrméty.orl c acid as the catal yst Dryi ng and
sintering at tenperatures between 2000C to 6000C
transforns the gel into a glass and ultimately into

sili §370 Vacuum evaporation
In one embodiment of the present application, one or more layers of the
photovoltaic cells 700 are deposited by vacuum evaporation. Vacuum evaporation takes
place inside an evacuated chamber. The chamber can be, for example, a quartz bell jar or
a stainless steal enclosure. Inside the chamber is a mechanism that evaporates the metal

source, a wafer holder, a shutter, thickness and rate monitors, and heaters. The chamber
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di oxi de. 5.6.8 Plasma spraying techniques In sone
enbodi nents, one or nore | ayers of the photovoltaic
W((EEOOB@SIZ@S) are deposited by a plasnma sprayi ng pCDUSHNE7/006915
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targcianzpomdtledepwlwdametmmemmechﬁmmahqrs;omppsmemq} charge9 In some

enthyehSensf o R bie G PToE Ber| SR Lol st dnepdio
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same principles of comercial -jet printing.
magRetren SpWHEHng is used obefe &r@aamleaVﬂ@ gentv Mzerwhzlul@brmmwn Fourth
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el MR R TN PO AR pB A A0 YRy St agent 203,977
umt@a SthteyPAthie 5486, 2970gR! Uhited Stade PateANNPAR47 IG @AdH ¢fl which is
l'iquid drops 50 mcrons in dianmeter) are

héxs@péum@a)qrhtﬁ@ggﬁef?ﬁécmbﬁrzwen HREBLIEYel | - defi ned pl ace
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few p| coliters, is.used tg forma | ayer
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s&&ﬁ{} Blsed %(aép% t}{eh!ﬁgﬂ %ﬁag? %Sééﬂﬁﬂ. 1@k Qathode is an electrical insulator,

the polarity of the electrodes is reversed at very high frequencies to prevent the formation
of a positive charge on the cathode that would stop the ion bombardment process. Since
the electrode polarity is reversed at a radio frequency, this process is referred to as 133
sputtering. Magnetron sputtering is different form of sputtering. Magnetron sputtering

uses a magnetic field to trap electrons in a region near the target surface thus creating a
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Alto, California) is used to forma |ayer of a
photovoltaic cell 700. In a thermal ink jet, resistors
W(M(ms,tosnais to rapidly heat a thin layer of |iqupdI/Us007/$06915

por .expl osion vaporizes a tiny fraction
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gearbetdy. nBimul aheduseoptiers ebrut apptransddtionralongthe wngitodigal axis
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PLEIEE BFRG B B AT REN P4 e CR Ul B areeRESicainag & seady

el dboRatioRCHL. NONRYIng d §m<503h n?él%?x‘fé@:' is 19%u18n 9&*31'3‘1 gjundesxrable
process (evaporation’is a chentcal pr ocesssl
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q\d{ﬁﬁ%} lflhrpn films. See, for example, United States Patent Number 5,049,405, which is

hereby incorporated by reference herein in its entirety.

5.6.14 Molecular beam deposition
[n another embodiment of the present application, one or more layers of the

photovoltaic cells 700 are deposited by molecular beam deposition. Molecular beam
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chanber is a slab, called a target, of the desired
filmmterial. The target is electrically grounded. An
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and collimated at the surface of the wafer by a plasma sheath. The sheath is a region of
intense electric field that is directed toward the wafer surface. The field strength is

controlled by applying a radio trequency bias.
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off angle netal atonms. Alternatively, ionizing the
nmetal atons and attracting themtowards the wafer may

weoioiosere the nmetal. Collimated sputtering i NPCDUSR07/006915
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ep e Behe srdipn Sousr Saelly FeispE iy a rPlodi iffal pr igecti
siﬁgtf]egli‘ﬂ?‘udl @t”b@ﬁteﬁé’l sghﬁéreﬂ ﬁ‘rofﬁiﬂ‘le Regbilepbatt o%bcpr‘kgargyhﬁlbstrate to

nal axis the cylindrical surface target
cewatt afilmul lvmstamppéxlcgmns alsoluat edecoindnon sdvecd, targied @diloTadssist source

BOE s B3Rl P B RE Y el ¥ oms e
s@:rfgde%f%é g}owgaﬁﬁﬁ TRe f&aesoh&eghku'gha@éd"% §outr€bs~°aﬁﬂ %?Ed{yplcally

| ume of ablated material over radi al arc.
npﬂxtmin:ed svithmndaderiendert electom sourck. rEBD mpeassing amldﬁyexcellent control

ovi di QI cgnvex tar et Sur
o, EepatiaPod e R Mgl SR RFfRertck. dubtest BRI IRREstoms are
aPfroRImAEly IDATIRT Hedce! DefellS vERI18EE sGitefiRe 6f dithePIdn¥iddBvered by
a glancing geonetry. Sinultaneous rotation about and

theri mgbmew materigl spHdered frgim thaitarget OethGsSLpfaé@lueemaared to sputter

and even. abl ation of the
RERIdh Bie BHERR & ol 8o 0 3 in deBaSHiA R IBOH nigniy
di¥etttmal adeore tib. (rAéeBinativnl Witk a isebstard fisttuienthat rotates and
reduci ng undesirabl e splashing of particulates during

changes argle, IBE) sstens dpliyereabroad sange &f seniral perssidgwall magngs

| | t ee, for exanple, United States
‘rgﬁa‘eﬁt‘%ﬁu‘ﬁ%é‘ﬁf°$‘g§6fe '05, whi ch i gphereby i-ncor por at ed

by reference herein in its entirety. 5.6.14 Ml ecul ar
beam deposition In anot her enbodi ment of the present
appl 5@l Atomisdayerdepgsidionayer s of the photovol taic

cel | t A
ol e AN EnBREREL: tthcte EAt oM cBRor BACLE FREE florR B the
phbdﬁbltaalacdwmlﬂcmd déposited bjoytodm lyer dagpomnen oAtamncéayer deposition

mol ecul ar beans a substrate, |I.n saone instan
i85 KD 250 AT BHT PN POl 98y JFbost oty apg piised-gas

cﬂEtﬂYt‘ahvéiﬁr aéﬁlﬂitﬁmc rAtSHngd 1aPariRebb i 65 irY1v8s REOsTeSsed?&r based on

typicall'y involves either the reaction of one or nore
seifiliegtingsurfasameactionh Génerallyosn objeet ipexpdsed thepHiest speoies that

h b
RRest S B R BomlRToF b abiect of B e TBmaTR A SRPEghacrsad
sp&ci¥ablfors a BallyyRhABE fayePslas g:?seoJMpﬁ'&fu@ismh%g#&@gs Regitally

deposi tion includes both eprtaxial growth ]
reppatsdiuntik e desitgd dhickngss tsashissed. Moimie layar depeaiion and various

d i.tion is vari ati f

ook RGN0 T B 00 B dBheion 1t OB YRGS Mep: Nymprr 4938430 0
RatdlLEr A9BhtiRd ‘OM&hod e PeRReingCdmsdumdMhi®Rilinke United States
substrate than does vacuum evaporation. Good contr ol

Pateat Number hai 3822 tosputela gt alssuptied Methad faid esfosning Growth of
Compound Thin Films," to Ylilammi, and George ef al., 1996, J. Phys. Chem. 100, pp.
13121-13131, each of which is hereby incorporated by reference herein in its entirety.
Atomic layer deposition has also been described as a chemical vapor deposition operation
performed under controlled conditions that cause the deposition to be self-limiting to
yield deposition of, at most, a monolayer. The deposition of a monolayer provides

precise control of film thickness and improved compound material layer uniformity.
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growh rates that are possible, permts the growth of
thin layers having conpositions (including dopant

w@owses2rat i ons) that are precisely defined. PCT/US2007/006915

i tipnal..control is aided.by the fact .th wt h
AR PGS Pl B podoGnoising piased St eths Eatile
[6graRAIG BakriceSeéd\8stet Qufphict Mﬁ@ﬂiﬁy,%nﬁt@lﬁraggglifd}Hiiaﬂ

phase epitaxy or cheni cal vapor deposition,
di ffusion processes are very slow Essentially

bi it d dgpi fil
e ofta hEeiHm e BeRiial YO B aer t hi cknoss.
| n_f ¢ hnothéneitsodafiedtdf thedsresentBICANGT, oBE Br SHoRMAYER of the

MBE. Furthernore, the relatively |ow growth _
phetapeltae o¢lls 18rase depogitesipnhesiiilamentrohamicabmaparslepesition (HFCVD).

7 g o Bl s i G o el GBI et Ripecics
thiak SEReqUIRRALG ﬁfnﬁfhgé @nthe fibstrile isﬁﬂfade?réﬁ@lgiﬁg}’nl 'tSHaICdebeﬁﬁgd 6high

by reference hereinin its entiret oni ze

qpélits ifidme. VESOD Hepbrentuserhtol growmwwg wasety ofifims;indfding eiamond,

resent, application ne.or morne, ayers,.qQf the
Bt ey S RminEh pltride, ot dih gilRAE; Hokdp Gybids, s el as amorphous
sPiaYS hizalle. vEE) fordkp@piel DesShpahdd Y., 199559. Kﬁ;ISl\!VPhy’@ 77, pp. 6534-
ionized netal plasma (IMP). In I-bVD“ metal atons are
65 Hhivieh isthergbyiipgasperateg bygetgrench bereimoniitsesdtirate net al

is directed by electric fields perpendicular to the
waf er surface. Metal atons are introduced into the

pl as§m. 1y Safewi peinting from the target. A high density
the central volunme of the

plaspa is gener(ﬁt ed ioré \
r eacthpngshersmhodimentiof eypressubrrplicpions Aae o1 @pye loyers obthe

P otk Aot BUY o Lk B g sgrcning
pweter /spataceink Thpressed onfa portidicofahamderl@ng structure through
accelergted @nd collimtedq at.the sTrface of the wafer

OpRRIRgsp AOROR 2 SPFRENS REGIAT $xemple, dgmbrechis and:Sansen,
N S N A O R

Philadetfiboa, flO8Z,uehicly istieashySnéorfiGratedrvylreferande ross éntiveryl The paste
anot her enbodi nt of .the..present appli.cation, one or
RIS P BIRIISIOL THpomBE ERFGie S, 4B S§aBicAypRes, gid a solvent. The

ofbRRRYiARA deérhRRs BRATBW BRoPertie B the! QQ% H@P atify a%rﬂt rovides
energetic, broad beamion source carefully Tocused of
aghegiopof gadiciasttabh¢ anasheraing tethersibstsapaut Theractige partigles make the

. Material sputt.ered fromthe rget deposits on

ke by B &R Py ot PRI, TR PiotpBE Bair Bafie seen

eAUBONUS GrafsfeRedto ipdRichs Bf ﬂ'@,unﬁﬁﬂﬁﬁ% stAltture by 38Rkrd the paste
source (IAD), that is directed at_ the substrate to

thyeughbe magk ppRTiNgs Wigbe squsegsee da wifiret stapnpasig istpue down on the
' . . . .
<451 28 he LB LRl beT I e OBl i e

pasitd thraughiopdeipgnitent s@bacdurmg istoreental Bbi6H. 09@155% 1 last step,
yi el ds excel |l ent control and repeatability of film
theisPierRm 8339 Ak, phreabiskitilmspastorthaiadBergy befwaerptheisprepmpg frame and

R%ab &R Hefrs, and the printed pattern is formed on the substrate. The resolution of
the process depends on the openings in the screen and the nature of the paste. With a
325-mesh screen (i.e., 325 wires per inch or 40 pM holes) and a typical paste, a lateral
resolution of 100uM can be obtained.

For difficult-to-print pastes, a shadow mask may complement the process, such as

a thin metal foil with openings. However, the resolution of this method is inferior (>500
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approximately 10"4 Torr. Hence, there is very little
scattering of either ions delivered by the ion sources

woroosmseers al sputtered fromthe target of the BCF/USM67/006915

W) 'Cﬁﬁ i B L net.ron.ar
HRLERRE b RinBPt h AHRERE ANoBR K5 Me FRAIREOR g iy (e ffeen
neihnesy todutten attcsupfac e waille dgydiid. CThik RerbVEl ithaddWtaNrd M tRe paste.

substrate fixture that rotates and changes angle, |BD
Sypsaausnt firing burps afftheerganig bipslenmetaltic patticips are rsdueagdadrioxidized,

[ : ch il ing. 1.ftof rotil es ~op 6. o
o8 Bl Buihet Shelet, TR s LBt oo §iblorc. afe
fisings e tthialmdss 0 tHeadsultelapér ramies fromy 80,8MQab SORRI. One silk-screening
photovoltaic cells 700 are deposited by atomc |ayer

sefap astheiREK 4209 (W eiversgldpstaupen iGorparatien, HinghariomiNers York).

LG : ' tial |ayer. depositi.on, .and
PRSI RIA: I RSP aos BBl ShRE prgite Atuce
coediesive (08, AnyBl, WegPd)efr. P tesitivg 644l REO, 1ASHdowRglaze, and
self-limti n%)surface reactions. Cenerally, an 0bject
diedectsio e gAM 00 4rP1)s tThe gendussive pasteschsp based onagetal particles, such as

| aye n ole) . . ol ayer. J.s
A D BN o LA tnecd 0B PLind SRR Y ik pastps ave based
on&udy op BiyRug@anixes wWithglasueks 65T RBO) 8% 5504, 9 0% Biy0s).
typi cal Ig,re eat gd until| a desjred thickness is .
achi g@’éd CSISVatyi 18 detstpained By i mixing raliee (Paeredazs and divdettric pastes

. a i i i L. . .
S8 0 R bl ST, SRR U o b v
the\tstecd nfpositieno Sﬁg,i fngemme;lmwo“ﬁthndiinbefmraL'é oﬂM;‘}dr@ﬂrbrication,
St at .Pat u 4,413,022 to_Suntola et ah,
BRI O O PO POROoBE b ok Bk R of 54kl is hereby
inddbpbrated BY refefefcerhérb@NRlits effidyce0or ge et ah, 1996, J.
Phys. Chem 100, pp. 13 121-131 3 1, each of which is

hereby incorporated by reference hereinin its
entirety. Atom c |ayer deposition has al so been

descsiRIERStralea aitkAMalepysiBioh deposition operation
perfgr;med undehrs) cont r?I ed conditions that cause the
depodt pnosheriegnhpdiraentiof thepresentanpbication, anejenmere layass of the

pRbtoIREic cis"OQL 8YEick-¢ %%o???l&ﬁ'matr% ﬁ%})@&fte@gynglggtlrcﬁgsesrmetal

provi des precise®control o nes
depusitione dn eloptoalest plattnera layerliabaiit byrdhtmionl neadd withsut ap%lying a
| ayer depositipon be perforned using_ equipnment suc
v, EReliliss bR B P G be MBELT faum Aiceo-By GheN Co, NP, Pd, or
Pf RpeYs| See, 'YBi Slahiidls MRyl ' b A1 5 .
H%? fsi I a?re nt (? lﬁgirﬁé ca@&éﬁg@ﬁeggg@i}%&?fg bgi%cg{@éseéoﬁd Edition,
C84bBugsnrBiora BatonhElopidesiiR, pppH#-346) which inleerety inosr@orated by

l.ayers of. th otovoltaic cells 700 are deposited by
’ﬁf%%“‘fefffeé%m ﬁﬁﬁ’éfﬁeﬁé'al vapor deposition (HFCVD). In
HFCVD, reactant gases are flowed over a heated

filament to form precursor species that subsequently
i mpi Age ldilectreplatibgt rat e surface, resulting in the

deposition of ,hi,gh quakity filns,. HFCVD has been used

to gl?no%{}.o ewegxé)oggxaqng{)élhsf?{?s??tl@ph?qﬁlgpumenca rmrgﬁ%yrq& of the
piRQ6@talt) dellls 460 aRd deFbE MYy dlédu@Blatihg.t BREUBPIRiAS 18 place in an

boron carbi de, as well as anorphous
electrolytic cell. The reactions that take place 1n electroplating involve current flow under
an imposed bias. In some embodiments, a layer is deposited as part of a damascene
process. See, for example, Madou, Fundamentals of Microfabrication, Second Edition,
CRC Press, Boca Raton, Florida, 2002, pp. 346-357, which is hereby incorporated herein

by reference herein in its entirety.
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silicon nitride. See, for exanple, Deshpande et al.,

1995, J . Appl. Phys. 77, pp. 6534- 6541, which is
whersloyi2rhicor porated by reference herein in i tBCT/US2007/006915
entirety. 5.6.19 Screen printing In _another enbodi nment

of the present app/ildthagraphigddchingMethodayers of the

BPIOtn ng?lé ?Ia bé: Jl?lef?ts 4% %e%:fr@s] Ete SLitRth gg/oo%ssﬁ{d?&r\n%ducts are

nown re niA process

fobaed By géttérﬁklgl dhe o @foie thyerstod tiophdtevvdtainf cedln 70®1th doyreng
structure through openlngs in the enmul sion on
ergodimantssuish laysrs &g aayracd by samigendustos rPBO‘SHH‘sOéF?PhIC photoresist

o&H83503Bery YhRgELESI DRSSO S5, e oy oo
grobi€ehol, sz9hez%;>und/eﬁwao@mgm dy reference inits

entlrety The paste consists of a mxtare of. the
mat eoinarform of phcmlébegra@mc BFOGATHINS IBjageRIAancg yythythe present

| vent
FB‘J?ISB%?I} be&n yﬁ{x %ﬁe@g&%&%gﬁﬁsggfaﬁéﬁﬂnﬁ?ggw I F())Irfgﬂ\’/é{ p&xotovoltalc cells
760Hes pattefedp Rekistsluged tocforrn ehianesish tryerud tymcallyecompnsed of

substrate. The active parti cI es nmake tc[]
or(ggn@lmb@ners applied; fsqm 2 solytionn In sasmg ampbed mfmté thlS resist layer has a

thtl @Eg%giﬂqgglgﬁgp 3kbg OLH? ) blﬁg} S rﬂfe?m@f@*’lnséo% drfbodiments, the resist

sterre nto p I ons e undef yi ng structur€

ld9yr hasrainifprinite of phuiser tiinusudy 0l p.he Imaeie @pﬁndnmts;vltl’(dreast layer is
ueegee. In a first step aste is put do on th

a@&eéeﬁmgmw fernigys e @éa|s SRIDAIECESS S Sy Rauc Q@P@@ﬁ process.
Iﬁ&ﬂxg%&nﬁocﬁﬂx%ﬁ{sr @Ak Gesidt Myet ﬁQ‘PF’ eﬁ@ £ nlaiG 4G hnep %%J\Hﬁg arm
(| zont

€ screen during its motion. During t
rdsis tispéresgr, ot e astomado sginagrs See,dir exameple,V arkZant) kﬁquars‘we

Fatrocatiom EoGRBARSN. SHOFR ALl NAN P A QD 207 PAPrBich b hereby

1&@&0’?&*9&5{1?éf@reng@ﬁerélﬁfiﬂhtk'%htﬁ@t)of the process depends
on ‘the openings In the screen"and the nature of the

past & soi¢ embodigBntsethl resist dayer {si aneaptw@zssw thatgs éesngned to react

Wﬂ@‘gﬂﬁrﬁ‘flfﬂgﬂogysqr}%ﬁ%}% 3}} sslgle%%ﬁ)ga dﬁ) r‘e31at lla)aetreg a negative resist
1r{jtvﬁfch%|l)1mér9 irPfhe Rési N FSES cro@s-ﬁhﬁ&ﬁ\‘i’atﬁﬁ@ll‘thmy etch resistant upon
conpl enment the process, such as a thin netal foil wth

emmsmerigélght—loﬁmles efinegatbvegiesists élhat &8n bpsed e make thegesist layer

1%1’11\?%\7@ %r% 'TMd tfoééél(gé’hsgé g%hé#twé Re%lspsebolg'hleﬁfh?étﬂacrylate

(I"‘MMAF %)bl)lrﬁbtlﬁyblﬁbpl@pyl ltb@or&l(PMiPK) Wly-eurdng-l rglforid (PfBS) poly-
renoves the solvents fromthe paste., Subsequent fir
(munmem chipeoasryan) EFWAd@}polmra(M £xang 5%11341 e¢ré5atea}’eamldo ethyl

O 05 P SSBR R 2h 5f

efribbdiﬁxihntsf, ke khstdkmssa pbsiti veeresiets UHei pogitive yesist um@asely
froml OnMto 50mM One sil k-screening setup is the
um&uw% B ieurrRashesdp therepparlight erssgy sheresigttonverts {o'a more soluble

p as ge%@%or{\@@aﬂ% otos Ggmhs aphy¥ %ﬁbé @%t@reklgthﬁ accordance

can be used in t e scfeen printing
»\hthﬂhH geesemngplitation i{ tae phenohfornttidehsdé Palymet,alsp, called phenol-

resistive RuQ , IrQ2), .overgl az and . _
e Gy B ekfesinaSsbifor SYAe. DoREsSE G ET e Mot dsand
I@Bceespeg,sﬁféG%\N TEHaNeRafdrk Clogs,; whidh s RSeby incorporated by reference

herein in its entirety. In some embodiments, the resist layer is LOR OSA, LOR 5 0.7A,
LOR 1A, LOR 3A, or LOR 5A (MICROCHEM, Newton, Massachusetts). LOR lift-ott

resists use polydimethylglutarimide.

60



10

15

20

25

30

35

Ag, Pd, Au, or Pt, or a mxture of these conbined with
gl ass. Resistive pastes are based on RuQ2 or Bi 2Ru207

woreoos@smers h gl ass (e.g., 65% PBO, 25% Si @2, 10P6'BUS108)/006915

. The |sti.v't .S deter

over e Diseid Yot Bit L dne ferts S Thrtim i BiieRt o suppon
la{féﬁ‘ﬁr%&&nguﬁ&&rdﬂ{gly TR 5éhO8mbeMRRNAL HtESpesdht B hcatlon a bake is
achi eved by adj usting the paste conposition. See, fo

&cbmmea&f)MhdocmstFFwwan@ﬁnm off osidvat sadvertdr Thisthiake j ;s referred toasa

SIS prealie ST hgatarply o e SO Al Ao of beng e redSt ayer are

c!’)&feﬁx??arﬂé‘@b)hﬁx'é%lréheh{hﬁphéat%tlhélﬁ&%é But Goflmbt &, 'E:Qlllwee%ﬁon ovens,
met al deposition In another enb i ment of the present

infppred owgnsomjcrowaveoovensraz hotiplates. Sée, tforeexpmplie \Levinaorg Principles of

el SEOE Fhioa BRERGRE LR no 0B o FEID. i pereby
uﬁ:ohﬁ%ﬁ@d bgr@f@felnEe Hé’reﬁhﬁ'ﬂs‘éﬁhre@eans wi thout applying a
voltage. Electroless plating baths can be used to form

Au, @dteptheGipaceyhagbeerboard With a ogsisPlayemyls m;:xt sep is 4lignment and

SRR b Fogh vER A BPTEUR ol BepalifiyR, & e ot Miisgon -
pﬁﬁms@ﬁl‘fot@ﬂnﬁskm@ step. The kst 9@& of tHeQlipAMmaAtamd kexpés%@its;sl fs&he

herein in its entirety. 5.6.21 Electroplatin
pasitioniag oe alignment of ﬂt@freqlh@dpmge an thesolar cell 5 ceo ffdae dmage is

AR TS, Pl bRl B S Refibor i e & et taver from an
ﬁli)@ﬁsg light @ﬁ radi@iinrsolipeki In @Rlpresedt¥plieaivhi &r;scdnbaﬁudnakﬁ;gnmem
p

ace in electroplating_ involve current flow under an
sysigaser bppsed tojafign &@ema%\@m theresist layer.dpelnding but not limited to,

AR oy Al ORIRE AR R BAGHBncrSBappk A step and scan

Cro rlcat

aﬁ@maek faglialigners, ﬁB@ldEheﬁ bcarBfaﬁgndRﬂtRw a ré&Hew od ahgr%QQti’lat can be
346- 357, ichis @ﬁ‘?% |ncorporat ed herei

bty et DR oA s S SIa Jeckinplgy, Aat) &g @ 36: and Van

2 RNy R R, Tty R SR, o

2§21¢2ﬂ &raachmgfl whe:hos invorperated hereindfy refegenoh dewimintitsi entirety. Masks
7Q0. In sone enbodi nents, such layers are

cells
C%{’? REEIENE BUPREN S onduct or phot ol i t hogr aphi ¢
phot gf ﬁ@sﬁtﬂe R (nBOsHRNG) QRIdI t6 Abvd]GRg bBﬁnH‘feQ@QQoﬁ!H have the

optical mask, thereby form ng grooves (e.g., gro
ogmzslte mmmm 8 negatileagnasko Bogl n@aguc maﬂgs an@rpesitive maeks used in the

“??q’boéio f hg&%%ﬁaeggfqu gtg%gf?fﬁ I§a Cfl{(]?d %Mcﬁ:q%\é\%l%lﬁ]aé to ﬁmose used in

Na@&'ﬁécekﬁﬂ@r APHBEoriddR blaketondfstihd16f maqu@h rﬁl(&suﬁﬂ} tﬁromlum)
to be patterned. Resists used to formthis resi st

dﬁmsé?d an glass/pibstintess mzenmrqu\wh msnst;rljlme@sqos |eymsp¢ according to
l} cpesge?&jﬁt{eg{niﬁglég lélilé\t/élgped grg}?poese opaque ma%énat] c?led Mask
patterning is accomplished primarily by means of beam writers, which are tools that
expose mask blanks according to suitably formatted biosensor electrode patterns. In some
embodiments electron or optical beam writers are used to pattern negative masks or
positive masks. See for, example, Levison, Principles of Lithography, SPIE Press,
Bellingham, Washington, 200 1, pp. 229-256, which is hereby incorporated by reference
herein in its entirety. ' '

In one embodiment of the present application, the tool used to project the pattern

of a mask onto a solar cell unit is a wafer stepper. Wafer steppers exist in two
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thickness in the range of 0.1 mMmto 2.0 nmm
Furthernore, in sone enbodi nents, the resist |ayer has

wa2wahfarsri ty of plus or minus 0.01 mm |n SONBCT/US2007/006915

BHRPGHAIBAY, Steplah8-rERat Sid §t§¥§r§d AGnafphisky. a%ﬁ'r@%a? afﬁﬂéxﬂ the entire

t echni que SUBh as A stat] spi n process ol a
am&pfeths gapk trlsexpobed is dieminated dvirantshuttétie opards tn a step-and scan

LS o 2B, A P P SEs focit Ea T o
L8 oxaR%ah  HREIE AR5} E50ia bl vy scanin

mdskaind |selahe¢lletmy1t RMQInphmoabmﬂy [Beer fot exangle, bai@InD PrRciples of
ts en?l’raﬁ;l% ﬁlﬁe Qg nts, the resist |layer Is
ogmp eSSy Bellinghan, %%OQ Is BRck 33 lt7|4 which is hereby
1Héc¥rf36'}‘éie8|b?trefé'i'erlcé?@zreu?lﬂq{scéﬁﬁre ' n some embodi ments, the

resist layer Is a negative resist in which polyrrers in
t he rAférexpdbawrerttaoughosmash, tﬂeepiattﬁﬁt fer thl grodvad andforeli€fd coded as a
resi.st ant %gon exgosurg to | | es of negative

ItER image {nEesistayreRions e %rcppae sineRBSFRgrY. Ty Bhe s

dePAbpEiFin theitesRt By BmicAl
negat|ve resists, pol l)c/nle ﬁbﬁgéﬁﬂsyﬁmﬁm regions to
foron mmyﬂurmﬁnﬁmﬁd ikdligme- 6( PAVnBiber of development techniques can be

E?é %r% l,%yﬁgl Squf SR lo(pgngg% f")‘iﬁ%‘ﬂxfs\i&% @g%lg)#e%[tg éar\])e/ n the resist
1RQF Yh 8k At }z'oﬁ}ﬂbidtﬁe ?&M 11 Wb 8h Be &5&@3 or reﬁ’&é yTﬁg sURELKL

pent ene- 1-sul f one PMPS) and the |1 ke.

démi@mnmtmf she image cedddsin rbsagtem dépendeny osnlne Muneerf itleet resist's
o 03|é|vere3|st is relatively unsol uble. After
el,)(?)s P& l}aglsl“ﬁe proper |ight energy, the resist

conv eNdgativdredistiRb6n 8ostileQo HERL Boesthtohg ﬁ%? £8deSof polymerization
cal | ed phot osobuli zation. Oné positive photoresi ¥

wietbrenders Ehevfiesint xteﬁetaptrteﬁmoluapnp in thatdewslopes chérmical. The dissolving

HRE MCF or rrawlw e g‘g’ggﬁg@ B 4l ug}ég?ﬂ“ Eng O%qger laysrifast from the

p&@/ﬁﬁiﬁsd reghthet AheshehicalireRiealfér mod ng zﬁﬁ@ﬁ‘%ﬁ&-developmg
MGawHi |1, New York, 1975, which is hereby

sitvations s atens aSteddag salvent. Hheewelopmentsstemisidone withlarchemical

dg@_;ipe? WWL@ %;h Fol ﬁé{?ﬁg E%YS%Wme éxﬁt’xaﬁly n-butyl

amaeachusetts) LOR lift-off resists use

polylrreth lutarim After the resist |ayer has
been SSBV? érﬂ%tstﬂféseébi‘l Hfegent devsloning ponrstiiqn. I herworregions,

pSIYRRALEd A &poBfrR&GERA] Ne a’%‘fﬁé}%gf cﬂ?ﬁol/vmé &t%g@s means that during

enbodi nents of ‘the present applica
t}tecﬂe@dnpm'fg;stqprsemeerssnsms blawags loanflomrthe polgfrkerizebiegionl Use of
bake is refer ed to of t bake,

|
TN RTRE IE TR Y
anh Bfacc@shisik tﬁlﬁMﬁF offR rEQ&! T b fsdo lgﬁb‘%l ﬁ’é\ﬁefo @Is ysed with

application including, but n vec
p@&rtevﬁsresmtnﬁm a¢codlaneewsth tind mmqu&plmu&mareatkahﬁé wakeats@itions and

r evi ns PrlnC| | es of r aphy
nrie PG B RS Ra2 R G PeoDgRm oS popotssium
hydtogile. FyhiesialmnidniCHIRYNAIRILARY blekerfNGRitdaLEe N 1N

its entirety. After the spacer has been coated with a

tetragiedy lamyperimurh bydrexide TMAH)s Theirgisereimiaaicfor positive-resist
developers is water. A rinse is used for both positive and negative resists. This rinse is
used to rapidly dilute the developer chemical to stop the developing action.

There are several methods in which a developer may be applied to resist in order

to develop the latent image. Such methods include. but are not limited to, immersion,
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exposure of the resist |layer. Alignnment and exposure
is, as the nane inplies, a twopurpose phot omaski ng

wG@r@p/osiehe first part of the alignment and expPG/US2007/006915

. . . ¥ b e
splaisvEshitgn 33} bl AR Riprfin 3R SRR PrnagiiSerts Pt st
appliision, WeedesephttnpaethotlSartehdt 85E0 Rafiger Of diy(8r pIARES)

in the resist |ayer from an exposing |ight or
develpamprtis yepe: deSuchilry procpsses armlasapptttheatsesrenergized ions to

RS AR ST RSP R e A R 1

sbfe eabolianént@bf ¢i6 SFSentipphtdlichyredist BNMAfSbakes 3B R %as been
projection aligners, stegpers, step and scan aligners,

develgpeds| Thyrurpose o4 ghedase paksnis e achiene gpod adheskmr ofithe resist layer to

' ' din th . t.
(BN e 135¢: 30 B8 BatotbasTA Palfdt® it B Bt oing o
cpnvefipn ameh, Viauling an inanddl hooplates, iﬁﬁ’@feidQ@ﬁﬂeﬂH% é)ggkzé?lﬂ&ving-belt

Edition, McGawH ||, New York, 2000, pp.
CERYSFLER OYpfSe Haquaim ¢ieds past tedikenGerdral mﬁmgecmpmw and baking

RS OpleV By SR LB SIS, B ARG mpyataresan
titesas applicatioredéehdemuNdntigal dakdieakenaasirh@rakd #bm B0°€ to

i ve, mask. Both negative masks and positive masks
25@%3%’@%@%@%@%%‘?“@%@“ BY@sent application are

fabriggd, | e ' i lar e ysed.in .
waf er pr ?ggéé’l’g#lﬂaﬁt %%h@tﬂ g?m?élé%%egnfﬁ{ 8 aé{oe%gﬁ%'t #H‘é’"&er gfetching
mmlgqitsare:a\raﬂaplesual ly ghrp{nhurr) 'deFOSITthed on gIt ass
substrates, is cover W resist. e resist is

exposed eéf?’é’iﬁ Pge F@%Pﬂ@’%gf &’éd’r‘ﬁiﬁ{"t appHcation, theetructure to be
PR ORIBmARS h AT RS IIBRERNS PRAL ke, Thed ik uypure s
tigns{eared tot aerinse sidtiontformacdd tamadval, tahd trapsfirosttonpsitidy fanKsal rinse
acgcor.dirgngg to suitably formatted bi osensor el ectrode

aﬁ foRPALY SR some enbodi ments el ectron or opti cal beam

| L9V spiCS TRk SrOupRE LRRIEN SIS hY &nméﬁggfog?ﬁéﬂu%ée‘ﬁ?

masks. e for, exanple, Levison, Princi

- applicatign. aptyppragreiqhing eswpoBthing iheserl famiteming Vegay etching

9 which_ i s her i ncor.por ated, by . .
offersBPusrityandusy a” Pt cioe M fiieae il dssncioprseined
frohethp e A adic#l Pdssra lof @ik, sprdle Ih%box*b‘iﬁﬂn%, GhdPWefef fstex§>9§ed to

attern of a mask onto a solar cell unit Iis a wafe

p ) a |
etchary yapors wagheas hydegffsuyig aeidiveporsn t woconf i gur ati ons,

step - ten- and- sca In a . .
ot ep L B, B FRAAGTT Bl e piesE gpplispuioneaipsmaetching
ishaed.xPlased etchiniglib uhermicalbrobRs it G5udighs ah8 pRRAMAHergl o cause
a Et eF- f\nd scan_system, only part of the mask, and .
theytBeRic3f iagtign, Rjasma giehingds wﬁm«a sing a|ptpsona etdher.sBhysically, a
j b S er, . ened. The
PEhh eliRboonlghis i PORER ol HBulin St bon B AT NS ol supply.
Thestructure to BY &chydis oatlad ireb Yhe Bamber a1td ¥ Brekfe inside is reduced by
Levi son, Princgi.pl es of Litho?ra_ hy, SPI E Press, _
thgéqaf:lf% ﬁ%ﬁlﬁm I ﬁw@tvaﬁgun? EES abhslmgi_, the chamberjig filloghwith the

regﬁtti\if&%?*;?o} fhe QAR rHlidBY S, ?&C&a}%‘ﬁfe?m% giag is Js%ally CF, that is
mixed with oxygen. A power supply creates a radio frequency (RF) field through
electrodes in the chamber. The field energizes the gas mixture to a plasma state. In the
energized state, the fluorine attacks the silicon dioxide, converting it into volatile

components that are removed from the system by the vacuum system.
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After exposure through a mask, the pattern for the
groove and/or via is coded as a latent inage in resist

wasgoosegizons of exposed and unexposed resist. TRET/US2007/006915

pattarn {#SV,??%&W@%% é?fﬁe%mﬁg %g %Eecp% g)t%%fﬂl .‘é?éhingl, (i)n accordance

di ss unpol ymer resi regi ons

witvaribieembbdigdertsas thd prasent apitation. FE g etéhets indludetae are not
of devel opnent techni ques can be used to devel op the
limdtel $0.. baD@i/éﬂCb?rﬁthmae@hlﬂﬁrQM%%m&reéecéF@§|°@?|‘QH°¥ EFSPRARFE Sources,

oG] R A B VB, PRAEER Ched s

s@rcéd)End FAGF0ERARGupIBd PRSINE SowrGesiependent on t he
nature of the resist's exposure mechani sms. Neg

resi sletm begro ntcémomeﬂ &vrei o stcheg hasmay be ugad ta qﬁffeaeélse etching

? 5 58? &e z{f{cﬁgﬁn Vkﬂ h rqu gpcésrsof;tﬂg H}Fe@éﬁt%&:%@a@oﬁﬁ%& beam

&%'Wﬂdﬂ& dhefrficd) plasme @yité‘rﬁs tiv®béag brehingiiSa phgdicat protgss. The
l[ittle of the layer is lost fromthe
smtymatmbz@@pheégs piaeed oneheldenin @aacyia chimled anda siygam of argon is

FaRkd i B by RIpR BErRE AR e HbENSBlected to
s&BAAT0E Bl ghd@ieadyogledtrons iifoave skt loy cﬁhbdeﬂ@)aandaa [+ elgatadee The
resists, the rinse chemcal is usually n-but

elastipns ionizedhe pigea aoses te adigh-ersay statedhith %P@fﬂ{ 1ve charge. The wafers
d
aﬁ%}\éegp 8&19 '}x%ggtg\@)h gfogﬂdedd}tb??éé"r’fgar’% taﬁgdcmﬁf il %dnzaﬁﬁgrﬁn?nﬂs the

VE a I'ssolving ra
H?ﬁnﬂomh aavelus irgwifechaldereheypaceglesdie pickimgup ersirgy. Asthe wafer
way

| ost _f th d
stiEfoes %wr%éasméq%r?a? SnBe Ualer et s et Sinall SenBts e fhe wafer
pﬁﬂ Gi@ef@ﬂl eadtfsﬁ%am lJc@%E’Meeh %@&ﬁ&n%ﬁﬁ%am@wafer

I nni ng resi st. types of em cal

| EueAlD ﬂ‘ebe Snaumaal revhoval pﬂshmg)vxe highty directionaldamsotctpic)eresulting in

Wit h resem a%ﬁlication are al kal i ne-wat er

2981 d¢ 'é‘H§né‘?16m APYHTES: sol uti ons. The al kal i ne-wat er

sol utp DRFERY ePc@zzr?gOdYé{%B%@f f%é G?et@ﬁerﬁﬁét"ﬁa%‘ Eé”&sed to perform the
hydroxide. Typical” nonionic solutions incl but are
enciing isra reedtiveaon eteh¢ran°etda9ﬂlwpn onhmyﬁtehymmn@e)lasma etching

h
a0 BiseR SRR RiPeoA 1 peies BRGNP B tign e glasma

sggk@m@ APhAVES) daf 9§lbxﬁf}50f idA} hﬁlthnfme c6mbmaton Brifigthél banefits of
Ilute the devel oper chem cal to stop the devel opi ng

chetilaah plagine etchingealerg with therhenpliig o idiregtionalion nelling Sm Van Zant,

@%%c?\zp réééaet%ggg%ﬁrﬁ}sﬁﬁ 811 rMQ{gFa S HAIP bﬂ&% glrogp 2bp@ pp. 256-270,

HerdBytiB€brpEratddHEREif b9 RefofRnEY, f&aﬁeﬂedﬂfmﬁ‘morﬁ(ﬁ\detbhhdﬂ kethniques and
devel opnent. In sone enbodi nents of the present

eaghing equip@ANt thittcan &9 apeslimeReorARICR oYY tF Eresent application.
o " Residhcl el Aiml STR)c RS RPUR e phoctSEdbscifl B e i the

dry progesse 4sna etcher Uses ef r I'zed 10Ns
f@hﬁm&edﬂgtoaueswgvgm@wma% 2O 1296 xeis2Ss afrFlgmeﬁpmu the
portions of the resist |layer. In sone enbodi nepts aof
esidugiese s CRONPS Bt PIORCSS KBQWVE £S Fesish sFiRPE W Ardsf fogyieldghe

pa?t%m%g &flucture. In some embodiments, the resist is stripped off with a strong acid
such as H,S04 or an acidoxidant combination, such as H,S04-Cr,03, attacking the resist
but not the groove to yield the fully patterned structure. Other liquid strippers include
organic solvent strippers (e.g., phenolic organic strippers and solventlamine strippers) and
alkaline strippers (with or without oxidants). In some embodiments of the present

application, a dry plasma process is applied to remove a resist. In such embodiments, the
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devel oped. The purpose of the hard bake is to achieve
good adhesion of the resist |ayer to the underlying

WO 208051205 be patterned. A hard bake may be accmmbsmheoi)@ls

ﬁd&éﬁ‘ﬁd @olﬁpwﬁﬁﬁli 0 i‘g:g)ﬁ?:ed il Llﬁe{ﬁ?oeg [aafx?ggg% Ig %ntr ucede °The plasma

infrared tunnel i ng ovens, noving
feldenergives the oxggens adngh exhzegjr b, whiheinaturl) akidiges the resist

t enperature an%abakl ng ntjes are praqvided by t he
Cng?ntﬁ%%ffsa%t e fﬂ*ﬂ%Yf‘éf e thesehamber by Hiekvaggum pump. In dry

nt .

SRR, eI en i Rigcht e by BRI ARRENE B birayigies ozone
sbuarces. hMlotq/mffmmnmes omphatod:dwgmphid);ﬁroeeseﬁ th&¥f da@be used to pattem
p?}evel Bgnent 2@1 g‘I s& ep |s used for patterning.

insafRag it 270 isgorket Mavadot &uadameniels of f@tr@hrtwg Second

. [

G R PR TR0t Rl RfouRa 50U, pB 225 P 2t Cyticgonip
Fatbciaation, fFourth Eslpe:uu, MoGrawhbill, mbwanﬂkezwc ¥adhusfBvhich is hereby
transferred gl nse station for acid renoval, and

IFGOERIRiER b deterFiae BEtin Batseliraty-narch mebedsisglude &si yse of a
p@EMvébﬁ&oré@ﬁtt ?a?l'i Y¥hdal £ ngé’%hq\fér@g tzfsfq\%]i %xtﬂgmgyﬁtrrrgvmlet

nmbodi nents of e present a rcati o
llehqmapig wiray hﬂmgr@hnmhaggedﬁaartmﬂbém liffrigt#phi] se@nniMe brobe
@f ccﬂﬁlglaoff ever advani ]a%es over | nmersion
hogranhy: § ad Zhree Haeﬁsma perahisarethedsm t he

mechani cal pressure of the spray. |In vapor etching,
the wafer is exposed to etchant vapors such as
hydrof | owi ¢ aci d P& EXEMPILARY HIMENSFONS sonme

enbodj nmen t ent. a icatio s, et chi ng

o el TR 2Ry iR bl i hana b 28 isareat compared o
theseiitig as S crobfsdetias "h s%ﬂﬁregﬂbéd‘i’m&ﬁb' SRe L1 &hedi‘i'ltcﬁo has alength /
reaction. Plasma etchin perforned using a

betpyesal 0 rmﬁyai:té@(nyn) a@dd%a@ﬁa mynehdp vddims beiwseraSmm and 10,000

o G ASARLEECE S 5B IREer e PoyBE P ey 00

aﬁcham@@m disedwedre! Omas sid BOOMint €lni sonfeQShiREn St tahs%#]ar cell unit 270
vacuum system After the vacuumis established

havalepgth fbstwean 49gmm and 15AR0 rumend wwgasi bepweent Hemm and 50 mm.
o ualT o sihpod itfi’s QbR L BRI oot RS Sreged in

F[gueeﬁlés A iNagliated indiglea K, érlREl))n?atSd §bl§rfU’eﬂliﬂx|it 270 is one that is

el ectrodes .in the chanper. The field energizes the gas
charsiezed ity havingzslpaeitidipal dimensiond aad @r\’gdﬁe@mape d. iheome

ethbb@hleRR (fftah%ﬁﬁ%attea Sold} !:él % W eAGn i 1 E}yaf G I%H’é‘ ! exceeds the

into volatil nmponent s are re

widih démertsjort diby wtleast mfaymtafm, At leisia farcadsn GisY oﬁﬁt 1pasR & T&:tor of 6.
orm.et i n accordance

e A b oL SR, v
e 8 A B
soesYnbedimenisuthe eddthid @lg. .dlarséter) of éfe setr eell ehie Qo Q;nS millimeters
orsrrq?l;rre;g@ mlplmetecr(s)rc}r Vm\%}/ee 58 mll’lf:n%:-:sterslogJ (rjnuo?é Il\éslrr){lll?n?gers or more, 500
millimeters or more, 1000 millimeters or more, or 2000 millimeters or more.,

The photovoltaic cells 700 of the solar cell units 270 may be made in various ways
and have various thicknesses. The photovoltaic cells 700 as described herein may be
so-called thick-film semiconductor structures or a so-called thin-film semiconductor

structures.
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sources, and transforner coupled plasm sources. |lon
beam et chi ng. Another type of etcher that nay be used

wo e00pes 205 m t he etching of a spacer in accor daPCBEUS200T1006915
vari ous aspects of the_present appli ion is ion beam
etching. Unlike chenfc F@&EM‘&;@@ I on beam
etching is a physical process. The structure to be |, .
et chadl refergricas eigeddierein [3ea imeerpprated Resein Pinrelsrsnse in Wy catirety

f i s i i Nt Ot
o AT PR SR S b s GBI it o
applicaden Was bieglficans aey irdivetdlBrisdicaedtabskogbraed bpsderence in

(-)-anode (+) electrodes. The el ectrons ionize the
ithematydooal pp@oseshi gh- energy state with a positive

h . The,.waf '
Pt dfeny oS o8 farkiiolls BEufh ARkl Wit Elhou
déaey BbAMS dpiraval stepel Aewilhbesppasdntes thbbeegkilled in the art. The

accelerate, plcking,ug energy. At the wafer surface,
speleific embesiments desarbed Rprstneare whfeead yayyar ofgrampleanly, and the

o B 85700 GBS e

sk OF el 8lehBlto whivh stieh elairas areentitled. (etching) is
highly directional (anisotropic), resulting in good
definition in small openings. Reactive ion etching.

Yet anot her type of etcher that nay be used to perform
the etching is a reactive ion etcher. A reactive ion
et cher system conbi nes plasnma etching and i on beam
etching principles. The systens are simlar in
construction to the plasma systens but have a
capability of ion mlling. The conbination brings the
benefits of chem cal plasma etching along with the
benefits of directional ion mlling. See, Van Zant,

M crochip Fabrication, Fourth Edition, MGawHill,
New Yor k, 2000, pp. 256-270, hereby incorporated
herein by reference, for nore information on etching

t echni ques and etchi ng equi pnent that can be used in
accordance with the present application. Residua

| ayer renoval. The result of the etching process
descri bed above is the formation of grooves (e.g.,
grooves 292, 294, 296, and 298 of Figure 2). Next, the
residual |ayer is renpved in a process known as resist
stripping in order to yield the patterned structure.
In sone enbodi nents, the resist is stripped off with a
strong acid such as H2SO or an aci doxi dant

conbi nation, such as H2SO -Cr O, attacking the resi st
but not the groove to yield the fully patterned
structure. Oher liquid strippers include organic

sol vent strippers (e.g., phenolic organic strippers
and sol ventl am ne strippers) and al kaline stri ppers
(wth or without oxidants). In sone enbodi nents of the
present application, a dry plasm process is applied
to renobve a resist. In such enbodi nents, thepatterned
solar cell unit 280 is placed in a chanber and oxygen
is introduced. The plasma field energi zes the oxygen
to a high energy state, which, in turn, oxidizes the
resi st
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conponents to gases that are renoved fromthe chanber

by the vacuum punp. In dry strippers, the plasma is
w@emsioaesl by m crowave, radi o frequency, or PCT/US2007/006915

WHAIVISSCEAIMEDE sources. Mdre infornation on

phot ol i t hographi c processes that can be used to

pattern photovoltaic units 270 is found in Madou,

und . .crof ab cation, Second Edition, CRC

Erg‘ssg"%%%@ﬁ’ég{’%%g‘b orida, 2002, pp. 2-65; and Van

Zant , (M g5 sttate hawingiadiatt end, anfaseddndieid) whergin at least a portion of

MGawH ||, New York, 2000, each of which is hereby

baid oubstratetis rigislandarosplapateandrein in its entirety. Such

met ho i ncl f 1 ' .
ot RS 4 BT ot Mgl BB o BEPHRIES Bl e ity
o pHAYVtags cells Ebmgfiﬁﬁ@ﬁ,ﬁrm-ﬁhatbvbltiib aell amdhy second photovoltaic cell,
charged-particle-beamlit hogr aphy, scanni ng pr.obe

= tayiohtgic celin said phwa)ity ghphotairitaig sells compEsiBgonal

l'i thographi > g@lg{ N .
illustrat ea%laﬁggégﬁc?dee %ﬁ%ﬁ@‘%ﬂs hhas s;ﬁ%te,
| ength / thatmicongicat junaiondaya cirouhfeeentiatly idispbsddtan the
cross-section., In sone enbodi nents, the solar cell
bagk-elpqtdsaandy | ength / between 10 nillineters (mm
and 100, 00 Wo e :
T i somd tinyaach Salthidile faypEORERR I Moo Gihe
ken@bhdictdrgtineion, Wherein and 5, 000 nm and a width d
between 10 mm and 1, 000 nmm me enbodi.nents, a .
201 ar ThesFAnSERFR! SSRGUGI 157eF ah eGSR Chlh i plurality of
SRS SR & it rial o EAI B ARG SR RO bR <lbélrode of the
etandphotdvakait kéllint said pldrality 6% ghotevoRiic céls.i | | ust r at ed
in Figure 2K, an elongated solar cell unit 270 is one
that is characterized by having a | ongitudinal
| i ’ Pa
S ot ol | ke R 3B b ] ResPBing s mofulus of 20 G
lopgepatendi nal di mension / exceeds the w dth di nmension d
by at |l east a factor of 4, at least a factor of 5, or
at least a factor of 6. In sone enbodi nents, the
lorgjets i Bal uftt BEASINPN, Whékintshid Bbapsahad PosHyRbE@uS of 40 GPa
evice I's 10 centineters or greater, 20 centineters or
oreetagr, or 100 centineters or greater. In sone
enbodi nents, the width d (e.g., dianmeter) of the solar
cell unit 270 is 5 mllimeters or nore, 10 mllineters
A TH'Blar 281 Thik bf SIBIE 1 SwhdreiiBhid subéithtdthdsld Y&ur Smodulus of 70 GPa
nore, 500 mllinmeters or nore, 1000 mllineters or
ropigegatagr 2000 millinmeters or nore. The photovoltaic
cells 700 of the solar cell units 270 may be made in
vari ous ways and have various thicknesses. The
BhotRvRI 4 AL ukiebf any’@R oTeldias ¢ 14, bedrdessd subsayteiemade of a linear
so-cal l ed thick-fil'msem conductor structures or a
guatemdll ed thin-film sem conductor structures. 6.
REFERENCES CI TED All references cited herein are
i ncorporated herein by reference in their entirety
6. The solar cell unit of any one of claims 1-5, wherein all or a portion of the substrate is

arigid tube or a rigid solid rod.

7. The solar cell unit of any one of claims 1-6, wherein all or a portion of the substrate is
characterized by a circular cross-section, an ovoid cross-section, a triangular cross-

section, a pentangular cross-section, a hexagonal cross-section, a cross-section having at
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and for all purposes to the sane extent as if each

i ndi vi dual publication or patent or patent application
woer®sepeed fically and individually indicated tRPCDHES2007/006915

1805 MOLrRERE pOiioh €618 &B&Esettion havifdht 16R% ¥nd Qlrvél #‘Qlﬁon.

pur poses. Many nodifications and variations of this

application can be nade w thout departing fromits

i.Lit and scope. as wld  be arent. to. those skille .
3 ot cell SRESE il o of Bl haftebeimadiste bRl hs ibswate i
hirabletiBE LBy BYirsRdosSse@oaaih8pLild/a se@Bisd p&tBon of the substrate is
application is to be limted only by the terns of the

appraciddedbya secondcrassysedtiohalishepd. ul | scope of

equi valents to which such clains are entitled. WHAT IS
CLAIMED: 1. A solar cell unit conprising: (A a

DR Bl cBRVNR Of Slafrh 8SWh&BH 1RO Brd cRRESERiRMShadd BId8h second
at | east a portion of said substrate is rigid anhd
reoonstsaetzonal shage a@)theisgsheir al ity of photovoltaic cells
linearly arranged on the substrate, the plurality of

phot ovoltaic cells conprising a first photovoltaic

@l ITHRRE1aR caIEGRIREf Elhipt @ \PhdréihGhé Rist croSasdetiBRA sRYR! dnditke second
cell in said plurality of photovoltaic cells

coorsrseetiangl shapp arsidiffersot. r ode circunferential ly

di sposed on the substrate; a semconductor junction

| ayer circunferentially disposed on the

hackrielserk Eélﬁﬁrlilit 8Nélaitn 8 R EIATE hrehsmﬁay pélc¥R Jf WESength of the

circunferentially disposed on the sem ctconduct or

jsubsitateois cheaeterized bynthe firstiergsarsestiongbshdpet i ve | ayer of
the first photovoltaic cell in said plurality of
photovoltaic cells is in serial electrical

AQMThRis6 R belDunit bf\claife8 Dalidtei e TifsPElRsPSectibal SR4R18 planar and the
photovoltaic cell in said plurality of photovol taic

se¢ang crgss-sgefiongbshape bag at least eneggrcudteside.1, wherei n sai d
substrate has a Young's nodulus of 20 GPa or greater.
3. The solar cell unit of claim1, wherein said

sS8bgheabkr belbusit ¥PatyPHne ofoRithyi $- 10f whéreldRBe QlibsGaRas fiade of a glass.
4. The solar cell unit of claiml1, wherein said

substrate has a Young's nodulus of 70 GPa or greater.

. ' f, . L B, k- -
Y 8 3542 5 B D B s s, borstca

@las3diclrolcalass sgdrmaniuin /ofemidondacter gihsse plasgaerdm, silicate / fused
wﬂerein all. ar a portion of the substrate is a rif?i d
Silisa glass.s0da Smg 2lassy Qraptg glass, chalcogenide / sulphide glass, fluoride glass, a

glass-based phenolic, flint glass, or cereated glass.

15. The solar cell unit of any one of claims 1-14, wherein a cross-section of the substrate

is circumferential and has an outer diameter of between 1 mm and 1000 mm.

16. The solar cell unit of any one of claims 1-14, wherein a cross-section of the substrate

is circumferential and has an outer diameter of between 14 mm and 17 mm.

17. The solar cell unit of claim 1, wherein a cross-section of the substrate is characterized
by
an inner radius defining a hollowed interior of the substrate, and

an outer radius defining a perimeter of the substrate.
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7. The solar cell unit of any one of clains 1-6,
wherein all or a portion of the substrate is
w@hb@sasRes i zed by a circul ar cross-section, anP@LUsI07/006915

cross-section, a triangular crosssection, a

pent angul ar cross-section, a hexagonal cross-section,

d8crlhesokecell wnit hbelaimy 1 Avherzin the tlcknessiof the pabrstrateris between 0.1

a croai-secti on having at | east one curved portion. 8.

e a8 Igmeell unit of any one of clains 1-7, wherein

a first portion of the substrate is characterized by a

first cross-sectional shape and a second portion of

tlRe Tdeisslar ag¢lbunis ot¢lainut, evliereinl theythickness ofithe substrate is between 1

cross-sectional shape. 9. The solar cell unit of claim

gmaRd JIM. e first cross-sectional shape and the

second cross-sectional shape are the sane. 10. The

solar cell unit of claim8, wherein the first

G0odheselar celhuiit ghanyeonad claires $d@owliereinathe salextdllondd has a length

gg%pe ar e dgffereiﬁo & . The solar cell unit of claim
atihhetween Amm aad {0000 mW. hercent of the I ength of

the substrate is characterized by the first

cross-sectional shape. 12. The solar cell unit of

Al ailhe 8olappell wiihof 4ny dnierof claime $20swheretmrsald plhetity Sphotovoltaic

pl @nar and the second cross-sectional shape has at
EALTOBHESr cuate side. 13. The solar cell unit of any

one ofy firk@efBindt phdtovdiaicRkl at {he fstRalloBt4d ssbsae of a

gl ass. 14. The solar cell unit of claim13, wherein

t he glasseonddemingl photavoitaigicell gt the secopdreod of said substrate; and

gl ass,_,dichroi.c._al a er i um em congduct or . .
Ol aos at B HnRifeindite pARbIRRC T vATERCRR tiSt Bhrminal photovolaic
gelland bdi@ seond photavsltdie cdll, ahereil il th@gRiné @ohduttilv® Hy8Eof each
gl ass, fluoride glass, a glass-based phenolic, flint

dntgmaediage phetpueltaicell insaid at fpastiong intgrmediate photgmltaiotell is in serial

PR BB SR ik e PG Rofl G ARD TR 0Bl dFl imse
plurbléty \WE photbdtAN 8elk000 nm  16. The solar cell unit of

any one of clainms 1-14, wherein a cross-section of the
substrate is circunferential and has an outer dianeter

T lar, cell. unit .of
2Pt $ORE et S M, WHerchf e Hafach oyqiBlic #Eh jsdhe et

edraricat photoreltaibyelhor the sesond detinitsal pRbtonolege eethol | owed
interior of the substrate, and an outer radius
defining a perinmeter of the substrate.18. The sol ar

231,03 1 GhEL U Sl 5L G5l L anter
crebimadivt¢ phdtoedlmiaeell7/, wherei n the thickness of the
substrate is between 1 mmand 2 nm 20. The sol ar cell

unit of any one of clains 1-19, wherein the solar cell

98! Thb 3laPcd R &t dnfBhe bBcIRfs'RSS whétBh HWHIbiRPTF fBtovoltaic

cells comprises three or more photovoltaic cells.

25. The solar cell unit of any one of claims 1-23, wherein the plurality of photovoltaic

cells comprises ten or more photovoltaic cells.

26. The solar cell unit of any one of claims 1-23, wherein the plurality of photovoltaic

cells comprises fifty or more photovoltaic cells.
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21. The solar cell unit of any one of clains 1-20,
wherein said plurality of photovoltaic cells
weewpnires: a first term nal photovol tai c cel | PEX/USI07/006915
b1 $he §1at @1 Bk d?faﬁ%" ba¢ bA¢lsim a-23ewhadin e Blurallty of photovoltaic
phot ovol tai ¢ cell the second end of said su strate;
celly camprrisessenednisdredtaz masel pheteveltaie esllsi t ai ¢ cel |
between said first term nal photovoltaic cell and said
second photovoltaic cell, wherein the transparent
98’ NEHE bd1Ecel et ofdhy @A Bf ¢18in®y Y faitRerUoaipeiéiiigtattnsparent tubular
in said at | east one internmediate phot ovol tai c
‘ casllrig that iis girewnfex¢ntiallp dtspbsﬁdl ongthmiransnarens gonductive kager of all or a
k el f. an,a oIt
‘Qn;ﬂf ea?qo?‘iyogtﬁ‘cﬁﬁgﬁ Cffé]uf??g' %Ilt%"fhghg,ol ar
ceI | unit of claim 21, wherein the adJ acent
photovoltaic cell is the first term nal photovoltaic
aal The solamllstenmfcclaxmrzﬁ, wherehihe drapspasent tuhwilar casigg isthade of

ar cel unit of claim 21, wherein the adjacent
B V¥ c cell is anot her i ntermedi ate photovoltaic
ceII 24. The solar cell unit of any one of clains

1-23, wherein the plurality of photovoltaic cells
66m’5 he seler cellrunit oficlaim©2s, vheredry hietteanspagent fupularsasig gomprises

3 fihosrte piiis, bitosBtis BESe FioEOR s efanilll T sEfkohlfctor glass
@l‘b@;‘; gt kiticael/ figsed 2ffica glies, $6d20me @ldss, btz Slass BialedpRnide /

of clains 1-23, wherein the plurality of photovoltaic
selphide glasprilupside glass, flinfrglassr e qsrrstehassai ¢ cel | s. 27,
The solar cell unit of any one of claim 1-23, wherein
the plurality of photovoltaic cells conprises one

BUNdhe dolar ceIDirtit ¢ty @we bf elaine B0 swhetéin tHeubswhtaiis eifigured so
unit of any one of clains 1-27, furt her conprising a

thai adlid srmassed ghnough sad substreteat is circunferentially

di sposed onto the transparent conductive |ayer of all

or a portion of the photovoltaic cells in said

BRU Ak isdivr &1 whindfotait Hi, svherdin said A8id i$hir, wategmitesgeh, or helium.
unit of claim 28, wherein the transparent tubul ar

casing is made of plastic or glass. 30. The solar cell

4Rl try,0f 013} @élmlﬁfgof %Bg'oFctaﬁﬁs j-h3l H&Efﬁqg §dﬁ@ﬁ‘%lt§rcomgrises arigid
¢asi ng t

I ses a n1n03| I cate ass orosi[ica
gbﬂ$&m dlchr0|c gl ass, gernan|un1/ sem conduct or
gl ass, glass ceramc, silicate / fused silica gl ass,
soda |ime glass, quartz glass, chalcogenide / sul phide

%haﬁ?e s&'ay il Gt gﬂﬁz%ne bF ERImI] 33 SwhQEinGRE BAKEe@odS 3f a

he so ar ce nit of any one of clains 1-30
\phetogoltait bell s1sast platatity of photdwogamc e:dllsxs nyddgiof alufrrhuum i's

sed thr ou h sal d ubs . sol ar c nit
RO Epdeni P BEER et B Tof o otiung; sty tiatun, Baium,
Rickl ASKEE, pfé‘hnﬁﬁl, élWE}, gold, an alloy thereof, or any combination thereof.

35. The solar cell unit of any one of claims 1-33, wherein the back-electrode of a
photovoltaic cell in said plurality of photovoltaic cells is made of indium tin oxide,
titanium nitride, tin oxide, fluorine doped tin oxide, doped zinc oxide, aluminum doped
zinc oxide, gallium doped zinc oxide, boron doped zinc oxide indium-zinc oxide, a metal-
carbon black-filled oxide, a graphite-carbon black-filled oxide, a carbon black-carbon
black-filled oxide, a superconductive carbon black-filled oxide, an epoxy, a conductive

glass, or a conductive plastic.
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33. The solar cell unit of any one of clains 1-32,

wherein the substrate conprises arigid solid rod. 34.
wah®sesl2zs cell unit of any one of clainms 1-33PCTAIS2087/606915

t he back-el ectrode of a photovoltaic cell in said

plurality of photovoltaic cells is made of alum num

76! vihg salanrtell umyef any, ongod ghiimen! -35hwhengin thaiserpicanductor junction of a

chrom tant al titapiu teel ., nickel | at i.nu
SRPOUpHEY PR Gid'Bhraish BRosRhyollfieeis foiss ghoigiHeon, o
ek Qhctiodda hdtefrfaR!jafictionl 4 burid hddojandtiodNs pQin jeh@id¥ or a tandem
1-33, wherein the back-el ectrode of a photovol taic

gendtionn said plurality of photovoltaic cells is nade

of indiumtin oxide, titaniumnitride, tin oxide,

fluorine doped tin oxide, doped zinc oxide, alum num

dgpathezbAE cEKhii€of AR driewNcHRE U-36] Wherei HE traRePafiht conductive
doped zi nc oxide indiumzinc oxide, a netal carbon

Bayer lof & photeroleai¢ erdl insaigh plptalityeofqdobynitaicaelts ¢dmprisgs carbon

oxi de, a.carbpnybl ack: carbon ack-filled.oxi . .
S RPpen 46 2 Benworiioea B8 Prple il de§ Ty dBped gne ovide,
GARAMeH doped R DxidR] galiGAYdREd £ie oRldeshdrén d6ped it oxide indium-
solar cell unit of any one of clains 1-35, erein the

it edadaieranycombination thes¢ofpr ghy cernbinatiorctherspf. i n sai d
plurality of photovoltaic cells conprises a

honoj unction, a heterojunction, a heteroface junction,

3 8b UTHe&61ak 0EIPiMB6L Ay bneddfRIaim8 1i38NGhérelh sald setitGHULEd junction of
junction. 37. The solar cell unit of any one of clains

BEwetovaltaicsel in said plusglsp of phatovaliaineells gemprisesrangbserber layer and a

photoval t.ai [l 10 sai rali t oval t aj.

AR Baliiald Wil huBi ittt R T BheuRe Bl deposed on
dejdebsérber layérde, indiumtin oxide (ITO, doped zinc

oxi de, alum num doped zinc oxide, galliumdoped zinc

oxi de, boron doped zi nc oxide indiuneinc oxide or any '
T 108 01sP B i 6o 36 WheF A S4By Ber b SBhorti copporindium-
salliins divtlenidd wad edid jjutetivh parted layep berhpiisels T@iSe;, G@iSh, 208, ZnSe,
said plurality of Ehotovoltaic cells conprises an

Lol HedLnSageinderd L Bi-{Mddh COR: PalPs 48P, Kae or doprek 21Gr

said junction partner layer is circunferentially

deposed on said absorber |ayer. 39. The solar cel

w0l tThefsolal a¢lhudBof adyameiof clairnsl 1 80swhérein d phosdvoltaic cell in said

conpr.i ses. copper.-i ndi allium diselenide and said .

jﬂi‘ﬁé{“iy Phatovpkaic F%ﬁgﬁrﬁﬁm@@gs qmintgnsic lpyer gircumprentially
fspBseddl fhe &%%H& t TuARBRDE e Bh i

?ri}%,%sle Q2, ger: ope(f ZHO. 40&%@& sol ar Qgg?ﬁ%%?tﬁ%%n the

arapsanent cbndiictivertayér @the phatowltaicacgihis izpodedaincaiddhirinsie layer.

said plurality of photovoltaic cells further conprises

an intrinsic layer circunferentially disposed on the

G MTHRRAUF LT uditOEdAitN 4@ wHeREn BRALEHSI A eE ?%hnlise@'aﬂ undoped
wherei n the transparent conductive | ayer” of the

praosmweitbaide. cel | is di sposed on said intrinsic |ayer.

42. The solar cell unit of claim 40, wherein the intrinsic layer comprises undoped zinc

oxide.

~ 43. The solar cell unit of any one of claims 1-43, further comprising:
a filler layer that is circumferentially disposed onto the transparent conductive

layer of all or a portion of the photovoltaic cells in said plurality of photovoltaic cells; and
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4 1. The solar cell unit of claim40, wherein the

intrinsic |ayer conprises an undoped transparent
W®@2008051242. The solar cell unit of claim40, WEr/E52907/006915

the i gihhdpatent ht¥iRk c&MPIhasie Sirtire fpatially disposedde. saitffiller layer.

The solar cell unit of any one of clains 1-43, further

conprising: a filler layer that is circunferentially

B3R 5o el A B R B4Rl by bl i
Rletite BV X),aflidoRe! Aot REIS eyl polyainttthyl siocpa(BDMS), RTV

tubular casing that is circunferentially di sposed on
siticohefiubbery polaryiay] butyral FEB)s Bieamoplastic nﬁfw ethane(THLH a

43, erein the filler |laver conpri et hyl ene vi nyl
B@@F%'B%na?%@ﬂ)a,cryéﬁci § bg?fg P g‘ﬁmef’é’é %g“égtggé epoxy,
pol ydi net hyl sil oxane (PDVS), RTV silicone rubber,
pol yvi nyl butyr al G«iv;)n\@ t her nopl asti c pol yur et hane
45PUhe selapesilyundtof 13, whergin theifdler layer hasaopesogieef less than 1 x
:m uret hane. 45. The solar cell unit of claim43,
@FRin the filler | ayer has a viscosity of |ess than
1 x 106 cP. 46. The solar cell unit of claim43,
wherein the filler |layer has a thermal coeffjcient of

éaphe salar el upiteeficdaimi43a wherein the files layenizas athermp) goefficient of
sol ar. cell unjt, of. &l ald43~ wherein the filler |ayer
F§pq‘18\pﬁé’(§gffi'ager§&%% %@o’ﬁidg}sr}ggﬁ xed with a dielectric

gel. 48. The solar cell unit of claim47, wherein the
silicon oil is a polydinmethylsiloxane polynmer |jiquid. )
4 d Thasolar egllbanit ofclaji 43, avhsrein the filler layenisiformad frotn silicon ol
si.lico el. and a second silicone el astomer.
E*e(g'mr{ﬁgéileg?&ggggl' unit of claimd43, wherein the

filler layer is formed from X% by weight, a

pol ydi nmet hyl si | oxane pol ynmer .l i quid, Y%. by | ght, |

#8r Jihe splar eadhenibollaigrbt, Whersin theysilicen gdl 1@&991%1@%@5@%“

sil.jcon t 28 : :
Fol i e R Bl ec R YeF i milguaf a el dlomaFlnd  second
RDcyoe emitbivlesi | oxane pol yner |iquid has the chemical
formula (CH3)3SiJ Si Q(CH3) 2] nSi (CH3)3, where n is a
range of integers chosen such that the polymer [iquid
S . . . |
2% A2 sBUEABEIPYS Syl ety MGt BkPin Ok R 0%, by
- Thgltpd polydietdthydsilaxand paymentiqiad, Yihebeivaighha firstrstlicone elastomer,
silicone elastonmer conprises at |east sixt rcent
9 G g i8R STRPRG SIPPI SATIORGE SAASTE oY 1R ST R Y-
and between 3 and 7 percent by weight silicate. 52.

The solar cell unit of claim49, wherein the second
S0l iTheselaetelbuwtref claiong, ivdwsein thie)podirdimethyisilexanepolymer liquid has

35 Eeimical T Aok S TSI Hl RS REte L s By pregers
Y HEenG80n HHAT fHepalyRikr diqURE Hi¥ lan alérag@hak vsessifyl that)falls in the range

bet ween '
between SO centistokes and 100,000 centistokes.

51. The solar cell unit of claim 49, wherein the first silicone elastomer comprises at least
sixty percent, by weight, dimethylvinyl-terminated dimethyl siloxane and between 3 and

7 percent by weight silicate.

52. The solar cell unit of claim 49, wherein the second silicone elastomer comprises:-(i)

at least sixty percent, by weight, dimethylvinyl-terminated dimethy! siloxane; (ii) between
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3 and 7 percent by weight trinmethylated silica. 53.

The solar cell unit of claimb52 wherein X is between
w@00an81220; Y is between 2 and 20; and Z i s bep@EES2087/006915

&hthnd (hirt§percEieb s Reipht kRirbgdiictmidhted|dnsthyl sifoxaidand (iii) between

conprising: a water resistant |ayer that Is

diand (rpeeaeahby weight tiregthdatgd silica t he t ranspar ent

conductive layer of all or a portion of the

photovoltaic cells in said plurality of photovoltaic -

68! The s@BMcell drfiBoTRAMEIY whetbinl Xiis KetwedhB( 4@t 90; & is between 2 and

circunferentially di sposed on said water resistant

RAyand.Z Brhetweea 3a1da20.cel | unit of clai m54, wherein

the water resistant |ayer conprises clear silicone,

SIN, Si OxNy, SiOx, or Al203, where x and y are

st qHekSlar &It unlh6f ki, fe@hdr comptisiag: cl ai m 54, wherein

a fluorescent material is coated on said water

resi staayater rggistant layer thaids ejeumfereatiallydiprosed ortp dheriransparent

f h ising: a. . i 1
e RS A1 4 P DR o R R
pROGVEIkdiY ellsaaed of all or a portion of the _
photovoltaic cells in said plurality of photovoltaic

cel | s teangpagent svhularensiag thay is csumiergniiallydisposedoon said mater
di ssgostid on said transparent tubul ar casing. 58. The

IR CRT unit of claim57, wherein the

antireflective coating conprises MgF2, silicon

nitrate, titaniumnitrate, silicon nonoxide, or )

$5| iThesolex selburit efrqlaim 54 avhergie thegyater regiptant Jayar cgmprises clear

SRP, 513y M s BRI AIRON Gnefi By R gl e conting

transparent conductive layer of all or a portion of

t he photovoltaic cells in said plurality of, . )
PRotlde splanrell wnit piclaignS4, rherein p Aluogeseant matariabis copigd op said water

Mq{ﬁ;n the antireflective coating conprises
, Si

icon nitrate, titaniumnitrate, silicon
nmonoxi de, or silicon oxide nitrite. 6 1. A solar cell

assenbly conpri.si a plurality of, solar cell units,

odc Ths splar C":!TEW“ %&qﬁlm ﬁ fuher SOtPESINGy of sol ar cel |

units [ : : j .
ol ai menratspler i Gy s cil A hily skl o Bl fransparent
sohductive ldyetiof dlborar portion afithe photovaltgit eelbrin saidplurality of m

sai d sol ar i:ell assenbly. 62. A solar cell assenbly
Phatvrlripgelly ad o pluraiity of solar cell units, each

sol ar jGehlirdfiRtfive ddatife cirduttRicntidPiisSsded bn §8H transparent tubular

casing.

58. The solar cell unit of claim 57, wherein the antireflective coating comprises MgF,,

silicon nitrate, titanium nitrate, silicon monoxide, or silicon oxide nitrite.

59. The solar cell unit of claim 1, further comprising:
an antireflective coating that is circumferentially disposed onto the transparent
conductive layer of all or a portion of the photovoltaic cells in said plurality of

photovoltaic cells.

60. The solar cell unit of claim 59, wherein the antireflective coating comprises MgF5,
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units having the structure of the solar cell unit of

claim1l, wherein solar cell units in said plurality of
w@oloanseed | s units are geonetrically arranged PEI/ES2007/006915

A8 hifateOfitaRive AftraRAEificbie mofBXiae or siRoa byide aithite1g a

pl anar array having a first face and a second face;

and (B) a plurality of internal reflectors, wherein

B B IR OFL sk bl ol Ring § PIAFROf dcflariclft ufli) Bl dofer¥ell unit in
ﬂﬁfﬂﬁaﬁ%ﬁswr EEIl BhitsaReingahe Btucs@e A tieadolar ¢ell tnit bf slaiml 1,
pl ur

ality of elongated solar cells such that a portion
vhetefrescadar catl unitg in saidpluralitedf solasieell paits argpa@ngegdein coplanar rows to
interqgl r ef ectorlis reflected onto the correspondi ng
forpsiaidsplar sl ™% ngat ed sol ar cel|. 63. The sol ar
cell assenbly of claim62, further conprising: (C a
transparent electrically insulating substrate that
62vaselantdll assemblyeomposingf said first face of said
pl anar,array... 64 he sol ar cel | L. y: s
Purt neAT % Bfibieg op s oa o, Eh s BERR TR B GBI Sfolar cell
GANShAVISE fhe SROSER The e RRWRGItRAR 10ivherimsadrarh units in said
array, thereby encasing said Elurality of el ongat ed
phiralrty of solar ¢edls woishars geemetricalyp arenged ima parallel Ry a near parallel

L

wher ei ) agleralifyeoTsmermntefletsts, ahkieth eelieespegiveridtesai eeflector in
transparent insulating substrate are bonded to&ether
itye plusadity efiinternsé refipgtorsisicapfigwpd befewena comespopfing frggnd second

erein said. s ' | i :

S35t Sy SR KB 2 st
cEIVRY, frdRf Yhestebpectineintdthil @efleapst! iy vefleyled butoythe Lorté3pBhding first and
t her nopl asti c pol yurethane (TPU), a pol ycarbonate, an

aeqopdie ,ngatefi|sgg.fﬁﬁdb| ynmer, or a urethane.67. The sol ar

cell assenbly of any one of clains 62-66, wherein said
plurality of solar cell units is configured to receive

@31 Thd sdlarglet] absentbly bcldint 62 tfunherabmpaisioigf i r st face and
fromthe direction of, élf' d second face of said planar

arr ay (Cpa transparen electrically maglgté%w)bsg:]\te gm} coypLs alf or a portion of said
?‘lr&if?@e & ﬁ%larfa&‘%frgfr conprising an al bedo surface
[ |one8

POSI to reflect sunlight into the plurality of
solar cell units. 69. The solar cell assenbly of claim

69, _wherein_ the Ibepg surggﬁﬁbhas an _al bedo t hat
&t Ehgsolarpsll asssmboty, ot ¢laim, p3,UFther COMPRSING” o ¢ ai m 69,
wher ei_;ﬁlta I?ﬁ_}ﬂglapé@ %sﬁl&iﬁ?@@vé?ﬁ@ didposdduitaid LRbn®reEBflSaid planar

90% solar celT assenbly of any one of clains
GPray (therebp eméaning stidrpdurakityl of relanghted goliar cellsdbetwesa saiddransparent

solar. cell unit Jin.the plurali f.sol ar [l units
asufring ol 4pd i ettt ishieal) i9latbg Shamlt (5,
assenbly of any one of clains 62-70, wherein a first

solar cell unit and o ' . _
65. The solar cell assembly of claim 64, wherein said transparent insulating covering and

said transparent insulating substrate are bonded together by a sealant.

66. The solar cell assembly of claim 65, wherein said sealant is ethylene vinyl acetate
(EVA), silicone, silicone gel, epoxy, polydimethyl siloxane (PDMS), RTV silicone
rubber, polyvinyl butyral (PVB), thermoplastic polyurethane (TPU), a polycarbonate, an

acrylic, a fluoropolymer, or a urethane.
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a second solar cell unit in the plurality of solar
cell units is electrically arranged in parallel. 73. A
wa@odoanseed | assenbly conprising: (A) a plural i pgT/082007/006915

&P Bhe S ceurabie%ably: 3£ ihyS6HeaIT clidink 6248i6] whereirhe
plurality of solar cell units havi ng t he structure of
@

t he ssdidplugality ofispler esil unitsissonfigwied fe receiys|directdight from the
glgl t Sprolrtl é%ia | ystgj? wal 8 é%é{'?ﬁf & gelg?érr 18@4 g seléglllc?1 gagg ofsaid planar array.

paral | el manner thereby form ng a pl anar array having
a first face and a second face; %gz a transparent
68.eThe salar defl assesnhlyof ary eneficlaims 6210d: furhereempnising,an albedo

b Phrfinlibred: it g e B 30er BULQ, "Ca

second face of said planar array, thereby encasing

said plurality of elongated solar cells between said

69.afbp solancelli assambly iofi glaims 68y Whegeiaribe albedp surfpee b%ﬁemlbedo that

el ec Ily insulating substrate. 74. The sol ar cell

Sy % °of claim 73, wherein said transparent

i nsul ating covering and said transparent i nsul ati ng

substrate are bonded together by a seal ant. he

§QJ &he salat cellsaseambly o £lan 40 nwirereiniheplbedo %&faﬁe baﬁaarhﬂbedo that
El é) 2ne vinyl acetate(EVA), silicone, silicone

§’é‘fce Se% Xy, pol ydi methyl siloxane (PDMB), RTV silicone

rubber, polyvinyl butyral (PVB), thernopl asti c

pol ﬁret hane (TPU) a pol ycar bonate an_acry
iy gp@iawﬁélrassmb % ofi pry pRme! claims 62119, %lplanm %Srqt SQI‘HI ¢ell unit and

R N e

cells is coated W|th a fluorescent material . 77 The
sol ar cell assenbly of claim28, a_|umnal  or

azt dhe selarealkassambly of anyions efiraiEs&Re 70, wharein 2 Sest Splgr ¢edl unit and

N e

@gﬁ]lepl wth a fluorescent material. 79. A soI ar cell
unit conprising: (A a rigid substrate, wherein the
substrate is either (i) hollowed cylindrical shaped or

(75| )A§o%r'c‘311 ag&@@g&g%rlég%l a first photovoltaic cell

ectrode circunferentially
d| spo:{Agiaq)mrahtfy iof sélappaed It urdts, eath seihdceskhhriit inabepluglity ofssolar cell

sem conductor junctjon layer, cir erenti al l e . .
il GoRe ths Suubire o Bt SQIaRael el SIRIB s Wharein alsrgell units in said
Eﬁ) Qﬁ@%g@@ltar Gémgﬁ{;‘é beSebA¥RIcally Bﬁ'hﬂgeﬁ €8 phl1ENor a near parallel

| Spose i rst

on sal
manner thereby forming a planar array having a first face and a second face;

(B) a transparent electrically insulating substrate that covers all or a portion of
said first face of said planar array; and

(C) a transparent insulating covering disposed on said second face of said planar
array, thereby encasing said plurality of elongated solar cells between said transparent

insulating covering and said transparent electrically insulating substrate.

74. The solar cell assembly of claim 73, wherein said transparent insulating covering and

said transparent insulating substrate are bonded together by a sealant.

75. The solar cell assembly of claim 74, wherein said sealant is ethylene vinyl acetate
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sem conductor junction; and (C) a second photovoltaic
cell conprising: a second back-el ectrode
wereosisR2es ential | y di sposed on a second porti opCDUSBaT/@6915
I ! iyl IsHBkdne PPDMBIER TV sili
gﬁr’aéﬁfrr? Eacr%g%t I;lé?%ﬁ&’%gll E%dgaggg&gn salyd S'secong W stiicone
baxbler @obo/inyd betyraalniHVB),sthcxmuplashapelwmedTme ¢ bAd) @t piolcarbonate, an

I ay c rcumc erentially di sposed on said second
Ev ?Pﬂyﬁnﬁhé’ff‘b‘ hafiferein (i) the first

photovoltalc cell is adjacent to the second

photovoltaic cell; (ii) the first transparent

@6ndthe solaecdllaydt of dsaiinnl sdereih a gapspardnt adndyictivailayetainiaon

PhaRuiie T BorRIbr e TRy lr cbllbiskerEd ity 4 Luqrpogpt materal

fromthe second transpar ent conductive |layer; and(iv)
the first back-electrode is electrically isolated from
ﬂﬂle The sdarcdibaskerebly of clade 288a)luminsloiran exwrlbr siaface of said

risin A) .a substrat. erej ast a
HaEﬁﬁ‘t “éa; %51‘%%5&?‘5{13"&53&,” F%?%‘B ‘ﬁH pl anar; (B)
a f| rst photovoltaic cell conprising: a first
back-el ectrode circunferentially disposed on a first
(78r fThesolaf celbasdersbllysif chairg ;43 awheneBi sagkf adaydn cs eated with a
j unction | a circunferentially disposed on said
QSC%EF?%]%ctrode; and a first transparent
conduct ive layer circunferentially di sposed on said
first sem conductor junction; (C) a second
ﬁﬁowomiartmllcmii@bmpci@mgri si ng a second back- el ectrode

circu rentjal I d| spos.e a_secon f

subst 143 & FiEd St SRR IETeReREITHRr Bbo Bl oviflfcal
%h&ﬁ‘eﬁ'ﬁr%ﬁ%ﬂlu%ayh@b&posed on said second

back- el ectrode; and a second transparent conductive

| ayer (B) a figstipbetoneltait Fsll enmprisiegl on sai d second
duct t t
f’ ﬁgl C?P) ugl gtir#r l?agg-e:le%[]rggég ?cﬁre?ﬂaﬁf&’lyécfﬁ% Uft alfEsy portion of said

Rabdtragd;ect rode and the second back-el ectrode and (ii)

electrically_ separates the first sem conductor
junction ardfirshemieandnetos Biariiemlayen arcumisrentially. digpeged on said first

back-electrode; and
a first transparent conductive layer circumferentially disposed on said first
semiconductor junction; and
(C) a second photovoltaic cell comprising:
a second back-electrode circumferentially disposed on a second portion of
said substrate;
a second semiconductor junction layer circumferentially disposed on said
second back-electrode; and
a second transparent conductive layer circumferentially disposed on said
second semiconductor junction; wherein
(1) the first photovoltaic cell is adjacent to the second photovoltaic cell;
(ii) the first transparent conductive layer is in serial electrical communication with
the second back-electrode;
(iii) the first transparent conductive layer is electrically isolated from the second

transparent conductive layer; and
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(E) an electrically conductive via, wherein the via
electrically connects the first transparent conductive

wo 20080050273 h t he second back-el ectrode in seri eBCT/B32007006915
SOl ar (iG Pl filithc EORRAbE BEleckibhlishlthed froththe SRBAEHIK-clectrode.
at least a portion of said substrate is rigid and
nonpl anar; (B) a first photovoltaic cell conprising: a

fé)rst baceﬁ-el.ectrode circunferentially disposed on a

BO-rA polgbrall YHt MRIBIME: substrate: a first sem conduct or

] unct Q' LibsRhteCvhéreinl 1681 4 g«_irkiun df sda@sebstrar i$ fAgid and nonplanar;

first back-electrode; and a first transparent

condu¢B)  first phatovdiaiccsif eomeprising: | y di sposed on sai d

first sem cqondyctor. juncti.on: (C) .3, second : .
phot ovol ta??‘;ﬁt apk-glg r?é:es‘flf?élmfé{eété?gangsqygﬁqﬁ%Fg&trpggéon of said
91'11{)5 pterentially disposed on a second portion ofsaid
ubstrate; a second semni conductor junction |ayer )

ci r cunf er entfirst semictindpasriunetipmslayet cireewfrtentially disposed on said first
%a k-el e(;:({?[odcg; and a second transparent conductive

é?j%?le rentially disposed on said second

sem conduct,Qfrsy tkbﬁ‘l@ﬁﬁdr@fﬁicoﬂcﬂ%ti@@)ay@ﬂcikdi_ﬁrﬂhtkhtimey ®iepdsed on said first
that (i) electrically separates the first :
bernicordwtdmjonkdioand t he second back-el ectrode and (ii)

el ectrjcall eparates t first sem conduct or

j unct i(é}laé?%naﬁgg%%lgq\ﬁcgg?ﬂ%ﬁm&tt or junction; the

first transpaesibaeRiemdietbdeEirdudferentislly disgosed ah a second portion of
el ectrical comunication with the second

lsaidisubdteate;r ode; and the first transparent conductive

| ayer is electrically i,sqlated. tk . .
transpar ent? SSBWSF}‘%’&@% ogru_ng%(%{ ﬁ%rsggﬁ%g%?egg{&?allgnqxiposed on said
GOAdibatiglectrdde; angubst rate, wherein at |east a

portion of said substrate is rigid and nonpl anar;

) ! . . (B) :
a first phatsso@id tsansparent copduabive $3vieh cirgumieregfially disposed on said
back-.el ectraode circunf ntially disposed on a first
ﬁS?%d&ﬁmb‘fongléﬁar@B%&nr g{“g; a first seniconduct or

j unct i(piy ah dalativt pestHh (9 Rlechichlly sépapmasetle first badkdelectrode and the
first back-electrode; a first trans arfnt co,ndudct ive
1

Isagand back-elesiredatnd Gi) pgﬁc@icglboge@ara&s%% gt pgrigpnductor junction and

the second semiconductor junction; and

(E) an electrically conductive via, wherein the via electrically connects the first

transparent conductive layer with the second back-electrode in series.

81. A solar cell unit comprising:
(A) a substrate, wherein at least a portion of said substrate is rigid and nonplanar;
(B) a first photovoltaic cell comprising:
a first back-electrode circumferentially disposed on a first portion of said
substrate;
a first semiconductor junction layer circumferentially disposed on said first
back-electrode; and
a first transparent conductive layer circumferentially disposed on said first
semiconductor junction;
(C) a second photovoltaic cell comprising:

a second back-electrode circumferentially disposed on a second portion of
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sem conductor junction; and an electrical conduit
di sposed on a portion of the first transparent oxide
WO 2908/0512¢C) a second photovoltaic cell conpri sPEUSH07/006915
§£8‘§E’%tﬁ?e‘3k el ectrode circunferentially di sposed on a
second portion of said substrate; a second
semni condu ctacsccqmdrscmu@mduqmmnctmndayﬁr@nrenquemgally disposed on said

dis S cond back-el ectrode; and a second
F?“Qﬁggﬁl&é Ct&?ﬁi‘fdﬁ% ive layer circunferentially

di sposed o0R s@ind tBRASHEhtTBRMECERE USkPEirduniTeicnBally diSfbsed on said
(D) an insulative post that (i) electrically separates

s¢vonfl isermicobduritorghrgionpaied and t he second

con o SREE hafy ook e B Blere el AR Ihe Besh ek Hfode and the
Jstdnb 'b%k-eﬁ@&'ocfe‘ drid)(iip1eatitalfAdehirafl Rigy ﬁis?&rﬁlb&ld(ubfoiﬁunctlon and

transparent conductive | ayer and the second
th&asesqumrmcmudmmmtaom,ayer and(E) an electrically

Vi o et ey Rt a5 AR e R ifmRation with tre

E%na%g{lélebggd@ g},@ctrode in series. 83. The sol ar
cel unit of claim54, wherein the fl uorescent

mat er itleet fifst transpprsnt condictivedayeriindeastivallydeolated §romu jhe second
zl | ver - inc sulfide (ZnS: Ag), zinc sulfide,

ct| z
rﬁﬂf‘ﬁaﬁﬁﬂ cﬁc{%e kaZﬁrS CdS), strontium al uni nate

activated by europium (SrAl103.E u), strontiumtitanium
activated by praseodym um and al um num (SrTi O : Pr,
AR2) A sedarcdellmngigofpaigingi t h strontium sul fide with

g: ﬁ gug&) %(sggé (%% Srh%fz%t)ﬁofsgﬁ gﬂ‘?r&% gg%ﬁ %ﬁl%sw&eéégggfgn%dnonplanar;
sti | beBRa firstPAStovltadc delpberrisihy: v en ( E)

1, 2-di phenyl et hene, unbell|ferone, conbi nation
t her eof . g4 firgf bﬁ‘ékw&ﬁr@%ﬁ?@%ﬁﬁ@ﬂtl@‘b}é@lﬁweﬁ opjafirgt portion of said
ngp a substrate, wherein (A) said substrate has a
@nd and a second end, wherein the substrate is

h0| | oned cy ﬂif@tddehﬁ&ind&&@pﬁﬁhcﬁﬂdlayergnﬁunﬂrém(a%y disposed on said first
plurality of photovoltaic cells are linearly arranged

Mcbaieétr@%st rate, the plurality of photovoltaic cells
conpri sing g,k t?thtsp ﬁ’t:]c%\’lgll.létﬁl'ecf fe?l: rc@gﬁqf&fiaﬁ}g gilrggosed on said first

phot ovol taic ce ot ovo tal C
Bemicdhdiotogungivet andl t ai ¢ cel I s conprising: a

back-el ectrode circunfere di spose sai d
substrate; ap edeSt C@E [tdi?sqo n 3po 139,@? ther}'lrst transparent oxide
qg)[eg.um‘ erentially disposed on said back-el ectrode; and

(C) a second photovoltaic cell comprising:
a second back-electrode circumferentially disposed on a second portion of
said substrate;
a second semiconductor junction layer circumferentially disposed on said
second back-electrode; and
a second transparent conductive layer circumferentially disposed on said
second semiconductor junction; and
(D) an insulative post that (i) electrically separates the first back-electrode and the
second back-electrode, (ii) electrically separates the first semiconductor junction and the
second semiconductor junction, and (iii) elec_trically separates the first transparent

conductive layer and the second transparent conductive layer; and

78



a transparent conductive layer circunferentially
di sposed on said sem conductor junction, wherein the
wao eassprarent conductive |ayer of the first phor@wub10a7/e06915

cel | i (E)a dlequtictl B dohiucive R tnhéfdin &ie“elé‘c%éaﬂy'c%ndl&twe via
serial electrical comunication with the

eatueally copprets e elegtricabeanduit with the stcoad badetlectradesniseties.
plurality of photovoltaic cells. 85 The nmethod of
claim 84, wherein said fluid is air, water, nitrogen,

83. HEtel solar cell unit of claim 54, wherein the fluorescent material is copper-activated
zinc sulfide (ZnS:Cu), silver-activated zinc sulfide (ZnS:Ag), zinc sulfide, cadmium
sulfide (ZnS:CdS), strontium aluminate activated by europium (SrAlO;:Eu), strontium
titanium activated by praseodymium and aluminum (SrTiOs:Pr, Al), calcium sulfide with
strontium sulfide with bismuth ((Ca,Sr)S:Bi), copper and magnesium activated zinc
sulfide (ZnS:Cu,Mg), quantum dots of CdSe, a stilbene, trans-1,2-diphenylehtylen, (E)-

1,2-diphenylethene, umbelliferone, or any combination thereof,

84. A method comprising:
passing a fluid through a substrate, wherein
(A) said substrate has a first end and a second end, wherein the substrate is
hollowed cylindrical shaped and rigid; and
(B) a plurality of photovoltaic cells are linearly arranged on said substrate, the
plurality of photovoltaic cells comprising a first photovoltaic cell and a second
photovoltaic cell, each photovoltaic cell in said plurality of photovoltaic cells comprising:
a back-electrode circumferentially disposed on said substrate;
a semiconductor junction layer circumferentially disposed on said
back-electrode; and
a transparent conductive layer circumferentially disposed on said
semiconductor junction, wherein
the transparent conductive layer of the first photovoltaic cell in said plurality of
photovoltaic cells is in serial electrical communication with the back-electrode of the

second photovoltaic cell in said plurality of photovoltaic cells.

85. The method of claim 84, wherein said fluid is air, water, nitrogen, or helium.

79



